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SR K. R RLEEE b

FiT5HI%%%E DNA E. [CBilly Lobo ShutterStock, Inc.]

1.1 DNA: &Y )R 1.8 A FAKFHAmaE—H
1.2 DNA fg5i# 5 & #| B&R: EIRW
1.3 RFEMEA R Rl Ay /R e N2 4E, 1908
1.4 BESHT S R AR B
1.5 FRFERE: ok B R: — /N EE, 8
1.6 A Frif  LLBE/R AR EAE « BEKF, 1941
1.7 FEF R T B AR A RN B s 4
; FIBHRE5RFED

— BRI ReIE AR F TR IE A . BEE AR w8, e &L FRIZRE .

o CUAN4uhS R Y DNA e BRIE 71, AEdR S RNA HoAH R X 3 i il it /v
B, LARR AR ANEILR TS . 5T DNA F— AR — 0l B i 92828, fg
HEWT HH mRNA R (T4 ] 2 .

» BASE—UTEFRYNEERERE, X THZaRP e —MEa a0 AR e, 6
i HEMT L e ] ey AT (A R AR A KRR . G, BN SR AR e
[P AT AESAS AR A BE T B, RENBHENT L 7E %84 b B & AT b )= R «
i o TR AR R — A AR, AT O A R A AN R R R
K%%Eﬁ%%%ﬁﬁ,ﬁﬁ~¢ﬁ5~¢$@m%@ﬁmo

T2 _~

AR MIF AR — BRI B ALRHE, REREEX — YR 5 AT LAk
MARD S REANPIREA B SRR T R —H W SRR XA —E <R %1
H B S A+ DNA 70795, %K H R gE AL RRFE . [R—20%h ¥ A= 9 k BAG A [)




<2 R FERRERALT

M5B IR, Rk, [F—rFh A H AR, G S A RN R R B AR X 2 T AR
BoHM. NMETHEY, KKK, AwEAMED, KN, ik, B EENREBET. il
R B B A B M BN /NEF . TR IR SR ——X R AR B LRI AR — 8 7 ——#
FARAL R, XEHARAE R N (Homo sapiens) 435 AN -

EANRLERRE— R 2 R— A AR IE—E AN S ANZ B AR BT
Bz BEERNUS, ERRTIE. RFFE. KE. Sa. A, PR RO AL
b, EEERBERZESR . AUARMER QR RAMEERRR, AL SOt .
RS I e R AR s AR I 45 R, (BAEZIRI 22 B BIE 2 U R I 45 R . VP2 RS2 2149
WERRBE R R LR . WA E, Mo mstfeie, BBk TFIHE: w2 /bR,
NI AR PO E TR B HE S OB R T AR

1844 % (genetics) W 7T AEY AL IR, FE7E — @R _E B PR 228 BE
4% (genomics) ZHFFT —MEYA N FT A FEE 22 FE, B 12 BEARIX L BE R 1) 7 F2H 2R DifE.
FHELAE FAREAG T 5 o B4R 2 AN BE DR 4 22 AR AR & 2 «

TRAEPEAR AR AR B R v MR B AR s A IR 7 e, X L85st 44 K7 Hk 0 E & (gene)

P ERXK/R ~Fff/R (Gregor Mendel) 7 1866 4 7 VX 1R 3 DR (R A7 78 S Az PR PRARAR O L] (585 3
) o BRI G I ) A FEXT 8L 7 sCAT IR, JBE R (bR “RIF7 ) 42X S A
FAUEHE PR MR EEBE, BEA 3G THEAR R X PR AT AR . BiE
2 —PEA RESEAC O = AR B R AR AT, IXRANTT REIE W AN [0 Fh 2 (R (st 22 52, TR ASRIAF )
AT ANASEE, BIAEASHD, PRI R RE AT BEAARE » Wi Al S5 R FT 8 e 2
BT LR 2 B2 R BH G E S S BME % . B T 0 Pt 2 el BRI 22 R T,
A AT Reid T LA RIS AT DNA B B REF AR [MZER . SMiEER TE A2 A ERAE R A
MZER . ENTRAFMEIAMOBF T, FIRKR RN S —— YRR . AR RERET
RZ BT, BLRAS T2 S MR 2 s A N, W A8 /T A B K H

WifEE2 TR, HBERTEWE 1869 F—it 7F F @ /RIIE ML ISLLe 3 2 )5,
ISR A « KHUR (Friedrich Miescher) &I E 41 fii% N & BEE K — P i 55k . KER KB
) 555 1R L 2 3t J2 BRLAE 1Y 4. DNA (deoxyribonucleic acid, Fit EAZIEZES) 1L~ ). DNA [f14E
YWFEDIREZEAN NG, BENNNCEBEPEEH . AFHE 5 REAT, DNA S& a1
B BEHISR, AR BH A4 R TR 4

1.1 DNA: #&1&EY )5

19 4 70 AR, AMTHEER 2 52K ik R wb e v R 1 A S A0 RO 40 A% 3 AT R 2, 4 I IA
WEY M A A PR ESRBIER . BLE AR, ANTEE — YA 40 Mo k% 9 W %2 31 38 2 4k
(chromosome) —4fi fu g L el Yo try 5, %2 BB F A WLRY . AMIKRI, 76
M 2L TR, REERIMBREN “HR” 178, SO THRELE D ESME R —E Y
ik GE 4 5) . WKL, RERFEAYYR MK Y A5 B T LARR, (HREF—4E
WA, BB H LT REEN, X Gk EE R G T 3B FE . 1900 4
foki, BBk IX ek SIS R T T4 FEAR, XSRS R, POl T R I R A

20 fH&g 20 FFAX, JUARTAHERRESESETT 1R R A Yt /AR DNA 2 (B S5 HER. ARk
TR B FTUER : DNA 7ERtfhrh. R it S HARRERMEREAT, H— 55
NI R B Pt R B R R AR A ZE Bk, TN 519 DNA B 2 18 1.
B, EELEYMME DNA JLPATAELRAAT. R, XEIFREEAELE SR DNA & itfs



1w R, ERAMBES -3

Y, JRRJE, FERERIALAE T (REZUEWT R R ) 5, DNA RS A& V) F & AL F 2 B
Yo ANIE B Y BRRIE S R | A, PO S A RN B AR R FEER— 0
Fo TR, EAFK ZANZREYT A DNA KZIREUDUR1E A B AR m 45 & 4.
TR AAESE, DNA A B

= DNA 5T BERY SLLEIEHR

1928 4F, HHEHEE I « 4% BN (Frederick Griffith) #5111 T EE M, AhiF WIS AEY R
A LA — A0 T8 41 M # 3) n — N A e Al M. Al ik 28 43K B (Streptococcus pneumoniae) 19§
FHEAPE (S B4R R BY) EATHAIL. FEREMAREFREE EREFRET, — AN S &k 8 4053,
TE R PIRR AT R — 40, X Le40 f AR D — B (colony) « S HYJifi 58 FEBK T ] & pl b 52 &1k
IKAGCE ) () Ha B PR JBOIR FE B o 3 A Sk ) SE B AE AR AN BV B K, AR Y63 (smooth,
S) (B 1.1) o JXFh &AL 4A B Sl 8 FL IS B0 sh ) i B ALl i Mok, AT RERS 5 A2 il ¢« R 7Y
i % BEER B A BE B BCERRE Z 0l EA DB BN BV, YA RIS (rough, R) (B 1.1) . EE?
BHEMR, RYEKRSHEE ENRERZKE, FHAZTI&M%. Ttk S kR Y,
1]]@11%2@93%?*%&@7&%;&%%&9’]%@%& MK T SR, TR 4 T “ﬁﬁﬂ’”
: B 11 A EERREHRERY (R B, /N FI
IR (S B, KHivk) bR B . S B
Bk s B4 s R SE R T K [ 5] B
0. T. Avery %38 Journal of Experimental
Medicine . % 52 3 8 K % th B4 R BT
(1994) . JEILREALREL P, LB TEIERKF
AL VFRT,  LABORHE I A4 .

VS TIE S YA/ A AR o VESHE R BUAN B ERAVKIE S BYAHERTR/) B ORFRERR . A% L 3E
BB AL TESHE R R BAIHAKYS S BUA BRSNS Rt 28, HFAEASE T4 (B 1.2) .
BIRFTES I S BN RR LMK T 1, EAIXLBER B+ 2> BRI, 274 S AUkt
REEFRY BA ST S &Qﬂ%ﬂ‘]ﬁﬂ&%ﬁ BAR, IES BABHANEN Y EREMYIT, 6%

IMEEFKJ*E!” gy ML RMAL 5> MIERUILER 53 B ]
B S RIRE F R B BEIGETE R RUBAN S BB

1.2 IESEANERFALKRE ARSI . AT R BEERTAEEORPE R B BRRaBURTE S B BIMR R TS AN i
Ao ANRISRIFREE. FEMKE S AN, R B4 RBHALRBURTER S Bk, SBUMRBMHE.



< 4. BRE JEDIAERIZ S

B TE R RANE, HENIREm & S e, s, R EMEAENESE—LiH#L
(transformation) —& S U4 . i1 H, A THAE, HEAREEXFEBERNGEES .
FERRB AL R BRI T 1928 46, HEF| 1944 4, FHR B4 EHAE N S BI04 1)
WEM AL . BT FL/REE « B3R H (Oswald Avery) « FHK « 258554 (Colin MacLeod)
A iR » Z£# (Maclyn McCarty) 76—/ RSB PR, S8R B EH1EA S
RO (YU DNA. A T HOXeesens, Al fi] o 22 4 20 40 i oh 23 28 B30 -4 75 ) DNA 4L
vk, XAEZ TR NSl AR S 940 5 b 4 25 £ (¥ DNA JnE| EAERFR10 R &Y
PR, MR TS, thEtEid, AT 2 S RgNE . R HIE N DNA B E AR
B8 AU RNA (BRI, —Fh7Etb2: b5 DNA B UMK KD T, ERNSEES),
(L ik A PR R 45 1 TEE RNA, AaSURsibinth. (B2, WK DNA a8 & is
WK (B 1.3) . XUyl , SEGHRAHEILRYT A ML DNA, FrLl, DNA JEi#Ey .
(A T2 BRS040 Mo 1 4 40 75 b

& BT {514 T i
= R HAIEF IR L
S0 40 4 R 4 & —
(EEHDNA, & w
/ RNA) REE % K& b
S 20 4 1 15 e 4 7 R 40 0 1 35 574 BSH %

(B) M RNAR A & B0 8 (it

RNAME |3 | {546 3 R
_—

SE 4 |
N RZY 41 Jfa i) 55 3% 4

Qﬁfrﬁ)m\ﬁmﬂi

DNAK o=
{8 75 B R 3
FrdF iRk
—_—

RAVR & K> BSTI B %

HAREE %

sHa [
MBI oy i i 2 e

1.3 BRIpH s RSO R, iZSEK0AE ] DNA RANEEAL PG, (A) MNHKIE S K40k
{RINAI4E4E DNA Alf—2eyg R BUGNREASR S RU40, {HA{ki) DNA Sa] ek &6 Rl A 20 e B2 (i
(R) RNA. (B) #AiE J AH H I FFa RNA BEIR. (C) H:ALiE 1 DNA BERAR, Bk, #40iE IR aTgE3k 1 DNA.

» BEE{K DNA BIBRE1ER

1952 4, YIRILTHEE « H/KF (Alfred Hershey) FIHL 35 « 4547 (Martha Chase) #3187 % —4
KB AT T2 75 8BRS 5 10 %18 40 0 K AT 18 (Escherichia coli) . 13 3% 41 8 40 o i)



1% BEE., JEEAREE D 5.

TR R EMEE (K (bacteriophage) , 1%17]
4555 FMEE K (phage) . AN RVEREAE “ A -k
I (bacteria-eater) ” [ T2 MEEHABURLIT)
SERIE 1.4 Fis. T2 /s, A4,
Hisk (W &R A DNA) « 8. B4 (A
PR 7MKL T2 kK 30~50
%) o MRRFANEEN IR R, T2 ERGLas TWR
AR P a0 B S AE 40 PR 0 M L, B S A AR R
A TN, Ak AP OSSN, ek
EEA AR, SRS AN B e 4 R
(B » B PR AR, ATt sniE, T2
SRL S R KB AE () DNA FER 4 il

1.4 (A)E. coli T2 WAREE, RELAIRGH .
DNA {AFAET kN . (B) T4 MRS, ZWEEF 4
5 T2 WERHARSEG ORI [ FRBH SR IC2E B F Y
{4 = ¥k (Robert Duda) 43t .

K4 DNA S EAEH, mMAZHEH
JRETRTASS#E, Brel, A3 al Rl LU X P F oo 2 B0 14 R4 2 (isotope) 73 Hilbric DNA Al
R ARORA NS T2 BRYAE B 2P (BRI — P8O P R 7 ) 103 IR 36 P S 3% T 30 E.
coli, RIGWEMEHAGIY, B35 HUHE DNA MRS . CLEREN T, HE PSE
B — PO R ) RS FR3E, 3R18 & U PEAR 0 B B 5 R Wk B A K

7EE 1.5 BEFE RS2, b T 4> B E: DNA FI8 A5, JEBURTE E. coli 41 MRt *°P Fric i
WAL (8] 1.5A) , BR#E *°S FRic MR AR (8] 1.5B) o R0y, LAl W i A SRR G O 40 i
FFILAR A 255 40 W A R 208, O R e A 0 T B AE T R IR R, SRS A B Dt
SechRIZURE, SR R T A G0 TR T ok AT R I, AR (A AS S IR 1 J 4
IR AT S, X LBV AR B R A, MEREAR B T 1 e A R H R N B 1] Y s gk
AT QAN . SR AS R B SIS o At AT TR i o g 8 4 Sk 350 A4 1 4 AR 2R i ik ok
A IS, (B —Z . Ja R R A G ReE: “BATRIE PR RFHEAR, 45 REA KB . 4
FYRSANEF « #7044 (Margaret McDonald) $E40 () 5 FHBEHE S-SR AT, 2305y FRkpk T .7

T b S A PR B AL IS, R DIBR A B . RIK A PP bR B A A
MBS MEAE B R Al i R, TR /N S UHE AU A R P . KB ARIT
DNA IR, SKEMRicEARMKELR, EREFHXTEE, Ui T2 MR Ak H A7 DNA
RS E TR, mEBREA WD, BRI (E 1.5 2, FRWREABR4EE& T
RS BEAETC 2P F7ic DNA K2 50%, 4k AREEBIEER S bRt & ARAZ 1%. IR
FEEITA K, IXANGE R 180 T2 WEBE A b O 84& 9 i /2 DNA.

UEBIE R 1 DNA ¥k, $RIBE. EwaimmERS, UEM/RA MBS AR i,
PiAE, At A F 2=, REEIATE ML SR EA L 5L, X eI/ H
ERERFRREPAEKKOME . BERSRIEYAN. X0 RE, WMERAE T2 RS —FF,
DNA 22X Y EEY . DNA ZBrA 4 ARV 2R E ey R, BARX —HHE
TEsnfBlsh, B BB i RNA k. 330 AIDS GRSz i basi &
1E) F NS s BB 8 HIV-1, 52X EEE RNA JREE—Ff.

1.2 DNA 4585 & i

DNA ZEEYR, X—HERHE FFZRMARRIKEE. iR, HETI DNA &
AT S ? DR R ) DNA el 32 AR IR 7 R 4E R AR (DNA i) 5048) I, DNA [#28
WEIERATA? 20 20 50 FFAAF, REUFIN BITHZAELMF DNA KR 74540, HE



<6+ ks JERRSERA T

(A) (8)

FA RSO
T2 W 7 1 R o

! P 4 B
T ToMERBR

4 | = st
{ ggE.Pfglﬁ'gﬂﬁﬁg* v fﬁ?fE coli4i Jfis
; (##iEDNA) O GREEA D

L AR s A AR,
R JADN A B I 1 B A R AR

FHDNA ¥ #5321
L A 1 e e A T
SR

BYgSE, 1 B 38 o B ZUE TR G, 7E 5K F B 48 h B 2B
E fﬁmmﬁiggimgﬁagwg 2= B A7y B 5 7 40 TR 30 43 W 8

W B AR,
, ¢g 1B 11 M i 0

ﬂ 5$ HiER

B 1.5 BFR A -3E T
(“PiEFE” ) SEHHIERH
TERURYL ) E. coli 41
fad, ST T2
RNl P
DNA T A REHE.
(A) ST FRic DNA
K& 3 g ik
Jafd . (B) U
bric 2 = R 3
I T A 5 AR Y =
Al WA

XSGR A B GEXT b3 i LA [R1 5545 T ) %« 1953 4, SIMF K21 A i 7«3k 2% (James Watson)
A BAPE T « 58 B 5w (Francis Crick) $2 H 55— ANEAERI ) DNA 20 T =4E450 . 1X—45H938 H
DNA tnff B & E I, EHEAEERAR AR, LA, MR BHEmeEE, iEACY
Wik CABEABATIE B F Bk B Ak 2 f5¢ DNA 20 TRER I3, o0 B o # AR 2 th o X i)
WNE e “IRATTRILT A AR

FEIRAR-TC e 454, DNA BB FKEEM R, Bl TR K, FL5EEE Y R,
TER— A RUEERIRTE . XN XU IE 2 A BEdE 1), BB, MEeNEREEE &, 845
A WA MRS 7 ) 1) A7 A . W B 1.6A BT s, QTR ARG MR IRAN B LM G I8, SR AEE 3 fi)
ARELNE. B b () PR B A AR B R AR (8D 7, TN CABIN AL T A e . 454 BRI T S
FEAZHBR (nucleotide) , FMZF RS 4 FFR NTHE (base) 1L i —Fh, Bdts —4
BERRAL ) TLh b (B 4%%8, deoxyribose) 7> T-%4%. DNA 111 4 Fhffdt 2.

* IRUEIS (adenine, A)  + S (guanine, G)
* li W% NE (thymine, T) * W% (cytosine, C)

BTN N, R,
O 8 RELEAATSHIAEA
R



18 E. EEARBIET -7

BEZAS A S A T BRI (A b 2 454
VGESE 2 TEPIR . ITERIERE R, RURTE
B R T ), Wik 1.6B fras. B

1E DNA 7> P 4 Fo o i b ATl 47
R &8 EH A A, WEAEE LG —
N T; MR EE A G WEEXTHEE L
#H 4 C.

A FIT 28] . G Fl C Z [ mex), R
J)E %P (complementary) ; A [ H AN T,
G M EAMI R C. HAMCXT L /& DNA ff1—
FuE ERREAN RS ) — & B A B
FIBRFE R . I HL:

B P R BRRE N AN SZAT AT R, BRIk,
FE— 4% 5 b AT LAFFALEAE U

X — R EAFRE T A4 DNA F{LFH 4
o 2E, HIREgmtSAEEY T REER
B midistfe(s B1, /& DNA F iR
By BRI 56 4 AN 52 PR il o

KM G R B FR b R AR - BB e B AT 1.6 At “B B DNA SUBHERI 2 F-450. (A) 25T/
(Watson-Crick pairing) . 7E[ 1.6A fly =4  FBE, HPGMRTLM 1R, (B) il BR574
SRR, SR 78T U E P B0 3 £ R R R AR FE BERI R A-T. G-C BEN IR EE.
FXfe BREEXT LR PMEER, SXURRKMK T MER, R B8@H—F, — MR
Bk, KE| DNA 770, EYFFEFEEEREENR N BEEE DNA (single-stranded DNA,
ssDNA) , EXUEJiEFR 4 Wi DNA (double-stranded DNA, dsDNA) .

3% DNA AR A R (polarity) , SWFRJ7 T, #ARDREFA R HEHME (B TFERREE)
F—H KR XA E, KK M4T DNA 5 Fl—MEER. Wk TEE BT
R TT . BEW) “ BT —ImFRONZEER 3 0, “RE” —IRk 5. EXEE DNA 1, B
SR BOXTBE R 75 ) A2 AH Y, — 2R BER 5 S5 55— 4R BERY 3w Xt 7% o ARPERI T EERE, LUK DNA
RURE P 2555 7 AR SR, eSS 2 B . AP, 7EER DNA 207, FFEREER
YRN8, LR 4R ITR. DNA BERIMME &7 SB35 10 7 R R 7R
Hi Sk BB N DNA B 5" v, SkBRoR 37 i

Xf DNA SN R TR HThRER Mt T &R

1. DNA " FIBREEN 7 ] AXFEHE DL U4 BS I “BoXt” BEVEREAR, 74— BA B4
TR 0 £ 7 B B o 4

2. DNA ] BLABREE G e b s e X & B8R, RUTHERELLEF.

3. (R BB (R22) aT LB DU 2 o (04 % (DNA BRI & A4 i2) 581

BT RBITIE XL R ) — 25 X,

* DNA £ $#fi£

KA R E], DNA SR SHIR T EEHIRALE . “ X BRATAIIRES, 7 {7
5il, “BAVBEBHIR A IERERON 7D L3RR T —F0#8 IALEL. ” —4> DNA 2 Fr=A RN
[A] DNA 737 (4% DU F255 4 & §l (replication) . RARFI T 5.0 B G HIHLHILE 1.7 Fir.




« 8« JdEAE. JEDIRERIZL S

W 1.7A fis, g GRAQ SR PSR RESN B, AR BER B 10 & o i (R AHE) (OARAR
(template) . | AR ZE —ELLMA I TR S, Hor2, 8IAF It S
Sho TSR 5 1 i b (PR AR v B e O Xt i R8) (B 1.7B) « BRI 1.7 Fros iBLHIZE L8 |
Rifse, ek ANERMER, WL RS, FELMHZHEOBAIMREA . X1
KEAESE 6 THA . R HRA AR, BRI 1 R R AT AR R P50 9549 DL -

b i FEBEAL, W AR OB AR . (EAE T,
g THIBERR 1RO FIOBARL, T FISERS AR, AR

S5CACGCTTGC-3" 5“ACGCTTGC-3' ’f}éij’ TE‘H@%%*E‘%’T’E%?B@M! LEB@%%%%E&E"JO E%!
TGCGANCG-S' 3TGCOACGS' (i 178 o, AGAHTREATRIN, BRI MBI K 3 3

DNA HE{NFE 3/ SiZEfH, 1XJE DNA & HI LA &

E 17 DNA (4, (B) #RDNAST

52l (A) ) oA

KR L TEEEAACE

i) DNA R L

A R el BN O oy

2}%%%2 ;CECET;:C TGCGAACE
=25 ﬁ/\ sEn 35 3 5

S Beiiad iR B

¥, it A- ‘L l,

L3t R gy

A& H NP ¢ G ec”

e W T4 il g ??icsmcs

(B) 1% 5 %ggﬂl‘?g’t I 5 3“5‘

REHEERE } &

KA CE AN 7 g 4

e, @ ACGCTTG ACG
HHE 3SR ALE o TGCGAACE )
TSR AR

) 3 5 3
iy AT N
K B \/ TGCEAACE TECEAALE
f : Bl A48

F{ADNA% T

1.3 LA H

WEAR DX BRI G AL A T —SEACAIR, FRATTEE ) DNA rh A% MR Rf v i 4
MDA AR . SR9E DNA _ERHRRF SRS R — KA LI— 8 78, A, ZEE
EHANF AL, FIRTERRA) T RBEE, ST RHOA AR TEX. "ALH DNA %=/
MREAR, MR KKDT, ASHITARS KSEWAENE) . AR EHESRAR. &
FURELES: BT RRIEREE SN RE /) MR 1, FEAR MU L0 R LIE LA /N 23 -0 Hh 40 P o 2
B, BB SR A AR PR B s A AR LK 7375 540 tH R N AR R i sh A 32 AR 1 . 2R it
BTN RZEHAIES . X TR T RIS RAIME, AR EAISsh TR AL Ehe, &A



81 E R, FERANBEMT 9.

FURLER. 1878 4, AMITE KIS (enzyme) —ia] K 7 740 M sk A= 4k s N ) AE M4 7
1900 4F, MHAERRE AR, XEEEE THEEAMERIKR « 445 /R (Emil Fischer) T4k,
wEREE L WEIREE, AR “HHR” WHE RN TRV IhaEiR It R . e L3RR
ZIAIEEZR b, IERIXREE I RUOBERR g —A> “HRR” (848, LS BN R AT H—
A “HRRT (THAEIR) o X ATBEEFITRE T — &R R RIIRRZ .
» EXMRGESHBERBRERN—EE

Zl— M 2 By, S BE AR AT /R4 o in 4 (Archibald Garrod) AR F], HELbiifl vk
P R o 1 R A B A R . 1908 4E, NP EME T —RAIMRIE, #RE—AETE
F o BRI 2 18] 26 2R IR 3 AB 4

AT —Fp 40 MO AR A7 75 T8 PR as AL e, A0 AT A A B AL B S 30U
X IR BRR R SE R AEAC U (inborn error of metabolism) , iZial ¥ 44,
BRI T 2R R MEAC B, XL I R R P HE S R . Heh bR

PEAC U G PE 4 PR 28R PRAE (alkaptonuria) , B HEF) 75 Y i/ & A BB ER (homogentisic acid) -
FLAEEDEIRIR 1) — A 2 TR A2 PR PR IR (alkapton) , PRI i 9 44 JK B OH

MR JRAE (alkaptonuria) « BURPRARBRIRAEMRS I, KL% 1/200 000, /N _cn _C//O
EEEMBERFRLATRE AT . SRA S LR, EH4 — " o

SIANEHBER: BERRBESZE, XEEmEHRREEMANEK  HO
(B 1.8) o IXHR A4 PR B PRAE XK A B IR (black urine disease) .
FAE 1649 4, A NXFERARE— Nl
BEBH, HER, 14 582 T - NrERNEEGT, BEZE
At R 2 PRI R K —— AT S X KA e AR B, T 3K
Ei . BTG kAU, B, Kig. AFeE, AKX
Y. X TR — AR AT B RR, B B IR E T IX
R LR X IETT, s B8k, 2 e s RAEH 4 B hnksEen
e R e H, BELETE, BT rmpie, J7KeEmEREN-—E, siZaH
1.8 SR SERS FRE B R 88K — i BB IR (n 2 iE gk, 1908 4F) .
e S PN S 1 R SRR SRAE R A, (AR R,
f;’;’ig‘@;ﬂf;“fhﬂ"‘ (Daniel o RIFIL B AR RBALHG, 2P TIL — H0H  SERGE
Eéﬂﬁiﬁy s 4 BT PR PR PRAE 1) ) 2, BB AN RE 2R e AR
BRI /NI AN . XIS B RIGWE ? 2 BN BV IRB XA BNk, &k
JIE P82 2 2K R PR A B R ) 0 i =), X R R & A X3 . S EER (amino acid) £k
EEJT) “T% 7. 2PN 2 B RIS 2 BR AR A2 1E 5 B AU N4 2 B 1.9 RARERRIX AL/ 12 A E R IR
B AT N XFE RS AL N AR A 2 4L 1% 12 (biochemical pathway) 54X 1511 1% (metabolic
pathway) . &2 AT AR — N RIMAD IR, KRGk 7RI “4N” SR
4>F (substrate molecule) , #48 ik B2 ALzt “Hith” 547414 F (product molecule) .
AR 1.9 IR E 5 0, FRMR FIOfsk, SEEUKTI7 R, FIMZAE TR R4 k.
NP EAFERE 1.9 @Gy, (B c 7 s RIRRR 2 il (1 <D B RN T,
T i e R HE PR AR B KB e AR 2 T R R I R
Rt AR AN PRI LR AN ? D58 R I, 455 T B E
RAEMACZE AN, o BB RACH R IE (bR BERIRAE) N, AR RN — b A B,
B At AT sk DA — A E FH . i@ b EA B B Fa R, iR R AN D A — AR

ew Al




210 k. BERIFIEERIZE AT

Hf (block) . RARPFAWTE, — M ILIISE RZBRBERR AR HERR . 2 E LS 3 R PR IR PR AR
hREIERRIHER, SR, e R, LD ST IT MR RRIO AR, TIX L A
XA BEINPELE TIXLARE 50 )5, 5 BITIT R RIRRRAI OB A FIE ) . ZEIER AT,
KPR T AR, ELIE W 2 Aok
— s PRERERIRAE B HIXFP BT BRI -

*Wﬁ&(ﬁ#!&&)

Hd.n’r-:*' y
—cuz—%—c<
- Nt R

Bﬁ&(E#ﬂiu)

-Lighﬁ —c*'-r f 0]
w1
e ﬁﬁ—AL
4-35 AT B 1

rt

BRAEE UL RER)

4%%!5&&!

#— ﬁﬁﬂ
L9 SFENERABEERORERE. REhHE
THERUFELFR, BERE—MIEENORRAEILR R,
TR T REL TR M 641 S A TR AR TR T




1% REE. EEAMSEST 211

R, w*#mﬁmﬁﬁﬁﬁmamﬁmtﬂﬁ”ww'
:zﬁ&wﬁﬁmmz+ﬁgul_: %

‘%ﬁx%m&ﬁa@wmm&

ARPUARE] B2 A R AN B 1 2 E 1.0 Fros. K E S e AEAHE
) (metabolite, BE{EREI/NAT) 4K, BETHENMPRGEAELZIOLTINOMN. BR

o0 22 X e R SRR PR —— X R A R B O R R B E R 1, 2

B ERBEROIGIR G R o 55 PR SRR PRAEIXFAT 4 A I EAL AN, ARSI AR ™ . A R

Z A B FRfE (phenylketonuria, PKU),
R (BRERPE) T F B i X — P R PR, R R .

SN A |84 72 {L B8 (phenylalanine hydroxylase, PAH)

o T PR 20 A

AHEOREY, SRR ERRE, MFILERFPOMERSE, NSBC=ENE KT,

Ak, wnHAELEHA
JaRE 2 PKU, 0] FLL
R J31) T o1 ) 6 A5 T R R K
7, kB JLRE AN AR
BRI HTFEARER, X
AL HERE BRI RAE
R, IXFRFIRIK R AR
T, NEENZIA. K&, fia,
| AR 2K
[0:3 D YSE SNk g
R bh. XY h—Fh &
TN LA BRMAE . 2R,
WIFFR BT, REREIEA L
BRI E RN EARAEME R
BERNGE, Ad, ST
B PKU B IR A%, fif
LB fak. EafEEEE
WIRZER, FraHEL
#HEMLR AT PKU 11k
2568 . PKU AN ELE B W,
BRI 5 RO i b R . AE
EEAANFEILF, PKU 1
RIRHERZE 1/8000. ZRifEIL
fl i A ..

B AT, W FARE R ELRIE G,

| AREXTEMR

| S
| A 2 © 4-BEEEM
i SIGIEN. S,
B 110 SR PTRT emr
S T 4 A8 f“jwf e
Rttt @r—mmm
A f — R B 2 gl
B2 BB —Fh s
AL SR
A 1, 2SO —
SHR BRI
PR HE BB
iy S B R R

BE—F 5 R
Bl 1.10 i et, BRERRER 4-F2 AR RTRR A0 R BRI T S B MR SRR M . XL
TR E . 11 PR I P B B RARGT A DR, TTTAY A SRR I LA 7™ 5 (4 T D R RS
B 110 Efiemh BT iR RS 2% e, H DNA MEHRFFIHENE. &5

BNE R, TR IAURMEEE. X5

TRECE T, BIXEWE AT LR R R A G — /S kB R ER W EA T, BA
ERFEMFFSEFMEE, MEARNFSAERME. B 1.10 FREFEX N T F 505 E 5.
1. 12 S§EAKE ERREE PAH, WiDERNRBRZILE (PAH) .



<12+ GRS A4

2. 16 SRaAKE FREERE 14T, HEREMREILE B (TAT) .
3. 12 SR KB FRYSEE HPD, 4ntd 4-353E 45 P9 A R XU 4 K% (HPD) .
4.3 Sk KE EOIER HGD, migmuiHEE 1, 2-XUn% s (HGD) .

1.4 3 f& 7> Mr

o 27 8 1 5 R AR U R BRI 70 0] I8 A% 27 1) SR AR AR B I BN AT, AR AT e R A i)
FEEER I ENRE, TIAREE  FEEAEEZ M AAERS KR, £TFE LR (George
W. Beadle) fIZ 4 « #5454 (Edward L. Tatum) 78 20 42 40 4EACFF R RITFST o s 45 R 1.
oA 14— Fh 22 R W —— MRS 5 B (Neurospora crassa) , {BFRA (AT A E—2 FTLLEE,
R e R S AT B A T . ESEEE R, AN T — B RAE, RpRAsa S
RN TEFRA AR RN — NPT MATERE, 5—ANBHKT 5 5 Rb A S b i A xR,
ZE AR R R PRI . XA IEE EE, ANMER R F 2 )




1R RN, ERAMBESN 13-

VI R SE AN 2 ] i HLE o At AT T S 56 U i ——IRAERR A 18 £% 34 (genetic analysis) HAE
WIRAEY S R PR 2R DE A, XA G A AR AE BT A4, 3R AT o a4
IS 2 KA IR . R, 2RI 5 5 — N LU R- B A S8 5

- TR SREERS

RS FEfEE RN 224K, PIAES R AR, BRFERSEEM LY. —FbEfmdgEE %
HUEYF) HSER R R b XM R 5RO B A EFFE (minimal medium) , K248 K& 4
FEREHERBERVEREFRR. MESAEARES KN LARR, 2505 EERK
ZRNE, ADNERFH AL L B, BNRES —EREET &) . s
IRAERFIN RS, HERERAEEARTE LAK, WHE e RBREME UM FTE R
WA . WRAERKDT LY G BUERR HEEESIN, A, AREREMULTEERERRE
BIRARAE, M EEEARERK, RIFARRRMXFERE.

IXEAREIEL LU R 58T TR . X BN R RS R BT, AR
BEMAFEFFTFRORBRENE Chfh A X b B4 PHRA, KBS 14 Fite) . X EuE
il — YA TR (AL RARHD B — 4 RARR AT 70 88, RN R HE (mutant screen) . %6 5E
REABEWE 8, RRABMNSRAET CRE) MRS O M EHE (G0 2, ZLEMET
L, PRGBS HEEHRN A FRAT. it TFTEATFRAMMESSERE
(complete medium) 2. SERRTFRER E S SRR, 4L F LAY TR it 24 T
RE 2 18 5742 BT BELIT £ i AR A) B B SR o B T B9 1 S A L A b T B SR BB N
WAy, PhReE e &Rt bl zEA K.

; 111 HLAER N
BRI 2R EH A
| R R R Y P
1 TRET X Lk
B, RIGRAE
&, St abHa
T KR IFRE
PEAEFE A . (M
A 4 Hfa B L 40 %
MeEE, LS ER
AR, TERA

L TR 8
} BT (FRAT) . &
— U TR, B

B HF e i,
Bl J R 4 485 4 BT 0
BRI AR T
7 A BB 7E FE 4 85
Frdk EAR IR,
X HHATSE
G DTG SR T AR b (B 1124), DU — R 00 728
TS SR T R R A MBI . Mok BB I A A FIE A, [
ENBAEMEEOHIE, FUER. B FIOROMARAELARTE F A KN, ©
BRI 4 7 BELIT S 4 25 9 6 A PRI 97 S AT R R R A 70 A K

EM@TE .
HERTF) S50

T XL
P
F 38




< 14 - kAR JERAEREZL 4T

(A) BFREEKRN (B) mﬁgs%!wmm!

B 112 (A) RAERAFHE
TESEA RS AR, AR
REFESL AR FRAE BAEK.
(B) TEMINAFEFRA S
A SEA KR TR A E R 551
RAAKEER AR, (OB
I INE IR AR IR |
AR ZEAR R, RS
% — i, (D) k=
&R AR A K 2R
&, FHA]RERNS 'R AT A
WA T A ;

Rk, WEANRARREFYI 5y, miEBR—RIIEFRE L, DSIZRZE T30
X YEAE R B, N AT 7K (B 1.12B) o 7E BRI 7, B ERE AR
HEPIMAFAEERIBEYE, iRk, PR ER T Z 2 —F (hE A
1) FHERR . RO RS 5 2 h A H A8 i 5 i Le AR /N, Brbl, SF A
BN LRI R A R S AR G 7R, SLBCER W] g AT .

HE— 0 T B RS TR R AR AT SEL, BN E IR, B SRR FEE
FEARREFREE E IR PP AR T AR A K. B 1.12C R, RABTIEKT ERER
RREAE 20 AT 40 AR, ZIEMRAED & b L n] BR R Al =4k s . BB S&IER
A AR B A A 40 i eh DMICIR BEAFAE T A3 LLR A . XPRSZRR UL, ANk o (8] =4
SR MANERR. Fik, AN S &Rl RE BRI FRAN T 75 R &R 1 28R 34T
i (B 1.12D) « A7 —FRHFEIR T KRR B——rn A | B—Re eI &R JREA RSO
TR P — PR IEARE TR EAEK, 58K EW——%Z%H& RELEAS IR Z R BOR 2 R
FIFEAEFRIE FAEK., 3= —IIR— R B RS &R FE AR 773 AR K

AT ARG 2R e SRR T AR RSB A 51, St st A% A B AR IS 2 4 . B 1.13 fir,
KRR A 5 MU E FIRRTER: HEMRELERURRNLT ), %G TR
Wm%ﬁﬁ% ] S5 2 RN PR ZEAT W P (Al . XSGR FRZIR PRI b, R -

o BETEFTE DA . NERING A RIL P 2 — A KR, ZERT AR BAS b )
?%ZE TE A — M BE T .

o (EETEAFTERG RIRIN AE K I RARAE, FERSRIRF I “ Nif” IR e~z |—ef —4
AR LT -

o BETEAFTENE R B ZE RN K (HABEAEAFE SRR A K 5484k, i B ZEAQiltig
12 SR 2 N R “ B
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BRI, TR SRAAR TR
MR B, T RSAR R a1 RN,
BE—PAUESE T X4 . B
Ja, M E AR,
7 = SRR T TR IR A SE A7 AEHEN
HH SR AR L, 1T A S8 AR Y T AR

AT B
. F—EE AT EA S e o
HA /R R R 32, A N CHo— CHa—CH—(—(
L%y H OH

BFSE A S — i LB 3 6
fRUbEAE, TERH YT, —A 2
BRI R AP T, S
PRI TRIE g B

BRI, TR R ) Nﬁgkgggmm_av{m—?4<

S RN . SRS LR e A AR L
SRR S ATRIS, 05—
AN SIS, X

FE, BYIRAE, R0
FEEER AT S At rh 2 1

Mg D RARXT L. i, 2 1.13 g 113 SEtekE
o, A 1 BIRAE & 3 MR e 2 O semtriittseshr
H R — AN, BLETEIS R R ey O CHZ_CHZ—?—C\ i‘fﬁﬁﬁ%ﬂﬁﬁﬁ@i%
RS 47 3 AW, R, N H O SREREBEE.
AR RABASE 2 ANFEFRFE— NN, SEEREH N RS A R Z AP RE 2 .
METE 11 B SRAAHAE Rl — AN R p R A 5R4AR, IR SRR EARZ MR A 1 NP,

PN R ER SR — AR F B bE, 2 E4MLE (complementation test) HE1T %55 1.
TEAZSLE R, PSSR R R4 b . 78 2 502 40 M0 A4 L 20 70— Lo MR AR R Y B4 il
A, MEIX S EE TR TR SRR S B, eI
I, S2RE P AL  IX AR S AR I AR T A M, AR AT R iy 2, AR R AN
M A RAR SR (1 — AN DL fERERIEE R, XM OTEATANE, FONTEA RS 2 G R
EHILFE bR FRA TR, e FER T —EREA.

A, BT 2R 2R, AT R R 0 EL AN SRR R AT R . SELLTRAR, S S
IRFIERF IR 70 I A L i AR,  RA BRI T NS AR A (SR SR AR A ) BRR 1) 2 4R A=
YR, ZRESRAEME, B2 REAE KBS S5RlE K0T 2. X
AR L2 ARAFR A FAZAK (heterokaryon) , ‘&7 AP SERI (1) 9845 1 . Heterokaryon — ] [ 1] A 2
“ATRIGN A R (FEAR S T AT L — A8t 2 v decis A (PR AR R .

5 PN E TR B S ARARTY IR A A Bl T REAREE FR 3L |, B REAEK, A RALEK.
MR R REARRE IR LA, s RN K E T B4 (complementation) , X —45 5§
VPN RBEARF IR S . MR, WRBEEAGEEREARE R AR, 4R RUTE
#) (noncomplementation) , FJ KT AN ZEARHLAE [7]— LR o,

RRPE B AN BAMS g5, HE B 114 FrsiigisE. thERZHRLRE, Hd, K35
PSR R (A e B ) W — A R AE R, DA R bR n R AR R4 Az . 20 (8 48 64 fr) il




<16+ e REMEFEA ST

LRGBS E R, “HRIE” 55 RN R O AR BR AR BPE, IR BiAR R
B e — SRR L

(A) REERITER (B) BEZAEMER
R A2

1.14  H % 36
HA TARRE, TN
o FH 5 4% P R 4
i i 2 75 T80 7B F
5 o AE R R 3 B
o (A) 3 RAE I — 3t
B (B). (A,
5 — 0 R
ISR 4E T —Fh ok 5
g G &
W, SRR
WA RARE I |4 ] e
K. B)h, P A2 R B ) SRR

WA A R S Pk et e F— A R B )
IR Rk 2 y
", B, RS R -
% 2 Ik i 9 9 282
B, SRR
P Y

Bl 1.14A iz T I REBERNR R AR FRZER T RIS fERAT, o™
AR RN R BRI IE R, TR G R~ R G R A RN AER
JREIERR, 4558052, AE/RORRAEFRMNAAEARMEEE A INERE. WHESR
MRS, (FROIFAERE, IEEERR, PIEERENAATE, R e AR e bk
FAR, WA LTRKETRRARES S M. BN, LOMRET IER KR ERERTAN T 26
MMz AR R IR, RZIMR. A ENEERSG EANSRIREEE, A5 « Wi by
AN A/ A 2 AN 4/ AR AE 1A K /AT LR RERRIG s R R ZEM ELAHSRAN T 3 75 (Rt

B 1.14B B7R7E RN A A G B A PR RAS AR 2 (B TE IR S A A, e A A e a2 B
AFE . PIFR A AL IE W A B R A, (AR GRS S — R BiE %R
BERAK. APFMAREE N, PERMARRRERREEAR, B, HEREEN
JRIAEY) & BB R PR, AT A REE AR IR 5 LAE K. Hem)idid, M 1.14 i
RARNK 2 AR 3 AREEAN, FrLh, HEenmREER — MRS

I T R AU ) R

EipRE:

AN 36Ky 1 5 2R BB DR B B ) — 40 IR R — 2B A A b o G SRR R AMA S JE S B A,

BE iy




1% REE. ERARSEST 17

EFARA WU E AN, MTTREEE B A TR R R o 0 R AR AR, MBS
ASANREA ML A, AT RER A AN SR A R RARAE [ — A

= BAMER AR

R BN R R T R A S AR A I 98 A5 A ohy, PO R B IR R AN [F) 2R 8 (P 1.13 R
[ 76, 1 FRFNTITHY) (S84SR M At B AD o IX—55 AR 25 B B, DR — 28 B ) BE R % B
R e B 40170 ) P40 2 18] P AS TR BOR FE A FH O . 1 48 T B SRAR A RE L HoAth T BB A H.
A, LTI S AR A A B 5 HAB T Y S8 AR A 4 o I g SR AN v (R R R B 15 LA SE

kT U T 8L AT, SR FIAAH () 6 NRARTITE AR, FF X LE PR P C xS BA
T FAZAE, RGN A EIEAR R EA KSR . a8 dEaE 1.15A Fin. 6 NEkT
FRASRIBERE h x 1\ x2 55, DIHRERR R BrsdE, Hb “+” RoRal e AR Rt BAK (B
), 7 FORAEEAREFRE EAEK (REAN) » WAL ERIAGR <7, Rt TFHHFREAGE
HAMX—E5C, R+ —EERY, 238 x1 FIREE x5 NRepZ b E A Bk, x1 Fl x5 2[H
—ANIER A RAE . [FRE, RAR x2. R4 x3 KA x4 FIRAZ x6 FIFTAECX A A BRI B Ab;
B, x2. x3+ x4 Fl x6 BREFR—DNIEE N FI5EAE, HY x1 Fl x5 FriCRIEA F HIZEEH .
1.15  fRSEE AN EGE,
R —F k. (A) Bab
MIGLER ., (B) M BZ
ZER, W RABHEN R,
FHH 2K 3% B8 BB B Ab
(R 7= A= 58 A5 T 2o 2% 44)
BT — X 2828 . AT
— % B 2 R R
SR A5 Sy [R] —F B ) 28
A5, I HARA Al BB AE
e A P AN () A% R A6
R, EEs T
WASE AN, B EAD
R ERAEY A R
Frs i —~ kA

xl x2 x3\x4 x5 x6

WA 1.15B frzn, SR RARBYELRIHERBPIR, 7T LAT (b B AR R o A H i AT 204
SRR AT RERCAT 58 AE, WM RAANREE A (B 1.15A g “=7 1), A HEK X0 5848
R . fRIE AR, XU HSER T AR AR . AR AN — AR E
#P8% (complementation group) . 1EWIFRATHT I, RS EAMES E—ADEERE, Kk, BAMIL S
S RERRERRHE T — Mgt AR 2 K R A 1 e

TESEYS b, BEDW] 5@ SO M e — B AN — L5848 . B AMBE IO S S AR AN BB 1 B 4 .

Rk, B 1.15 FRBARNADIER, ST AT — DR, 45 R FHEA TR R
RIRFE AR ARG &R o T AR B — A 25 IR Gt 05— P il ——— 330 ) T e 4 28 10 Q14 A K Ak IE
F—E 1.13 T NRER B R R &0 2 S AP E,, HEf —ANROKF B, &
K RIXA P E] =) RGP HR . FIFE, [ RIS T 3 AN HAMEE, T AT A 2] 9%
FRAFAE 3 N2 P IR X Lerh m] = RIS B T %558 . e, BT I 11 284 5 A8 A4 e [ AN
REE AL, AH—ADIAME, X — R EWEE S AR L N R IR P BRAE 14



< 18« L. FERIFIEERZ 54T

= BfESHREMNEA

b R RS AR A T 61 X R i A A i, TN R A s AR s e AR R A
e MBI RE T — R BERERM ARG E—m RIREER T DI E R, E55%, #
EEPFRA LR K, FEZSRER R R A SR A ARE. K, TR
iy, RHRIIXLAFAE R A, T EAUE, ORI E 2O MAERER. &5, F
HIX LI F =R 4 —TAAR. REFHEERR, CLERENTREDRERMIKT.

PLAE R BRI i T B NS R A E R Z N 2R, M1 L5 fEnfif LR A
YVIERIER A IUAEE., i1 RIAENFREEZ G N Z “EREREY A RIEREM
HEMTTER, T FEAEHAAMRBREES " ITE X5, #3T 1958 FH9iE N
RAEFZERESZEE. FH, ©45FD0FH 5 T NUREBE R E SR b Tl th L P R
HETHEREH, MiXLesiie o #iR s e /R R BH R 8 B TR . T A2 X e 3 15 1) —
NG, IR DUREE S S IS

* 1958 4F: Lhfl /R ANESATE A IR A 2 IR 3R DR 3 ool i 4 e 1 22 I R SRAT ETh AR, 5 TRETIE 3K
PE4EH% (Joshua Lederberg) “ (R ok 15t 4% F5 20 A4 BB AL P TR ) A R R 432 (38 9 %) o

* 1965 5£: HEAZR L « HEXA (Frangois Jacob) « 221 %1| » FJik K (André Lwoff) FIHE T » 55
#i (Jacques Monod) “[KI 4 B A5 8 A Bt A& 42 4 w1 &R B (36 11 3) o

* 1995 4F: ZHELE « B 5 # (Edward B. Lewis) « 5 B HT7T « 41 i AK-3K JK W5 4 (Christiane
Niisslein-Volhard) 4% B 7% « gt 43T (Eric F. Wieschaus) “ 4 ik iG 5 30 & & @ A& £ 4 5 m
FIRIL” (BE13F).

* 2001 4E: F)2% « 345K (Leland H. Hartwell) . # 4% « 5743 (Tim Hunt) FI{£ % « 44357 (Paul
Nurse) B = “ P54 A 040 o BRI SRR R 77 (38 15 ) .

* 2002 4F: &JE - 1124 (Sydney Brenner) . F A% « F 4E 7% (H. Robert Horvitz) F1Zi « §%
JRr (John E. Sulston) [0 3% B & B A 40 ML etk S0 T st AL 4% i R B (56 13 ) .

* 2007 4 Ty HL B il AF (Mario R. Capecchi) « & T« 3 #f (Martin J. Evans) Fl 85 35 <5
% (Oliver Smithies) “ P& & IR FH Wi 40 B /I BUH 5 |45 s S RUB ARG R E (38 12 35) .

P /R RN SR AR A SE 0 UE AR P B R AR R R S8, B2, R SEME? 4t
ANy, EEEBER. ERN, XE-MHFEEENEER. AAME, EEME 8K0%R
LB, BT OGS, SFEEEEH—B DNA F4E N RFFISGRIDN . HMmISEEH
DNA X B, LR AT I 7= A | FEA2 40 B A 7= A AR X B, ) Rl A e il ) “ 3681 7
BERR, UIANXARE: FE B S B A oAb 3 (9 )R .

1.5 FEREFRE: k)

KM R IR, DNA FRBEE BEEERIETH, AR UTEHERE LT
B}, XRIEMN. R SEMEARA RN —B DNA f, EAFRNEEHEE S E &8 ,
I H R AU Ao . SBIAER  h— Rk 2 £ 2 IKEE4L ;84 % Rk §% (polypeptide
chain) & BAEM ZILRE M FHI4 . #ltn, PAH XA 4 FAMRIMZ I, §&20k
BRI BER 452 MEALRR . 76 DNA f#fid e, DNA th—DMNESER “MB5” 88 TEdiEZ
JREER T — /Mg N 21 22 Bk - IEIERR . (R, 4ifS PAH 2 IKEEFT 7519 DNA &2 452X 3=1356
MEZERY . 5E8E1) PAH R BEKAE L —4 9 FMLEEN . ZIEPMUE 1.5%H ki a sk
1R AEGRbDER /G — Lo IR RS TR P4, (HIEARAEZIL NG 20752 S,

REFPA 20 AN RIEERR. X 20 FHEEERR th 4 FRIEmID, MAESMTREA “F2” il
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3 MHARHIBRIEA . B, FRIEFFE ATG Jnfi IR (Met) , TCC 4224 (Ser), ACT %ifid
JVER (Thr) , GCG SifSNER (Ala) » ARERI=HRIEA AT 64 T, (HEFRIE 20 Fh, FAH LA
oA R &SRR . 1, TCT. TCC. TCA, TCG. AGT 1 AGC 4t (Ser) , CTT, CTC.
CTA. CTG. TTA 1 TTG #4ifea iR (Lew) » B 1.16 HHIHI T B/ T DNA XUk K H BRI 5
FES AR 0 R SRRV 2 [A) RIS 2R o X Bt DNA XU 4hd A2 PAH 2 IKEERT 7 ANEEIRIKTS .

[ 1.16 FTMiFE K~ & EK P, DNA
ANEEYAS S F 0, T I B
PR AR A e w0 5 it “DNA—RNA
— A X5 S )
PR Ay 43 F 3845 2 ¥ 5ol 35 T (central
dogma) . “VEN|” IXAMAF R EE “ NE
FIES", T OB A B IR
YEA—FREL IR . H)E, % “iEu”
EASERUESE, (HIXAMEZELE T F k.
AR 1.7 Fras. ARkl &
M2, DNA ABEEwEEER, 1
2l Y [A] 47 F 4Z $E AL ER (ribonucleic
acid, RNA) 2 {EH . RNA )45 5 DNA
FEABL, AEASEAAHIR] . PO BT& OBEAE
TEZ= 57 [RNA &% #E (ribose) 1 A2 it 48
2] RNA G & 54k (TSR
RNA 7 FREEVE (uracil, U)HE, mA
FET DNA ) fifigmgng (T) . 5%
A U RNA F 3 2K

* {5 f§ RNA (messenger RNA ,
mRNA) 737, #5775k B DNA Hist e (s
B AR Z IS R . TERZH

B 1.17 srFitfesem “HkEl)” . DNA 4
i RNA, RNA %ifiB#E [ i, DNA—RNA X—
H Rk, RNA-EA X —ERE#F,

DNAZFH I ERF5]

S mRERFy  (5-EH-Th-ED 0@l
ATGTCCACTGCGGTCCTGGAA

G AR M DNA =B K
116  HEHFNZIKEERT 7 MR DNA £, DNA
FPFEEPE R R # RNA 5 F R G E R F5 .
ARG IR B, (BRALRE, ZIREEFRE
FALPRH DNA H—2 =P RTREL R i . 4451 i 2 ik
AN AR ARILE (PAH) 2 fikEE,

mRNA 737, SEPRgmiS & FE R 2% H B AT & 1 b
B & - 1, PAH ) mRNA K8 2400 MZ T,
i —5% 452 MEILR 2 IK; mRNA 4K/ 50%
Pl ES 55 SEER .

* 4 FiAZBE/AR RNA (ribosomal RNA, rRNA),
SRR R AZBE AR (ribosome) FRIIX Tl 41 ffa P S0k (1) = 2
Bar, ZRRME ROR AEERLRE K L.

o —%=2] 45 F%5%8 RNA (transfer RNA, tRNA)
7, A RNA i —AMFE R R, R E
A =B AR X 5, %X 385 mRNA F1—41
EANHBHI TR TR . E2 SRR, 5
AN tRNA P8 HE R Bk e A Km0 22 SO o A o
WAL, #Ea FERERR Y t(RNA iC4 (RNAM, %
L Z R IC A tRNAST, DL EHE (B A H A1k 20
PR (RNA, {HHF 20 Fasimg, Fikha e
FEFRFT I [ tRNA A1k 1 F) .



20 e HEERERALT

AR 2 TR A2 R R, FOVERHE T DNA s & B T 48 s ik

B I IR VU -

HE R (A BRIGUR P2 £ RNA 23 TP ORI : 56 RNA P B EF RN 7 vk 22 2 ik

R BRI -

48, 1} “DNA 3 A" XF— MEME Endb R s pd 2, A5 RNA spARIAFET
FPAEBSMOR R, R ARR? —NREATRERAFAE RNA /0] Z—REHKF, aalid

¥ 5

T A B

CG

B RMDNARE : ”' ' RNABEA
ST A

& A
(TR
Ce
Ge
T

RNA¥ZY)

RNAF UL
DNAF AR

B 1.18 FEFEREFAMILFFS DNA S H 4N RNA St
. FESLBIR, 220169 DNA S IEFEREE A RNA 85, 350
B, 7E RNA 77, Bk U (RmgNE) #2] T (f R msne) (45
M, 5 ABREERS) FeXT, 40 A-U SHE T FRic.

DNA AR A 56 2 7 51 B 4h (R #- 7 L 7 Fd A O 3
), BT U5 A XD EURT T LA4h. DNA Fl RNA
Z IAJB AL RO R S 45T B 1.19 . 4545 RNA #E5
BAWM—DRA 5" 40 3 55, HH, 5 DNA &8—
FE, R RBEINEAEK T RNA #E1 3 45, K,

RNA #xWIH 5" dse &k, RIGHFEE 3' =5 7h
IR DNA BE4kET. FAERESHREMZL L
XL HRRITY  MEFIEEE =42 () RNA $£2#TF
U6 THUEE BRI AL 2 (B TEER B SX K “ E

FEfR mRNA SR HAH T ERE A 5
— /Nl REAEREL T S IR . RNA 458
ME, EEEERT S, DLRAE A
RNA 7FHAE MG E 20 =43
Bah, A EGENE. FERER
WA, ERFMAMEH, RNA &2
A5 BAEACIOENE R . BEAE L R
B, 15 BIERFRE4 DNA, T L/ER
BAEAR. (H2, RNA EWE0E TSN
HH L, PEAE BB AR A ol
. X—RRKEERE, RNAZS
| E A R B R B — A
B———H “HFA ", ZERER R
MEREE RIS RF. B, O DNA &ihilfE
RNA 73 FAREIEBN (5B 6 35) ; @7ERa ik
HREIA R, RNA 2T A b (3 7
) ; @FL RNA S TFEEARE KT R
PR N VER (58 10 ) .

- R

WiE(E B DNA 1£4i%] RNA 15
A WE 1.18 fin. DNA 417, D —
FEENIEIR, A& RCEAME) RNA 5 (Bb st
R EFEIERRMSLESS 10 Ei48) . A DNA
BB 7= 4= RNA BRI LHESEE R
(transcription) , =4[] RNA il L4t 5
) (transeript) . RNA o ({56 )57 41 5

DNABAR 9 1 B3t
R 1 04 MR S i v

» P P P

A I G
U A G

"'v c
R W W Jh M > i s 5 g
RNA# %4 () 5 2

1.19 DNA FHRAt 5 RNA PAIIEIEZ
[BIEYBCXT . DNA B2k A, T. G il C 43515
RNA #F U, A. CF1 G ficxt,
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Pe” ), BERTLALAL S (B FREIERGASX ) “TUE” ) o XFARMEEE, RNA HRPHK E#m
T NFYetafhrf DNA (HCRE . Bl il N & IR ARSI PAH FERI WK Y 9 T MR,
H 12 SYEET R DNA KAH 1.3 [0AMEHTRN . 1EIXAM 7, PAH $#HK BT G ok
F DNA K1) 0.1%. 12 ‘S4tatk B HARERE S 12 S 5a Ak DNA 7071 5 — Xk, I+
HATRERM A — &5, B, PRI S E/A DNA KM, —FESRADN.
= #iE

£ mRNA 185 F & 2 IR BE A0 FERR 4 88% (translation) . V&4l 2 ik & LRI 1
& mRNA HFEEEIT, {HECIEM “BHiE” TAER FEIZ (RNA 2 F . mRNA 40 12 IAH
HES =41 (B ZRF, codon) (197 AL . X T mRNA " 4ufd & LR 1A
FW T, D (RNA T 52068, % tRNA 20 T 5 F e 5508 T B AN —24 = AN 4R
IR . IEA R AERRERE R (RNA (1 —ifE, 29 tRNA SUAZES, 5 (RNA R R
2 JIR Bt A K i B BT N Y = R

& 1.20 7~ BHPE+ tRNA FIPER], talffidan .

mRNA NS T— D EES T IR S R (TS T 5 — 4 (RNA 20 Frh— = AMHAB
M EL AN O o 1% tRNA [ — St 55 TE A B SRR AR, T LA LAl ) ek TR ot A v 28 L A (0L 6

fERNA (mRNA)

B 1.20 7EBHFET, FE RNA
YERIZH DNA BZEI00F & i
5 I BN R, (5 B
AR I ke . Bl B
RNA (tRNA) /-5, 454~ tRNA 7] 5
mRNA 1 — 4 = MNHIAR R &
AETREERCXT . 4 (RNA B %
—ANEHERR . tRNA KUK
W, BEER (RNA 2R, £k
BEFFLIFES

TERIBEEFH ) (RNA 2 FASBE 1.20 FrosIRFET S mRNA [ HERSR— 4% BL46 . 8%
SRR AETERRER L, PR 4 mRNA 454, HWEE mRNA M\—ii—335— 5 03|
F—%i, HIRFEE) 3 MEHR (—NEE T —DNEG B . SRHHEEFRME, F—
™ (RNA 58L& . K5, ZIRERNARKGE LS RNA EREERERE. 72K
I, AN tRNA #2 BLXFp 5 X, KGR BB I 5 2 KBS A TER . IR 2 IkEE M — (RNA
BT — (RNA B, JGAT4ES 2 KB (RNA WA FRN. 2 IKBEEE 0 i — AN a3t
MR, HEME] 3 MY “Zab” MRFRERS TR — AN A1k, IXEHE, SIS R4 R,
2 JIKEE AR A 8 T80 G BOn 126 (A 18T B i I MG 25 TP 247, VEES 10 2)

= BEED

W& 1.20 Fror, mRNA #6557 AUG 4t 22 k% 1 R % (Met) , UCC %S Ser (&%) ,
ACU %" Thr (FREIR) 55 . 5EREHI RS RAR A 1R 15 2555 (genetic code) , W3k 1.1. X TALE L T,
ZEIAIFIAE 2 T30 I3 — ME R O\ 5" i) , MBS TRBIAT A Y T3 MR, b
TR ST 238 =AML TR R T e BB 7, DL T4 i i 2 I8 (BB “2E7) .
BABIRIIIR T 24 R =F R ST RS . fE50 FHET, XSS RS



« 22« AR REPRANEEEZ AT

. R 1.1 POHISR “Pre” BAEERD, LA AR AT BN A A 2 RS . 258

10 Fr, 2% BbRERAERRDI — ML, DURTESR LAYy M s i A s i b AR R Al 2=

o fEXE, FEIGE R R EAR B B AL B ADRAE mRNA I ETS 783 a2 R &R -
®1.1 FRAEEEED

ERFEEER
U C A G

UUU Phe F &M UCU Ser S #&# UAU Tyr Y M&E®  UGU Cys C M&E®R U

0 UUC Phe F &M  UCC Ser S #&EE  UAC Tyr Y P& UGC Cys C EbtaEm C

UUA Leu L &M UCA Ser S #%E  UAA £k UGA #iE A

UUG Leu L RER UCG Ser S #ZE  UAG #ib UGG Trp W o G

CUU Leu L H&E® CCU Pro P [#M  CAU His H 4#E® CGU Arg R Hi&m U
ﬁCcucueuL%ﬁE CCC Pro P Jif%®®  CAC His H 41%® CGC Arg R F&Em Cﬁ
g CUA Leu L Z&EM CCA Pro P JHEM  CAA G Q AHEMK CGA Arg R H&E® A §
<l— CUG Leu L H&EM CCG Pro P Jii%M CAG Gn Q #%EMik CGG Arg R KM G |<|—
ﬁ AUU Ile 1 S8R ACU Thr T J&E  AAU Asn N RAWHE AGU Ser S “EM U g{f
% . AUC Ile 1 RRER ACC Thr T 7F&E  AAC Asn N KXW AGC Ser S “HM c %’a

AUA lle 1 &M ACA Thr T &M  AAA Lys K #&®  AGA Arg R HiEm A

AUG Met M HFZMR ACG Thr T &M  AAG Lys K #E#  AGG Arg R H&E# G

GUU Val V %iE® GCU Ala A W&EM GAU Asp D RXEM GGU Gly G H&E® U

& GUC Val V %&Em GCC Ala A WEE GAC Asp D RXEM GGC Gly G HEM c

GUA Val V 4iE® GCA Ala A WEF GAA G E BE®E GGA Gly G @ A

GUG Val V %&E GCG Ala A W&EM GAG G E HE® GGG Gly G H#EmM G

[ amyr || =senwress |

BT 61 NMRmEEARERNENL T, B4 ANFEBTEREEINIIEE:

o BT AUG, #fS Met(FRIEIR) , tHRZIKBES KM “HEIE” 7. (RNAM 44
F AUG, EENMAER, K22 KA BEERFTILEZ —, BIfHE K2 A Met FF46 G4
Z LR —A Met ZEBIFE R R VIR - ZE28EY+, BT8R EGH (RNAM 5 T
15 % IR EE B R AR ) (RNAM 2 AR

o FHSF UAA. UAG M1 UGA, BN “&KIL” #ioF, midBiideil, SEERGErLik
MR LRI, IXEEERS A (RNA 7 FRIEAIEANT, 2 BB E A R R,

BB FERA T2 R E RN TS, TEAH PAH(BAT 5 R H LS 1~7
ANEEEFR K DNA J751) F LA . 1%B: DNA F41 & :

5-ATGTCCACTGCGGTCCTGGAA-3'
3~“TACAGGTGACGCCAGGACCTT-5'
X— X Bt MBI W7 R 3 RNA, FF HLIFIA RNA AE 37 Ui 34 S8 I A% 17 8 1 4k 4E
i (B 1.18) , FTLABEEE R R PB4 SE. RNA B EBRINY 2 A% DNA &1bE, H
AR U Bl T, FrlAgatdss 1~7 NE LR A mRNA 2
5-AUGUCCACUGCGGUCCUGGAA-3’

T RER 1.1 PRt BE N AL . BT AUG %% Met (FHIERR), UCC
MDA (Ser) 5. B2, X—BEZIKENEIER T




5518 JEDR. RERRIZRE L A

«23 .

X — Bt PAH %
BR] 56 % 1) fift 1S 5 1
Wik 1.21 iR . 75 1%
B, RHERT
251 (start codon)
AUG, AN fH L
PKU B#F piEXAN
EiFHRE AUG
& % K oA R i
RE T, NIX—3F

5-AUG | UCC | ACU | GCG | GUC | CUG | GAA-3'
Metl Ser | Thr I Ala | Val I Leu | Glu

B B B B 2R 7N Bl

5-AUG | UCC | ACU | GCG | GUC | CUG | GAA-3’
M| s | T|A]|]V|L]|E

B 1.21 i
HIFEFT 30 .

4i 5 PAH 1y
DNA 1ER7/=4
mRNA AURRAR,
T mRNA &
5 ¥ B Ak
tRNA 43 T K
HHEAEM, &
4t PAH £ Jik
R R T

PAHBEFE
T G

HI ) 1E H .

PAH Zjik%EEH
B S LR BB
K 452 4, Ik

A KR 7R T T
7/|\\‘)

SN AT UKL B, 7E
B XM R4 R &
HEHMMEE, —m&
PAH Z Kt A&7~
4o P RIGHBR
BRELER.

PAHZ ik H &
RIS

WEALIR o i e A AR o PSR T4 T
RASHY PAH FEP . BRI IK, #E4: 3 KIGuis
52, RPGRITLE PKU RE, R
PEHSHIRT R, RTTFFGA PRU 4RE B R a] A,
SR IER . AR RIS R LR R
Bt Lo FEMRIXAS L LR, MATHE T XRERHR . M
BN, TR R, OB St R
PR G L BE T o A 189 L) LB i i T B
AR T B REH RKESZRAIRILEEBH
TR /R4 - H775 BL 36 (Charles R. Scriver) B .

B A

R (mutation) — I RARIEE T (HRE ERG— 8, BEY ) (B0 T f ks, R
TRRXF SR AR R . AR T DNA PIREEFFIH S . XA AT LR L o
HL, XU Sr  o  — ANRER B E I 5 — ANBREEN . B, XS TR i —A C-G X AT
PARAER T-A A-T B G-Co HRRIFHI AL AT RE LU 4%, AiRFEn S e siipn . 3
56 R FAb )RR IDRGAESE 7 Brhitig. BE# 5 R ER (mutant) XA, X R FRSEAE[Y
Hik. RAGHRBIIER, FRARIEFKRF=45828 mRNA. REBEAFK, BEEIIR
BRIEY), RIVHRBIRR, G, SeREAQUHERIE.



BSEMEN T, BIEAMERG, FiMEA PAH ZHKAEM.

AATTHF 5T thE 5 5 b 2K 7 il
PRAE EE 1 DNA, LUFBA4 3%
T 5875 2 S BUXFh 4 KBk PE
JRA, 45 RN RA KA Fh B
% . fE49mhY PAH WIZEFES, 24
Eid#k 400 RFIAFRIRLE. 7E
Fueppld, FEEEMEE, H
e /DAE R SE R PAH B f81E
FR. 7ER—Lmplt, Bk
FaLbEean s, (B8 RIRA RS
4= PAH A= 4EK PAH EH
BHEE. B 1.22 iR
b F SRR A — N E R
B A-T SRR G-C BREEXTEX
R, B TR IE# %
T AUG(Met) 5 4% 4 % 4 +
GUG, GUG %ifi%45& 1R (Val) ,
Y “HER” FFH. g%

2, Aafig k4 PAH mRNA 8, KIANRE2E PAH £k, 25888 @ 4 4 M1V, B A7E PAH
LK 1 AR RS M (FRER) MFES T, Zkamis vV @ER) HFEET. REETHR
U M1V R+ /D W, {BZEA Sl ——nfE N K AL 78— B B

A —Fh+43 5 W1 PAH 82204 fi RA0SW, ‘& J& PAH 2 IkEE 408 437 [ % 1 IS ks 2 R (R)

H B 28 o 0 1 2 R ——
(W) BUBEFS Fo RS LR

PAHZEE )

) *f:‘E 408

KK I A PKU &b 4 Fi
B W REZ —, %R
H95r FRAH U 1.23 FioR.
FEMHIF, T 408 56
— RIS M C-G BRFEXS
R T-A BEExt. 4R2,

PAH mRNA 7E 408 {7 /& —4
RBFEET; AAmNE, £
UGG &#: 7T CGG. fEXF
R, BENEKRE,

K5 mRNA —V)#BREEH
B, RAERERER
PAH 7 2 Ik 408 {7 #5451

REER (Tp) , TIARKEE

M (Arg) o XFPH LN

—ANREMRISA, JERH 123 PAH FEH P RA0SW 28745, Al 2 (R) BT 408 28725 iR 4R
JERTEE, R R4SW £ BEER W) WERNT, 4552, SRR PAH £k 408 (iR a2,
BoRseieny, (EIEAEREE TIARMER. %IUERE R A RGN PAH BiEHkT.

A BOEHEEEHER 3%.



W1 E JERE., FEEARBREST 225

1.7 FEIAIEASG

SERMEAR R PE UL T BB gt 2 1 0. RAE R g R AR FUR K — R EL. 7E1&R PKU
R TF o, AR A S EACH A B R A, UAEG AR E e s B,
DB EHEA—EREYE — N NBAWdris, EWIEEZBIFREEREN . PKU Al LMERIX—
JRERIBITF, Bh, BFZREFENEREERNRR, PKUBERE DT REIEEEEA .
FELLB R AL R, HETT) 2 7RR, B 2 Bt iy 2k PR A RS AR A FH e /Y

REHIERZ ZANEE RN, XWRFE. BAHNMERZLERSHKNAIHE RS
MRBE S, RMES5NEREE —ERHUT. X—HEEAEREFIEHHRBETH
ARB AL B AL T A A A THRE T R B K. 75 PKU 1, BARBLBEH IR BERBLEKR
W, 2% XM Im Bl 7 %, A5 MR Z M. XG5S % R E AL
UL R . W SR AT BT RO AE O A AR, —2R AR IER BT, HE, RE N
frfaaRrE, HEMEHFERERNERZRR, A W TR AR S MEROKE R
HONREM A A, HRTEREIER B U AR, (B A I AN SEAR B DR At 2 iy R A P B 2R

Hh)ihid, FERAMERZEF RN —E . EWRERESR—ANERN S Mg, R
[ A T R A AR, P EMRIR Y, SRNEAMRFETE . 482, 28 RKE

YRR RV Z B RLRVER, 55 R F A 1 1 e 22
53R . PKU NCHCXEAH B AERIR) 3 AN B AL T Y06,

1. —EETUEmALE—MERK. BREAEH PKU
B)LRSRRIEE R EHE A, FHSAEaRED. XEERN
PAH = & —FRCIEBEIT, BHIE T RN R 2E A B 2,
MERERE BOENRA. £PKUF, TEEHNMEFE5HRE
TERGR /D Z MR R, HAEIMERNAR. a2
R IKR G A RSB . EAFEIX LR,
XEHER B R R TFZAHT . KT, PKU ANEEFH .
AV 22 G AR T PRI LI B ATTT R 40 R 2050 7 R T 482 R R SR S Wi %5
MER . —NREBEEFFEAGHSFHARR, ARHEUEA
FHICHIRAN, FRoA 2 34N (pleiotropic effect) , TfjiXFHEL
SR 4 %304 (pleiotropy) . & 1.24 TR T — HIEHREY B4,
X ERTE TR EHE (HARY 40%) . FEark
HEZWh B 60 57 A5 (A IR IS 1R 2 R0

2. RA—PMERATZFRE—NEERN. 5571

o

124 7EBEIRES %R, 296 40%
RAHZ, JFER, ARIE Tz
EAMSERRER . IRFEAPESER
FEA S, EfTEFE PR SIREXTTIF
IR A, T, SEE A
IREA GREEH RN, AT5RER,
AL EER R B N R A Rk
JiZ [© Ronen/ ShutterStock, Inc.] .

KT REGAIHZE R IEH K T AT RERF RN RSB, X — R . 7EX IR,
/B 355 5 16 i 5 P D RO DR, i fk By L R i P T A L PR B o 2 R A
Fh s e 2 FORKEF RS 1 AL RS iR LG o DRI TAD , L 8 w5 i df 34 3o B )
W B AN R BRI KN B 5 FERE . BRUAAS R A I i e e (K 28 6 A 22 57, BT LA K PR 2 Ak P
FEAE) PKU 835, ENMKEKF ELSFERMESR . XMHOMERE T W2 R RN
FIRMCE ) LA R, MR e NN K, ) L () 0 oG 7 e & B 13 AN 5838, BRI

FEFR L B AR PR IR EA KA R

AR R 20— LB R AR . R S A HEE o Bl % AE.
AL 110 For. B SR TiREEEA I 4 #lg, (B7EbG “B—5 MR M
BOS T ZHIRES . DR Aok S b A (] — b A 5 P 0 22 5 0 T LS 8145 K e R AT e o e



<26+ BEFE: FEFRAEERA DT

SEFHEN, T LAZARE R AR BT AR e PKU B IR R 2 B2 AL AR 2L

3. KEHMMREZTHERRZMXZERYM. EXE, FIRECENERKE. PKU &L
AR 2 B TR SR . AT OB IR BT VAT iR B IE RV . PKU AT LAE
AT, B RAT A SRAE A 2 AT ik R BB 2 T3l . B AR A B,
RE T %R AR AL, B TR R IR T TR A0k, K. s,
fif i B T AR FEAS B 2

1.8 TR RS 1

R AR R A R ARIE . kB TFREFN— N FLOMIER: =
S B AEY— YRS —RE T E LR A AR . X LEARRIE
BFEAE — PR A “Adm g1

Hosk b BT AEMTER A3 E BV R IR, AR S EID T DNA BREENF . ek E]
RNA ' RAERZBEE LRI F#:R RNA BRI A 0h . BT A i B A A IE R R AR b s R, A3
VFZ B AN A TR AR RN . = e S5 A Th RE_ERIAR L

FEHEY) (K) Fish¥) () HERAFFEIR
EENSRE, HIESMInGEH
e BSRXFAHER B 27K
BAY), (EHEMTRARMMERD TR
A w1, AR L
RIS, HAP e )
ffi[%, Dr. Jeremy Burgess/Science

Photo Library/ Photo Researchers,
Inc. £ ,Dr. Gopal/ Science Photo
Library/Photo Researchers, Inc.] .

= RREMFEZEY

AR EYRA R —EMURNEEMEA R, 2T IR AR .
i#4L (evolution) 2, B2 A VIREARBEH I A KHER AL B MR 4k R B AR IR . JE BT
BERABESEE, REAREY N EENSG . KEMTAH EEESR, XEENREZE
B HUEN IR WM GORE, AW HFENERS FERAOS 1, RMTIX
Sy PR N —NRE E FIAH SE AL TR A, FE IR, XS THHIMCEFET .

WSTERHLIISLIS b, AMUEE A G — PERERSRERAR, 10 LTI AE ALV BVF 2 JADAT i th e
R, B, WRERAEMTEE RNA BERERE(E EOUR/EREILRS, BLASEEM# RNA 4
fEiB & S\ DNA 2 RNA F2E A FHEARE R A b . AREEELE HRZ T ENE
ZREI AW F BT J7 T, SRR A K B S AT RS A AR SOK R B T - A AR R
Theodosius Dobzhansky ] —fJZZ4& 5 : “TEAEVIFPEAT2ARES BN, R kE%.”

YT = KT

1. A& 57 (bacteria) o ZSRBFALFEAHR I A0 A1 B8 (LARTFR O BESRBE) o IX L8410 1 4l i 35
A LUBOA A4 AZenifhk, g tse, Ll— 805 AH5H.

2. HYAE SR (archaea) » IZIBFEAT AL T 7 A B e AR B4R 15 7 AR o A 5 (il S v 6
WD) KAEYZ . B 20 A0 T HEBIE R b . R _EFRK &6 S5 90w,
Es AR A ER T A EMHAERER. HHE DNA SHIMERI3E S T



B R, EEYMmEsEaT - 27

AL, TEMIAREE T X SHEIEF L. DNA P08 M, 7675 408 7 h R B3,
WA RZRBEFMA R .

3. EZEY5R (eukarya) . X —REFRIEAMLEA AR IS, LAY S AO40 iz A Zor:
R ED) . "EATTK DNA DR R et AR LR T TR AP A, AN I A 22 73 8484 T 43
RAEH 4 Fihe) . AEAEYOFIEYREE, URTEZ RAREY, R SRR,

TR e 2 T AR o A R A S B R R B B KR, RO RAZ Y (prokaryote) , H
TR BR “AEA A% GHAL I R) Z 307 EANARER R AEYE R — N RBERFRIE, T B
5 EARE Y (eukaryote) [IDKH, “FZEY” T HEER “5EEK (AL RLFH) 40 Hu% 7.

= hEk B4 A RYERIR

G0 B AN 7 40 A A% O PO AN R R LG . B ER LA XUE DNA ks fE 4%, #5% DNA
ek BURAE RNA, #B5EAEAH R 10845 A0 45 6 RNA SR4iS & A RPN E TS . 8,
EATE BEUME N5 F IR Z BRI IR R AR R . B A B A e B, SR
AR RA [ —MES . FHIXB AN BB K — A X A RIS ERfbE 2R, Frbl, 48
A 4w BT B AT (SR [RIFESE,  ABLOT AT AR AR Ay RENS & pl HH A L F B T 2R 1540 oAk 2 7T

TR A B (ALY LSRR AN 7 EHFRN LUCA, 182 “last universal common
ancestor” (T3 AE R fa — AN FIESE) - LUCA MWATTTSRWE? A SeR 22 505 e il Bk B A4 T2,
PUIAMT X FESZ TS R = (R sORBIHbER . (HU2, (B4 LUCA BEG AR, e s il
SS9, P e S AT RE R YEER | AR 2R R e A kR

FEFHIVEAZY 90 12 TR
e /NRURL VKA AR SLES Vv AR | g A g
FEUSRAE R, 3 FLBA ety /
ERHAK, TfE AE s (aszAERD

Wik F 5 W E18K
B AA , IXFE 2 3 T Rt
BROXFATA, IXREE KL
45 12570, B 1.25 fis
(] 24 /BT BR, SERT
TRAE, ks BRI 4 ) i
B2 7RA 0 . FEIXASHE
e, 45 1 A4 T
SERRESIE]) 2 5 J74E . i
T, A B Hb ER AR P A8
2 R K i
AR e 50K
FHAME R F AN R
FRA, Nk 5 KA i )
ANT BRI T A5 S
Ko FEF RS s
o, BRI, WA
RIBA LG HEE S E 125  A:fig by st FE AR R , 4 24 /EHaBh RIS s, 1A 45
AL A IR B {CAFRTHBERIE iR 2 I

W, BWE KRIEIRMER, FmAAEIRKE T, AT K. 20 tHaE 50 448



28« iBMEAE: HERAEERA T

LA, ¥ (Stanley Miller) F1 % B (Harold Urey) ¥ T —Z MR H (H K TE) 3%, fEAFAERAS/K
MR T, A AAEVER FA/S. FAAE SRS A A HE SR AT = S LA T
GEFEAR. AR, GER. 2EM. XREAR. RRABRRNAEARSEILR, Xuygt R
SRR, AR T AR SR, B BRGNS TIR% T . RNA 7EB14E24
PR DR, SO WA BRI AT R B RNA KRS B, LE ki
RNA {E R REMAIER]; 7RG R, BE% LUCA (BN, RNA 1S BIEH
B DNA B4, TECAHRA Ok e R 1 B

HRTAATI— MBI, HiEk ERE TR RIET B
KRR RIS WA NI LN, IR 10 2
R, E AP B AR HORIRE AT R 33 R G
SERE, KRS B TR, MBI ERTHEZ AT, o
BEN YR (B 1.26) . XLERBREBMEINE — EHENE
JRBAA), FEEEMEIRE, SRR A, (A
S (AR B B 2T T A R R o B B R
R, ol )=t — e R W o EREA
940 PR R A A H K I, A T B R SR AE 50K AL
M A R B A AN ML R0 1] P23

i R Ay R TR SR R T, YR
S AR O T T . 500 AR A W RO R B
B 126 AERIEOETRT iR WL, BEAE 38 {24, 7R 1.25 [l A,
W LA R ISR B KR IRERARIS IR KZITE 3: 45 AM. 55106 & 16 40 B (I 0) 1 76
PRI T XM RIS R SRR 30 1Z4ERT, XEERNMI S 2 8: 00AM. 7£
PRI A B AT B R HRTE, R e A Ve R A Ml — B BRRIK, BRI B
S, KATFGR AN . AT, HEIKY 20 (Z4ERTA MY, ERAMH hch
B 1: 20PM ZA5. EAEWIITSE T A A A A ) . R, AN
BRIZ HEAL R AR MOA% T 40 TR R AL R R A, (LK 2 0 0 7 5 TR 5 4 e o 8 B A P v (38
16 B rh oA H % THMSLH A Z) « Z40IAED RS 10 24 GERMMI B A 6: 40
PM), F Bl 51 (AR 4K) ORI A T P4 e Ve R . I, AR EEERAT.
ZERELR AR, 2R BTH— AN LIS S B R R ASE) . TR ER. BAK
%, % 250 JTAERT (ZERT B 2RI BT 48s) B8 AJSXAMIRIZE 1 9 AR (Homo) BB &,
DA% 5 N KSR R IR 1 JB 2 A O K48 (AR BCZ AT 0.55) (55 19 EHLER, JBiemls
NI R R L, BRI K704 T B A N K )5 BRI 4 P A AT B — e 36 BR) . ZEA 0 0 K40 5000
ENKF R, RAETEHAWR? ERATHRGHE, XA R FIE2 [—1/10s.

» BEEMELRA

— /M. A ER A LA T DNA BIER, FRODIZZ0M. 40 iz a4 i 2% ) B E A
(genome) . 74 “FERAH” —id H T S5FEANEWYFAH KT & N—Hln, & “ NRIEEH”
X )R I P ——% 8] 1 8 SRAFAE T — AN IE W A TH 40 fi 7 ) DNA.

HHTIIAE DNA W77 (FESE 6 Frhidie) i P, AMIELunE TmE LT
YIYIFr 5% DNA J751. B4EE 1.25 PRAIRZSRREDFERY, EEa5Ee 2EEE A
FERIA (AN B HHEEL DNA SKHIF) « 3 1.2 77 URFF BN RIZE R . FERZH A/ CLE s
(megabase, Mb) A B . YiL/EKWE AT B (Haemophilus influenzae) FPR 20 5K 2 B B (9L R 4H—FE,
k5 Kk KRN ARG E D T EHFREE. i, REMNEFFEEY IR




18 HE. EEYHAREEST 229 -

(Arabidopsis thaliana) ', KIFERFE FXTT DNA BEI ) hEFE. 2T, ABEREAS

A KRGS DNA. 5 BIE—LE, #i—H TART . REAREERA b IR K 30 424,

(EAKRRE BRI RN 2 5. X—FERBT —N 35 AERAFIEL 1.5%%5

EAFT (L) 27%M NBEEE R A FHI A RFER, (EEEFE A RIKH S DNA FFF R AGRISE ERI) «
12 BEEMEARNLER

FEEEKR - e EERAPFEER R HERAH
= (Mb*, EfU{E) AERESLERL B " GEUE) BEERFIK
Hemophilus influenzae 1.9 1700 1 400

(T B R PR 22)

Saccharomyces cerevisiae

13 6000 4400
(HiZFmERE)

} 3000
Caenorhabditis elegans 100 50000 9500

(-3 ) }

5000

Drosophila melanogaster
120° 16 000 8 000

(Rb)
7 000¢
Mus musculus (S5 /N i) 2500 25000 10 000
} 9900
Homo sapiens (\NZ) 2 900° 25000 10 000

a FJTREEXS . b AEFFSIARELONTT S BEAHSC) BB “FIE” o o AEFRHERE & R 60Mb 4546 (G745 i) DNA. o 5t
Tf5 4 RNA (mRNA) PSRN . e AT IR, TEABRHAMIRZEAUEDY & EAZE 3000Mb. £ TIXFEAIMERE R : L
AL 1%/ B R E AREERA P RAMBER, RZIFR.

R A GG — ¥ EER AR N B AR A (proteome) . 7EREERE. i duF1 S I FEA A
BARMERAS, —MEYHEORAPERARMNEE SRR XBHR. R, 1Ea
5 11 FRBNMAHE, LR R ] il it — iy 0% £ BY 42 (alternative splicing) (1)1 7 4 5
PIFhERZ M E A, EHE RS, WIS RNA #3539 R Bl L FHEPIA & A i,
FEAERNE R mRNA. fEAREERA S, EFEEERATE. 2087 13 E2£iX 2/3 HER
AT IERRMESYEE, JFH, A TEEEIENERG, FHENEETE 2~7 HARK
mRNA. [FEt, AEIEEYLIFE LA RE 25 000 NEE S, HAE4 60 000~90 000 FHAS
[E] ] mRNA. i F 1 60 By e L R i dmAg e K K8 b, R A EiiA% 8 24 v AR U5
=
RIEEEEEL 5 AR, AT R BT 228, MWARE B RS (families) . KEHEZ
EYFEFXF AR E QMBI F IR 2B UFEXSERE, & F itk 505 i 5 5
ohie, @EHEHT MM AREEGES], gk DI A8 NI ERFF s, i EA B
Theg. FOIREE ¥ SERTHRITIREAHEL (B, FEMEEEARESZE T ENEYERE), Eim
B R B S FOR I B R RS EOREE T 28 AR, M ar LRSI e 1 H3E F
5.

TES A FEB A ) B A, IEAEER G R BOARBME AT LA e T /K F R A i e
—t. R 12 HL—FEFERT XN, EZRT, I THTERAFRAS “AR” BERGER
BENRFFIAFLD MR, S BHEARARPIFERGH K. B, iR SaaRmRES
JRIHER S LR 4400, 9500 F18000. % 1.2 HHIKIE SRR A FYF 2 B3 FEHAE HEE FHH
R R B FEE . WXEEHRRTUE H, 28 A s a3 FEHA 5000~10 000 NF5F



=30+ kA JEDRIAEERA AT

DHREABIER . o, HoRGOCRE BRI ERZAEYI AL 3000 4N, HRGRRTEANH
(FERZ A 929 1000 A 7E8R B MMM S LR, ARG LAEEA T 1Y
BT . EAPUX— BRI, R AR, (H5 R RGN AR
HuREF=A= 21k 100 JTFPAS RN R TR APt LR, X b AR A L NER T .

FEHE

o JEHIREZ LR R0 o

o DR pH R EAZ B TR (DNA) IX Rk 224 520 A%

o DNA il B R E 5 185 UL, s DA —FE (D R AR A1) .

o DNA S 3D, BRI e R0 M b = A A4 Ff 1 B AN oA 2R 5

* DNA fli/RE58Ar, RAK DNA 4ifi4r 5 8 0, Hons HERAR e 1 PRI

o SRARRERE R RMEACEHEG” e KN TR AR T I — AN B TR

o HRORAEEZILFE W, HZHAERm.

o TR BLA AR AL RIS, BT DUEATTER B A S L () (1 4H i A FRD AR R 1
o B LRI AR (R, A M TACE RS G

-4t 51 m

 EH] DNA S TR S B SL U6 1L 2

o X DNA 4 F&5 A2 Wk DNA RGeS0 4afid B [ ORI & A SRR LR R 12
o AT AU E AMIRSE R T A DNA S il 32 SRR AIE ?

o BESERERRRAA? SR T 5 DNA R HIAE ?

o ZHEAA BN RNA W =F? F—FIERRHA?

o fFakt “EBMEEL” ? B 5 M mRNA 773 2 B e R R B AR Rk i ?

o A ARRSERPEAREIEPE ? X — bR B B 8L 22 A AR WAL 2 2 (R B2 1 2

o MBLERIL, TETHRERINEHFEAEIER T B CHOEN” SRERIX —RIL?

o fRFENAT AV REARURN R IR OUE — M S (R 2B B e,  AMETE5RAR 2 e ok sl A 2>
o A RFER AR 2 MERNY 2 251U o

o AT AN AR EAZ AR A EA T R R

fERaE R

SJRE 1 fEANEFEWE A (huntingtin, 5 Huntington #iAo%, #utk#d42) BE S, FHEMRMBXET 21 4
BAF MR

3-“TACCCACCGTTATAAGAGAGT-5'
Hpext e P54
ER DNA X PIRGEZ AR E AL T C5 Gl MRFEZME, HAERGHRMN
Wtk DRIt B0 EAMEERS) S URIBAE A0l . O B B P 5 A«

5“ATGGGTGGCAATATTCTCTCA-3'

SRE2 B 1 PG W ) DNA SRR 72 B4 e 3, R4 09 X P RNA IR 751 .

ER T RNA P, TEMNH 3 ME&. B, IR R DNA BiREEPr AL T. C. G
53 e SR RNA BEH 0 Uy Ay Gy Co 3", DNA BREER RNA ¥3Y HA MR, £= (HEMRE Ik
AR RBER) — 1) » RNA SEE % 5" 3 3" 175 (e k. K2 QA& WA BIA BEAT R, T LA AT HE Wl S 10
AR 1 T IR, BRIE, RNA B3RV 2

5-AUGGGUGGCAAUAUUCUCUCA-3’
SIRE3 LR 2 A T A A R S RNA FF81, 1X— P4 5 W A M SRR TS A4 2
BER ZIREEROBIPEHRG TRIETFIN 59, ¥ 53 nEsh, LUESH 3 Mkt (BB T 4
XAT. EBEEHRT, TEISHNEETXNREER. 22 KGR 7 MR



F1E R, RRAMBEEN 31

5-AUG GGU GGC AAU AUU CUC UCA-3'
Met Gly Gly Asn 1Ile Leu Ser
SR 4 BRIAE 1 BRI DNA JFFHRRAE T — N A FEFIEE R, %%, BN G # T Eik.
X IR DNA AUk (B 455 AfEAE RNA I HRTSRA A7 AR 7 s A MR ERRF 5 SUEAHA?
X DNA. RNA HIZJKEEMFHII T, Heh, SARBEEAFRZAEE. ZRZERELILED T,

T TR [ & B SR T 28 1k
DNA (¥ 3%55)
3-TAC CCA CCG TTA TAA GAG ATT-5'
DNA (4% 5%55)
5-ATG GGT GGC AAT ATT CTC TAA-3'
RNA %t X
5-AUG GGU GGC AAU AUU CUC UAA-3'
ZikE
Met Gly Gly Asn Ile Leu STOP
S SRA

1.1 X4 FASERXTS .

(a) B— A EEE R e —Aa AR

(b) AR EBA T BER BN R B .

(c) PR A% 17 BRI v s P 2% 25 DR 4 9 40 2 10 PO B R R

(d) BAEEG P I REFL T 5 HmL N RERERZ A E—— X N XR.

1.2 JRERFNGE B 50 AT TR DNA 454 925 82 b HEWT HY DNA 2. s Fi 528 m] R L 24 ?

1.3 XUEE DNA 7 FRGREER R AWM, XPERMRERIA? DUt DNA 207 [P 4B A R A5 A1
RN, XPER B R4

1.4 Xl R BEEREE S BARFN R BRI B B0 82 45 SLOR 4 o L 5 v 9 N 3 3 T A X b A 2

1.5 7ERIBH. FEHiEMERFRFEAZR S, HHSBE YT DNA A2 E A RNRBRE 5
FEHE 24 ?

1.6 FFRMMEER (FRER) FEY R, ATHAE AR, BRI ZR. maS ez Emimm, Ea
JRAZ IR AR RERIR . 76 it R BEBR B AT (AR S50 TR, AR F 2R A BE S TR ORI, it S8R 445
SR? R R A A R 7

1.7 T2 W AEYEME B AR E A B R B0 R -2 S50 2

1.8 RNA 43714 DNA —FEEH KRIIBE. M /RA EEREFAE U YERR 15 00 T 2E 40 4 o b 3 38 T2
WER 4, RNA A ZBRIEC T # A S AR e 108, AR sese &5 Rardentt. X I4?

1.9 MRS A IREUK DNA & 16%/ A, 16%01) T+ 34%1] G #1 34%ff) C, %Ti% DNA 5 F45
¥, RREMEHAAHER?

1.10  MIEFPRERE AR HREL K DNA 5 20%01) AL 34%0 T+ 35%0 G #1 11%01 C, % DNA {4 RT3
ZAL? RTHEEM), UREEM AT AHER?

1.11  —BFE % DNA 8 A S A, FHRNZH) RNA X B/ Akt ?

1.12 iR —4 DNA XU —48E Ef 5-ATCAG-3'IF3, HEFMERTFRA4? FEERTE 5o
G i)

113 RAEHBFEAN X DNA 2 FRIBREESTF, )5 R B0 kaifbix s at. Hrh— K
FEA RSS2 25%09 A 18%[1) T+ 20%M) G 1 37%M C, 57— STl FEH Bl 14 2

1.14  RAHIE—XUE DNA 70 F 348 F I —BUE =1 H8 5-GTA-3[M R B S PS4, HifiiZkEsh
FIPFI R 5-GTAGTAGTAGT...-3, H—&EERKTFIRM 4?7 FEBRTDY SuRELELN)

1.15 WHEE— DNA SRR EERA 5-TCAG-3"1IF%, 5 RNA ¥#FWHERA4? (EEE ]
¥ S S EAiN)

1.16 R K— DNA XU IEBREE B S-ATCAG-3'HIF5, 7Ei%XIK RNA #3WEs1 R4 2



32 B JEAEERA AT

(TEEEPH SUREAE LD

1.17 XU DNA 2 TR& —BEELFF, 4 Rz BRAT & LuBiAfHFE, 3L 5-ATGC-3"31 1135 8] b
E%/b? ML 5-TACGGC-3'F5 1T [a] e ?

1.18 H¥—RNA A FEHRITE, ELFHHARERAERE R, Bl—A “KI” 4. ERXE,
1% RNA 73 FH—BIE R 7 & 5-UAUCGUAU-3', 5% F BB AL o1 24 ?

1.19 H— A T&HH mRNA 97 B SIS 5S-AAAAAAAA.. -3 TR FIR A E. coli IZHER.
B RNA FAh A TG 5y, X% mRNA 4 FREAT RSN, S5REH MER LM Lys-Lys-Lys-... 41 2 )ik
B, BB TR SRR D, %4 R R (Lys) BT 72472

1.20 H— AN TARH mRNA 2 F i EE LT3 S“-UUUUUUUUUU.. 34k, EA N E—H A 1)
BRI EAMEEN, PAENZIKEARRNEARES FAIAR, KRREEDRER. 124 R0 RE R
HIHRS T AT A2

1.21 4 RNA FAMRERE LN, A7E RNA ER{EMA BTGB, 3 AT ARE RNA 27554
5-CGCUUACCACAUGUCGCGAAC-3', WRESBIIEZD T, TTRESH B /AR FEEHE? WA A #0F (BN
AUG EWBETIFR) %5 T, WHeSH 2 /DA FIEHE?

122 BERREXFE—IE DNA 42 FRIBAREIEAT TR, AT s FRISEERK TR, 7K
BARIE TR RNA, 2RJ5K RNA BIEmRE IR, 7R ERK S D REHE?

1.23 F— AT A MK mRNA 4> 7 HEZ AT 5" ACACACACACACAC...-3 %, AAMEELSF,
45 AR B —Fb (A B HES I (& SR Thr-His-Thr-His-Thr-His. .. 241 B 10 2 k5%, 44 A B HES il 2 LR 2
%45 B B 4% 73 & (Thr) FIZH 20 (His) B S T A4 ?

1.24 H— AN TAHM mRNA 43T HERIEFF 5“AUCAUCAUCAUCAUC.. -3k, A4MHFEDT,
438 3 MARZIKEMREY, —FhES N FREARA K Qe-le-le-lle...) , 7Pl & (224 &
(Ser-Ser-Ser-Ser-...) , 55 =Fh 8 (41 Z B4 % (His-His-His-His-...) , %45 23 mRNA & A4 77 sl 2

1.25 BFEATREMEAS —NMEGTS XA AN MR, KK £ ik SRR H MR FH|—FE?

1.26 SR—PEHUFEFIZRIE, B 75%K G 1 25%H U ARk. TiitHfEAsMNEEIE 2 ks LB ,,
Trp HHELEIMIHE ZEZ /> ? Val g ? Phe 8 ?

1.27 PR 6 NMISLIIBRHERER (a~f) IMEAMNULEE R, Hrh, “+” RRHF, “—7 FRAHA.

AR AN, 1E TS RIS A AP R LR (e

ST T T R,

b e FEE A 1 58 AR
¢ + [+ |+ FEEAMEE 2 R 5RAR
d = et FEH AN 3 P RAR:
e + 76 E AN 4 P 5As.

128 7EARSRERE PR ARES O E R (B G RFR) NRBRHEAT R, /FBERVFEREMR,
I BAREENIES BB INPTREMIATIA D E 3¢ F BEAREFRE BAK (D) BAREK O MRk, k42, ¥R
RN«

e P FTZR R E R, SRR — PN RENER RN, A EE SRR ERRE (1~4), B
BRI F=PR Rk s B RNRAER, £ RS 2R R LA MR R AT A %R (D~G) .

D E F G
R
. Lo ————0

129 EALEFERIBILEOMEE RNA 1, 5 1~10 fr 2B
5-AUGUCCACUGCGGUCCUGGAAAACCCAGGC-3'

(a) BT 10 MEAEREA?

(b) i RARAAH) A 20 G, 572 RNA SR 2 BERT5?

(c) I RAAR) C 22h G, FE4E RNA 2B B A @ ERF51?

(d) AR U 2205 C, 2% RNA S35 A B HEM 7512



B3 KR, RERAMB LT 233

(e) tn RAIAI) G ZEH U, RZ RNA B ET ARERF3?

130 “BR%” RARIXFE—FEAE: € DNA fSX P, FASGA—EHE (HAR 3 KRHH0 Kk
o GERE, SARARREREMLL, 8RO AR R A RAET (. BT MBERAENE
IS NS B L A (R B A R R — 882 . RESILAET 10 DMEIERRII(E A RNA JFF1

5-AUG GUG CAC CUG ACU CCU GAG GAG AAG UCU...-3'

(a) X— B4 Z IR EERFII R A2
(b) £ RNA R KA AR) U T F BB HRELHRA2ER?
(c) £ RNA HHLAR U ZHIHEA —4 G M S BIB IR LR A/ R?

PR

® 2

BEERRE 1 5t 1.30 [P TR A0 B A BRI SE AR RNA 2 1, ﬁ@mUTﬁFﬂ%DNAﬁ%%mﬁgﬁﬂ
(a) BF AR5

(b) AN TRIE G K

(c) #z/\ﬁ%ﬁ)\

PRERR 2 (R4T 5 Lol /R - 0 S B0 SR AT AL B P 0 — RHE . EAnZ R IR AR — LA P
i%rﬂ%ﬁﬂ FEYIRE L Z FoRFEREAE R, P B Z ISR E RN, B W, XY 272 arEy.
i, A0 REAEE A ARSI P E =Y. AR 10 NIRSLI0SEAE, BAIAREERIN P AR 3t A K,
{BEEFERIN Z (LA IR FA K. RIBERINEFRE W, X8R Y BRARFHE LK (O RAREK G,
AKX 10 RS A 4 . BRI R FTR:

P w X Y z

5 1 K (EE 5) _ A o B o
B 1, 3. 4. 6. 7) A ¥ ) s +
55 M2 (RAETE 2) b i L + P

~ +

FIVA (R 8. 9. 10) -
L HIMARUIER, B PIHEAN. Z MAELT, HEAERGER P IR FHES a8 W, X Y.

— i ———0

PERRRE 3 1A AR PR 2 10 FRRAIKHTE AT A A EAMESL. SRWAEREHTR, b, “+”
ET%V%&E%ZM%%%J‘E& “7 FoRABEEK. 2 3 4 7

BN LAMERE DA FEE, HBEREDS ek 4
SR gibs— B, ZEEEERTELE PR, R
RN 7 T HM AR =57 -

(a) ELPURE 2 FHTHERIRBER. AATELE
NKE R EE SR, EEATEL AR %A
LR RS S (1~10) o FEFELENEHL T AT REME AR
TR BT, SER BT A KT .

(b) FERR K #E T H R B LR A2, 14 P
MYEAESR Z Z (A LR R A AT ?

M _Eig e

“ M _E14%# 7 (GeNETics) 43 R /R A 4815 FLIR b T 18 27 (5 SR 160 e A 5 8 ) ity 0 S ) WA el 1,
U] (iAo FEERFBE PRI 40070 (35 )\ ) Bic 4 (¥) Jones and Bartlett 24 7] Bt £ 3 2 http://biology.jbpub.com/
book/ genetics/8e/.

FEZH R, RERB| - MEEIIH O EACCRIASIR . EEEANRRIT G, THEREAMYY, Hbg
FH RN R .
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+ 4

O 00 NN N s WM
¥ + + + @
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+ + 4+ 1+
+ + 4+ + + 4+ + |oo
+ + + 4+ + + + + |e©
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4527 DNA 5ot

Fl T4 A/ 85 DNA B ik BEIE. [ James Gathany/CDC /. ]

2.1 MEzia B E R BER: XUSiE
2.2 DNA KI5 T4i# U « IRARAN S BATE T « e HL TS, 1953
2.3 JEH4] DNA R B2 B F % e It SE A B A I () — P 4
2.4 4 DNA Bkt & BEER: AL o i ok
2.5 BESTTARE WAE AR R R BT o
2.6 FE[K4 DNA # ] DNA #ric KA FURB AT g « 34EHT, 1980
2.7 DNA tric i H FH PR &P F B 2 A v p N\ Rt f%
B
¥3 BirSR268EN

N I A 22 7 ) 3R ) DNA 5 Mg R A6 A8 S S B, AT Lb AR LA Aol LA R 1o R R 24 RE D o

Y4 5ERUE DNA 4> T b —Fhak 2 R BRI BRI 800 00 B, REHES: 1% DNA P40 4
BB EMKEE, R BnEiikEXe  BEg R E I E .

= L0 BORD BR 2 5 AT LA AS [RI 41 & DI B XU DNA 437 B4 DNA | BB i,
REHEDT H B "% DNA 4> F BB DI 2507 B 6 PR %

K ﬂ%fﬁﬂ DNA 43 BUFT F KRR b ) DNA W5 5Y,  REAE— 20 A R0 H o — {7 ——2un 2R

. a;\u%iﬁ(ﬁ DNA 437 I BRI B S 54 DNA 8¢ RNA $REME SR, feds e |
A fa] —Fr 5 2 F R 16 S 3547 1 Southern EEEH, BE/SERMELE DNA K B2 8710 .

» X FOAIE DNA P51, feiEREn] 7658 Al XU N P i 3881% 40 1 1R e B 514 |
GRS . ;

R R S S L e L o S e e O ) O L L . A e e S o R B e B = S S S e e A s P

|
/



23 DNA 4 5idifaER <35

20 t4l 70 AP HILIR, BAEFRIR — HAEL A — 5 UMER B R i 53 3,
KA BRI R S DNA J BRI 8 i o IR AR A B0 R AR PR 21 ) e —— e IE Al e 1
JER AR DNA IIBREER F5Y, FERERM 53R A RIS . th TAEA% L5 P A
(K17 2 LR B BE R AL L/, XS BERIALF 9 1 56 LLSE sl . TS, 0 e X LA )
S RAUP A IIROR, BOBORMBOR I E KR 2 AL, BiEARERANF5.

2.1 AMEZ 18] A 2 57

A A EFE A P SR B K2 30 AZAMBREE R Ak, X EeRR LA AR 23 AR YL fa
P (RGOS A NEE DNA 70 F) « —FMBFREAETTESHEZHTANERE, B
M HES E G AR ) DNA 4> 7 b. 7EIXSUIERT, 4afd 8 A PR 8schs bR G4
FEEAR 1.3%4L4, HAh 98.7%M)/FHIARmSE AR —LAEminfFy st “M”, 7k
RIB . RNA B P40 Tk mRNA IR, X2 “fse” SemEEaRK “NE” 25,
S — YL gD B — A Y RIS, 2B A, SEIERANERA S BF
g r ) 2R R, FROBIER. TR, 6 ANREE AR KFAE4iS DNA 35
o, BRI RS R ARG EE R, A5 R PR .

REIANBE R FRITFHIN, BIEEREEZE “ANKHN” EEA, X2FEHKBIE
BB AN DNA 31, 76 K40 99.9% M HBRAL s E AR . XA NEA KFF1 2
BAVCREA IR EATR A S B ERAE LR A2 i, SEfr EFETFZARBA
IR . WAL 2 50 ALK 4 2 1B AN [ (193X 0.1%(%) DNA J5251—300 J7 Mgk b —k
SRR, DR Ay A ok e 2 S v B 1 S S A (a2 A B EE N B £ S RAR B B IR 848,
A5 (5 g B 2% 5 (O UE  SPL R AFOHR PR ) 1) R s X 184 o Fy 58728

FTsE4E DNA FFAlEZERS, NI S5ERER. H—RERS5 G, AE,
kR IREEEE . AR R A MR (8L 22 el k. NS A2 ZE stk 2 72 58
STEN. T2k ERAIT SRR FE AR ER, XHENER BN EEEE
DNA A 5 KAff5t. R, XEEEMERHOEE, FHENIRESENB L.

* DNA #Ri2{EA R B _ERIHFR

e AL, BRIEFRIC (genetic marker) 218 DNA A AT 2 F—— 0 2 BRI 3
——E A1 AL 1 7 R TR R . 3 —ARiC AME, B T i%bsic 224 P
F—BYak, FEik, Ebadhaic TERRAN —MEEX . BANMEE DNA F8I_E T
Z AR AR A B bR id . BfEPRCASEFERTER, BeiMsh e kit EEREE LN
FrBCHTTRE, MTTAEZZEE DNA 8 LA 2 8. % 5E ST .

it B 4T DNA A B s fEbRic, BH D DNA #7i2 (DNA marker) . 7EiifE%
o, DNA FRiCREE, FAEATAI/ER K DNA 2 F—and kg1 ) DNA 43 F—— EigHibR
fEAMAZ (Al AL 22 G AR R . EATMIR AR EEbr—FE. F DNA Fric 4ibr, ik
LHRFUUENIEFHE R FRAIER . Yo R 5 K8t o v i 20 A 35 AR AE (B 2.1) .

il DNA FRic, #2504 EEL DNA (genomic DNA, M AA40 HabH2H ) 54 DNA) FTH#E
B B, AL /INE S0 P RVE G R 9 GRLES 2 LT AMZ IR o ZELL R LA, K ifiikiZ ] DNA
KRR R (CRiX e 7 B2/ AAAMERID i— 32 ik, XSk mmsE T
WAL O, TR AT AL TR AT R X ERE R B T AR BR T A
K RRETHPRE TRAT B A ARS B4 . B DNA MIAAEREE L
EMEE L R, EEAHREN TR . RETRIS T ke s TR




« 36+ ik FERRSEEA T

DNA #AFRIAB L2 IEASL I 3R AE -
AFRGRIOTTVE, JUT RN DAL S5 = A ) £ 2 hoR .

=7

& 2.1 DNA FRiCRIYENTE DNA 407 (Angeafk DNA) EARiRgsei EididR. Wi EFR, DNA FRictdial Ak
EFATHIE DNA B4R, DNA ST AMRUIAN IR AHPEERI; SORHESS 12 S0t

2.2 DNA K945k

BAERI 74T DNA FIBACSER i, Y5 B X DNA 20 45 KA S I E g AR . B, 2
fRIXEET i, THE T M DNA > 745 . 7635 1 EHhRAIEE], DNA & i P& x B AMNEER
FCIRUENE, 4R — RA PR TTRRA K, BMEHER LA A (BRE) . T (iR
BE) . G(SIES) B C (HmMENE) 2 —. PIZEAMEM A R T, G Ml C 2 [ (IR AR- 72 B v R FE AT
X, RS AR, BAMEWRIE R RIS, D4R v 1 A & B i1 H Ak G
PR . BRAERATANE F DNA [45H) S DNA & i 35 BARE .

* BHBRE

FAEDMZRIFEFER UL, DNA #ERLZRE—hEREALMMIIKS)F. DNA i 5A7
B 2%t SR (—Fh TLRHE) « WERRA 4 Fh & UL (BL AL T, G C 3F7R) 4. BlEEAIfL 24
A 2.2 R R, AP PR AL R OORSEH, X PR RN IER (purines) : 5 S BT R
HEHRIRGEH, X PR GRAE N B E (pyrimidines) .

o WRNQTHAL S HRIERS (A) FSIELS (G) .

o WEEWERREE S M v e (T) A gne (C) .

fE DNA ', MRS MR TR, TR HEEE (nucleoside) (KL A1
A MARRIEFRERBIRE T LY, B st OVAZEES (nucleotide) (B 2.3) . (Rlitk, HIFRREHTT



23 DNA ity 5HEER

«37 .

hn bR . 7B 2.3 b, fREREEP R T RO %21 DNAWISE
G HRN, BREESS A IR TR 1 Bk DR R R HE e pre—
TLAHHMS () EFgn s, CAX S FHEE i HRIENS (A) BARE  SYBEURT
J5F]. DNA BFEAIRZEF AL AT DR jzgzm)
LS TR 2.1 . AT, XEEICZHA — B8 (GATP)
W, ZHUBNERN], ZE AR L (G) BAESHE SRS
IR ] REMES — B4 (dGMP)
YERAR (1 DNA A RNA) o1, iHF L% Son
Bl ok, R H % E B 5 (polynucleotide e 1y e 5%%”:&
chain) ; ZHRIIER:, RFBES T 5 A% — % (dTMP)
HIRERR, SAAEKSE 3 BAERFILER: (B i:z:ﬁ;’
2.4) . JEITBERRILKG A AL ER (K e £ 4> i B el e A
AR 140 27 B 7kl B ER — BE B2 (phosphodiester — @ (dCMP)
bond) . IXULE(K) 35235 HL A RFLE BT 4K :z:gzdcm))
= dCTP

S5, EE— B A T A IR AR . 1
B, B&ZEHRENKmIER, —imase 5 -BREE (5'-P), B—um#EE 3 -FE G -0H).
DNA #FmAXFR, BEWREGLEH LGN (polarity) , BI Wb —u4u7r 5 -BEMR. Wh— i
3 SR Y E B .

i — i = R 1 : ! . 5 b % ?“fn'f‘vl
2.2 DNA 1 4 F S BUEE ML A 458 . BRIE | MORRMENE . e Fumng . 5 0 EeonE e /U T
EfiR. 25 M DNA AT Z R S8R, DA,

B 2.3 SMRIEGEHER, 78 3 M0 (R . BERIBRIE) , DNA F1RNA ZRIMZES, DARAGH (BA D) fik
R AR MR R R SRR ER (R — I BIRRAL) , RCF —HR AW IR, T =B s = BSIRIL,

FEIRARAN 7 B 7O H2 H DNA () = 4E 45 H R XURIE 2 BT (984, A hNK (Erwin Chargaff) i i
TR iETri%, FIRAIGE DNA HREFigdE SR . BRATERURIX—Jrdn, B S &
THHES T, RN EERIREE, Fian, [AJCRERERS (KB /RIKEE. 2500k Al %7 v &



« 38« L EEEFIEEEILA T

T REAFKYE DNA
B [Al. [T]. [G]#n
[Cl. b &3, DNA [
W E LA Y, (base compo-
sition) ——& X & G+C
By (B 2 e——FEAR
FEYFhz A ZER, B
EF— MM A 4
i K% [R)— 4y ep g ANAR
3% M. & 22 ~KREATFEZ
AFEAEYIK DNA Rk
H Rk

_a.(B)

0 K3 W 5 3
/AN 7] g 2k 1 B 7 AR
B 24 —REHHR 2 jAfE 705 LA MR

REE SIS ez e pRIX ek
M. (A) li-BERR A 1L % & n ok

SELEM, TNEER 5T —

3 (e Cnargaffsrule):
BTH4E). B % o MR i
R — e 3 MR e ) B A
B R . %: [Al=[T].
F 2.2 AREEYH DNA BEHEMK
. BE (52N E 2 ) AR
BIEN (A EERRRE(T)  SENG)  ERC) L(G+C) %]
T7 WA 26.0 26.0 24.0 24.0 48.0
4
PSR ZF AT 36.9 36.3 14.0 12.8 26.8
il J e BR T 30.2 29.5 21.6 187 403
KGtrE 24.7 236 26.0 25.7 51.7
BN\ BW 13.4 12.4 37.1 37.1 74.2
A
PR e 1 31.7 32.6 183 17.4 35.7
RSB R 23.0 223 271 27.6 54,7
AR -
W 27.3 27.2 22.7 22.8* 455
E/S 26.8 272 22.8 23.2+ 46.0
;Y
RS ) 30.8 29.4 19.6 20.2 39.8
i 29.4 29.6 20.5 20.5 41.0
fag 29.7 29.1 20.8 20.4 412
A 29.8 31.8 20.2 18.2 384

S 1/4 1) 5-FREEHENE, XRMERER —FEmER, T HRSRERNZEHEY I 2.

o SRR HECER S e RS [G]=[C].
o WERS BRI ) BB S ERE B IE O BB ARSE:  [Al+[G]=[T]+[C].



2% DNA 4y 5iifkaess  +39-

REER MR- Bl HAMES I Z B, AR T i 70 5% X e i 5% 45 S 1 0 2 3k
fill, {HIRAR-C B 4B T —/NMB AR AR, EREMRRE A N RIE . BROMERUEE DNA 1,
A BRE T, BroldRB\H[Al=[T]. FFE, FhGEH Clixt, aTanlGl=[C]. P&
IR H B =40: [A]+[GI=[T]+[Cl. 76 F "1, 5 50 R0 H A i A x99 20 F Rl

= FEEEC X AR E R

7E 1953 FEIRARFN 7 B 7 $2 H ) DNA 20 F =445, DNA 207 1P 4 LT IR BEAL K.

P2 A BRGSO e, FERURHER, 9 4R AH T (4 2 ] £ B2 s A fl e . 155 s 1 iy
EENERC (B 2.5) . fEARESSH (FRD B . DNA, B form of DNA) 1, fR4854F 34 A el 581
— . RURHERAT TIRNE, A TURHEMREIEIE, MTEBIRRRT, 545 HT LU 7 1) ) R ZEf o
Ak () (a2 3.4 A, BRUAERRA& 5 AT RIS IE R 10 ML, ARIXURIEA 10 PIRIEX .

(A) (B) B2.5 FRIURIE=AEL5HIKM
T DNA El/R:. (A) £t iEl,
TR e, KT
FIRIFEYT . (B)B & DNA 431
TR, SRy -

SN B, BEAEHERRRAHENT

Ab, TR R —5k/NA

R FORPZEN BT : A, 206
Kt e T, e EERERAE;

i gt e
e
i

G, e EEKEE; C, WA
BRIEG. DIRGLSHMEES
WEERE-RR E0EERE; Yk
22 1) Y B 5 K B 0 1) o
B, [FEWRIAKFLRR -
% (Antony M. Dean) {5, ]

f¥34A (EF
1048234 )

BE-BRE P HIC
WAL o CAn



<40« HEE SEPRIRIEERIA

BIEAC AT & DNA SUEERRRIE, LA A S ) — &8 10— B AMEEEAC XS
[£%2 (hydrogen bond) 2 —F55%, S5 REARBKHENEFILH M2 — P AR TF]. &
RO RS AR — R . ZERER-E B AR R, RS (A) 55 R E (T)
Boxt, RERS (G) L5 MUMEE (C) BOAT o 70 HL LA - 0 g il e of A1 15 M M g g 5 0] 0 T o
AR 2.6 iz, FE, A-T X (B 2.6A f1 B) A8, G-C % (K 2.6C fil D) H =44
B, XEWE G C ZRIPEEER LE R, X2 MEHEREEE LR EN AR, #
i, 4> DNA XUgEH B mC s fe AR, B G+C A thpsgmmsgm. A5 LK
BRI 38 A AT AT PR, BT DA — 2B L Al AF BRI U« IXBRARAE T E R MER L5 R : AR
AW DNA, BRGEAH AT LAARE .. 4R, B XUE DNA P4 8E2 BAMA, ArLl, Tiehdk
Hpnfr, #mFEUR [Al=[T]IF [G]=[C] &R ML) .

& 2.6 DNA ' (A) (B)
IEW M RREERT ] S
e, SR
&) MHEAEBH
EFaaE
e (A FlB)A-T
BERCXT . (CFn
D)G-C ik Z& A
Xf, FEZS[E]HFE
HEL (B 1 D) o,
B, C, K
f&; N, #f; O,
FARCI : (CV'ET YN
mWESE), A
. B
I eI
I~ IR 2Z (8]
M E @R, S
Bl 2T FRm U
TR EE X £ 58
ek, [ZSEH
FEAERISERA JE 5
rRKE¥EER
Je - I, ]
7£ B ! DNA 1, FCXBEE— MRS, #iE 8@, §NSEmER LR
AR AFIE, BEARME (AW Ee) . XEREEARKERRE, FAHEIMMELS G ®mknt
HIK o F 456 OK 7 HIRME R IR AT E I [ LR AR, KarTEVIE 4T VIER
HISEAE AT A2 AT, T OB A B AN A G B 2 TE HAT) o b T 0 2 BUB A HE /5 K 43
T ENEEEL MRS T, WU TE N SHEBR BB R RI/K. X DNA X
— 4 KB BT1B R B HEFR (base stacking) - K110, XU DNA A —A th HERUBRIE T B A B K A% 0
[ERXFHRIEHERMAER, JXUE DNA #8245 T #4512 fa e .

BTEWFFAETIE DNA 75 Fo, 5 RSN — S BEFR 4 Bk (single strand) BR 8 4%
DNA (single-stranded DNA) ; # XU iE (double helix) i 4 X% DNA (double-stranded DNA) & X1
2JiE 5> ¥ (duplex molecule) . ¥ XUIRESM R [ AL HE I PI 4IE R—AXFRIG, BAM—&F b A
(major groove) , 7 —4F A/\i4 (minor groove) . 53Xk DNA M E/EHAME G R, HEES

(€) (D)




2% DNAZiH5BfE%ER -41-

—SENILFRERETAON KV . /NA BB VA DI, 5 e S T ons #H £ (B 2.5B) .

= J[E) AT

U e HH (1) 4 4 3 0 A2 E O SRR B RO i R
FEAHIHES IR R, BERREEIER— /MBI 3" i
TR 5 % (] 2.4) - SUEHERIP LR
FERAMHR RN, ERE KN S WmEH—
ZBEM 37 IRACN . IXREHES AP A BERR A R 8
1T (antiparallel) 5. XUt DNA HA P4 & 1) F4T
B, —BE R FEEWMES, — MRS
FHCA P By RS, BRI S TR
X RIRRER: B E U SURER
HAKmEA A 5" -P HH (48 L) fi—4
3'-OH % (fE 5 —4%E ), WwE 2.7 fior.

[ 2.5 F11¥ DNA XU 44 (DNA duplex) 71~ 755
EFAK, Hiaf LRSS . DNA Z231&% T,
FEAMEHIZZ) . P45 7 FE 2 X I i 40 IF
RIG A FIEA RS RS & F k. K25
P A TR E EARER) B B, (HEARRSLMHT,
DNA SEfr_ERTTERL 20 ZFhFSA ASE 4 FA2iE
AR, A 1 DX B 25 T TR RORUEE () A 2 E FX) B e
(Pl Z % DNA) o 4057 [f]—454% FA B MO
HRRX B, WiZEESHmEssEE, omERE
B, BRI AE— L4 5E 4TI 5 (K] DNA
B3, 3 AT DU Akl = 4 R R A = IR e

B4

o
(P38

HELF)

2.7 —Bt DNA 431, 78 P 4R L AMEE A 52 [6) 47

Fl) o B G RARRT S TR RN 5 —3" 71 . BE
R (P) B — R EA MY 37 BRI TS5 ARSI S

BEEY 5" BRIET.




<42 - ke FEDIREERAL T

Emmwﬁeﬁem—m S A RO (VE0%) 5 RO (W)« 50 (OBENS) 5D (D) o

B, R RRIER 3 — L RIS, AR, 5 MR IR, TR

w%m—«m AR 1 FE . ¥ ERORALNUF LT AR R, AT, IR AR

#ﬁmﬁﬁg M4 RN RERZ, 52k LRI AT A ME T o - TR MBI 5
HR, axmayj—ﬁﬁmmw,ﬁﬁmm—ﬁ&ﬁwmwm ------ AV
‘Donohue) BRA A SR E SR ML 3225

SR f@sﬁmﬁmﬁsﬁ%ﬁmmﬁﬂ%ﬁm A% 2N

i J.D. Watson and F.H.C. Crick, Nature 171 (1953) :737-738.

= DNA HI45H 5ThREHE R

"] M DNA 43T 451 _E R IR DNA J& B R A Y i) 3 N IEAZR K

1. {EATEEY) A AN RE R AER ],  DUME IS 045 B RE B T R s 4h T4 .
DNA 7+ TR I EEal, EHAZ RIS A M T. G A C MESX. PIREEMIE. 725,
R BB UL, RIS — FER AU e (B 1.7) o

2. BHEY) ORI RE AR S ARSI T RN AR [EWESE 1 Sy
Wi, KEHEEF =P & G s _ J
PRI e HoAk 22 Ry By o B DR 2R (P~ it 7, it R R A it 7, IRk,
YE R e i, — BB EEREE TR T B AL N B 1 AE B ) AR T2 A G
. 7E DNA 5, 33X kil i st 4% S 05 ok SEEl ——LA 3 M — 4R gt & LR . K8 DNA
DT 4 FBREE A] LAEAEROBUFHES, P4 DNA 2T HIAFERBS . AR DNA, F
Al LIANE], FTLL, DNA Al &4 % 2 I X, AN IRE AT LR — bR LA .

3. BEYTOE B RS R AR, ERAFEAY RIS RGE R AN, mH, b
fERAFREW L, KBRS TFNERAS TRt E s . EMBEREAarEYR
WA EGR BRI, Xt ROFH . IRAM R R, FAFE WA
FLARC, BUTAHR RS LAHE N Z I () DNA 4%, 3t 7T REZE DNA 0 B ] A% (1 648 .

2.3 FEN4] DNA F B4 BRI &

PAFJLA, Xt DNA 5Nl BEA, REREFETT R 2 BN ERF € DNA F BN 7
EARBIEBRN . X R EAIREE E DNA bRid, B Bgt e HEOGERINEE & DNA JrB.
B, —FEEFRER R, b, E—4FER DNA J BRI R AKX BIObRD, 23 E 4
X Beth B 5 A i KB I AR R N . AEIRIS DL, O T F00U 5K 3R A 07 2otk B LI FAT X
Ky, BEXREEMZRBEEFMLUERTHFEZINL. A0, RnA MR IXFE R
TFEOCAIBRALIR AR RAARNT 2 DNA B 7 OL T, R R AR S ebric i
Fr BORATREHERL, CAMEREMEE TP B2 B BB BOR B, 4 5E AR

o B E DNA J BUZ 8O5VE, w7 b K.

1. BEHE4 DNA FHFE DNA BNk, RETER IR EESELHT,
H AN 5E DNA PSR TR BONBESY T o XTI T R RAYAL -

2. FEYESGENZL DNA BT, FIFIXIREAS DNA 5 BORSGFoIM T8, S5, R
Hu MFEIRIZ] DNA PR HIRZ A B IXEET Mo T R AR RO THERR Y DNA &4 ()

RPRTTEMEZERR: B—RI7E KBRIRIAD) R % e A BT R Y DNA
MR B T 58 — 2R 757k (O DNA 4 4) 25652 SR B3R 0 BLal AR, LR SRR (B 2
R A) FAAE T 2L R 241 DNA . 31X — 2250 ¥ S B SR

o WRRTTERIER R, ZORIEERY DNA B8R, HEA e RKMA B, I HAHE




2% DNAZMS5BfEER 43 -

H4 T 1% DNA 751,

o PHIJTIRISEICERAE, EORAIEEY] DNA ED, B EEE R TR B, JFE
B Sex DNA FFAH — 2K T f##.

PUF JLAT X R VERRE TS, A BRI SN 7. 7ERRIRAATRE E 3
G B g, Bl R4l DNA P)EIROK/NE T SE R0 R B, 3R OR
TR — P,

» PREIEG S 2455769 DNA )&l

52777850 DNA, 5 2007 1 BRI 29 50 000 MZExf UKL . 1%
KPEIE K 50kb, i, kb fUEF#iE T (kilobase, 1kb=1000 FALx) . 50kb T TEKHL E. coli
A W R ) XU RE DNA KBS AT AR RIZUEIBYY) 77, XL 50kb K/NE Fy Be e /G i e, {E#
T FEALB V1K DNA K FTWrp D BE i — AN 1l 2, A8 AR i ik DT sl o Bk KT ) B
W RANE T HaiEve, RBEVBIYII L, ANaledh BORARIFFIN A, Ko 3R % e
FEM] DNA R B, B AP FFIEBENLIB Ul Frh A EAM E, HEANME TR
Y075 EE I HARET A 9 FERD EA—FE. 7EARTTH, ik —Fhal H RAER: 71k
{7 V) E) DNA 4> F B S/ 22 7 V% . %7 n R & 2 R 5 BT E DNA R BEE G MR
Koy T H, B&Fw&ETFIRNENRE, fFFER B i g see—F.

XU EN AL — I EELH) DNA D)HIEE, iXSCpy 3 E0E MANE b o> B TS . IXLUgfzoh BR
Hl 1 A VIAXERES (restriction endonuclease) S PRHIEE (restriction enzyme) , 'CATAENS T I 4HRF il i
FFAFAEZ AED)E] DNA . 3K LM 40 i 40 M AR ST 1, A Bc 40 o R B AR ) DNA 2535, M
ORI AR . 1978 4, Fii NIR4N « Bl
(Wemer Arber) (Rl 7 3 PR il Big 177 3k 15 1 D1/R
4o IXLEREAE L ERROR 1T 2Y BRI X DRI
fif (type II restriction endonuclease) . LA PR il
BamH 1 Rf; &A1

5'-GGATCC-3' ! '
3 -CCTAGG-5 / Nt

HERAE L G M MZHERR FBIK 28 5 DNA @) FiRBI SRy BamH [
i) Z s, B 2.8 Bxn, wEEzar,  SREESH. MM ErbRIR IR, H
HIR% BamH 1 FEPERL A0 K ey iR 5y FPEVEERREELIA FREE . (518 T. Newman, et
S B, )0 R N E 2.9 Fior. al., Science 269 (1995) :656-663. % AAAS VA HE], ]

A5 B REIEEEEA R, F 2.3 5HTHAPE 9 Fh. K2 HOR IR ZRE LIS
TERIIRI R A4 . B, BamH 1 & MARUEN: 2F MIAT 18 (Bacillus amyloliquefaciens) (] H B#kH
SEEI, JERERMNXMAY T EBIME—Fr (1) REIEE. kR HIE &R R 3 NF
BREKRIEEM 4, FrlXEF R RRA; LR RS S REAR. K2 HBR B b
PR RIBREE 5, EH A2 4 86 MEERY . BEfEX ] 555 DNA 454, F7E DNA 41
R BT — R, TR MR E A0 B 3'-OH F1 5'-P 2. PRAEIAE IR I
DR A% 7R 3 5 FR A 1% B PR BRI AL 52, (restriction site) . 7% 2.3 %I Box, L8R &R
X RRHL (FEPI & DNA B (A [FIA7 20 YD F0 PR AL 0, 17 JE At R o 8 o) R e, (7 G 4 B P O /) —
P70 V#7374 Fhim (sticky end) , EAVIEIR AP G £ —/NOBEERE, XFHHR
FESE H B 3 AH EL AN (] 2.9) o IR, HAXWFRUIEINL A EE, 724 Fi% (blunt end) DNA




<44 - jilfEeE. FERASEEA T

Bl4h; Bltn, 75 BamH 1 REIGL L, BABEHR 5 -GGATCC-3" . IXFXFRHI DNA FFFIFKA
[E]3Z 5 (palindrome) (76 H % %15, ISR IE 3 R EEAS—FERIIAEIA 2, W1 “madam” ) .
B 29 [B4IEE BamH I BamH I R #I6I/, GGATCC

DI DNA FIBLH]. ZEXX
ifE - LB BamH 1 [ 5%
HIL A, BamH 1 BAEZAb
% DNA HEfERE i
R—AIE. s >
S AN 37 S —
ANHTIG 5" 3, FERURTE S
BB, Xt BamH 1
s, PIETR )

#1, BTUAF=A R A I LA
BEXIRAR, AR

K ERHRE 41 5
BZHR.
3
R B Howm RSB
% 2.3 HFTREMEAVIZERER ERIFEFIEIGA
PR ol g (T e D) PR o g (T2 9) B ol Mg (P 2E4)
EcoRl (Escherichia coli) Hindll(Haemophilus influenzae) Alul (Arthrobacter luteus)
A Y Y i
‘m $E 75 R V) m 5 R ) #l AGCT
CTTAAG R B "TICGAA B P "TCEA
a»?;zlzlll;‘qlu(e?:giiel%s ) Pst] (Providencia stuartii) Rsal (Phodopseudomonas sphaeroides)
Y Y
IS e The
Haella(e{gl;;mg hilus Taq (Thermus aquaticus) Pyull (Proteus vulgaris)
Y \
'ﬁGCGC?’ TCGA CAGCTG
YCGCGR AGCT GTCGAC
SRBRRA, L
A A
PR IS B A DT BT A

o K2 B PR il AR TR B — PRI .

o (oKl 6T PR AR £ () R 5 5 DNA FRISR IR

o BRI h K 2 S PR R VR — — B R BIAL SUF S, BTLL, HFE4% DNA Y] s % H
R T AFLE I PRI 5 H

fE DNA 731, BH—XAHLEY] =42 ) DNA J BEFR D BREIME F ER (restriction fragment) . A
f) DNA 73 F— R VIE R 2 KANE RIREIME A B . Bt E. coli () DNA 4754 4.6x10° 4
BIEXS, ATHDIRISE A BTN B, M FLah LRI 4] DNA AT IR 100 TANCA i BL.

= B R

DNA iy, RIEHRIAMER F83h, #tt, w7 LA I /N2 B R IS 7= 4 i) DNA K
Bt WA IR S 3 DNA Wl AKPBCE R IO iiERE, DNA 2 T8 & i1 1E



552 % DNA Sif 5ifER 45

Wi, Ao BT 3R B LA K A F TR FA R /N o s B 23118 Fe B P B8 Bh AR
4 Hi ¥k (electrophoresis) o

eI, B P A kG EEAT FR K (gel electrophoresis) . [&] 2.10 7x—7#f DNA %E bk
SRR . & AT/ Ml (R L) v RcR GEL & FH B IR Hl B M e %), FF i B T AL
B I bEIgSE, WS DNA 43 FRENBER, 7EdsbeH ) BE Ak Gy IE B R HARk) #3). RIS
FRDTMLs, BAEPETMITREE, 8/ DNA TR Zidit, Hifi, DNA F B
BE B DNA Fr BOK/MEis /N g in . B 2.11 7n— 41X DNA 7 /a3 b o sk i 45 51
F— % DNA [P XIEFRA—A 8 (band) » XK AIERINE T ER], XTEF LW EE
WRIBAEIR GGk R, IR ZAE T RIHl AR DNA, {EHAERDOG. a8 2.11 H, BER 1)
TG, AR E R/DIIFTA DNA Jr BUARIERS ZRERE HAH R AL B R 45 R B4 AR ] LB 47 »
Z/DTEL 5%10 g DNA, 0T A/ K 3kb MR BRI, HX4T KL 10° M3F. BiLh, (B
SE ] DNA JFr BCEAE B vk e b= PARR AT W4y, M EEA HH 2 1945 L
&M (BIEX [ 2.10 5 P ke B 7 VR AS RS R [ 144 [R)
R 2 BAE IR AR T8 Y R, DUR R
1. MIKZJE, WEERORE TR, %5
WEHRES DNA G588 MalA, AL TFEE
= @Klﬁlfﬁﬁtéﬁ DNA }#%@Uﬁﬁ—ig FE 43
= \ BFF 101 BB A B A 0L, A P T O

\

InEeEfL
\\

N

CRE 7t

AR SPOEH, X T B A4
— IR B BAEBEIE Uk s i X3, FR O —A
kil

LLMEXEE DNA Bk R S5 H
K (CABREESS g 50A7) PO Bl e bb——
B, TS —E L) SR T
DR NEREIREE . RPN B Ik X
WA, ANFEWREERIBIERE, AIAR5 2 DNA
BRI /NE RN (B 2.12) o HRBER/INE
HERS, 1 0.6% I BEERERERS, FR > B ECK
BB WREERCREIEERS, 1 2% Aehi
B, PSR BB/ B B 2.12 /N
B BR T HIKGERB R 2 BN
M. ZERRE, £ —HEERELT, X
THoPE RN B, HAEkEBES B
KNI R AR R

o T BRGIBGE IR P AR v, ATy
SE ) DNA 43T, R i PRAIE & 7= A4 — 0
R BB 5 —FhEEXS [RIFER DNA 431477
A—EARFRMAB. €8 213 F, U—4

2.11 DNA
B HLIK o K
AR AN F
BiRAJE,
AINAEEFLH o

FEL K 9 7 1] ]
o MMARS
DNA Z54 4
BHOR 2.%8) ,

Y HE RS
6 B8 G R R
A, ekt
9, M
DNA 7§ PL#f
o

10kb K HIFREE DNA 7 F IITE S AT RSB T T Rt . FHFREIE EcoR 1 #EATHALE (B
2.13A) , MRS T7=4: 4kb F1 6kb [FIFIZAT o BRI EcoR 1 BRI SAEFR 1 BOARR A B ke
IERARR, WA P=AXfpan i, SR E RAEEIREN, KA R H P —A EcoR 1 (E) 7 550
FETER. [RIRE, FHFREIEE BamH 1 HAGZIORSF (B 2.13B) , 1331 3kb 1 7kb B4, XUHHER



<46« kAR SEDINERA A

ﬂﬁ\%ﬂﬂ‘?*" BamH | (B) Q}Eﬁﬁf]ﬁ“ﬂ BoR—Fhek Z AR IR /£ DNA 277 P14 S
R ()7 i B # 4 BR 1l ] (restriction map)

o [0

v 4—\
R TR sl

s ; P
1—

; i (A) (B) (©)
i i G ) HBUK EcoRI
iy \ i /kb : : +
Sl e | EcoR BamH
18 :%E 10— |TETETR i g f"
i g -
e i E 8— “V
e
&
e

BB B R DU DNA F B/ ¥ Bl /kb

6 B
3
iz B
7,
BSOS l B 2.13 BEEOREE , 2R FIRRAIEEE L — 1 10kb (FRIRAEE DNA
06 070912 15 20 S B RRIE A BRI RN . (A) AT EcoR T 4k, (B) A
B v /% BamH 1 4k (C) Wifhlli—&Mfk, eI REERET &4 —

B 212 fEBlsssEh, Bk g RREIE, REREIALGAIAIE . (C) AR EIRES & T (A) F1(B)
EAVE DNA KB MEEI—AEmpEZ, TRREIE, S5 T RPNl = A i BN

24 EcoR 1 1 BamH 1 —& M FIIN, 7241 DNA FBHE7R T EcoR | A7 581 BamH 1 7 54
Z ] RAERHAS, B o 7[RI PR RS AL B B 5 7=2E kb, 2kb. 3kb 1 4kb #1554 (B 2.13C) »
WEIBEIE T 7 Bz () BRI B AR 7R T 7 AR I 45 0 B A R R S5 O B o K B 380 140 PR A1 PRl 28 o 81
A ERAT PRI L, A B A A8 1 5 PR AL A P B4 T 1kby 2kb. 3kb i1 4kb K1
B OR—EXAMGF) , ol 5L REIE . Ekpld, RFEE B 35 iR &I 7 45 ek 2kb
MIEEES . vER, 7EE 2.13C MBREIEEHIL b, X HEP 4-kb FBSTE A S0 PRI 4-kb
FBAREF— B, IXH 3-kb A BUS1E B #r PSRN 3-kb F BEBAS & A — B, XA
—B0RE IR g o IR A it S 2 ) Ao B R = 2B ) e Bt 5 R A . B 2.13C H BRI 1) 7 (6 A AT
BIREN. KeEBAE, sE UERE DT ERATE AR, TR R —A PRI .

— H Wi T DNA 2 FHIBREIE, ato] DO & HF 2 DNA F BEAR— /N ok U] Hh oK
SR G M 403 DNA, AT 2485 52 [ DNA F Bt. 20 85 R BRIME Fr BL B — AN B i 2,
I DNA % Belphs HAm AW ok 28 /M N T3tk 2 2810 mT 5 IR E 6112 7o (B
2.1) o XEETREI A — R TR A LA, J& T DNA 52 (DNA cloning) f7ulg, XEREAE
%12 EHRAW .

" BRERHR

REBILRA KT 2%, DRSS — PR IEERH AL, ERE A2 AR 2 K/ NR R BARE 4
Bto FE—NHARE R/AMHIE I B s 15 5erh, B2 —MRFER) DNA FB Xt 7
—ANKHFPFEH B IR GREE: “OHEHIEH” REPE, HR “TETRHE R . T —Bimat
REHATR) o B, FATXR B AR ALHIZEAS 3.0kb [¥) BamH 1 J7 BUBCN B, %7 BOg—
AbRid, B E R AR T I AR AE S PR A SR SRR A R R R . SR AR B



4528 DNA 4 SHEER <47

KA, T 3.0kb BB S A/AME 2.9~3.1kb U BIX 3 IF K. EXANKR/DEREA, ff
HHZ K BW? F BamH 1 Y18 AKIEFE 4] DNA B, FREIVE ) BT KRR 4°=4096 Bkt
X, Pt BamH 1 Fr B S 50404 730 000 4N 76 2.9~3.1kb (/BRI W, B BUESHEZ 4 17 000
A IR R, BIAEENE B A BOOAK R 3kb, B FURIX 17 000 4N F BRI AN, axds
H B RMERBEE, ARENUEK B A i Be b 3ol fy By X 43 7T .

e b, XFEE TAEEAE T R B A, R TRHERIS R T thiFErEmif Lk
M, T EHER SRR, SRS P L I RER . AT AT Z AT, RE
LR TR & S T AR A e [ A, AR = B /KRR, - DRI T RIS K1~ DNA 23 #8568 2 (EK )
WHEZ . RBR, FRATFHFEER T PRMER PR TR, A Refifres i Be 2% E.

[ e BERE Y DNA F B, JBH ¥ DNA H BB 3K i iR 21 4 241 il I RF R IR 4R L,
DNA A7k A M SR 4 GL) 456 . BRERWfEiE, S F—wdiid. AT H, RAITK
SN A BEKe DU E P IR P A B 2 TP RCER i, DARERE 9 T, P81 B EAMERZEANZ H A
R 4 B, QT A R LRI Bt , FHT T OOV E - DNA. 19 45 B (1) 4 B R 4 ZE 14 (denaturation) ,
T P9 4% HANFE (1 45 & B #5858 2% 32 (nucleic acid hybridization) 208 14 (renaturation) ( “Z¢%2”
XA AR Y, BB KTER DNA BURHERIP AR5, Al GEA & RIGr 228t 2 srdcxd i A8 m
&) . BRI RN HRZ

o DNA FBi— 4yl 5L K3 2 ) DNA FrBvAS . iX— R TE S 2WR &Y+
BRI DNA R B, #iltn, %a A1 —BHAH BRI FLIRER 3kb BamH 1 f7id . Xl H 4
FRIBER R R P R brad o) B S0 e SRAR L R 1) B .

* RE—/NERE DNA R B, 05 —FEFE A P AR AU BEAAS, X— R
T4 5 B R R AN [A)  5R Ok BRI 0 (9 1 I Dh REAE 56 . IR AU ARALMEASA] [RD) o

o KE— MR DNA J BT 5 HAWYAN AR FIAAC . IXAEAEZ A PFp b 43 B B A
AR BAH K D RERI LRI B T g X — JRERF T2 TR T T A7, B, FPolzE s
I 5 ThaeZE A G DAL I 75 b e 51 28 b AR R i 4

IEGTE 2.2 F5H BT L, DNA. FRTSURE MR T 45 #4042 Eb B 55 HE AR AN B AN L XS 2 (] (1) S B 37 1
7 DNA F B, i b
F+% 85~100°C, 8% pH T3
SRR Tk VAR R EE R, X
PSRBT 1H 7 B8 . MR EM AR
JiE 72 A B L 4 B Bt wT R A
(I T HL R T FAC ) o A
ARV —Fp i R B R v
) DNA W 260 nm 3
BHOEHRE S, BN RS T
WWAE 260 nm Ak f W% Wi
(Aseo) LU AH [ 94 FE 1 XUk 73 1
1 37%. WIE 2.14 s, il
X XU DNA R i, I
R R Ao fH, T - s 55 4 "

i, SRR G-C Bt ;}.g Tf;; ij!@iﬁﬂ‘lm%ﬂc 50% AL XoH 25 P A R Y FEE o ke A L
H=AEEE. AT WENEP

260nm T ()48 %6 B




=48 ¢ JBifRAE BEPRAEE A ST

ANGUEE, TR B ESE G-C RFkxt AT S e i HERA .

AT AEAEE DNA BEfE R I, A2 2 12K

1. EhIRBEAIUE F (>0.25mol/L) LA ANBERRIL (1 S fi A, 5 Ml S BUE AME AR -

2. RN B RS BLAR Rl — 2R BE A R RO 7 51 2 IR BEATLTE B L8, (B XA R T i 2l
RENS PLAR T AN () A2 OB XS o

HYERGRAEHT B NGB IRLRE, RS2 AR 46 Ao 52 161 5 4% EL A 0 A R DX 4l T B AL
WEE|—k, HAETERIERBCR R P AT REvE . R ARECRT P BRAR 2 DAAR T L AMR AL i1 pRod
fox, DLRSRBEMIE RS RHE IR s L siaese ik, HHEES DNA IRELXK,
A EAMECL AR TTT .

& 2.15 SFEIBITLETRATRES BRI IR ARSI — 255 T4, BAEIRATAESS T MR 21 /EREF 24
AR “hRic” MISEERFE R DNA B (A) #Fias 228 DNA %W, 1% DNA R 4#R%
(probe) , FFMEF I TH#S CHUBST MR F RG> FArid. $R%EF DNA —MEEIRTE, Frid
AR I8 5 A SR 7 7 P AR R AR M T LIRS T2 7 P 9] b S iR . Bt 2 5,
e DNA S5EF A AR IAN FPFIK DNA FBRAS. EhREAErRRE, WEm—45%5
DNA J BUR B EANTIIREAT 245 B2, BFOAREHE R QS PIRHE, FTLl, fAEasHeUFEs)
HIAEAT DNA JrBeit, A8kl B MELEAS S % B M EANT AT 244 .

A (B) [ & 7E 8 L1
S AEPEEE R SADNA F B

(A)ZEPEFFFRIE RS DNA K B
|

GTATAATGCGAGCC
CATATTACGCTCGG

(D) BTt
AIEH Fy B o x

TGCJ!!!QTT!!I!E!!!!GGA

A
ATTACG
V‘ Crc

2.15 HBMRAER. (A) WUk DNA HREHFT (A TERERTR) 254k (B) S8 HEAGHRET DNA 54544 3 H 4 DNA
AEVERERIE R . (C) TESTE ALK E R A1 T, S0 ELAN A Boll i BEHLRE T 45 A . (D) AR FE R X
PIIEFPFIA AN, WECXTARERE, PIREERRIIT. (E) WURECX KBRS EN, 5E— 2 i e ot
{52 P XA R T oK

Bl 2.15 (B) /2 CL I R AERHIRET 4B IR L (K 5E RI41 DNA H BRI 4HREH 5L R4 F BOR
AN (C), BEHURNEREAESE A EAN A B . IR EANTHIX B (D), MIREHURESAS R Bh i,
BUS B PHUA RN, FEMIEOLT, $REDLP D Ll PR, R, mERHRER A EFE S
WKFHIGi (B), WRRBNENE, FORCR & NBAI B A TF 4R & RAdhEBEAT F 2. BAR,



¥ 2% DNAZH5HEER <49

P~ DNA B BERT LR X AR BE 0, AL REAS AT - AERCS DX P A7 A — LR IO AT A
BVFL DRETCIUR T SE 50 1. AC R BEEIIS. ERURAERLRG, RIAF LA R L by o

= Southern E[Ji7E

DNA fELAE 2.15 Fifddi 7 X & M, BekaE n Hbsidid 28 DNA /b Bok “Frid” &
ZREWR AT P& 2407 bR /b F B DNA (B, TSGR °P) » #8284/ B DNA
IR 5728 DNA FBRIMNEREEWIREG, ERMEERES, MBS REY eSS AR
FEfT 2 F “hric” ERCHT. XMECH MR X & TR S E.

DNA # V1% ik #8 BIRERR AT HE RN, SR 5 SEREF 243, P iX 287574456 T i Southern
ENiZE (Southern blot) . Southern E[JiZE & LA & #1555 B8 (Edwin Southern) ()4 F- K % i 7EU
WFE, BSGH EIK TR DNA 2 FAEBHR B4, SRJE A B ERS, fff DNA 2B ks ak
(B 2.16) . X5, UAREF DNA K BUIAHRHL BEASER T, ¥ DNA BB R MR 4EIEIE L.
RS RIXAESCILN : SRR 4ESE IR SE E R b, 7ET0 BB L2 EWoKAS; K 4UEL ERET
YEJENE M BERMIK 4> T, DNA Fr BUsh 6 I BIHER AT 4EJE I | GX— P & Southern E[1IZE[ “E])
I 4y, AFIB) . ARG, JEMEZ AR HEE DNA K AL Ao 18RV B AMEIASTE BN B
DTFHISGMT, KB i S &2 RS (DNA Bk RNA) B RIRES (C) . g E, BF
ECAAESHRE BAMOBREE TS, MEREN Al e O 12 Ak, % BRI tEpRd 25 bR
WA e SUERE B 4G, FEEBE P A AR . FC A E RS X 2 ik
MR, XLRhBEE, 2 RXEER BRI S0 e 4 i fEALE (D)

(A) DI#IDNA; Hi ¥k 4> BEDNA F Bt (B) KEDNAJT BREN | (C) WHRETK
THRRAT g RIEM L B PR A

(D) IR JiE Fr £ file,
R G H IR TRV R

XE&H

Frpl WK TR ERER

2.16 Southern ESfE: YEXEREMLFHFAE DNA i BLiy 7 B A LI AR o

B 2.16 ARSI R RIZ] DNA F BB A Bt L, ARG gk e H A
B R TR EOHE R B, AESCBRN R, Southern ENZELA E & 5% DNA B RNA ABLLAIFEF
DNA B, TEMAL, BVFRESRCAZHRREL B T 78235 4 F. Southern ENFZRFAAI s 5 18
R X RPN R B AT A BRI R O S S LRI 45 R 5t T, HE
5x107%g DNA S ATZERSH_E ISR Senti——RAEREIE FP=AE ] WAH T 7 DNA 119 1/1000.

2.4 FEF4 DNA H Bk BvE 5 4

PRI AT BAR e 8 A% i BUR &P IOHEMEE DNA R BL EARRER %A BLS A A
BT, AREAAZ N B SRATA NI 1 BER B AT Se b, SEREAR S AHEAR 9 i 18] (5 e Uy



- 50+ LA BERFIEERIZL A

RBES 12 Trhit) . R, WREWABAKK, I I ZERTS 250101, 5t
] B A I B B T AR KR A B 1ZIFERR D 31 (amplification) o /EFE A REAN
TP e ? LEFRATIEIR] 3.0-kb BamH 1 F BERIBIF, %5 Bogl F SRR 0 o2 5% R rp 3L
0 — AN B R F o B A R SR A P B I — BRI, R IIAR X 15 # AL R 417 41
X —X 4K, % BamH | BB T —BL 500bp FIF4. BAE A BO s R staniE 7, 3FH
Pl 1k ] LA H IR TS : B 382 RU DR 5 71 38 (25 R 4 DNA, 2774 —A> 3.0kb 18 B,
M WA E ML K4 DNA, £774:—> 3.5kb [ )7 B X2 i A1 DNA 3 1)
ik, AT LRI R R AN N RN E R R AR . O T B s R TR AER 1,
FEET f—F DNA SHIK LA EEEE A

* DNA EHMAREZE: 54950 5"~ 3" 45T

TE QTS 40 i A K 22 B AR M S N —FF, AL IR R AE B AL 2 e N P A R . fE DNA 5%
eFORH 408 i SEUA% 7R 18] T OB - W PR Bt (R IR TR ) IR % DNA B2 &1 (DNA polymerase)
Witk T 25 DNA &8, HiMXF DNA FEF S, DNA 4 Bl 2 746 K51 bR e
FI& T, fERA A Tai g0 gl 5 ik & RS Gin vitro) BEAT I (in vitro 1) TH & B &

“TEBRFAM N7, BIE AT A) .

BRRE-5- = RE (dCTP) H T ik DNA A HERESS LA BB
DNA %, WSAHEA/EHREE DNA. RNR
EYF AR DNA 2 T AR o] LAVE A
%, DNA AR MR FAER—&HH
BoxiE. EEUHT DNA B, A HIELE 4 F
AR 5 - =R th . X—BRER
AR, BRl A O AR A R R R A BT
DNA #ERIRT. B X LR sh 2R 2.1
WL dATP. dGTP. dTTP 1 dCTP Ktk
G, BT BRIERS | SRR R
M RERERREE . dCTP A1 dGTP HVELN 454 4
B 2.17 iR, B9 IR T 4 DNA A it e
PVIRR IR AL . DNA SIRTFEITH 4 fii%

i R ) 1 5 - =R, WA —FRERAS AT
I Jii i DNA & B EA — MR
BE2.17 7EDNA & 5 B A e SEA% T = mieii s A i

o

X—JF B — R EE S S, DNA & 23 e SR GE LS B 4 & LR B, IX
il by BURR A 5149 (primer) o B4 51904y 70 LLAER 46, BT LUE 2 BA4ZE B (oligonucleotide) , E
BHBRFHERZ UM, IEUCKESE 6 R ERIMAEE, EiEAMt, 514250
RNA R B, TAE/RSN 8 DNA I, {4 105 |93 5 & DNA F B .
SV 37w ok, R, IEWIESS 1 2 omif g
DNA & Ul R AE A B 3 I WIS A% IR . WefuidUn, BEAOREMRIZLL 5 —3" {7 M HET .
BEEARR T )2 5" 3", JREWE 2.18 FivR. XU FESERISE: DNA BAE T AL R




H2% DNALWSEAEER -51-

N, SELEFEAHEERIEES 3 -OH FIZEINAN 3" i = WERR 5 I B IR 7 18], TR RUERR —Fatd .
EEHIR, XEME. RIS =BRRARA, BT 5HEE AR Y R 2 T e
HEATHREERC N . DCHBRIERCK IEAART, DNA BA&MASMARE RN, XN ERNES]
YA . 5 4 FPEARZT = BRI 2 A4 K% 37 -OH i, (FF#RZ Rl —Fh DNA R &5 .
2.18 EHBRBMEIAERKEER 3'-OH
St PUHIAEIRLA G Fl C ZMJE A R
Mo RN BE 3" Hnf 3 -OH Bk
PRI A =R IR IR B0 A BARR 3L .

» REHHEN R

X G RIIYHIER, LA FEE AU R L 5" —3" J7 BT LR, #1588
PRSP HERTG K EAF E DNA JFFIRCH AT RE. X Pl FEvEY 19 1) 77 05 4 3R & B 4 S 1L
(polymerase chain reaction, PCR). HN/HARF|MH (Kary B. Mullis) & B I 75 VT 76 1993 4F
PR T UUR%. PCR #4414l DNA &M —X MM LA RN FELERT Y, 519KE
BH N 18~22 MEHE, 5S4 DNA FAIK PR EAh. B 2.19 46, K5I
HIR (5 t2) 0 9 Btk XM RZECLPRMMNHRY, XETIYRE, EENI0FREREE. R
XS T (A) R 7R . 1ZWEES KRLFA519 7 7. DNA REEA 4 Mzl =miE
o HREFEN, ERFHRAERNE. 28, YREFRFEERUESEN, 519—hTE
IR B T —5 7 B AR B (B) 838 (BB K) « VER, MRS IS EA R, 455 R
45 DNA XEEPPIFBERFIIE AN, AL TR MR ZEAPIL. BEh DNA ##8RE87E 3/ 5
IEAR, FrUABSRSIMIN 3" Sl e Ay X . 5IB K5, DNA AN LR IHEE 4 AR G
51Y); & BGEATRIRHR (C), PIFP5I4%T& Bt DNA B (40 6) P05 AR . HER:

FEIRG R N AP B9 XUEE DNA [RE— Bk, (AP 51 SE IR 4 fetk PCR 414

BIFUREE — % PCR ¥4, T RFHRIREE, DMEXUEE DNA &M, BRREER, JREAFRMN
W55 9iR K, wE 2.19 B # C i AbREEAT Z . £ Ry M =EFRER 5514
BKIHFBES, WD MR, EHERT, BRFARNES T 5RGENRD T HRFSIAEF,
BEMTEEnT | WEEFRAAESE 3 % PCR P& KA/ DNA 4%. FEEEM. 5
Y)IR KR SEAREIA AT, JRUASRARBERY (0 B AU BE AR, #&J5, 7F PCR /=4
115 FJLF AR 2.19 E FiRigi .

PCR ¥ M4/ B 7E T, BERBEM R A EER 1% 1. 2. 4. 8, 16, 32. 64, 128, 256, 512,
1024------FRHEHIE N, HEH—RHRBE. REZHK DNA SHaTNEEHLEZE—4TFEK
FEBHNREYIFLG, EHy 8o 7 Bt in. i, MWEASTIFER, 25 % DNA &




e 52« fifkEE. FERRUEREZLOHT

sl e 02523 4x 107 NN T o Bl B Bt 49 T30 Bz K T IR AR R A v Se i Ry 8 9 23
FHH, DIETH I DNA %% L FE— S AT LEH . @i, 7E E. coli FHIHA 3kb
P B AY %454 DNA 1 0.06%. 4AT, WiSZH B s il 25 %, WIFTHE AP 99.995% 2
Hid 18 B 14 B . 3kb [ DNA FBAY 5 A S BRIZ1 K/ 0.0001%, K —4> 3kb [ AZK DNA
FrBd BB AR 99.995%, H K4 34 A PCR B .

(A) R BEDNA

CGT
Illlll GCAlIIIIIIIIIlIllIIGATACGTACIIIIII

2.19 PCR ¥ #8195 ER. (A)SE DNA WEE (@) , AR B0, 58518 E AL
BFF ., (B) 54 DNA ZEMEsELE & 10819 (@ 6) . (O F—RY 1. Ba M DNA DRaainr, E, &
258 | W B B —B R 2 A, (D)4 Y (LB —4R4E) s TEASRY b, e BEEL LT
B P, (B) % =51 (LB R4 ; fEARY b, MRS EZESIWALE. 51975
U R 1PN s O o



© 53

W

B 2E DNA GM 5EEZR

B e R N OB B 2.20 TR . I DNA FRUG L6 BoR, SERRHIRS 1Y)
DLt R . ERITRR S B MR MNHE K, Bk DNA RE AT aEE MY . £
55— PCR "147h, DNA 25t Mmiskutnsr, RMHEEN 95CLA . RE, FEMBELTRI
5B RRATAE RO 0L T, FRARIR R MR KR AR . IR KR —BAE 50~60°C, IXFZR
THEEHRTIYH G+C & &. MM SEES 70CESL, UMEFRIIWEM, TRARRER.
vk, FYERMEHEP R E L 20~30 K, EREAMERHG 8PS0 T8 H nfE.

(A)SBE—RIEF

- %ﬁ,@ =>ﬁrmmnmﬁ=in
» = j ap, Bk
» *
S BT R LR
GEE.
»
RGN

/ DNA & % \

(B)3E 5@
B W AR p 4
R <Al
- L - a
(C)20~30% 11 [ l l [
Ws&stGDNAFFﬂ
b @0 ST L T T L
G AT
O RS TR
L A R,
R - o s RRNEER
e, TR,
B - Q22 2 T
T TR

220 Y HEE DNA B R A BEGE RN (PCR) o (B R X8, e E B a972ME . 1B A H DNA
S, S () BEAMNOZEZ R RS | (B4 E) . FrE Hl15 1 DNA LML R, fEE—5E Rk,
SR A A B A B8 E AT, B i s AT ] HoA AT REAEAE O A1

FIH BLH) DNA R MEEET PCR AL, AR LTIRE T, IMREEAL
KAWL B, ANTREENE. R, ARELEY BB DNA REHLHFEER,



54« AR JERIFIIERIL AT

Bl i e A il o AR SR AETRLE O 90°C LA R R, WA E R A ERIRAERIR . XBEY)
FR A REIRAE YY) (thermophiles) . ) 2 S DNA B E BN Tag REH, FIHEY)RZ
AIE AR B 7K A= WA (Thermus aquaticus) T 73 25 201

PCR ¥ #45%F Fr=AE R 4EE DNA JFAHERAH . (EZHEARR R 2RI A X Ik
P DNA FRFZn canA e N TA RS 1 VISZHIR; KT 5000bp Zi4 FFIANREF H#LK PCR
TrFHTARIIE S, (H—SudRR) PCR e BRI B A, VP2 N R Ty AR
MNFIFB. PCR ¥ EEML A2, ERTERENSMR DNA. it ERFHE 1| MRS 7, BE
SERRRET, FEAN D FoRY 1Y, TRES BRI Z ST B BSR T 3 aldbi 9 i R (HAEASR 41/ D 2 10~
100 M, 3 BEEHE)RATSER), XEKE PCR ¥ 1 AR 2 il 22 R 1 J7~10 Ji1E%.

PCR ¥ 38488 FLE R, A UUNH TIRIERMM DNA 478, ERERED, ERE
18 B B AE D) AR L (R b ) B R4 B R AR B . B IR AR 40 ) , AT BAP= A R 8 AR AR
DNA LIy, 7ERF2ERFST E, PCR ) 2 HRBESTF 51 N ik PR b (i 2848, H 12
KRN RARNMW R0, BT B ARBH A  R— A RE A Z B f DNA FoA SR, &%
S [E PR b ThEe A A B 26 PR 2 18] () 22 57 . PCR 5 vt B2 TP IR 12 H T IR SE 56 = 2 ek,
RE—NEFEENG T, H5FBEREM RERPAZEAE (AIDS) 9 A2 S 5 ek 8 (HIV)
I 75 B AN 59, Al PCR A H i BUREKFAFLER HIV. PCR HikiEH
F BRI FIZAT )N, AR L B304k, XfEFF PCR [N ARG E A S

2.5 WAEDHTARTE

T e IRARE A, 2 KAt fE
A ehE A5 A ) DNA ARid 8%,
BA 1A A — o ARTE, X
LRE BB D &AL 3%
2.21 AJRABRfRIXEEARIE. 7E5E 1
T, TAT R E s O AR AR
R MCEARAE LS TR, e — Rk E
MEEMERI B AR T . A%k
dF, JEFEZ DNA 707 R R
H. FEAEYIRAAS, — DN EEEBTE
IR — 2 # B e & — P
FRIFH . AR, Hd—FhEa
et ] B A AL s B ) %8S 7 AT e 2
B 2.21 BUGBREEPERRCEMEMAE. 8, E-IE  GCA, TR —ERIEHFEN S FiY
, —EEAT LA EEBOR A SOREN , BEEM— AR s iR GOG, XFIR R T
A REAEAE I LA B4 RE A UL TR . BRI, (PR A
T E DA R I EEBRIT 5, {H7E DNA 73 EHER . — M EEARIERFR %5 HE 02
HrE A (alleles) - AN A HIAEAL B B A AT BEgmAD AN [ (R ILBRF A, B I IXFh 2 R o P4 E 5 58
B2 —F3 | TPl 2R = BRFALEE PAH JERB1 T, PAH R 408 17351 M CGG Ok
RIR) M TGG (ERR) , FBUCTEVEMIEY, I 2574 i AT XA 6 R AU B o
TEARRA, HEDAZRHENTHES | FH7 ok & 4K (chromosome) [/ NLARAAK |-, WGHESE 4 EHIES
7 FEFMNAGEOA. BB S e —E 23 LYtafk, Hrbaa 3x10° MLt
] DNA. —Z AR EARA S LE B LT NRER . AR EATE4H AL 1000 NMERHE., §45




¥ 23 DNAZWMEBEER «55-

Jufa AHE AV A ) B 0 DNA 40T, DNA 5HETERARSGS, RS +25E%. s
RIS, P NBYEAAT ) DNA, HARK RSHHES T8 25 RECKMIBHE%: 24 DNA
ML, A SR S TR R4S, it —4% 18 TERPKMIAS T«

—ANIERIFE Y oA b AR BRR A 1% 5L R A B E BE (locus) « AEBLFE ARTEN IR Z HR %
AW, BRREFERINLAAL, AN S A R R AR RN I ——— AN DL B BBR ., —
B AR . IXFE— X Ytk 8 — R R R A 5 55— R /2 BlIR AY (homologous) (V7€ 1
MR A RNEZRPGISN, KR 4 Fih) o Bk, 85— MAEEEIERE WA EAL
FER, TERESR F)VR BRI G (O AORT [RI U5 AR G (B AR AR A BB — AN (B 2.21) .

— AN FE R L B R % A B E B (genotype) o« XA E LRI, W SREEAME
FEAZFEDR () L R R E RPN SO SR R TGV 48, A4, SRR RIR G, 1AM A2 R R A 10
X SRR R4S B (homozygous) . W ZAE R E KN EAIE AR, A, #iZEEER
i, AR R B O X AR N 2 2+ & B9 (heterozygous) . 7EENRI E, FEFE LARMAR
7~ AR EEEIE F LAK NG AR X a) « TR U 0 4y) « Ebr (et @) KX 4, HRUH
“HrL T RIXGr. HIXEERF SRR AL SR S F AR P A —Fh: 44, aas A4,
Aoy d'a’s aa 4B - WFERJGEPIEI—HE, A4 R A BR RIVE S ik b iR R,
DABEGRIE X o A SEBR AT e E I F AR P IAEAT—F: da. 414 a'a BR+/—. 1EFE 221 7,
Bb RHEHEERY, KAEAHEE B A b 20T LAX B GXit 2 2 AR5 k&R e ,
M CC RAGHEEAY . XPFPEEE Rt a] 4335 5k B/b 5% C/C.

BT AP PAN T I R SRR R, ZEFE R SRR bR
El (phenotype) . $i15 /3 A] GETE] B —28, FeBRIAURIR A 1 X HI7E T, AMARK IR B 2 N 72 1) (DNA
HHEAEALEER) , TR AR AMER (PSR, AR EIR 1T A PEIREE) o X )3 AL
RERWILELERN), BRI RER Z 58 8 A —— W N R. KEHE MR, #
wmskRBE . . B, WE, ATh, B, DUETEREN SRS, 22 AR .
KZHAER M Z I BRSSO R . IX ARG A R O JE R B T L= A R R R &Y, IXEGR T
WG filtn, HREHAS BA MRS E XN, WR—ANRE, WS — AR, W%
B AT e R o PRI S R A At R R AT R A R B W (AN E— BRI R R = A, 3t A AR
JE A8, BRI Sy DK 28 BB A a4 DX (1 B 8t v 2 b

2.6 4 DNA H1] DNA pric %Y

ERZEEREDRAAS, FE2ERGFAEURSMEREAARIKBEES . BRIOHEAE
Z A IX Fh i AL 22 5 F7Ch DNA #rids ‘B4R 4 DNA % 7514 (DNA polymorphism) (£ 1%
XA AR “2R]” ). £ 2.3 F 24 FR A4t () DNA #4655, a7 LALAFh P =X
HeE, HRKAMERIZESR . BTG ERIARREZ CERIAN, BEREBI R LR A KSR
KT RlE 1% 2 &R F 70 o AR R . 2 BrLMER AR e, REAREET T
ANHIE—I7%, BMTESARRERRER, HmHFEENAS. AT, BT
Kl N4 (8] DNA 2 20 1 — 26 =3 57k,

» BIZHERE 51 (SNP)
FERFEH ) DNA 2 T IR EE RO A L, 3 IO S R B R,

@ 1 3£H=1,609 344km
@ 1 % R=0.3048m



56+ ke FERIRERILL T

AT 5 A F B A% E 8BS % 75 14 (single-nucleotide polymorphism, SNP, i “snip” 1)) . #i40,
eV SE IR AL A, BEATP 9 48 DNA 4 Frl e BA T-A BFEXT, 1M [A—#E AR HAth
DNA 4> F1E [E—{7 A A g J2 C-G BN, X —Z B l—4> SNP. % SNP & X T WA~ “5
RLFERE 7, XA IEE TS, %R AMER AT RE ST 3 PhELRAY . 7R 4 RS 4k
(I HE AT 5 B0 LA T-A HO4li A JE DR Y ; 76 5 4% [RI U5 4 L AR IR AR A s BB BLAT C-G 2l & BRI 2
&gtk F B T-A, MEEREA EEE C-GHIZEFEFEAL ., b %47 5 Fix A6 H
FlE4EEK, ~EA SNP R—EERmLTFHIN, EER—EEERN. EALFETS, F£EH
A NFHRY ) DNA 43F, K214 1000bp [F19ESwED DNA A FETE 1 4~ SNP 2 sl EAZESR, K4
4% 3000bp (112 %% DNA Al HETE 1 4> SNP 75 b &R . 1R, 76 SNP e X+, e
4R DNA H THEZERA S EWHR “HE” AER. XENEHRT WA REEZR, |
TEREA 1%L F I DNA 2 FrRRILIG ARS8 628 7 . HERR A B R T R E &, 7EsfE o
B, o FRAERBET R R B LA FA . SNP & A5 AZ (Al 2 7 1w W
fig. TEARBAT, B%E T RKY | TR LK SNP, o 30 H~60 HMHEHT
A fit 55 0 PR 8 B UL P 2 B B A A DS I SNP # %R .

{# | DNA f{B&%! (DNA microarray) , AEf%%5E 100 J7/> SNP &ML s BAKIZHTR .
DNA TP i 76 MR SE /N3 R a7 AR N RS LR, AN & e —JiukF DNA
SRR HIBCA A DL, X DU 7 HE T R 51 i SR A 2% (microchemistry) 7156
R Wi, R AR T A TR R S A A SNP P (AT R —FAZ R 4 ) 3£ K 41 DNA
INFBIA . ERPES R SR R AR R R R . XS] R A OGRS G I B R 4
B, RRAEDT IE RS R R T P IR S, XS H R A “ B 7. RRRIA S SRRA H BRAL,
B AT B B AE DA 2 A8 BRAR A AN BE A AT I 45 K o IX FE I P BE B ——F I R SNP 5 B (SNP
chip) ——FRELLJL T 100% FrI AR P i 2 AN AR ¥y SNP JE R 2

B 2.22 iR T BALHRRAS 0 TR, oAb, S HMIKESRZ 7 MEHER, T
SERRM A, XAMKEEARK, LA SNP A HKEE D 25 MEHRIEZETRA M. A 9
ERATHI R —™ SNP FIPF DNA XUiE. EIXMlF 9, ALefeta ki B T-A flFEnt (FE4L (o
FTRALE) () DNA 43T, Ak ) DNA 4 TEMNAL BB C-G EExT. LLaEehnss
PRt F 2] DNA FI%E R B SRR s 55 H AN HRR S KB IR SNP TS 2438 . & T-A
KIXUEE R & 5 A PIFPBERZHIRIYAS, & C-G KR & 5 AP ERZEIRIAS .

FRXZJG, AR BMBERA SNP &5, Kl A EEE 4 DNA E AR & 7 6B 54,
AlfE S I E W B AP~ FOAaEmEE I T-A BXEENNME (A48 TA/T-A), 3
FEHZ DNA Bl A MmN SR 9, A s R A RS . AR, ka4
C-G/C-G MAFEFI 4] DNA Bl e A LM SR KN, MEZEAKHE N SR Ba,
K EHZA T-A/C-G MERIZEF 4] DNA ST A a8 R T, Bh T-A XUEbric &AL 1
BN, T C-G XUEEFRC A I AN .

SNP (5 v S AR A BEOARTE il B2 R B 8 B, ol B TR e A
SNP BEATHEPR 2 53 KU, A58t RV R 1 468 5 B A AT G o LY (RORTR 9 7 92 2 L S 0
BESEBABNEREL, @EABEEN. FRAIRKSEZ LSBELER, HEXHERA
BEZIA) Y SNP FE[RI &Y, 38 AT 38 7~ 2 (R 41 R R & SNP #ric T 3 K R FRIALE, K7 2.7
1 VRS NV B R R




23 DNA &M SiBEER 57

GC
AT
CG
GC
TA
CG
AT

POOOO>G
—-OOHODHO

(B)

A A-T/A-T
CER I % % O O
ol T
MRS

44 C-G/C-G
warns (O O 83 £%
222 (A)FESNPSH b, Z581EB i ERSERATRR ] R EXUE DNA 43T & AOBSERXTHZ SNP BIFpasaL

Fit e B MIE—h, A5 SNP RUPIFRPIREEXT 2 T-A BERT S5 C-G fdxt, (B) B sk A4if T-A/T-A . 4if C-G/IC-G
HZA T-A/C-G FEFAI DNA, 245515818 A HIRINZOEREZE, Bl Z4sc feismfi e A SNP ZEE R,




58+ idEAE. FERIAEERA T

Mlﬁﬁ, &Wﬁﬁn&nﬂ%ﬂﬁﬁ%&ﬁ%ﬁt&ﬂ%ﬁ@% ﬁﬁﬁﬁ&ﬂ?ﬁéﬁ&ﬂ‘iﬁ%mm
SEUE: D. Botstein, et al., Am. J. Hum. Genet. 32 (1980): 314-331.

= BRI R R ACE % 51 (RFLP)

FRUE KL% SNP T EH4T DNA WP A GRRFFT, (EARLERE 567 T FREIAL L N i) SNP, A LA
BT ERS T B 223 SoRXFEOE—MT, BhAER SNP ti—2£4F LI T-A #H
X AL B/ C-G XMHk. EiZflH, ZEMRERA B EIEREIR EcoR 1 KVIH
753 (5" -GAATTC-3") . I B7R T SNP Bl BAT I A EcoR 1 fLsl. fEXFIEH T, 7€
SNP i si 5 T-A ] DNA 437, BEEMMIRIAL S biE], e e qgnsl, ~Em
EcoR 1 [RiIMEF B, T7E SNP 47 s B C-G i) DNA 4rF, RAFHMAIAL Sk tnEl, sz
RADIE (Bh C-G MIAFAEMIR T EcoR 1 BRHINLA) , B R4 —& KR EIME B, i
PR AL RV B ) SNP F5 4 BRI Fy EZ 1< /E % 7514 (restriction fragment length polymorphism,
RFLP, £ “riflip” )%, sREEZEHHFR).

(A) //zmmﬁ (B) A— —EEHMR
GAATTC GAATTC GAATTC GAATTC g /T\ Zg tc; ;T\UE
ETTAAS CTTARS £77aBgo St A o
5.'.¢' ‘..‘ .~ 3’ 5"., ~ o rd 3’
3 ETRETEamEEE NSRS 5 3 [EERSSEE SRR o
lﬁEcoRI KFEEDNA lFHEcoRI AFEDNA
Y ENIE

223 WERMA DNA 55 FHEFS B —Z R E— RS, MATsHzE RHTEN. (A) %5
F& 34 EcoR | RHIIA, BNKISGEE —1 &0 TF8 EcoR 1 YIHMTH B, (B)i%4TFHEIKFARA EcoR
[ fEAER, 5'-GAATTC3' M T 5'-GAACTC-3' . ZAE AL ANGERE EcoR 1 0|, FTLA, F EcoR I 4bER
T, PE—MKRB.

(R RFLP 5078 7 PR IBEE L= ) DNA R BUREE A/, BreAaT BUA 2.3 Fiihigid i
Southern EZE /7 kA0 . B 2.24 HFaf W—5l, ZELEBIF, FricERE DNA FES A4 FREIAT 5 b
AT, FRUIZ PRI B B Bk B AL E . AR AR 47 XS T, FEREE —
BRI, 4B VI EIKGE, FE—MEEHE DNA RWEFFIRNEH . bk <k
a” WIREES F oD R BN A, R — AN K& . EXMIHENT, 4 3 MR
B——AA. Aa 5% aa, BRTAERVEREE ER R ASFAEEE——— B 3 FpEpE A A8 n] LA &
2.24 FiRIRER LUK 5 AEAHI A4 H 74— AN B, S8 aa RP=E— AN KRB, Tiaes
(1) da N BRIK R BE A BAAE da FERRR 4 0 o BRSO3 O E R T LA H
AR 4 M a REE 4R (codominant) . W 2.24 Fizr, KHEH 44 il aa H&H BEEKA da
&R —, BR, ENREGEEE da h, BNEMERRE NN, MERHEK, &
A AA FER G PRNE TU A S EEE, 8§ aa FEFEBIEFANE LK o SRR,

- BREEFYIZ SN

A —FHEEIH) DNA 2 8MRA, R I7ER G AR E LR LT LB N Z I E R ) DNA 751
W78 NUHCER BB (B — &40k L A RS IR KES TS, —REHAFULED
L. B 225 REBEKES Y HARKET DNA 40 F. HAAKMESFIIEEM 1 3] 10 7. A



F 2% DNAZH5ifERR 59 -

A 7E R ICE SR8 AL
HEHHATOIRI PREIES, ki)
EYFT—A DNA 91, BT
PP B Bt RN B A
THEEFIIEERE. &
HHFHIIXUE DNA 731
] ER B T4 B
514, iR A B SN
(PCR) k¥ 14, it Rt
PRGN LI R PCR, TS
DNA J B K/ NERRE LA
FERTHIEE R8N
WK Bk, niE 2.25 A
B, BECEETEIE 1
AERIF DNA 4> Tfg
WX TR, BB T
F=4: 1 DNA FrBOK/ANAN ],
A]FH EK T

SSR X/NME FEES
REB EFFIEE (simple
sequence repeat) , SSR 1]
— Bl F R ERF
5'-...ACACACAC...-3' .
SSR 7ENisifE o Hr R AR
BE, FRA .

1. AKEEF 4+ SSR
*E.

®24 AXERAFH—LEHRAEEFT

5#4DNA
FRAE AL R

OB 3 AL
HLJE T [

ADNA A

FALEH AT
R EIDNA 23

B hr R K aft
R IIDNA %

AARE R B R A DN A 4 4

AakF B4 DN A S

" aad 5 7 A IDNA 4

2.24  FEFRMIME B BE 2751 (RFLP) th, 7S [R)45 5 5L R 19 25 B 7E T4
DNA HA TeENFEINL R o FEABIH , a FAIFEFE BLZ — N 4 Z3EFE H) DNA
FPAFTERI RGOS . H B E A2 AT Southern ENEAAGI ., RFLP ZE{;
HERILBHER, XEWREREME da FFTR DNA, SF47E4i4 44
H aa FFFK) DNA RIERE 48— 2HF

SSR EEFJIHML

TEALEEE T SSR HH

5'-AC-3'
5'-AT-3'
5'-AG-3'
5'-GC-3'
'-AAT-3'
'-AAC-3'
'-AGG-3'
'-AAG-3'
'-ATG-3'
'-CGG-3'
'-ACC-3'
"-AGC-3'
'-ACT-3'

WD L bk U A W

A%

80330
56 260
23 780
290
11 890
7 540
4350
4060
2030
1740
1160
870
580

KR : BAEHK A International Human Genome Sequencing
Consortium, Nature 409 (2001) ; 860-921.

2. NEBA SSRIEH & REZ AN,

KT ARERAF SSR MFE, WK 2.4
B3 28 B B & LI SSR. PIAZ R B 85 741 L
EERHRERFIEZ, BEFHKPERER
EZRAE K. BELKHZERELFS L
5'-...ACACACAC...-3’, ‘Bilifi ABFHEF4L, F74E
T80 000 2177 . AEEEFIL]F¥9%F 2kb [ DNA
A1 SSR, R BIAH KL 150 /74> SSR.

SSR TE# B b 1) Z A ME ), 43 24 A 5
febrid A . A SSR EH A KE R
2~9 MEHR . M EF AL E KA (10~60 M
HR), ERHHMZSHRNATEHE RKE
£ (variable number of tandem repeat, VNTR) .
B2h VNTR HHES R, 78 H kit b

¥ DLEASF ) DNA FrBebt SSR A RRHIME v B (B 2.25) EA S K 4. Ak, 7EANIRBIFIAME
AL AH K L VPl ) DNA 428Y (DNA typing, 154 DNA #4047, DNA fingerprinting)



< 60+ AR FEFEIAEEA AT

th, VNTR —HIEHFHH.

B, 9 7 1)
VI L i AL B *DNA ol
S > NDNA F B

1 Y MEEDNA S F

FEDNA B H
F AL E

W o @ o @ o
ER- BB
me-
ny
<
o W
.4
o e

W

H—DNAFFI BIRES
B 225 —FRfEESE, Hd, BHATRSAEEFEIERR DNA 731 (—8 2 ~ 60bp) MFE IIB LA 2R, X
i DNA JF3IFER tufh b LARERHES I r N R . G BREEFFIEBE M 1 3] 10 AERFEAEER . EEEFH]
P BRI L UI ], SRR P A AR ) B/ AT LU FFAI M5 | 134T PCR, AR4ED 1Y
A BEBIR/ IR X S ik e S5 R R

DNA P3| i 8 BRE R P I AR BA 2 84, T R 82 S RA KRR
. A EAEE BT -NEAARER B VI DNA 27, Wk 2.25 Fraf
. HAEDR, EHETRRELFIESE L2 EMET ARG EEMEE (multiple
alleles) . #RTM, BUEREFEAHERE, T LAREERFHIH0E H R E LSRR, (B —%
R IR R B — NSRRI R, AR TN 2 B B 5 2 T 485705 9 A AN [ PR S5
B A, FMUERNEEEASREERBPHEEEMER. B, £k, B
R 10 PSRN, WMATRESA 10 MR R0 &SR BRI 45 iR [E] K2 & BB A

R, T n FRAEALEE ], BIEAETE n (nt1) /2 AT REREREIRY, Joeh n PR EEA 1, n (n-1) 12
F e e i B, WRIE—RHASIEA SSR B VNTR HISFARE LR Z, HEH NS
DRURF R L, A AAEIZRR A P IX VR 2 (R R RS — D AOSR A 24 M. i RIFA %78 6~8 4
2 A PR DR R PO R PRI T, NIV ] ) 20 ik R P PRI B s e R L L AR 2 B DR R i (R Y
FIBEAR, AR B KE R 752 5145 LIZE DNA 43 8 R 1R F R . DNA 23 207 TR 24
BEFHIN, EATEHA ] 2.29 MPhi 2 haF2600, FHES 17 Thit—Pitie.



H2F DNASHSHELR -61-

» ENHLTR(CNV)

P2 LB /INIRRAE S, U4 (1) HR B EE & (SSR A1 VNTR) 3X A 1) 2k R 21 # 4 (genomic
feature) AL, bz 4h, AZBFEFAR AR —H 5 vl R AT KR8 2R ERNESR
aihde, A BB H B K/NE 1kb £ 1Mb 2 [A] (Mb 3 megabase pairs, Efl 100 J7 /M
%) o XA TR D 3% ME L 5 (copy-number variation, CNV). 7E CNV 1, JERIZE4HH
RIS UL, WI4E DNA flFEF R S RRIAT A TR o BRA SRR B iR 2
H—AMEEE B ERR PP B LA 7 AH Rl DALk, X464 TS 5 298 1) 8 Bk T 5L [
2] DNA 2 /D HANTHIREE UL, S8 X g A8 DL (— Mgtk B B3R, 71—k e
RE) o WRFE— ARG ZX IR —NEISMNE DL, WA 302, NITRIGIREELLRZ 3 : 2.
TR —AMEGR K — AN T, MZAZ LT GIRE AR &2 1:2, F DNA TPEFIRE Sl
FlixsezR, M H, FA CNV WK, FrUZEMEEThiEE SB T2 AR EZ TR S CNV
AR X BRI EAN, Fitk, CNV & %3RS A SE R IE 558 E 25 & ESFE K.
RAE ) SNP U A& T LU 240 CNV & H I K4 100 5N RRERET .

R¥EE X, CNV kbt 1kb, HIEZ CNV EREL ., 1% 300 AFIWF5TF, i
IR AT R I T K2 1500 /S CNV, 3X 488 A A SE A TR ZE SR . RRINEE M . iXLE CNV [
S BE A 200~300kb, ST 300~450Mb, [ EENEEAZEIRK 10%~15%. XL CNV
B ZN T 5EARAHRN CMRZREREMHEMX L. 25 o M B MAEAZEEFH CNV 5
SHEF P, 1 HIV-1 244 E CCL3 F) CNV 5%t AIDS Ikt 1 %. CNV (1
Wi AN CAR A CNV BEAZ R D DNA TUFES B —864r, DMEREWSIEAL CNWV 8 R A
R 7R PR BRI 2 S I B2 2350 1 A 9 ARG P ] RE B2

2.7 DNA bric N H

A AT £ KK DNA FRICAH DNA 2 3 MEIROGHER? A R B il Al LG et AT i
FEAT R, APRB IR L T .

= BEfEHRIC. BEEES “RRER"

FENRIBEFEF, W50 DNA MR 2 H %8 S58ERA R AR R EL Bk EK
LB . X F 2P RS RIS R 2 A EAE RS A5, WL e BRI FIAARIESS,
B F I A 7 R XU BB F (risk factor) 17 A4S & U Kl T (causative agent) , XU
B R g R AE IR RetE . IR AZIR IR, 4R AR R R st A UG Rl 7 MR VR R
(disease gene) . i1, ZCPEFLMMEIFEE “PeitlEl” & BRCAI 3. X758 R BRCAI %547
ERM s, —EPEIAEORSL R 36%, Fik, BHiZEEXEEFRRSH LM AS
BIME. B, EREEZEMERN LS, —4EhBIAMEN XL 12%, Fitk, ¥
LA ZEA NG F Rt BILIE. #5E, ERFUMERIEE M LEEE S, L 16%EH
H BRCA1 748 . 846 MR F I BB, v DL B RN A FExT MU (relative risk) , FHR XU
TR E & B E HIERE ML, RO E B SIERE . Bk, 7 BRCAL f
T, AN 0.36/0.64=0.562 B 0.12/0.88=0.136, 5T 4.1.

DNA AV REMS 70 B R 1) e AL RN S8 8 P RAEVE L, RATAE IR 58 (genetic linkage) ]
G50, BREBR IR AP B AR RIT (NS R A — A B M . RATKES 5 =
PR HA R ES, BFEE 2.26 PURSS T BLEM A T RBMS, B BRT AR G4
M2 DNA Z8MRALE, xR EAEFT — N e REEF, LD RR GRIR disease gene) .



© 620 LS. FERIFIEEEA AT

> DNA ZAMEAVE I B G a4 EIALE SR brid. BEEBPEEMEET, 5K
TR SEAFRIE Y DNA brid, ERZRSP R T 550 R—kiift F52—IFH, Fridii,

XA e R . BRI, A PR A I Sk I T A S AR S R R R IR AR IE B ) DNA #R
ic, DAHIE SR SE R e e ok LA R, S FEAR DR 5 1EE (genetic mapping) . — FLAf & P9
FEAEY A LB, AT A R A B L R AR B AT RS i e L, TSI ThRE .

FEACTRIEE Gt
MR F) DI —

otk FIDNAZ
A GofERRID)

RN I, EOHRE
AR EER

B 2.26 PG XU PR T S R E LA OGHES . e afhrh S53at 5 UK IR 7 (D) S i 2754 DNA Fric (LR
A S ZE TR . il B 55 XN T EBIE A DNA ZAMAERE R DA &, aTHhe K E T
TEREH A P EIfE

AR AR BRSSO LT AN R — M EAR T 4107505, BATKRER 5 B .
ANFFER A FE KL 30 000 NEE . WIRALFIEBLIED, Ba, HTRI—DHEHEEH, &
ITATBEAFFANTESE 30 000 Fif DNA Z2M:, FAMER —Fh. EARERANA 23 W gtatk, I
LR TR AL BB A7 2 SRR AR I 8, 5 1A% XURS DR T FE M e Ak R KB B, 5
br ER 2L EFf DNA 2754,

= DNA tRiCR)HAth i

DNA ZA&ME4) 2 T IARBAE A1 A7 1l B EA T A8 AL 1 B R 3 H it 7K
BMEF AR HB e ARic. PUT 2 DNA LR —L8H Al g

MMEIRA . RATCLHERIE, DNA Z351MERH/E DNA 4324 (DNA $8805#1) I —Fh B,
PRGBS E NBE R IO R AMA . 7EILARZED)Th, DNA 408U Tl Sifa i o (44, DA%
EREESID R AR A EAAR R . i, EB S, m—ILAS%E 8D, (H DNA
AREIR, FERAAAR] 173 K85 R A DRER.

FATHREFARBEERFE . DNA 7 BRI B 25 Vsl R RA T A6 08, DU FE S5 e
RS RIE L, WA EERNA.

AEMBEHSE . ENKY L, DNA LMD @ AFREREGERIE . 2Bk 5K % 0
IR EEE R

RIFAMEMMIB R . SV E AR C2E TN R DNA Z85M/E R #E R,
LB AR, %5 S AIMRRAE R AL B, DASERE X 65 PRI 5 1k A8 (K sl At S i

WAL SE . BHEYE R G s 2 AR S e R R R B I 2, UK
FEAE Y IR T IS i A A SR I N T3k 1 B Ak

DNA ZASMIEAERIES . DNA LM IEAEHT TR B RESE1E 8t 4% ZREVER A2 45
Bt NRAEALTAF AR BLIE 2 F AR b ISR R b Fh . BTk s
e X TR IR A 2 R



2% DNASHSHELR 63

LRI, 75 A e TR A VS N AN RSB LA ik, HENI R e
(OB, 1 R P st 2 REPEL AR R A 22 57 A RS i, #REE0 DNA 2 48PEEATH AL

FEEFTST. FHBEAESEKAIA DNA ZEMRIPA, AR, FEEN, EF4HER
A AR R BRI 2 R AR (A AR ) B 227 A0, AT
YRR AERE A 81 2 A VEAE N RIRE DD S B BSE RS

PIFhE B R R . WFIE]) DNA FPRURIZE R T R R LA AL, 70 FRGEKRAEF
A 43 A7 B KA e DRI SE I D 5 (RGERAE) » IBERBEACIE AR PRSI AT 4 B R AT

FEHE

* DNA # &2 DABERR AR EDERIRIN AL T, G, CIREEBEZERMNZEY.

* DNA XUEER P 4 B0 A-T Rl G-C BEENS 2 (AU, LARCBREENS (OB ERR 45 & 7 — il

o B BRI P DAL R AL A S L 5 AR DT EI XUEE DNA, RS KEEE A 4 AR 6 ME TR .

o PRGIEE ™M DNA FBERT vk IF, Aloh @, AP e DASCA 77 e «

o HBRTHEANMY . 525 DNA 3 RNA #, Al @RS GH k(D) , B,

o R 3 i ABHR IR, A4 KBELL 5" —3 T EfH, DNA A ReR AR M.

o JEHRER N AEESE) DNA SHIEFA P, AR A SR RS | WIROEFEPED 1Y DNA XUEERF E X

* DNA it febric s R A S 0 T KR 5 TIRM IbRIC AL,  nl FRHIE S 2 A R otk EROALE,
HFANRG S DNA 708 B ME &R R, EFHME RN,

Ee itk =] 50

* £ DNA HIRCHEBR 7 A2 4 Fhasiik 7 W6 L g T2 pe i 2 Xof 2

o EZEBERRNEE 3 M 5" BoRum L F# R R A A2

* DNA REEH MR ARE? XWEES T Pi% DNA SR 7 FAT —AF A RE?

o fHaRMEIEE? At 2 EN7ERE DNA F BB P IRER? K2 RGO RURESOF, X
Hrami?

o AR MWFATBEAT Southern BN, MRREERARTANANK, SWEFHIERRATA?

o RARHER RN R NAEEER? ERARTAAK? FRLH T HILTFINAGELR? BEERSY
HfEM A

» fH 4R DNA #RE? R — T, 7Rl E RS EpoREERER, %I DNA fricikeft-2HBhfEA .

o HTFFIEEBEEARBETEX, &6 FEPRE, SR, KRN, KE, dig. ®RE.

fRRitEE

SIRE 1 MRS AR MR DNA, A 5 EH P brid, A5 REIRENL. H
Miu 1 724 5kb. 7kb F1 13kb B« %4671 Southern EIE B, M AL 4E Skb Fl 7kb 44745 L. Hind 111
AR 2> THIEI % 3kby 7kb 1 15kb F B, 7EILIEHLF 3kb Al 7kb 443 2P. [l AP RPEENS 1L, 7524E 2kb,
3kb, 4kb. Skb Fl 11kb [ Bt.

(a) i H %2 M DNA fRER, 878 Miu 1 F1 Hind T A5 AEXSAL B, IR kb Ry SR RRAT s 2 IR IR BE

(b) FZME BRI b — AN ERH & — A PP bRic BOREE, ZHREN T 5 Miu 1 354672901 Skb F1 13kb B
Hind T ALF=H1 Tkb A1 15kb FyBEARAT . 45 H iz R 76 PR A L O KB &

EX:

(a) NTF- e 1 S 7 v R SR ST Mt T A1 Hiind TIASE 550 O P18 o Ml T AR P= 900 19 13kb Fr BERBERR I,
W%/ BXAE DNA 4> 7).

RIS, Miu T 54 F=40) T PR o P«

5 M 13 M 4
| e | {
& Hind TIIEALF=9, 15kb Jy BEABEFRIC, Dk, %5 BEESP . AT M T B%, Hind TS

F147 BR il Pl A P R 1) T 3K




o 64+ dntfEE: FERIFEEEIA AT

1I 3 15 7
X —Fp oy K

! 1 ! 1

11 7 15 3

PN B T AN &I R IVES, T E A BCA 2kb, 3kb, 7kb F1 13kb, 33X — T 5 00 &2 45
BAFE. FrLh, BHEIVEFHRE, #EE IR R.

H M HM
i Pt = f - i
H—Ji, AR T AMIIFTAE RS V R, B R s ge 45 R .
M H M H
v o - } ” }3 {

(b) 2k B W B AR AR ICERET S Miu T WAL= 5kb F1 13kb Fr B, Hind TIYALP=H1 7kb F1 15kb F
BEAAE o X MBI AR AE AL AR HIXFEI 4518 ZEIERA PR EIE V A i 2kb F BrE &R R AN 751, HiZ
FEFEH 5 F0 3" v 5 Skb R 11kb FrBRE B . 123k IRI7E PR B A o R 7 B B P AP R 4R BT s

M H M H

! I 1 |
U Ll T 1 1 1

5 2 11 4+ 3

SR 2 KA S SR G BRE KUY (PCR) 438 T i ffT /s DNA JRFURI—#853 B F SERZ IR 5 1 W0 S5 bk
FLAAR R IRAC QXI5 19 R ARG, 255 B R AT BT RS AS BEAEAT) 48 HRHZAE R I 5 19731 (B
FERAE) . FFHES Y I ) DNA J7BUFS1.

5-GCGAAACGATCCTCATCCTGTCTCTTGATCAGAGCTTGATCCCCTG-3'
3-CGCTTTGCTAGGAGTAGGACAGAGAACTAGTCTCGAACTAGGGGAC-5'

BE SIYNAESPES WAL SRR, BRIASI 3 S0 AR . Ek,  “IER” B4 (BLAZE
F (0 J7 [ S5 9) FPBIR R 5" -ACGAT-3", 1“1 ” 514 (BAMAS [ 22 i 75 [ ZEAR FI5 1 4) F7 1 K
3'-ACTAG-5' . B APBEZIRFI K IHESE 5 MildEAcil, FrelR 512 5'-GATCA-3' .

SRR 3 MI13 MR A TREB ALY TR — 4% 6407 MEETERI 4k DNA 401, K5 P FI A 7E GenBank 2 257
ATEG R IHE FE P 2R B K M13 DNA S A HAME, B40E 8 A B — & A DNA, 7= AW g Ak R 4
HIEER S8 . BREA RERISE , ZEBUR YL i 52 B Y 7 AR e R AT e 522

BER hTHE R TP DNA FEEE G AL RNA [H5HR, a7 Lo BEVE R K DNA (8515, #1455 IF,
43 BRI S 4 B A B S5 AE M13 IR YL 40 i th R I mRNA 2938 . 4 (1R E PR %) , AT A% %% GenBank 1
MI13 IEERIA T, 7EPi% DNA B EI8 R T REgn il | A R I SEAE . 1807 2 A — 4 M13 856 & IE B4R,
Bk, fRATAER A —4% DNA #EgHE % .

SR 4 —> 6200bp TR FEAR B 20 3 AN e U1, R EERE R LB B S HE R . P FR s
Hind IIYIEIZFORL, 74 900bp. 1300bp F1 4000bp (1 1 B« %5k D5 ) R % DUAL A & T3 op—AN Hind T BY
o, ZBEE GRS —FP 405 NEIER IR F R, WA Hind TILF BOA A B8 AL A% 2 R R e 171 2

BER Yl 405 MR E QRS DTE 1215bp. Flth, ZEEFEK 3 A EEEE TIIE 3645bp, 4 AN U1
4860bp. /N Hind I B, EFEEEEA T —NIEEFE T, 1300bp 4 BEEBA S — I, (EARE

I BE P L 0 RAT BRI Bl fetl Azt R 3 AN L, (HE AR
(e) CH, A 3 ANLA R L,

(0]
WO S5 R
(¢ h)

21 PAZREHBRD T 3 M 5 iR a5 72
22 AELAMPTZREIRERE S, W — N BRIE T 5 BER AL 7 M — BRI T

3 FRAL?



B2E DNA GHSHEAR <65

23 UZIRHIEE S ERE “Fim” MREMERB. XRFARM?
2.4 FIHFFZIMELE R SCFRF, WA R ? MRS .
(a)5'-CCGG-3'

(b)5'-TTTT-3’

(c)5'-GCTAGC-3'

(d)5'-CCGCTC-3'

(e)5'-AAGGTT-3'

2.5 FHI—AESCBREIN A, EEANREGHT —FF5, BN Bk, LEiEA REI SRR,
(a) 5’ -AGNN-3’

(b) 5'-ATGNNN-3'

(¢)5'-ATTNNN-3'

ol mnind 1]
(d) 5'-NNNAGC-3'
2.6 MITHERFIIZ MEZESKR, THRGIESEQREIMERBARGEFZE 7 —
77 (7 NSk LI IEIAL ) 71— m———
(a)Scal (5'-AGT | ACT-3") 7— i
(b)Nhe 1 (5'-G } CTAG-3")
(©)Cfo 1 (5'-GCG | C-3") =
2.7 VWA KA 4kb. 8kb. 10kb Al 13kb [IXUEE DNA FBt, 7FH ik _FHET
SE. TEFTHE R R EE T, ¥R BRDS EFN&T R
v e 4 X 2.8 MALFTRIZ M DNA B B4 dae 1T (4)
! - ! } Ir ' ! ! + ' — | H Xho 1 (X0 BIPIENG A ZERT B e ik RE 7~ =
0 2 4 6 8 10 12 1, bR AT E AT R B AL
4L Kb (a) L H Aat 11 4k
(b) R FH Xho 1 Wtk
AT‘ (¢) Aat 1Ll Xho 1 —H2 51k
_ Aadll _ Xhol _ Xhol B ELIE R 1~12kb FI4&H ST B AN
fLE.

2.9 HAFTRIGIFIR DNA 2FH Aatllfl
Xho 1 HIVIEIGE . ERTME s vkBER AR E S, 5
HF LT 7 s A S AT R B A 4 B

(a) R Aar 11 154k

(b) HH Xho 1 11k

(c) Aat Il #1 Xho 1 —iE2 1L

Aat1l
+
Aat Il Xhol Xhol
~ e i
2 : 4— 12kb
' — 9kb
3 L 6kb
3 -4 3Kkb
5kb e Bk ';7'-7";,.:'- - Tk

2.10 FEHPTH—BAEE DNA F7REE, i, B AURKAR-7 By L. T fenEmiie T3
TSR 25

(a)Bs, fBUE Bi=A.

(b) B, fE5E B,=C-



66+ LA FERIAIEERIZA S AT

OH (c)By, fBUE By=fEEIEER .
(d)Bg, fBE B=A 5 T.
2.11 7F 2.10 JBFT/RI DNA XUEF, fEFTRIiEssait2
REHREEZ A, BHRIE 1~4 251 50— AN ?
2,12 7E 4 PAZETRES bR I BENLEZ1 Ao e A%
R 55 T 1 SR A 74 B o) 5 A ] P M 2R A 2 2> 2
(a) FLA 4 T30 BT w1 R 1 iy
(b) B 6 B I AL 55 114 PR il
'®) (c) LA 8 Ml U #4371 R o g
213 7E 4 FAZERS LA I BENLFZU A, R A0 PR il
PRI 22 (B B P PR B R 22 2 2
(a) B 4 BoIE D) EIAL £ 1 PR il il

(b) B 6 BRALY)FILL 251 PR il A

(¢) BLAG 8 T EI A7 i 11 R il Bt

214 BBKMEFTE DNA 2 i 4 BB LB R B 4.6x10%p MIBEHLFFI GX i —FhEE gL fitk) , IR
FIRRGIRGER IR, T2 2 AN R B ?

(a) “4-U%|” PR

(b) “6-P)E|” BRI

(c) “8-%|” FRHIHG

2.15 ZEE[RHIEE AsiS T (WIEIAL A A 5'-GCGAT | CGC-3") MR %M BsiE 1 (Y1EIT Ak 5/ -CGAT {
CG-3"), [0 FHIF kRt L8ET MIEI A . B AsiS 1 A7 S#H 2 BsiE | 6751872 FA BsiE | A7 A# 2 AsiS
AL ? SR K 2 S AT R

2.16 UL Kas I (DIEIGL R4 5'-G § GCGCC-3") PIELEA W R BinfF41[f DNA XU, [ F IS kR nE4&
FER I PIF R SRR R Bt JFOR RV A R I — A, R R LD, Bt S8R ARt
] DNA 4% 2

5'-CTGGGGCGCCCTCGTCAGCGAGGGGGCGCCGAT-3!
3'-GACCCCGCGGGAGCAGTCGCTCCCCGCGGGCTA-5!
2.17 PRWIEG Pse 1« Pou Il AN Miu T BB W FRBIN A, BELRR LB DS 5.
Pst] 5'-CTGCA { G-3'
Pyull 5'-CAG | CTG-3'
Miul 5'-A | CGCGT-3'
BAWTF 750 DNA SUERE T

5'-ATGCCCTGCAGTACCATGACGCGTTACGCAGCTGATCGAAACGCGTATATATGCC-3"
5'-TACGGGACGTCATGGTACTGCGCAATGCGTCGACTAGCTTTGCGCATATATACGG-3'

LRSI DI @ 4 BL?

(a) Pst 1
(b) Pvull
(C)Miu 1
2.18 FHHEX—FFF
Afel
5'-CTGCAGGTG-3' +
5'-GACGTCCAC-3' Afel . Nhel . Nhel
WRZFFHIH Pst 1 (5'-CTGCAG-3") YIElJG, EibhEw e el W |
Pvull (5'-CAGCTG-3") YI#In%? W% FPoIHE Pvu 11 D)EIJE 3kb— e
EIEREYE Pst T VIFING? X IRIIE SEAEATARRE .

1kb— ' ——

2.19 H Afel . Nhe I SHH0BR &BE— U1 E 5 — DR
DNA 3. MEZRFTEEIKER, &N ERRE. £l




2% DNA &M 58ELR 67

Rk DNA R E B, Bos dfe 1 # Nhe 1 675 (AL E o 4kb 8kb

220 {EMADFIRI DNA HBURRIE, ZUSGrser T -
ARG I RABIRL A B PR T IOR S VBN, IR g 0 o
#F A SRREE B HEAT Souther BN, k5 AR R 24t P 661 B

(P BT o AERTR RO B, it IMRE % B AT REF
FER ST AR RUR 1~12kb F BOKTIAALED -

221 EFTHI7REET, ZIBELRPIA Fr B BRI )
B I RAE R AR NSRRGSR 3L H B BN
[Ff¥) DNA JiBt. FI57THERT /R Z AL R BORASHIERET DNA
BEAT RFLP 7M. #li% RFLP i, WAEH 2/ REE A (H
5 4 RE 4 LA DNA | BUASEALEEE], F 4,403
PeAE R ARAS DNA R BUfAFRrRE ) 7 0T HRER = B I o,
FETR EARIBERIRY, IFARHAEFhIE R Y A TR B (AL ) o CEIUARFUR 1~12kb i B TRUIGLE)

222 R AR R A H 55— RFLP AP 4 DNA J7 B, 1% RFLP & f5 7 HE B R A B 4438 1 — 4
PRET AR (9 o %I B R AE RELP 230477 o0 97 FH SR AhAl ) D) RS 1 o i PR U R R B O AL 3 2 DA L R 2
AIREA RPN ? 7R TR R R B, AR AR B A R A (AR o CHUAR RUR 1~12kb
Jr B TR )

4kb 3kb 6kb . Ak
A M ——— A -
7kb 10kb
As [ | Ay (=

223 SEAEFIREIACTH AR R NG R b A e B R _EFTREH DU AN R DNA 4 F. ZIBEZ
PRZRF A PR G (4 PR ABIAL AL AL B . — A EREA I BE I 41 DNA #3116, FFLL Southern EJIZE4Mr, FfH DNA
WE ST BT FERFEA PRI ) 2 D Fh AT AERY RFLP (736 ? 4% /> Fhak R R ?

224 FAMIFRIPRFING . ASEFBRE AT 2.23 B HE R RFLP, #REH5IEAC A J7HE BRIOAL S JR58 . 75
BEAR UL T, REAILZ D RFLP SEALER ? 2 /DR AR (F Ay 4, FRSFOREMIER) 2 677 SRR &
e, ZET0 EARHH BRI, FFAR AL R B TR A (AL E) . CHIUARRUR 1~12kb A BRI T 6r )

3kb 3kb 2kb 4kb
¢ i +
3kb Skb 4kb
+ —={ $
6kb 2kb 4kb
- + =
3kb 3kb 2kb 4kb
4 o ORI
3kb 5kb 4kb
¥ T
6kb 2kb 4kb
o Rt

225 WEORAREKBESEN PCR MRS RS Y (926 L EMIAE), H “El” 319
5'-AATGC-3' T “Jz[a]” 5|4 3" -GCATG-5" 1 Fl F M AL 7 [ Xk DNA 431, AI4 844 DNA HB?



* 68« itfkiE: FEDIREERIA T

5'-GATTACCGGTAAATGCCGGATTAACCCGGGTTATCAGGCCACGTACAACTGGAGTCC-3'
3-CTAATGGCCATTTACGGCCTAATTGGGCCCAATAGTCCGGTGCATGTTGACCTCAGG-5'

226 5|4%f 3'-AATGC-5' 1 5' -GCATG-3' figfig 414 2.25 P b FAH R BUS ? RIRIESR.
2.27 fBi&A PCR ¥ #—4 K 3kb HIAZE DNA H B, BEIEE A AR 3x10%kb, X% T 3x10° AN .
(a) FEF 22 /i, #EFFIZELS DNA T & Bl R % b2
(b) 7E 10 /> PCR FEFF 2 J5, $EIFFAT G HI Ll R £ /b2
(c)20 4™ PCR ¥ 2 J5 W8 ?

O (d)30 4~ PCR fFHR 2 J5 e ?

AL 228 HBENIEREF S SEAZ R IES |14, 74 5E
RN, XEZEMMA RAPD £45%, RAPD &
Bfi HL9~ 14 % & DNA (randomly amplified polymorphic
DNA) Z&. 51 FRERRE, 25EFATHE
ML, FEIREST MH A B e
R A I A B, (BEH b ANMA P AR RS 1,
MNNZFBREZANFB. BB RERRE 4 4
AMERIBEYLY 5 DNA sPU 25 () s R R . e,
WLk % 45 J& T RAPD £ 4&4E?

229 EEAMOHEIS RS M, R
U5 LKA RO R A, FTLASI DNA, 6
DNA 3 T43 4. ab BomFl 3 ANk GEEEE 1~
EPRE 3) % ERMIER 7 R TEMEE A ROAIIE (A~G)  aups 1
HEAT A5 S MR TR A FT LI HE R ? R
BRI ? AERAMERH DY MR,

230 —friE LR EFA B A —A 2 i
BTMAER. FFARAREE EOHEASEES S
P DNA FRIE ( “IEEE 17 R “SEPRRE 27 ) HoERET
RET (C)+ B (M) FIFA T A (A A B) H ML
17 DNA 405, S5t EFTaR. HmtHE s
B SEEEE—RATHREA B AR TRy P2
VeI ? MR

A B M [}

LR 3

FEDEE 1 HLPRRE 2

2.31 e HEEEVIEIM E b LU LR Bon b, R 3 I RERR LI AT R . W 2, 4 SRR AE
Bt EYE, fERiEE —EREBYIEI 2 )G, WL BT MR R U A P ?

321

PEEREE1 it 8 (Drosophila melanogaster) FIFEFI 41 % 180x10%p, Frh—A 1.8kb {1} Btk PCR 414,
ZEALY 1 RS 2 D 5 5 DNA 19 99%, FHEZ /DA PCR EH?

HEEE 2o EANERZEN, CRERE, TREHISH. BRI E AR Rk
0 5 AANFH A4 APEARREE LRI ML M DNA FRid ( “HEREE 17 F1 “FEHBE 27 ) EREH,



¥ 2% DNALMEBEER «69-

X sZEE N (X) Fil 5 X452 EE(A-E) FIZ41203HT DNA 408, 25 R B ETRA. W f@eeea s A3 E 41 DNA #i7=
AR ? BERSIRA H 2 H ARG ? @R,

A B C D E
3232323238 ¢°

A B C D E
X 39239323943 ¢X

OH

1 BB,
2 B,~Bg
e B;B,
y B, By
HO - ABIR | SR 2

PEEERRS 7 231 irh R I AR, V) FIE RO “BOEAR” AT TER . R,
TEAFTERTA 4 P =BERRIOTS UL F A —4% DNA 8, 3o — et e i B i R0 B b 0 O HEREme . 4R
Jei, PRI WEREX DNA BEAT 52010, 4B AT ot Mo e O o 652 2.31 8o (75 8 P IR AR -

(a) AT VE T O AT DAL T R “ BOEAR” BRI 42

(b) “HRATAR” BtF RO TEBUN MR IR 5 — B 3" —l?

M _E i
“P L1442 " (GeNETics) 42 AR/ AE LK _I T $Ri80A% 45 I8 A FE S0 5 T Bl o8 o B0 WIS o,
U 1) Ay (B2 JEDANEERI 41047 ) (58 )\R) Fic % 1) Jones and Bartlett 23 & it #5344 http:/biology.jbpub.com/

book/genetics/8e/.
FEiZHET, FRERE ML M EORESIR. EREANXRIAE, THEIEAMNY, Hha

BRI AR E B



$3E fedmifls: i

ATE/Ml, B3 0 1 ). [Iv Mirin/ShutterStock, Inc. ]

3.1 JERRBAFRE B UK« R, 1866

32 BANERME ERY S %)

33 BAEHALLEEFE S E BRAR: X 2R [

3.4 WAL T AR FIEWUR A EWT T4, 1993

3.5 ARG 167 EW etk L — NS 1A
3.6 AsEe TR BRI ANFESE 1) =A% TR 35 57 91 [ Ay 2k 1A

BR&R: @f/RAAEILT fH4?

flo gl \ 23 Bir5RFEED 4

%%%Aﬁ%ﬁﬁ&@A%%ﬁﬁ%%%ﬁmma#ﬁ%ﬁ%gxmmzﬁﬁ%Aw,
e R EFRE A, AERHE A

o AR, EANCRIAEE R, 24 AR T R B |
HOTE L.

o FFAEBALL LR, BN E R, 12 A R
Tl S B 25280 2% BT g

o (EREEE S B AT KN . R R, TR T 2R
ARSI T )

o UK R o R S P PR 1 7 5
o RRRE MR EOUER R, SR, ;

S Gl e e e i s e L L I e e

=

P ———



B3 ALRBEEY. HENEE .71

HEARTER, BA1HEIEE B ML R AR, I g e B R B R BUIE A SR 4ok
RIAMER o040 . WFFCHEIRIEL R 77 2B 22 BHR b 518 18 £ (transmission genetics) . 1X—%
Bl B Ch FIERIBMES (Mendelian genetics) , R H LA 7 B 2 8 /R 7E 1856~1863 4EIT /&
MI%i &G (Pisum sativum) SE50 1 SCHES ORI . Ffl /R 248 v JURN B A R i (B Al ) 64E S i
BIEREIfE1E . 1866 4, fh7E Huf) AR LAY TN SELR, EiXFaSRFERE LER
TR R AERE, TGS YN RN — A X B AR, SRR, dx
RERRERA, A8 SO UOE Wb R T IR R — RAME B M Ge v 2. Rk, 7E#2
B 34 F )5, AIABRLZAN RSB HE /R SO BN,

3.1 JERREMI TR

FESY TG A ML AT, Wi R T ERESYERITAOE . £k e AR B2,
AR TR RR R . HERITI TR TR, Fhrdite. 1B S EmRE
ZER MR 7 MTESTER (B 3.0 o B 8 AR R AR B 7, iR B 44

ST T A A AT JE AR R R B 3.1 FHfE/REF
. 30 7 AR
TR, A
B 22 780 S

PEPEAR, B S
pralpte o303 L LU




FE 5 A0 T 16 18 B AR <8 A X B /)N
TH, ERR - GE/RTE 8 FRIFp T
33500 Z#kmiE, HophH—4FElFH T
6400 Lk, P2 51bE—EEB 1
1B fi g — 23800

PG FPF TR, &FERKSIFWGE, BT AR,
SR A B AT 4 s AEAERR T2 BT LA E4E, 2R EAT
AN B Hbofe 4R . 4% 4R R B R B R B Z — B RR AE
amylopectin GZHETER) (70 SCHEARBLER . FEWARTD T,
R ek 4> 28§ 1 (SBE 1) fikpa, &AZEEERm & .

F w 7 SBE I JEHIHAER A A RN EF 4 B (wildtype)
LEEE, Fw RRREREMNER. G ww M R FE
HERIGEE ww R —F6) SBE 1, {HIXIEH# ¥R/,
AT AR RS SRR, DMER S ww R T BB 3 S04,
MM EREREFRYE . Fit, SFtFREmS, ww i ww
AAMRMRE (FWE) . FAEE w7 0 BRESMER
(dominant allele) , w FRABEMEZEIEE (recessive allele) .

AR AR TR, SBE 1 FEFFE A6 —BFR ¥ BEE F (transposable element) [f]
DNA J7 11 4 47 Wr . iX 2 DNA 731 B8 78 4 04k N s 4 a4 2 [a) N — b B 3y (4% ) 31 o — 4k
BRI A T HLEPKEAESE 14 FEihig, BE R BEMIE R BB R TAE T RS HEERA S, TR
B RFERA G, HiFZ B KRRZ (spontaneous mutation) & ¥ & [ 74 A 5E K Bl

B 3.2 A EF AR W RSEAE RS w
ST FEK ) DNA gitnEE, HoR
FTWT w AR DNA #EA . =5
S R 4 2 P AN S5 A B R P
HIP AN BRI A, AL T AL
fill . C &4y )7~ 2 K7~ Southern E[17E
(2.377) By &L : IS4 —> Southern
ENZESER, FH EcoR 1 5e4ibEEH
“1 DNA, RJgHik>EERE,
HEhoRE A—EES w Al
w LI R AR 1) — N I E AR, Tl
EFERXER . FAE w &
PrFEE P FFAERB AN DNA, W54
FEFH) EcoR 1 FrB& L w A7 3 A
B2, Rt w AR R AR N
Jr BUERE A3, AT vk zh 21 58 Bl ik
RN E . KBS ww 1%

(A) SBEI #H ({(6h)
CEFAER Y, W) HE R
EcoR 1 EcoR]DNA gg
L G SRS
_ X5k A
5% DNAZAE {7
(B) ##AMSBEI 2K SFRE
(RER G4, w)

EcoR1 EcoR 1
1] | 4

A SBE 1 2 (& {9 % s A F

32 (A) w(EH) R4mtSyEs o B (SBE 1 ) & 3me F 51 iy 2k
BB — AR . (B) w(4540) 2 4nht iz il i 6 1% M R B 45
FEPH, B DNA FFolak—A 4% 5 HE Fl AW . (C) A«
BIKSE, wtw h@te: EER ww il ww BA RERF; mit
ER ww BAWGEFTF. H EcoR | R 5HRAL S22, A
DL RR I i Bt BE 22 254 (RFLP) J& 206G I 33 1~ 4537 i Rl 2 ] )
BFER. B TFKREL, ISR B . SFER
EIfY) DNA F=A AR 4 FREI—aiE 8 WW 1 ww P24 KN
[F R B—2R7T, 22 Ww PIARHEERA o

K141 DNA, &7 4B ER RN KBS ww FIZEEY] DNA, FAETBEAR I BN
ik B 24 Ww [FEEI4 DNA &7 AN KT, LR PKGTER 2R 20 55 P el & 3 R 8 b 8= 3 1)
FirAlE. 7EE 3.2C , AiHFEFEAEML&, HAAGREREBKLN BEH. FhEfaia iR
BRI BN, #BRR BINE ILNA&6—R i R el &—S5 (1 E, Fk'e &1 DNA L
FREFEFEBIAAN) DNA 2L, 7EREGHRERERp, GNEMERARE ML,

ik, Wil 3.2C Bz, RFLP AT ali&E X 55 ww. ww Bl ww, R 7RG ww RERA G
AP AP Al & R R R o R B 47 o IXFP GO Bk B FREN S, W w SRR
2 R4 8 (codominant) . A1, WK 3.2C FFFREM R, MESERTNS, Witw
R £ TFmeed, B w A w S EEE K RFLP 247 K581 40 7RI HE 21
BEEM, HDASEI0 IR B AL L A R



03 L. RAEE 73

32 BAEERKE

Ao BRI PR ORI I R R E A WA B, A SR EE AR AN R A AR
i, WEMWEF TSGR BAF TSR T £, MRBEROTRAERY, e Sl
BIEFR R BT, £ BIER, — 2=k, E—2Eh 2N . dil R Esn (B
BIZL3Z, outcrossing) /= AEZAY, BEAER AL EARILAN OMOBEAT AR, 58 AT 52 RME P 45
¥, VIBR MR R B MR R AL PS50, ARG EEMESE W 5ok B 55— R PRI R BT E ) 2 i
FATEM G, SARVIIFRASER A MIREaE, CIPBURKIER 5 MM S b, wtnE i
FEWR SR UL, AR IR T 7 A S R, T AT PAIRIS I R AR A 2 K, XA T 1tk
“BEIHFMEARAEROAFERBMEE” &k “FHENESRE LPHEXR” KHil%.

i BN, XEWE, WRAEEMT R, EAMASROERER, X
TAEH T 2R E AR RS R — R A 1. B, FrREEREERS ww ik
IR, TiAhF 44 FAEAR B ww ZEE R . 2l 2k R B8 o se 36 48 HH i ——@ i s R B,
TN B AL PR AR 2 45 (true-breeding) . 26N B, WRibHERIER AR, ©
MAFERMEN—HKER. E—AHEAMERE ZF MK BT RN, 7742
(hybrid) . WHREARLE A BAHEAER EFER, Jafb 2 # 24F (monohybrid) « XA
T 2= %k (dihybrid) 8% = K7 2%Fh (trihybrid) . 4 7 ERESEA R G0, BERTRA Py 4R (P,
generation) , M EA 1 2FE4FE A Fy 4R (F, generation) .

BT A MEAEY, B RS & mT AR 7 AT, BT v oA sh A 7E i 2 i
R, HEHSRA AR RN REY . CABIN X454 ), AT LR i AR (B v i S A 44, BR
FAR . IXPFPAAE TN FRIER A (reciprocal crosses) . /K2 UE ] FiR BB SIS — A

ARSI AR, KT LEMEPE ORISR IR ZEMEME R RN HR,  TF R A= A2 AH R f 45 5

e 3.3 1, AR
A AEFP T R IR S
AR . BRI BoR,
fEXEe AT R, SRR
FIFERIZ4 DNA &40
RFLP 4. ZMAERHT K&

HURAUH R ALGTT . e ERHTRE | ket
WA A: bk i 7e MHBEEOTE |, BT SRR
WW$ xwwd — Ww
#4748 B:
ww S XWW3—Ww El
FEIERAZH, EFER
HMAFRABEMH TS
KA, B4 A/ RFLP e
7N T, SEFFR MW
RN SALnE Ehat Rt o

A0 ww, R 584 E B33 REREMS TR B/RIER M. i, TigZe3z i mm
KEAE . B 3.3 chygny 7, ZFRTERG B AR LA A B A AR RFLP [,

i IE R 3 i 38 A 55 R



< 74« R FEEAERAIMT

P, B—ANERAEARAIZ0EE, B N EEEERBIS—ED KR AR R —
KRR 4 Frpitig.

F—5LL RFLP AT AT, SRS LRI LR, MR AR KA,
58 TR EKREX,

= F, KRIRELLE

R 3.3 7, REFREEREAREFTFHEMRE, {8 RFLP
SRR, R LA . MIESRENE, w SFMIEEH
Rt A w st wERatEr. A, wnRikaeRh e AT B e,
TR MEERH HIAERE. B, B33 P48 A J@EN
Fy AP, iRk HA st ORIt I F B TERR, Frl R+,
—Ue RN, TR FRAS4EN. F RBERM=ER SRR
F, HIRK F, R (F; generation) . & {8/RIGXASERHIAR, 75 Fo A SR 45 Rt B s.

R, 547401850 ILLEL R 30 1.

76 Fo AR, S BRMESSAIN 3 0 1 t(l, MR EME/RBMERFE. 3 3.0 MIEMX— &
fERIEHE . HER, RPESAMER (FIEF P 84efh 1, mafh-rasafr), WRgRILE
fhr R B L. RER, XFAMERATERER TP TX 2, AR R RGeS R
T4y, R GRS TR LU E 2 . WK 3.1 BIEARP BRI - EW R4 2

o FiARZAFERI MR (B A FAREFEH—m ww)

o 1E F, f8rF, BA BHHIRERR MR AR (X EWRE T L F AREAE 1 — ww)

o 7E PR, BA BRI KAL) EBA RBEHRAEER 3 5.

£ F R MEERE 3 1 Lo, REFRAAEVHEIRCE. T—0H WM w SRR
RFLP 731, RERE A4S HEX—HE.

®31 FWRBEZMIBVER

FAMER R EZTS F, R9EE F, R LL1E
[FR1 ¥ x4 (R 5) [ER] ¥ 5474 A%, 1850 444 2.96: 1
A6 FF) e, 6022 # 5, 2001 Lt 3.01:1
#EaxEE (k) - 3u) 705 %41, 224 3.15%1
g (38) f 882 11, 299 J& 295:1
FExEe kg 5, 428 G5, 152 HfL 2.82:1
B <THAE (FERYOLED) A4 651 4=, 207 T4 3.14:1
Kxig (C5) o 787, 2775 2.84:1

- HEE

SHE 3.4 REMERE 3 1 FHE, IR RERBEZARRL, TEER, FRAEHESSR
AR R AR U T R R AR A LU T B R

1. BEEAHEL, BEE—PHRSAME, SAERARAE I (EAER) .

2, TR, WAEAEERE R AR (Aia ww sRaiE ww) BIAR CGr& Ww) o

3. MEPFAEREA LA (BT, gamete) , REHHANEEK—MECEE (B4R W,
BARW .

4. FER TGOS RE A, AR — MR SE BRSPS S AL 2 R o A — AN AT B A IR (B
g, &E ww ZRBPE T, —FS W, F—FEFw.

5. M. HEAETAAMAS &R, EidiEd, SARERERLS SR .

fid B A A TR R, MAER R SRS, WS ERESFF, ARE



B30 i HBEKEE .75

FR A5 (segregation) . 7335 LIHIFTHIAIEE 3 FIZE 4 padtRE. 43 B I FR O da (8 /R 38— €
£ (Mendel’s first law) «
4y & £ (The Prin- !
ciple of Segregation) : e
ERFIEGTFER, Ak 41
X0t A 5 B T 53
FANE T4 A 2k st i

€& B FHE—A 1A
REMEAHTA -

fEig %NS —
ANEEHF SR, EAKT
ARAS R (1) 388 4% vk 52 R 1
AN, {B7EA
SN R SR DL, 1K —
B A0 N T A )
RIS .

Kl 3.4 [ T F R
RAI3: I AR 1:2:1
3 4 o B ) o R el
FEAE R AE AL B
fR XL L), S AR R
R FR B FNAE S W
wwo BN IE A=A —FE

ISR, LA BERAR R 3 0 1 HoAH.
MR (R, fEmMESth, BTAERMEMWES] 3 - | (M. EE, FAURREE ww: ww : ww i
BedE BB, 1) PR 1220 1, X5 MFREIME R BRI PERN—FE.

FERMEMSE AT ZARTT L) « FEFCRMIZASH, WW EARRF=4E w MR, 1 ww 3
AR w BCT . fEAi R, RS BT IR A0 R — PSR R CR B 4tie ww it
WK BAE ww I w), BRI G SRR —REAT. 247 W RIS A w Ol T2
MPAHIERT, FFPEERRLRIEN ww, WEHRE FAKERE &R, Sifh RS, 2
Bl ww FhFRENER, BR W w R B

L FATE R F I, 2 BRsE — LR PR & w SR, M5 sh—K R
THEHE wEMERE. 4 FARMEBEEN, SHA FAMERASR, X T REHL 45 &
B g, BENZRERIS R, ATLAUNE 3.4 JRE TR IR 24 AE I J7 (cross-multiplication square)
SR, ERAATS P, MR T LIS T, BT &R T ATl Xfh
WA Z N A T g, DR S0 <8 JE%F (Reginald C. Punnett, 1875~1967)
14 Fhn, FROVPERYF7 (Punnett square) . 8 3.4 FIFERSE 77 Box, F AR FRENLA S
SRR, FAREEBIME N : VAWW. 12Ww R Vdww. XA RERL & o () RFLP %
AN, BEABFRENS, WMl w 2EEN. EMEARENS, wxt w 288, BTl
ww M ww R BFEEFF, Toww EEEBHELGER T, W= FRR : 44509301
RAUE. FrLh, 8. BTSSR EH, BESHET 3:1 M.

F, REFMIEE F, RRAE—FFEE. B 34 PRERETHERT ww: ww:ww

WRIWHEE, T
(BRI G ‘




=76« JEfLAE: FEDIRIEERIAL AT

FERAILEME R 1:2:1, XA LA RFLP 5047 ELEGIESK .

BER: RERAAMRERTHA?

ME IR« HfER, 1866

RALDWEIERE, AR (AR | HETERIE

WA S S (JBSCRES)
| BRARGBAEMFFIRES. RETFENRE, RAFARLX. AEEATERRORERNL
MANE, (2R RITEANE, AFAS —E PRGNS, T S B G4 (FTA SRR
BXMNFR) , A —itf2emEd, mmbit AT BT T Afa 9o B, RALELHTREEM
ARG X EHRE) —de, HMAG— A RRA: BRFBRAATAAN AL, HAZENL: AX—K
BB RO XTF, RBHEABTRE A B afFE aa. f5 1909 45 F B fak A ik M A2k
RZH, KEBFHOEEFRATERRE S LA F KA,
 AMRERISES, R T T IR IE S BT AR T X B AT (0 A TR . A N R LA [
YR R, AL IR RIO 2R, SRR S (MU SR R TR A AT RN IR, AT SRR
EAIZAT AR 2 B R R B o e A SO I TE R X AE— VR SR oo e- SEHERN ST A SE0 1 7
%, WFSEREE RS REEY, P dE R 2RI AL AR SIS ) . Rk, SSUHE
FAESE T IX— . BT A AR TEB A, 3L 7 Rl |5 25 H SF R4 P ] 2 A
PP AL, LU T8 A, E2%Fh 5 AR P LS 3 % P2 00 2 17 0 22 5 B BE LG, AR HE 1
) EREch, BRI T GOMRE. BRIk A R R S (REAY) . TRk
BRI N: A¥24ata, K, A B o Fom AEEEHMOIERIOBRE, M da HFHIZFER. ZRHE 3
FIRALM 4 ANk, EF AR AMA RS R R, A JH o JR IR A AN AN L P 5 5 28, A
HET 4AME, BTSRRI . BT, B EHRRR.

W4 Atd+ata

B4 o A+A+ata

FAERIE—Fh 5 A IR AL A, Se A RBEHLIN. AT, HIRMRER, P kRBEN, RS
LRI A A4 T o FRATERY, 2 LRI REE 54 4 JORM o KBTS & . ik,
R, A A BN, — SRS 4 TR, % — SRR o SR, [FREI, —4 o (ERAIRS 55—
A AL S, B a ERARES 54 o WAL 4.

e A4 A a z

B 41 iy A A a a .

h TR RIS Ak, TR A 1 020 L FAE 3 40 M 0 42 7R 5 12 3 B ok
b SRAIRYE . AT RATEA SRR, T

ek 4 e 7> H ek

FEE—REEPUIGh, WA RER A —E: B, efes&mrye e REen, B4R/ a, R, 7
BTN =T, RPN MBS AR IS &, BT, XFPS2RET P A 260, S A I 2T,
Yk —B. BBk, FRRRAET . RFER T R AR AR 2 Sb, RS BN H CHBIENR,
X5 T3 WG R TR da R ad HAMFEL &K R—Aa, BT, WiTHL, WA IR,
TR R TR A VAN T O i, ®EERmE SRR A X . Hik

i ad a . a

—+—+—+—=A+24ata
A g AL

R, PR MOR G & T AR, JeFh BAEEOR IO T4 . BRI, EABIAYAEERAN IR
BT R A SR AR LU, TR A IR AEAS BB o -=eeee PRk, SERUESE, {EBUG (Pisum) 11, 44
TR A A SRR AT R Al B, O ELOR AT S ARAF AE R 5 G SR A

KlE: G. Mendel, Verhandlungen des naturforschenden den Vereines in Briinn 4(1866): 3-47.



B3 bl BRI <77

= S EBRIIIE

B 3.4 T R T BaiECE 1w 2w ISR, s 2, FERNE I By AR T (R
WG, ERMEBMEERBIAMET), 13 RAiEH EIEh ww), 2/3 JZREH ()
i ww) . M 3.4 F1{f) RFLP #8RE, XN RERMS LK, ENEERE L, RAE
Ak, BAECABAEEEER M, FUXENEN KEOBE, EHEREEE, REFHM
& B M R LSRR (A A BT, TRATRESAES TREFIE R EAF .,

R, XIERGMERIZHRE. B2, BREA RS R KX — Ve ? AhaiREnT LUt

13 93k Kkt =amrg P2 (UHPRE BIERAIEATRY

. / %gk*%?ﬂﬂﬁlﬂﬁ Fhra1/4 B AT, e ww

3/4 (5474%0) BN FEDRIALC AR, X B
MPSESRL, s TR AT, TR A
2 Gt Kk, —ampg o 7w ERIISREGHE, =

GRAS BB MBEERME, FTMI2 0 DL 31 Bk Gt
7324%% RRTF, k3.1 3 /L H(J WJFEEE}%*HQ&

7 . FERIRELRR 3ot T4
KHMFAREEYSR  =2HFR afifh, AR A A

O MR T rswmnninr ATRIN L ma R

3.5 HIEF, A S 3 e AR, 3:@ 35 EFlo ﬁﬂ[ﬁ—‘lﬁiﬁ’r‘%ﬁiﬁ

Tk BIAREE, M Fo ARGEAERI iRk, R4aF 7 Iaift, 7E F AR R4 455 1. (HIEHE
SR, ALEMETEF SRR, HILE, ZEMERNE F fORFC R 565 MAaRk+, A 372 #f
FeRR = AL R R Za A A, HLEEEIEHERBEE 30 1; T4 T 193 #ERE, 76 F A R4 m g
Fhf. 193:372 HLEST 1:1.93, XSG ww : ww IERRAE 1 :2 dEHEEE.

X THE Fo AU Fy AR P4l A R A& a0 f 7, — D EERR AR, XgRR
5EJR5E P ACEAR R M EE R —H—#E. iIXM DNA HHMASEM®E T, FHh, BIERITT R
WiRAE, BMEGANFEAFEER DNA 4EREARAE ., HfUR G —3HE iR X —45 580, BN
HIEARF, “Fk, BARAEMRD FERSEEE, HEFEMEREEH, N2 —NE—A 4K
BN TR . ” WX — &I, A ghiE: SEAtR 8L v B 118 0 AN AS R G R
Wethdh, 7E2sFprp RFFHAENE. Hriiil, Bl FHREAR “BE” 8 “SE”. DB
AREREHZ, BT —LFE N EEZEWGII, EEERMREAESPRFAZE,

= 3 FAE 32

KB 3.4 BRI 57— A v R
3 (testeross) , HJ— /Mo ANIEHZ 5 A (f
Wiw) . 5B RLAEBIAL A M (I ww) 25K
B 3.6 7wkt Hasms g, wymtaess  @F
PAEAFIRCRE W RIw BT, MAARIERAR 488 0
PEw BT, BUHEAE 12 Bf ww EEEE, 172
AT ww WAL, HI U BRER, B W3S w

RV, TijEH BAKRIER. e, W :
7)’5?—1{1}*&% ﬁﬁﬁ B 3.6 Ww 2E3EAS ww AR SRRMERTIIZE, JFt
J Ww Flww, FEBIHE 121, W32 BREISS R,

FEMAZ A, JEARHIRASR R T 2% & 3R A =L AR



« 78 ¢ bR BENANKERIZL AT

ACT AR B, RA B SR AR X STk S A S
A B /R A FE R PEIREEAT T — RS0

R332 HBRHIMZER .
2. AR NFR 3.2 EFTAHLT, ENL)E

M3Z (F; KRS Fxaiahats) 3z E b1 {ﬁ*%ﬁﬁ tbﬁ%jtﬁ%ﬁ 1:1, E?’?E%%'%
i O3B, 128 LU e ok R4 R HA
SO IO A e s [ Tk 53— 1R T 3 1 4 % S B %% (back-
E SRl hai 85 %4, 81 H{ 1.05: 1 s SR A 35 AL R R e
i xEZE 8718, 79% 1.10: 1

5T H B 2 F S F R T, X
FEJR AR P aidig. ER, R 3.2 RSB ERAS, KEAESMEL T, FARARERA
#iek B A WA Al a Bt 2 A 2T

3.3 A EPIAS LU SR 73

VP2 L AT AR, PSS BA S R 55 A7 JE R I 0 B e o X B L B AT REZE AN
FERge g B, Wl Refeml—scqe g b BARTEART b B 510 L 5L RI7E W AN R Qe Ak B
L, B[R] — 2 Ye (o p 1 KA DL BE 26 3% e 1) e o) B AR DR, RO FH R IR R B . 7E ) —
Syeta ik EIEDDEBI RSO, WAER S g,

N T REZIEEL, IRAVERFE BAE R R A 2 A AL, AN A 2 AN JE R P A S TR
aity. FARMGIT, RA4E. SEFTFRIBIGai R GEREN ww gg), XTEENW. #Ef
TR GEEE ww GG) « &I K/AING RF5 RIBOREMIE B 7k, BYESAEEE Wl G,
B PSSR w Al g SECLEURMSRERFIRBHERE, ORF%EE, ©E RIS
GRbe, BEWT T Befdnt sk X RS L R MR . Sl G AR FARRE MR 48 28, RITTT 4k 4t
TREFER D, TEFARRN FREIEMM S, TREMRIILLER T —FE, B, %R WIE
KT staygreen (FEEFRER) .

WW GGtk ww gg FMRIRAT, F=AR kbR 5
H Ww Gg [ F ARRRF, PO BAERICR, kA
M EEN . 2 F) AR B B 1E%
B, FfQGERILE W w S EERNRN Gy g ST
FEERDOS A 2 B 4G e d /R SE X AN AT G

B F B Y R B

3/,
AR R F, (OFh T ;
FW. wmta 315 S
3. &t 108 it A
4a. s 101
Y. G 32 o
Bt 556

FERRLHAE D, EOLERERME, S
AMEIRE 3 0 1 R LE. B« AR LR
(315+108) : (101+32)=423 : 133=3.18 : 1 : b9 s

s e e 37 DM AREE 301 WA, S G

(315+101) : (108+32)=416: 140=2.97 : 1
: : 301 HAHBEHLALAR , P HAERUA T AR5 Fa 1R
KR EAS 3 1 & O ENYE sy o:3:3: 1 M, s

FERIAESE 4 TP RUGR) o T H, LEREFA4F
AR Fo AR, IXPIAMERASL B 3 1 Lefi, DABEHLT 414wl 3.7 fis, Wi baniglie,




53 ARRBUEY: EIRIE 79

3.8 W.wHl G. g FEMIEE XA
B, BRR, WS wkETFh, G:g
FILLIERRR 1 1, [RIRE, 7E G 2ok g 2K
Frfr, wrw HERR N 111,
PR Wk —MCTFEEw, B8R G
8 g IR ReMEAAR]. Z5iese, DAMHRRR
FIEH 4 P
1VAWG 1/4Wg 1/4wG 1/dwg
4 FhlCFRENLES & TR F—RINA
¥, X—HH4EM4ERuE 3.9 fis.
HEAE By AR R AL N
O %3 SE3e
SR, R IE i B Je A 7 8o B 0
¥, B R EER L E R R 2, &
IREDETT < Qi ey
FHOX — A I R F B 3.10 i
e {ERA ww EEREF T,
GG : Gg : gg WLESET
12
ERA ww ERAKFF b,
GG: Gg: gg MHLEZET
2D,
(BF 1:2:1 MyLLMEIERLL 2, K4
Ww FEFAE ww 5 ww P « 1M
EHRA ww EHERBEHM T F,
GG : Gg : gg M LB 25T
2220
FipF () 0 SR e KRR Ry, 186
B B AL R B LA R
93

7 3/4 B AR, 34 ¥ RiEth, 1/4 jEskth; [FFE, 1E
14 a4 e, 3/4 23, 14 24E. Wi, B
p SN 1 5 S s g SN £ SN Y N L R )
3/4x3/4 : 3/4x1/4 : 1/4x3/4 : 1/4x1/4=9/16 : 3/16 : 3/1
6:1/16
WL 315: 108 : 101 : 32457-9.84 : 3.38:3.16: 1,
X5 3.7 BRI 9:3:3 1 1 INTFUHELEYI &

» HHESE

38 Uil W w il G, g SEAIFEPI RIMSE 8.
SCRERERE, WERAMETEA W, EEH G Bl g RTRE

B 3.9 HHE4/RNATAA LR FAFER 9:3:3:1 [
IEGOIEE /= =2 TN



80« RS FERAEEL AT

EA R B E b (BT [
— 4Gt fk B AT ) PN
S FE RN AT S B S B, — LA
KW Fr ok H 41 A1 (the principle
of independent assortment) . 4 i
FRH A F R 5 — € At (Mendel’s
second law) o

B 3.0 FhFIRR A M RUE F2438 Fy AR A HE R B e, BHEEAE: fEAhmHA Y
PR R, AT — R A SR

S, HIASE RPN B B TR

BRFEGRE/RBE AT AHASHRE —FEARCH, Hl TR REOE RN RIS
BEBIE, & NEERHISL

= JEEREE B 2

R B A B SE R B 2 JEE SR (unlinked) .« H B4 A OB ¥ AT LU 4l B
(I AE B AT A 56 -
Ww Ggxww gg

MAZZ A 3.1 Fros. BEREAMN
FE IR IR R 4 FPAIRAH R (1)
Bf—WG. Wg. wGHlwg, AR
ww gg FE K R AR R 24 w g BEF, BTLL
JaR AT eI R B Ww Gg. Ww gg. ww
Gg Ml ww gg, HIUHHIXLE R R A (1) 550 2 41
fe BEAEERRZ—W X wH G g
H BT s RV AR 4
AL AR R B LR

J (sl R (R

5 RBE TR B AT —HF, 7RISR AT
o, ERKRBY L HEESE T WE A
SEAPT= AR TG . fESLprfdesep, B30
H PEIRARAT 55 BRI B8 51 BRIAIME 4R 62
49 BRAEAE IS AN 53 MRAEAESR (0, XSTUIAI 121010 1 EeEREF Y& .

* EAHEMUEMER

XFREAT H A G PSR, RoR HAE R AR AR AR 5 (K2, & 3.9 hiix
T Je e 75 RAF IME . ART, AE AR SIRRIN T, DEJeHs )7 R AN K o LEMRE ST R
RHRBAEZ RN, WEAR, ZmEAERr s, HRIEmAK. 5k,

AKEMW, EER—LE, G, xFRAET B A REEE, R B ) 1 R,
T DASEL T Tk 3 A R R T T 3R A

(1/4 WW+172 Ww+1/4 ww) = (1/4 GG+1/2 Gg+1/4 gg)
[IRE, AEAT— AR AL OISR, T T R o A R 04 1

Wi G AT 2 2 TR A RO SE R U
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(3/4 [RTF+1/4 448) x (3/4 Ha+1/4 4k fh)

Biltm, 1€ F2 A8, Wwgg 3R IR th 1/2x1/4=1/8 133, i [R5 6% (0 R B ) 11 28 43
i 3/4x1/4=3/16 133,

HAE R B AN JE DR I, A FAREERIA 548 BN TR 20, (R F-3R B B i1 A 10 3 N,
WA ASZ T . B84 3R, w) . (G, @ (P, p) ZHFHEMHIT, H
o, PRIEHIEELNBHSEMER, p 2EHAGErRmERAE, EiEn T, Ry RS
64 NGRS, WARAE. U RZ k. ANk, JERIBUERG N T ik = A

(1/4 WW+1/2 Ww+1/4 ww) x (1/4 GG+1/2 Gg+1/4 gg) x (1/4 PP+1/2 Pp+1/4 pp)

ARG XS N T T A 2 I

(3/4 [ATE+1/4 4i45) > (3/4 $ia+1/4 4(0) x (3/4 K t0+1/4 [1{8)

Bl tnn, ARGNEE—ERIERE L ww Gg Pp MIMEZ, W] LLAE X 0 55 2 40 e 15 3]«
1/2x1/2x1/2=1/8. [AfE, WRAEIIEGERREAENE .. HEa. KOAMOBE, TLUXE .
3/4x3/4x3/4=27/64 .

o (R LA T XA = HE R
T, RYMEGERWME 3.12 Fix, X
s gt RARGF W) & TR A 4 &
TI27:9:9:9:3:3:3: 1 EbfH.
KR FIZA I JE AT 3°=27 AN
FIEE A . RIS AN A — e
W2 BRI EAIIM T A, B
st TR, HEFR RS
(B A A B . DUXTH T AR, 2
632 KMAZ. MEPRfbIEARIE: “7ERT
AR, OX—I0) FH% T K
) BN ) AEORS 77 7

B3.12 16HbAAMIET, =R T T

i ‘ i 3 A 1 PRI F A 3 ¢ 1 HATHITE AR  AEAEP R
BERIRIER AL, FBOUINEE e mmer s, oot o B S A R R B

TIBAGEATIBA TS, LOURSERETT  sepy, fian, wesotoemm ww f1 ww (B b & AR, Wi

RS H, SR IER X S SR AE (ol 640, TiAR 639).

2EF SN R LR, VERTOE R — &

IR, JERXFhERTE % I pr st E S —2 .

3.4 e TR AR

Fa PR AL A 3 e R AARA E B2 BN (BE%) . SfE/R B e e, MRk T fhlse
PR EARMAFER, ARSI EA AT A tefl . AbAEIX T T (BRI T 54t R IR
HMEMT N o d /R 5 — AR BIBEN LS A TP AR A N, A d R, e tE
kA AR EL e

[Rlgt, ARE TS PR SR 2, SRR A R 2 . AR 1) AR — A S5
THG, FLUR SR EARR ISR, ERETh, SRS, SSEROACI, E—4ln]
REMISERGE R . TEBME S, XLUT] B S R — R R R R B R Y, X LET] REAY 45 AR R 45
R (elementary outcome) . ‘EAIVEIEAL R, BMIXAE X ERBET: EATPEE — MR A
HALZ RIA A . FEN MR, JEALE RS E AN W% R A F R b B &



- 82« ifEE. RERASEEA ST

VEROSEIe, Horh i IR (A A IR, (EX T B — S R AN TR T AP pSis el
1A A G AN B — A 5 A T B R E B AOMESR . PRIS b, MRS TR RS AL,
RABEEN: B, AL RO — & 0 f 1 2 A IEf, Bk Bk 0 58 1,
MR N 0 EEAL R, RuAeksd, THEEY | RALR—EoRE: B, FikAsR
MRS T 1. X AHUT R A AL B — e R . XM 7T F R A 5T
SR T 0 — M B DB WA T LA M S B ARE? BRE: X AL R AR B
EH 0, FIUALELE.
(A) (B) WAE, REEE—
e R o e owa L ANEERIBITE, WA
' ol wecs | S AMEATE S
B WA, G A
HRELEA R, 5
w Fl g gi B kRS
%, Bife F AR AT
R N B W w MG, g
) P , PR EEAT
| At h4lA, EH 16
FhELA LR,
3.13A iR, BERpE

LWy Yaues WwGy e
s wwa /

AL A AR T
T B, BT IR
Ao e T e | SRORSIGRER

ey |l 1

e e e s Ee i i LR — 1 116, EE, BFRE
313 (A EHIFFEE LGN W, w SERFMTRANSKEH G, g XWX FR wwGg #HIH 4
FEABIFE, HATRRRORAZSE. (B) I A AREITARUNUENER e xRN 4

AR A fE AR R ww Gg (B 3.9)

— N FE AR g S S SLME F A B RIS, RO AR Il ) A 45 R] (sample space) . Ww Gg
HIER M G R AEAR M A B 3.13A iR, X2 5 ZME LKA KNI A MR T L% ER
FEAZE ]

» BAGRE5EY

FEFEAZE R, FEAG RE—HEH N — DB (event) . 7EIE] 3.13B 1, #5 4 K[ &
4 NEEARGER, KR A SO “JERIER A ww”o FHF A4 WS HLE SO “ R REREL 4
@i”. EEXFEEX A WARTE BrERGSROTEREMCERNMIRMKARR. ¥4
HOEFE— N SH AR, A Prid}Rm. BMER—NERFEEE:

FE—FAOME, FTRHRECEHOIEERLSRIOMEZ .

Pk, 7E 3.13B HIBIT . Prid}=4/16, K3t A & 4 DEALR (FTREM G LR
&), GAEARGRIOMERZ /160 —DF/FT A SAEMIEARLE R, XML, HER
0; BRHATREGHAMEARLR, EXFHLT, HHRA 1.

fER 3.13B 1, 5 XEHAF A BB 2 AMIFEAG R E ST B —AFF, Bidh 4’ . %F
BERE 4 PRTAEERLER, i, #52, CEEAERMAR ww KER, SEEMT
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TS RECHEEFTERER. T4 4D A, S 49, 483E 4 AR K K
Fon. [ARE, A FIMERE TR A’ FIEALREEME, Frel, EHERT, Pr{4’}=12/16.

Bt AT A A . 2R 3.13C iR B MFM. 34 B & CAZRERh gg BT
HAALEA, AT L Rl PR SR TE B B B BfE 4 NEALRE, Frolx
Pr{B}=4/16. [AFf, H—MHFEH B, E@XIAEEE B PHIFEEEALGER, SLG—FHR
FKsE X B, BIFKEM N GG 8 Gg WFTE R 7€ B FA 12 PIEALE R, FrLl Pr{B’}=12/16.

FXRFERE 3.13B 18 3.13C, HEEBFTT AP, REBETF B, HFEHLEHEALL
P A . R A R B (9FE4E (union) . RATEIE 4 1 B IFELRR KN 4+B, {HEE
WEZMEHE BT, TREKNEEH AUB MFSRERE, HARKS UE “cup” &F. 4
A+B O T AEARLER, R D ww B gg 2 —, BHEIE, FTLA Pr{4+B}=7/16.

HF A M B oA S —AEE RN A4 fl B ()3 £ (intersection) , ‘©H 4 1 B #
A AL RA . B 3.13D Finbih—l, k4 1 B IS EEHCHE. RITEIE 4 A
B AR N AB, BEMBRERIBF, LKEMRRRBANB, WAKFS N “cap” Fo

= BAFEMBER

EWMFT A RFEH—FE, FHHE 4B IMEETEE T AR BEINEZTHIFTAEELLSER
FIMERZ T [FIFE, FAZHE AB MMESTHAET A P XEET B PREAERENMEZ
. —fHh, 4 F1BRHENBEARXN

Pr{A+B}=Pr{4}+Pr{B}-Pr{4B} (1)

182 Pr{AB} MR, B 3.13D s T . B EREEE ww gg BERE T A P XAETF B
i, 24 EARL ROMEEN L B MIEEAL RAIMERR, EEE ww ge HEPIRIEAN, A TKRIES
SRSy, UM EE IR IEAR L R . FOIRHE T IR AL RIELFE 2 4 F1 B
FRERFERIZEALE R, PrLLVEf IR 4 F1 B IAC5E. Bk, Pr{i4B} A (1) P .

X (D) H, —PNEERFEIR 4 fl B AESHNE, BIEA18A LR FEEAR LS R RE.
ST, A F B # A ERF (mutually exclusive) (S AMAZH) F44, Frid Pr{4B}=0. [T,
% 4 M B HFRE, ()R

Pr{4+B}=Pr{4}+Pr{B} (2)

B FR %N B FFHAR % ZE 2 (addition
rule) . 24— NHARAER, HEBR T 5 —FHHRIRE,
XA FH A B R By, BRFHEMF
R HAHER, B REAL R RN A7 TX
WAFEAS . B 3.4 Fiaa el -FI M T ww
GgxWw Gg 238 L5, MEALBRA X AER & L FH 1 4*
FIZHEME B*, EAE A B ESIR, HEAES.
A A O E R EARRB Mg EdEs e, - —
TISfE B*ATLLRE X “ SRR G o (H AR 45 3.4 F A BFPOXRERE L EATERHERR
W X2 E, A BYER, EfAR Qs [ RETERASGHERL. 4R SRR
Hi Pr{A*+B*}=Pr{A*}+Pr{B*}=6/16. L L

 BHTEBER

XE B E 3.13D IS 4 M B, HEAE AB MR, ZHMFA S A | XAE B B
FTEEALER, EENEE—MERE, B wwgg. Kk, 4B IMEE Pr{4B}=1/16. XE%H

e % gl |
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4 #3837 (independent) FE{FIRFERIE UL, “MoL” WEEE, CmEft 4 2BRE, 5914 B
RELSRERET R M FAILRR AR NRERE: B55FARBE KBS IE L
78 3.13D 1961 TR, B4 E S Prid}=4/16 H. Pr{B}=4/16, FiLL, #EMIEH F, Pr{dB}=
4/16x4/16=16/256=1/16. 7Ei%BI+, FHF AR B HH T —NEER—MRIRE: YHGFEAMB A
ML HAER, BN ERE TS T

Pr{4B}=Pr{A4}Pr{B} (3)
(A) A IFR1Z A AR R A ZE 12 (mul-

S tiplication rule) . “HRSIEHAE” FI “HhSr AL
ERANMAREREFEARITE, KA, ML
BEE, CEFEANERW, w) FELFEER
FH, 5(G, g SOAEExHEERREA5E
BT IFEE: WML LBk
= “HHEAE”. EELH, P FH4HF
(independent events) ” F1 “Zt37 73 (independent
assortment) ” ##5 “independent” —is], KI5
ForX—IL[F SN E R A TIRRE] . %R
B 3.15A 7R, B ol o v
JE IR o — B L, FHRALEE— IR A=A (3%
SRiEAR. LM EACRANL, A, AR S
AR R Y I 1 R S5 AR R B M e 5
SO LR AL, SIXF R R -
EENALFTEF, EZSRE—EREUKRY
B 315 fElfeFh, MutEPMERRIE (AR 1 fLE] <7, HEXRRE, B4 40k
R B A A SN FE IS, UK (B) oA B EE, F—IREG IR B, (BIXFhE:
ShG ORI BEASHEELA SR, A BESChRAR S, MR
B, NERFKEFIXAETN, Aad B EnfetAlm, AZZaiE g mrEa s, REgit
SEORIE, PRGN ZE, MG RRT, (XA RHE AT 5 S A #2F4.
BARU, 56 5 METFRIFES, LA 5 A BEMEEE T IEh 5 MR, 7411
FLERIPERIEEE], Ak, XPFp R ELBERASE W

3.5 ANRRWET

FERNNRFEMFFFRAE RS, BB EANEYD, (EER RS i A E E
Kiwes. REmt, EEEAERGRRNMENRE, 2 BRI Bi5 WK, Br—RERR
PEMMARRERSZERER, FRO5RE (pedigree) . AT RIESHTIIEARS .

= BHBRERRMERENS S

3.16 UM TEabI NRRIEHPRAERT 5 08 o BIBARR ik, JyHEACRR 55 o (o SRk
MRF—G - ——HZEE) « M EAFRERBMAN, ARARPIRA SRR, 3T RS
P, AR A SRR R G W . KEMBHEZ M NBE, H— &K PLERMA
HFF S REIR, SACPL T EEEERS —FKFL, B RKPRERMNTNERIFTS . H
R[A BT 2 ([RIH#E, sibship) , #5724 [EIAE (sibling 5K sib) , & HARATT) H 42 0F 22 B4 Fow .




W3 ALiEEE: S EMEE -85

317 B — N FE
{ifi %5 (Huntington disease)
IR, 2005 A B
I RGP BFERA
TR AN TTE. H
DO RONIELL AL,
FEAE— AR, B AR
KRG ES T LRGN
LN T-1F5 N1 -2 4G,
%H N BT E W, X —
FpREAT P22 AR 1, 38 % h
SERSHE, FBO™E 5 AR
KEPERIE, SRIGFET. 51k
I 9 I B S 2
HD RFENW.. RiGpif &
B ARG ILERY HD hd,
T Al 8 3 A Al 1) I O Sk
BI% hd hd . TEIRZ KR,
%I R SE A B L 8RR HHR Iy h L, S (R R b HD hd.
W95k 3 (penetrance) 2 gy 1) ) gz, R SEOR BT BELEARIE A,

WERGRRERREN ) mmmortedor MBI, 0602 R2REE.
H, KB AR AR &

HIELB], sE4dh BARRRE RAERIEE KN, 100%RRHER . 2R3 22821
A S S 5 R B B A% A LA R AR A

L BB mT etk AR ] o

2. BREAIIRCEL — R EF RFEREFREZS) » BRCE P RESRESGE R B 1A fE
PEAHIA .

3. VIS, XoRZ — BRI, [
AR .

3.18 78— A2l B S A 3 TR P B
PRI R . ZAEIR N FALH (albinism) ,
B B BRAMIRESILE D G RRZ . &%
A R 58 A B R MR B AR A
PR B A A LA R fee i

L BB B mT REEAR ) o

i anl i i L i gy £ e o=
8 3.8 AR, BHERIERE (RUUETE) e kR

BRI DM R 137 (M Yy — e % 3. ZRERHHRORAIEI o
) 2 (Al IS AL 4. BEPACEETERER.

5. ERHFMT, BIRIIELBIZIN 25%.

X TR Rt alie B AOMC AR IE A A A R o R AL A, TRIRFT I F LA
i, AR FRAERECILRN K2 EIEEE (carrier) LLAIS BEHEENAZ, FH-PAR
BE) A RARTEAIERIPE DUl REdE, LU RIM/NE IIEER. BHifT, Z4alAraERem Ry
KEFEHE LM G & TG T), B, BNTLH 14 MHL2 8. fakatbsitmn s




< 86« Itk JEDUREERA 4T

— ANEER AR, BERINCEEE A RS KR AN (I3, consanguineous) . M5 (A4S, H
R ERE TR, W 3.18 FPi— R REEICAEE . M2 (R SR TR S AL R 40
SAREE, FS— SRR, Bl EE R AR kAl G, e
TG R MBCEB LT R A, BAEWAE. HERE, MASMERKETE, TRafir
SR HEA. n FARE AP A B ELASHC (0, — R RSRIEND) , XA
HISER BRI 1/4 MAERAR At A . 1352 18] A AS C BT R4S L (inbreeding) , HoJa R AES 17 &
R ATIE. BB E AR ERGE A AT, BT UAAE R b w4 S 28 He i 20
25%, {BHAY]AEBGR T e s R AMARE TS E . W] VA 9B S5 40 1

* REPBALBETERHF “H”

FE F R Z AT, ANJSBAEFWI ARV 2 L PrfRfT. BR T ABO KA 2
MR UGS, EANFRI H ] B SRt M RIR D . HENTH RS HEBRERAR, X
G T — LR PR -

o KR H T 8 SRR B R R TN, froh R gefE D> B R H S B LR A

o U SBEM/R BRI IR Bk, B LAEZS & 26 B i 5 A I LU 3 A7 7E

o BANALKEERFREEALLED, Fr LAE B4R R — B LA E 5 5 .

o AL FRATRETTRRIAT . [BIAZBRILAL: i S 50 VAR o

KB ERZHIF, SIS TFEAAEL BRSO T ARBLETR. B, 5 2%
B, R TE AR I T AR AR IR 2 51 (SNP) A% DI (CNV) » RIS
R Eth, URDBSERAX, HHE, BMERIBLIEREEXREFrIZEE, S
55 At R B F—— B AR AR R IR S —— M EAE . R K24 SNP HI CNV H A AF
RN, (B FIHANAEAY 2 S AR A o] B A0 R AR, X A A SRR A% 22 X H R

NH, EATHHAT R RABEAF S0 J5

c=s (BRERTH TR, HESRILT L S A /R R .

Q N 4 —/ 575 Jy S HAR (phenylthiocarbamide, PTC) [ —Fi ik 2211 (1522 vk
“H e A K. PTC M4 F 45t 22 AT .

PTC /2 20 tHh42 30 SEACE M —A Tk 22 KBS 1 —FP N TAL2E M.
— K, b O HEE 2RI PTC BRSSPy, RIL T ZERZ M. PTC ¥ RXX AL 5K
ZLEW, EASERER—IFRHERFEHLE, WWE7EM BB .. B TEE, XIS
MRSE R GF K2 PTC MIBEST, FFHER— B2 K, FFHHAXFER . AA, KRMFTEKY,
PTC 22K RE F7 2 —Fh LA B o f /R 1 5 st PR . ZERRINAEE S, 29 70%H9 N A& 2R3
(taster) , 30%I N ZKE (nontaster) , {ELIX L Lb ] 7F FoAD R ZE IR K . 7ZEAEMN R EIE 3 A
W, SRR ISR LR 90%, TR L& T, 2R RA KL 50%.

SR1MT, PTC ZEWREE IR AT ER M. BeBUsi) =R seid = H RS 0.00lmmol/L, i
BABURPIRE, WREET] 10mmol/L EAHEK. BN “EmE” B “RE”, T
— AR PR, W EAE 0.2mmol/L PTC HIIRE .. Z2RE MK E 2 (Al 7E 20k i 1) LK%
AR, BhT EE2kE 251 (major taster polymorphism) FTE, (H A —H 2 55 by HoAh
R PR KT REM AR R R BT B, A T AR R R 45 B2, 24 S%IMA A 2wk E o o0 B “ ik
B, MZED 5%MAEWE BRI “20mE 7,

AECH, ZWREF 2R FHAE, & H—FR A hTAS2R38 KBRS /A8 1438 il 1
HERAE IS IR, 85 WEIWEHFR A PAV AV, A 19R5 08 B A 2 3 NEER (F
3ENALE F) . 7E PAV EEETH, X 3 APMREMEREREMEAR (P) . WAER (A) AR R
V), 7 AVI EEH, X3 MiE ERNERK (A) . SEER (V) FFRE R (D . PAV 2T



BIE  fdifEY. HEMEE -87-

PTC Z5RAE S8 HY .

A8, FREHEE PTC ZwREE N ZEHMNFERA N AE L. PTC 2R —MELKRES
BB TALE S, M ASHEAESLERENNZEER? BENE, FT7 —FLE: PICH
2R SR SERARE 2R AL MR E R R — KRR AEA R MM S 7, 22 (B —
e N KK D) & A S8, A& BAR AT BER A/ A0 A5 £ 1 B B A4k 2 B A - B
BRI  ZE = AERARE A Y, F — Mg R ET R4 TriE Aift (George H. W. Bush)
PET k. 1989 EAMAE RSB T 2T, MhAEH: “BRAERAZEE. ©F, B
ERNEREHE, RGIEFILRY, THRNERE—EAERE. &F, REREEXELS,
BASEZI A7 SRV 10MAEE AT T dBR PN S B At 78 278 151
&, B ZIEREIEZ G 17 4, FHPIRIER, EmE AVI B S EE L4 &
I, #4 hTAS2R38 BRGESZ4k PAV BI N, WISER MBI EERPEERL . ZRERL
R, BRGEPIRHE, A% b, RKKSEFMBRARE .

= AERIEPSFHRIC

i T #4F DNA :
AR RS L Ads | Ads
PHIST DNA, AKR §
i {1 3 AR £ 2 B ' AéAAéG Aéu‘és"és Aél Ar1j_'-'44
7%, FEZEFH DNA L R
A& st febrid, 1
AR REREFT mmapNa
HERRERFRE. R TROLE
fIHES 2 Ehitigid
Z 5 DNA 28, L
KA IFHF T AT
Jiik. B 3.9 A
DNA Z5MHAE— N =N Rl 20 B 17 IXFp 2 M2 B E R P51 2 44 (simple sequence
repeat polymorphism, SSRP), 1, BANFAEEE KPR, BRTHAEREBIKES DNA 7
HIEE . KAZERZEH PCR ¥ #zX Brz Ja, it iykidlZle . SSRP AE A IFEZILEM
RIS, I BRI NRAEH, AW IARINEMRERE. EE 3.19 f6FH, 53R
AW, FrANETFREERET.
Bl 3.19 W 6 PR IER, DL A, ~ds Tor. FERHR b, &M HI4 S 5507 5 1 T FRARxt

N B8 MMARREPIN A EEER B2 (A IUSFC: AsdexArds. FRIATERMI B HINE, EFRPH 4
PRI REMIE R Y (Aad v Asds Aed) T Aeds) 3 TEIXEEEER R, — S0 FAR/NRETH, SR
A1Ags AsAgs A1As B Asdg. FRUABENLSZRG, XEFAIEER BAMFERATRENE, X0 LU Z IS
HIPEJERs 77 KRR . & 3.19 $68A T 3 BRI R EA B AT AR RIESITH— L F 2R A

1. AR R AT DL a4 36 R X 4 5F

2. AP NRZER, FTLl, FRIBRATREXT2BEMERER.

3. B BEHBERRC LI 4 AR AR,

il T Mot T =

AiAz

-

AAs

DO A WN =
DAL WN =

3.19 AR, /5 SSRP SR AR E . ERIETH 6 FEEAEHE (U4,~4,) ,
{EARATT— A R BER —Fh (AR 44 sl i (nR24&) ZAr3EE

" u
i
L



88+ M JERERIALMT

. R

HENERENH, HESHFZXFENFR: SMEANGR, SRtk ARG
— s FE R R B R A A REPEI A T, X A — AN T

ERE1 7EE 320 R, LA 1 -1 RRBEEMAEE.
M AFREFBIR RIS mm TR A B3 () 5%T %
Mm 1] 50%. M S0 EER SRR DNA 44 (FEE T
bt R4 AR . BN T -2 ASHZIER I HERARRIAE A 1K) mm,
Wb, WA MER  m SAFERESEVNG DNA 44 GEIREEBIIAAE) M. b
HFE SRR DNA &M 4L TT-1 8. 11-1 B Mm EFEREBRE /D2
Ko M SHIERUOHEGRMOIRR i, FRARS, IR, WSHRN B RGE
;ﬁgﬁ; ;"‘%ﬁﬁiﬁzﬁjﬁ (natural frequency) [, EIHIK IR IL i 42 A\
R, DLl SOV SRR, AR, WA E A, %

. AT, AEA 200 4NE 3.20 AR RS, LA T-1
5, M EA Mm SEERORER .

BfH Mm ZERNE, BAN1-2 BH mm EFE, FERHET -1+

e &R B, e 100 MR 4o )L 11-1 £ B Mm 3EEA, Hd 50 /4 (50%) Rk &
ILE B £ 100 MRS, Tt L)LEA mm BERE, HApE 54 (5%) Riki i) Lo
e DAIZLILI-1 EBWBIEE, Wb B Mm 3 HER BRI 50/(50+5)=10/11=0.91. iX
— R KT ARYE AR S BT 1/2=0.50, X—ZE R, FECmLLBR, T
i B A Mm BEF B ] Gtk KN oKW .




B3 E L. HEKEE <89

1% 2 i) S48 ) —FPFR A 2 F %% (conditional probability) FOHEEE, Z01% 18 B AN LE I 44
XA ] A A, (B AN .

SRR 2 FEREEE 320 h M 5EAE. WAE— N AEEEE, FEEE Mm IS 1% HE), 4
& MM AMEERERZD>, DSOTAZBEAT. CANZEBHAT R — B, 1ZEEEE Mm ZEETM
HRL/D? W IRRRIXANN, St CAHELER, EOHX & AER T, B EH IR
RUJE Mm FIMER . [FFE, oI ARSIk FHRE R, BB — N, SeAZIHAR 2000 A, 7EX
e A, 20 A (B 1%) B Mm ZERAL, 41 10 A (B 50%) 2595, 4T 1980 AEA mm HEK
A, o9 N (Bl 5%) 8. EERIAF, FEEREN Mm B8R Z 10/(10+99)=10/109=0.092.
R, R Mm BRI BRI AT REME ORI N, (B4 KRB EUBETHRA mm FEFEEL.

ERE 1, BEEA Mm EFERGEERE 091, MR 2 R 0.092, H K4 10 FH=E
5o IXFREF AR ? X2 FE k) EA1E R %355 & (prior information) 1% A ARl ZERE 1,
CENEREERIE R T Mm, Fik, FEMIETLBEAE Mm EEBBEER 0.5 GXFR A LKA
). fERE 2 P, BEAENANBAEHTHEE, ZERBELT, Mn FERBERPHANZ
0.01(1%) « AL, NEFXHNECRMERLLZ AMAR, #REWH 8RR kIR, HEE
IERE SR, N8 3 IE S ARE RIS 3 T4 2 O HE 2

= M HrEE

XA RE R R 0 AR, HTh T S 220 A B R T B K 2 S BT E S« TS
(Thomas Bayes, 1702~1761) . i1 BARRLET GcFalREMEERH — AR B HRME) (Essay
Towards Solving a Problem in the Doctrine of Chances) —3CH, %X RET 1763 4, EMIEEH
o AR SREFL, CmEM B c2R4ERN, M4 4 KAERMFHEEE (conditional
probability) 7] & A : 4 F1 B[R R AFIEE (H] Pr{dB}3&7R) , FRULFMH B 3 (F Pr{B}
RoR), AR Pr{B}AZET 0.

Pr{4B}
Pr{B}

XA, Pri{d|B}y Al FSCFRIEN “ 50 B B A BIREER”. B, fERE 1§, &L 4 hHE4E“H
320 FI1-1 BB9R 7, 2 BAFEH “1-1 MEREH Mm”. S5111-1 ZEREG Mm i, 5H5%
Bfs B WBHIOEESET 050, Fik, Pr{4|B}=0.50. {H2&, HBEREBRE, S51-1
BT, WhEERIRh Mm BIREE, ZMEERIRA Pr{Bl4}, 5 Pr{4|B}A—FE.

HRZ, HOH Prid|B}if (5 hFLFE—i2), TCARRN -7 2 (Bayes theorem)
B2 7K Pr{B|4}:

Pr{4|B} = (4)

Pr{A4| B} Pr{B}
Pr{A4|B}Pr{B} +Pr{4| B'} Pr{B'}

Hep, B 0AE B, WFRA B (th. K (5) ahdEt LA FgiE MR (@) i . X (6) Piksr-FR_E%N B K4
A RN, FLL B BHIRAMBER, ZFRFLeSET 4 M B AR RAREER. B 6) 0
rBER A R B RN, 5R A4 FI B RINR AR, HMWEST 4 RAERBE, Bh, B4k
&, BUERELS B REAS B R . BN RIERAAR 5) 195 FRISEE 18-
Pr{BA} ©
Pr{4}
HRE, BT A8 Bt EIZz 4, (6) 5R @) MR Ee—RE. Bk, BRI e G
5) Bk RAEE R A%, 0 JLFAT DL E B SR 1 52 SUHE S ok .

MRZEAEM S, FERMER VI e B AR RN, g “REASEEM 4

Pr{B| 4} = (5)

Pr{B| A} =




+ 90 « AL SEPURIERIA )

HEHM AL A2 KHFH B? 7 F BRI RS S R e R — ), W
S TEIRIX N NEBEE. T 4 F1 B 1iE#F, BORTEBEZE, 1§ Pri4|B} hERFE .
Pr{B|A} AABAEAOMEZ . anpKs DLy BN 2 EUF B AR B2 T i, %5

BIRE 1 40 Pr{Il-1 A% 11-1 i Mm}=0.50, Pr{Il-1 & 11-1 K mm}=0.50, HAMEI-1 K
ZE 1 Mm. BT, 3% A= “MEI-1 BH”, B= “MEI-1 B Mm ZEEE”. FHE5E -1 JH
HH Mm, WHTHERSE, [1-1 B Mm EFRRFSEEME Pr{B)=1/2, 11-1 & mm FEFEE
OMER Pr{B' }=1/2. BI{E, BRAEGENHH NI B T, O s RRANLG M, 15:

Pr{B| A} = (0.50)(1/2) _50 .
(0.50)(1/2) +(0.05)(1/2) 55

AR IE R Z AT A 1B BARIR RIS S R .

)RR 2 o] EEEN A DU E B R AR . fEME R, R Pr{EAr M R AL AMA
FIZEEI R A Mm}=0.50 F Pr{ 3R MBI | A ME I ZEE LA mm}=0.05 HERER, & 4=
CRAMERIE” A B= “EANMMEBEFRERERE Mm”. ST, CHHARHERER, 7
& Mm BIBEAASIZE Pr{B}=0.01 il mm HIBASIZ Pr{B'}=0.99, XL F{RM T VIt e s
M pr e B & AN 7, ik

Pr{B| A} =

(0.50)(0.01) _10
(0.50)(0.01) + (0.05)(0.90) 109

FRE, X fH BRSREHRNESR, A, FHAERMEEEEN L%,

#& 1 BN AR (S) RIS EE, 1ERTEBL 2o 8 A F R L — AN . Qe
A —FF, 2EHBRMERME, R RRMFINAHKG) .

B)RE 3 HELN 2 P 1% Mm FEEEIANMAFD 99%K) mm F E BRI A 5l i N SHEA
WRMZEAEPEENSHE — A, INMAREBEENMEREZD? NBRTRNAERE, 240
B, FEZEAR 2000 A, 10 NEEEIR Mm AL B, 99 DNEEER K mm AL BIE.
Elitk, BEK SRS 109/2000=0.0545. 5% K (5) B43BE, & 4= “FEADMMENEF”, B=“%
AMEEAFEEE Mm”, W) Pr{4|B}=0.50, Pr{4|B’'}=0.05, Pr{B}=0.01, Pr{B’'}=0.99. FflA:

Pr{A}=Pr{4|B}Pr{B}+Pr{4|B' }Pr{B’ }=(0.50) (0.01)+(0.05) (0.99)=0.0545

R, 0.0545 HASH 0.05 K£ 2>, 0.05 2 EAFEAMERIFER LR mm BHZAME BRI,
X— B EAEREE S 0.05 ik Er, JRERERABATS Mm R EFT & 1 HEIR .

SRR MR GRS, ZHWR 77, BRI R M e B ? TieWF s, &
A BERAER M BRI 7L, T8 SR B ER R NHHr 5, TSk —f
Fik, PR TEA N Z R B

3.6 AsEe Bt B4

X AE AR, AR R BRI BT RENE, B A M2 214 (incomplete
dominance) {15 Ul—— A SR ERR TSR BRI Z F. ResBrER— 0
BB RRT e (Antirrhinum majus) FERIE (B 3.21) . fEEFARTED, Wil —RIIINE¥EK
R, FER— A ERAERR. BSAIEE 1 mE0E AR AR, EHANRNER, il 466
RIVB AR 17 AR ERE . 57— PR § St ToiaTEREE, B o MTEATL A .
fE L 20 a1, BUAKREER R, e At RS MRED, EmmRNsSRERIEEnaa.
BTk, et ARFREEARIAS, S0 @Rt T ERNRE ERER (B 3.21) .. (4 6) <i(A.H

0.092
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) 2238, PEAESEER K I HIPR A aAen
F, MRk, fE—IRER P, FiAAaF BIER
e F A8, Hh, 83 22 Rt 52 ok
e 23 BRILABAENEKE, X5
1:2:1 WELEWE .

= EEUER

7ER 3.19 KA R F, SSRP ARidf
ELRFER 4 ~4e, R EFHMEE (multiple
allele) FFfER ML GBI T . 76 HRBEAH, &
LAFEFEYE N, FHH, wExE—,
RGN FE R B 2 5 F 4 F 7Rkl « e 2L
) DNA &, B MZEHRATUEZ AL T, G
& C, B n MEHRIER, #Hig LW
4 ERA R FAL 3 MEEFRRF
—A. Bk, KERn EE, BRAREHE
MRZ ] BE X H R 3xn. P10, % n=5000,
W 15000 MEAERIEFAL IR (A v— B
AR E e AT AT P RETE) o ZEAT AT B,
KBS R BASENFE. AL
ENFERALAE, REA TG B,
HoAth ) S5 L R 8 22 H B, (H ER B AR B A
B EMPEKIE T ; B AR R A7
7, (EHARMRE, BB R RE T, ; .
7E DNA JF5KF, KB BRB AT K “l‘,;‘ﬁféfr i ,*%
W IEF AR A R EM R, AR ERE P SR S i R T
REFEETLLGA LR “BfAER”, BaeRg  E32 Sa8REAHALEAG, RAESBHE.
LA FEFIFE DNA 82 BN HEHR
H, BEh, BNEREXRMAAKAGERGHRMIEER, HEER LR FZEEE B,
MEANEF R T EVERN. FE2HEERZHURTEMEGFE, BEHZE 1 i,
FERRERIEBE P L% e 400 ZFRBRI RN ERDMEERE . B 3.19 PSR
A ~As W, RE—NMEVBATTUASEEHENSMER, BE—FENAMES4 e nT
RETETT S R A LB R, BAE B AW RS EE A ST —F .

FERLER T, EANEREWEEMEENFEARER, NN R THEREEE4E
THRAR, LLROX LG ARE PP & A RLE B A T S 0 7 50 . AEHAIE IS, FAERITF
R K BSMERBPEYFEYS . B, FEFEEY PR BT NERT RS KBNS
LB, 2B AL = ha] LXF B AT . BIEAEEEZ BTLLREHIE 1688,
ZE N REIEMBET &1 BREATEE S EEENEFFENF N SMERETAHERN, E46
KEWE, REA M. #52, SHEFPOCEFEN—NEMEE KRR, R
BARER. EAERERERTERR, LYESHFEKRPFEN—NERABTSMERE,
R FE—fER EEER, EmsMAREHT B2 . Fik, (EAREHS A E R
SEAEFEND, AR EHEMERNIER, BAR—ERZINFTEIERY. Btk a
=MEMBERR T BRATERK U ATHEMER, HPEHREH5E  BNZE T DNA F5.




« 92« R JFERIRIERIZ AT

REERT LR, REEZNMEHRAL A L AZER, XRS5

= A2 ABO Mm#!

fE—NEENREE RS, THH’J%LLEEIHZIEHT@E%%THE’JJKE%% 3 NEEATIEA

TR IR (L P PR PR
YLE A& ABO Ifil
RIw] Sy — (e b,
ST REDR P AT PR
HZEMNZ T o 4F
fi] —AN N B I 2w Ky
A. B. AB 5 O,
YT 2040 3R [ A7 AE
(EA HC TIVEZ L7/)
HA, A KB JERF
AR ZHE, #xRA
FFERIHT R+, B
ST FER F AN P I
P B R A Rl
B. %Ak P4 A
=0_ OH RN, TN
o/l B 3 B ) RG
B

(B 3.22). F'F1 PP 4%

N-Z B B S A #?Lﬁ N-zmcgﬂm % [ R B L
3.22  ARLTgnffuEim A ABO SR CAE 4 DNEIEBAL
mEHEH, XA

TR, A RERERAF . FF SRR, AN A 28, SRR A
A, AL PPEERRN, L4 B 20, Fe B i FPAANA, R AMBRH
FhE AR OLLANM, 9 AB BUif, SE=FhaAr 3R 10 Gt — P BEEE IR R, AR
, ARk B REWHARFE, Wik, CP4%&%, A SR B ZRHHEAH, R O B,

M A SR RIrh, SRR PR 1P SR R A LR R ELAT PR Al & 3 R R f
ﬁE (FEL 4 | A 1 B iR B REERAFAE) o 5 — 77@, SERLIER 0% PR P AR Rk N

 JREH POREREE A A 28, N A B J4AH PR A B 285, 9 B B,
ABO it 5 2% G2 PO ik PR R MR R T 3% 3.3 1) ﬁu_*iEF‘ a

% 3.3 A ABO mE S 1E=H

EE LI4HRE E ABO I # mig$#F IR, RERBIERRY MMATIA, HEEAE
FEMR (FA) FERIFLIE R4ty Ay 75 mE
P A AR #i B A filO Al AB
e A AR i B AFIO A Fil AB
Vad B B LA B #ll O B fil AB
PP B B LA BHIO B il AB
PP AfiIB AB %l LA, ¥ BABT A, B, ABfIO AB

2P A, B#TE (e Bt A il B 0 A. B, ABflO
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B b B4, FTUA ABO MAIZEE ¥ FREE ., ABO ME REMKEEFAE, KEHAL
M LS A ZHERPUE, BAS B BHKPIAE. Hiik (antibody) 2 H E ARG HIE . XITFRN
Hi/E (antigen) RIS TER R NE AT, ESTURES. Pk —BRRRMr, —Myuk
HEs R — iR . BRPESIRSS, BRESUTERNEXS TRER.

FUARIE AR RN E . REPURRIE, ih—RAXTER, BERED™E
Pi A FIfL B HiARIN, BEF AT XEFARF=4A, WTRERZ RV W LA E R AF7ER
5 A WA B ZHARUBURE R . (B2, —FFR A 521 (tolerance) FIAL I BE 1EAMA = 5t
HASPRBPUE. ZEFRNELART S HAE A 28 B ZHERAT, A Hii B
YUEA E SV . RALERE:

O IR N, i A R B WikpHiid; A MABHA, HlEH B Fidk; B MBI AN, HlEdt A Hidk:

AB IfiL %! ) AR ER AN 3G -

EARFRD ABO L7 (9 AL R R BRAIHTAA, 1038 3.3 H 28 4 £2F7R . ABO Ifi % (ABO blood group)
KR EEMAT, SHEOHMTUR A 58 B MR, SR8~ EANIUAR A, 2FBRHER
N, fiick At E g RE R, fEBERMNT, BT A PriAR A MAYEL AB i Y PIAPAL
MAE RS, FONPIEES A PUR. FIFER, T B Hrikxd B AYak AB M2 ) P Fh 41 40 i AR %ESE .
LIRS, PR MEPIEE, BEZMEFRNGCRE, HTRSET. 75— A EE,
Rt i 5 My & A Pz i L ik, —MoRnl AR, BRI PTG R, ik
B THEHERRAE . MAREIIERIINER 3.3 BEMEFR, R, AB MM, AT UESZ AR
fi, ABO I NI, AB LR AFRA T RESZ 13 (universal recipient) » i3k, O MALHIA,
Al LAAATAT ABO I i A#RIfL, O ifit Y i) AFRA 7 BEH ML= (universal donor) .

= Lfits

EH 1 FEPRE, AT NMEANRRIE PR, AESTEIANEENY. etk
A, R —RRARRP R R E SN, EREAF MR 9:3:3:1 1 F,
Eefl. PRELIEH S8R IE R ZEFEAHEAER, R4 AL (epistasis) o JLrp—Fp B, WL
BiG P EE AR (C, o (P, p) EMFEEXAHEAEH . XERRmEETREELME
BORBTPHIEE, A eE R R EAESHERED—NEFARM BHESMER . Eiifgs L,
TN X TR 10 1) TE 0 g i R 4 B 7 P 2 R 2 55 e

C—P—
Horr, AT E—A “27, AHZIEFR NGO EEE P E—ARIER . Bk, c—8
HERE CcC 1 Ce, FFE, P—BFEREFEE PP Pp. C—P—BENHE 4 FIEEE— F H
HA X R — BF KA.

B 3.23 RAi A BRHREE R CC pp Al cc PP 2 [AII7AL . Fi ARIEHIRE Y BRI E 6, A
EOLEEE C X e HBEME, PX p hBH, FIARBEKEEESEN Co Pp FINERE T, FTUHR
FEO, R, ZEGRERTE, Hh, BYIPIRLOEHNDAERIERREE, SRR
EEEA AR, BRER c MIRTE p XFANEMNERGFETARER S Z )G, 78 F 1R
PRBEF AR ST . HENMERBREMEERBAEARRIERE S, aZanag? a5
PN R R AE— IR TGIE PP R, SE RAFRSLR RIS, F H A% 5
B ¢ MR p & F—FEE SRR RAFEEMEMIER, GZmf? S22 mE
Fi AR R B & 3.23 ARFEREFAER, o Ml p RAREREFEMFER; WR F AR RE R 2R
(B R FFEERHERR) , ¢ A p RFEI—ADEREMEMERE . £ —FER T, BRIFSERE]
M ZFRARENTERNE, W c=c)\ p=cyy XFE—3K F\ BRI LGB ci/cy, I H AR RYEF




© 94+ tAELE: FEDNAERA AT

ST LU BE MR A R, R % R A S AL R R AR R R AR

B 323 BGAGHRETHR EAME. BEARMIERTELER
C 1 P P55 1) WA HE D] o Sl (57 XU R T2 P, AR

HAEAR R 9 %6 17 B,

Bl 20 9:3:3: 1 B AT ARk
A7 RAE R LR . X L m)
R @ 3.24 s, ANELE
iR, F, FIRB AN
9:3:3:1., EF—ATH, AREKIER
BRARAFEKRE. B, E&TF
T F) & 1 B {E (modified ratio) 7,
“3:3:1” MIXJLRRBERX A
FFi, S9:7 M. XEER
3.23 FMEER|KI (C, o) F(P, p) &
HHLE, EEE5AHMEELMES
9:7. & 3.24 FETH A RERIE
EEREI—R, YHRANEEERHRIN
e BN, FH 9 MEREHKXUA

(A

~

QI

(B)

X —iHE 58 1 P s R-
B SEG (1.4 ) BERER K, %50 1H
T RN A e P B o N R T
RARE R R —HEE Rk, S5
3.23 HRE RS, AFRZA
fEF: AR AR N R R R
Wtls, SEARTY A R IR Ik e
SEAR T IS T b 22 R AR T B P 2
—ig, TIZERE 3.23 BT XL 5k
AW, PN A R P Al A R
MRBARIZAT T AR . BAR, H
AMAIE BB T AR 5
o, R e Rt A 1 R A A A,
& 3.23 i F AR BN T %R HE

7EE 3.23 w1, Fy AR UL AR AE B4,
F, RULBHAEE—Fh LAt Bk Fo AR
TR B AE 48 (F 3] Pl 4 L i )5 3k
R, HEE(C, o) F1(P, p)ZEfrHEH
T EBAE. B 3.23 FRIJERE
HEHT F RIGFERBFIRR., KN4
N c—P— EREBFRI, Pl
F, R teplzE 9:7. Lk
R AR ST A B 45 R, B
T IX—#HE: EEM c—pP—
C—pp :ccP— :ccpp HELELL B A
9:3:3:1,

E 7 A 36 R f A AR FH e 1
R, BOEEH —NEHSAEER, W

s 4 4 E (L
923131

3 3 1

16 4 3 B9 P, B A

B 3.24 F, AOHEFRMOBMILE £5—17P,
ARARFRE,

T I R A T ik

122334

10:3:3

ARBIER



H3E B rEAEE .95

TRl . XEEIHE, F—FH MLl SEOX LB ER B ERER,
T F R, X FRAZHEY. AAZERKGIE S, o RESMAEF.

9:7 WAARRMIERE, — T HABBERE SB[ R ER RN, 7T Wizt
i, W 3.23 fims.

12:3:1 7ERANFEREBE LA N BHSMERE, SfEn —RREAREN, F30X
Eefti. wiltn, FEFEA A—FEEER B—F bb BA XA Flin, 7EMEFRFIMRREEFETR
i, —APEFEMNES AN RBRBFNA, F R AETR, 7EF A8 560 4N EH, HEg
BIIAM TR R 418 £, 106 KA136 [, RICMERE 11.6:3.9:1, IEHEIEL 12:3: 1. EREX
Segk R — DR R BaREREAFEBHSFAMER 4, MARREEHTHFER
— B B, B FIRNVAAE aa FEFR AR BB RIEX— B, FROZFMEFEREN aa
bb([1) M1 A4 BB(H2), FRIEFEELN da Bb(FB), WR (4, a) FELFEFEXTHFI(B, b) FALHEKE X}
AT B 4G, AT Py AREIEE BRI BURI R BV R A 9/16 A—B— (BB5%) « 3/16 A—bb (B5%) .
3/16 aa B— (JK5%) « 1/16 aa bb(A5%), Wi 12:3: 1,

13:3  LLESRADS GEEAE CC ) M AR 2R GEE Y cc i) Z [AIMZES Bl B
#HAE AEPE, B, SEE C REARNELTR, BEARNGF, S073EE 1 2PEE
G — A BYEE . XA SFRE FRF AL, FAREE Celi SRR, FHEAHREE 1
FmEER, RMAAGEPE. & RLAP, X c—i XRBMAEGEEPE, FUAAE: B
13 : 3 Ebfi.

9:4:3 FAEFEPIGHESMIERPAE, H T 5 —RERAKFIAN, a7 Wiz, gihn,
T FER R E B— 162 bb, aa FERREBAMFERS, ST 9 :4:3 MHE. WEDRF, “W
kA5 (agouti) ” HIEMH, RNIEFEERERNRS T A —FHAAERBTRSR. RKAERH
VI 4 35, TE aa MR, BERNEG, FoABHRE C, BEMBRNERAZELK
HLF, B ce MR PR (A1) . 7 44 CC(BRE) xaa ce (FIML) BIZ¥EH, FifH 4a Ce,
MARERE. FARHEMEREMACEL, 724 R AR, HBIh 9/16 A— C— (UKL . 3/16 A— ce(FAfk)
3/16 aa C— (PB8) . 1/16 aa cc(FAfk), BI 9 FAK(h 4 Ffk:3 B,

9:6:1 EMEMNFBEMHSCERPIE—MIAEE - EMHRKRE, EXELAS TR
ARl TEFLIEE-FEPORE, AGKEEFREAE R M S FiIANBHSAERE. RN R—ss A
rS— WM EREAKRE, rss B AIAR. B, FAKEER 916 R—S—(4) .
3/16 R —ss GREREE) « 3/16 rr S —(RERE) . 1/16 rrss(FATR), Bl O 405 : 6 ¥RER(R : 1 AIfA.

EEHE

o SRR BTRE TAEMM T . £ P &R R E.

o Rt — A RERT, —ARART.

o AL () DNA FF5URTREANTR], AT A i A MR A 2 AR AR (R 4
o R/ BRI SQUREE e DA 2 BRI D — R T A e R

o EAETAATE OIS BR3P Ok 43 B 2 AN TR 40 e b

o SRR AETEABENA G, PR AR R SRR 0 S8R Ll .
o XFAEFTHER, SERRREEBIA LA, iR iR Y K B DRI LA I R ke

-2l

o AR ER? ERERE (FAF) RS RS, ZEfR TR ?

o fHARBmAEHR? FEPIEE OUE T AP0 25814 R b, %5 HR a2

o WRRENAT A HEVERIMEVERS T ROBERLAS &, X TR R AR R B H Al R 20 B A B 4 & R L R

o HRSPRBSI R ERRA A ZPF SRR T AL A 7 B R 8 BT R
AL R AL R T



<96« ifheE. FERAEEFEA 4T

o WXEATEERIN H A S, EHAERT, 76 R AT WEARR 9:3:3: 1 MRAME?

o MREEIXA)E: “IERAMRRRH F AR, EEBER 1:2:1, BERINEHREMFAH, EE
BED 1:2. 7

o A SHESAERE S B AR RIS EER AR A? B DA NSRS B A
KRG ?

o A A ERARTRGE ? FEBAE 2 Hh T R

o MRFRIXA)IE.  “AEBUESR, FERURAESER El—4AANGEEAMO RA RGN AL E R W T AR E AR
AREG? H ARG o] L 1045 2% S 5 AN AR R R 288 R 75 2 ) — i R P fR 8 AR 2

o P EAIHESB “CWE T A0 F R BMLLE” MREERMA? 2 BANETF 245 F A& ELER
BIF, FHARRESBEUE M A i B A BLAEF

RIS
JEp— S 1 F 0. 14, 12 Bk | IHHERKE, TR MFEANER
g T o BRI ABLRRUREE IR, (R IR AE R
AN DR B BT RE S A AR ? AT RS, U S i 5 B4 5 R B T ik
Rl BIRARBL, B A AR ) 25 X B A ) 2
Ao R OXFhFRME LA AR kR B EE
Adxaa e o LA T K8 A AR L |
AaxAa W MBI, BEREEY — TS .
Ad¥an WAMKERAERERRASOEL
aaxaa IR, XFRZER daxda. REEHIARE
EE A EE B AT RS, | 2@ M 0 10
R IAR R B 5XGEEAR, XFAERE A4%aa. #Aaxdn va 12t 4

SEE2  FHERE R MR KR R R B R AR M 5, H i g VR T
SREFRFET 13013 K ER, BERAAGREERMMNME, LA aaxaa 0 0 !
I .IC' 1/3 RIUN TR . 1 -1 Xt RAERR Mm, Kb, MAREREMIER.

1 2

FZ AR TGN IR I, RAT LB T -2 37 B AL RA SR mm, T1-1 XA AR B,
-1 B Mm BEEB R R LD ?

BER XEFHIMTEEG AN, &4 hFE: T-1 BF Mm ERE, 4B
HF -1 AR, WM 4 K -1 ZMAEG mm HEFR, B -1 BEERE Mm, Fril Prid}=1/2,
H Pr{A'}=1/2. BUAER] LARYFH DUt s 3.«

II

. Pr{B|4}Pr{d}
~ Pr{B|4}Pr{d}+Pr{B|4'}Pr{4'}
ot Pr{BUA}RAMERA Mm ERIUAR BRI, PriBlA’ PRAMERA mm EERERERHOBE. Eh

SRREN 173, FTLA Pr{B|4}=2/3; A mm FFERRMARS BIH, 13 Pr{Bl4’ }=1. LG XEHE &, 53
B R 5 5

Pr{4|B}

Pe{ A8} - @3/2)  _
(2/3)(1/2)+(1)(1/2)

F—FTERT I I e . EAME T -1 B EEEEE Mm, -1 87F&H 3fa6e: (1) Mm BERE,
BEE A 1/2x1/3=1/6; () Mm BAER, HEER 1/2x23=1/3; G)mm BAREMK, HWEH 12. BHEHIl-1 %
B, WHEEREE (D FEThg, BTEL, Banll-1 RERMER T, EH Mn ZER MRS (1/3)/(1/3+1/2)=2/5,
X5 EEER .

S 3 ERNH, BHSMER C hEAPELT, B NHEEBETEEK BRI E 1R i
¥, "D CHIER . ERATS RS cCrHRE, MRRBRYEES cci ERA. HAMRMBREEA, EE
FEARFE . 7E ESRAGAN F 8 240 728 = A 1 Fy A8

(a) A BAKREIEREZD?



B3 st aEKEE .97

(b)) 7E P AR ER8 e, Ce li % /b2

R

(a) —FFLERIH CC IIxce ii LT EFEF BN Ce Ii 1) Fy AR . BIAIX A ASIERL, Fo A1 & AL
UM IC—I— :3C—ii:3ccl— :1cciic RERETY C—ii X AFE, Fh C AREPEHULT,
i 73mE C MfER . XAMER A EEM, B R, #8818 A3 BaREHE.

(b) FEAEEDIE R M E F 2P 28, Fy ARBANEE I 24 & 25T (1/2) x (1/2)=1/4. A g il
HA 13/16 %A E €, EAMT Ce fi BELEIR (1/4)/(13/16)=4/13. 7] LU EoK 1, XA T AR Au3g
HIBE B AR RIX —45 0 SO 13 MR A4 3, Kl 4 AR RS RS .

SE 4 BRI EE Y, R—S — A KRE LD, R—ss B rr S — BRI OB SE IR D, 1T rr ss
FEEA R A A, XA IEEIRELN A LA, RR ss Fl rr SS FER A 7 A1 5428, 1E Fy A8

(a) 4ot : e fafRBLE R D ?

(b) L) Fo 580, Rr Ss HHIHLEIRZ /42

X

(a) —FFUAIIZAE RR ssxrr SS AFEA3LEE K Rr Ss 19 F 4835, F B MEEBME N9 R—S— :3
R—ss:3rrS— 1 rrsse RAREFERY R —S— W& WA ta, v HAb i hIEa o (F ey brta, Lo,
POl 6:1) o PEANFERE X FAR EAE A ChAEtE) . S809 2060 : 7 SR it R AL A .

(b)4/9. FEFAIS Rr Ss R HILGE],  BIARLERT P AN IERIAR A4 A I8 BT S B LR B, 25T 12x1/2=1/4. A
T A 916 [FAERA G, BTULEHS Rr Ss LI (1/2x1/2) 1(9/16)=4/9.. ta] LIS Hok& 1, 76K 724
PR IR RN ER: B H 9 M a B NERR, Hrhf 4 Fxt TR EESIRE .

SHEEA

3.1 {E Aa Bb Cc DdxAa Bb Cc Dd 247, Fif ZERMEAT B 46, Tiird 4 MERBARENE
LIS R TP 2

32 RAREERE 4 A A F0 AL VUANENIERE . 7E 4,4, TN A4, 17838, BANERAMEH] 4,
FhAF 3 A; sHHE BRI REL 2 D2

33 BRBEBEMLZOBEHER, WREENREZLLET P LE, T IMETEBENMELEZD? I
BIEXMNKRFOCEFTHANLE, T IETFREBENMELZSD? BREMRBMARILH?

3.4 Aa BB Ccdd Ee il Aa Bb cc DD Ee 3R 7 [A]3HT 2428, e fRIEERIRL AT g5 2 /b Fh?

3.5 ZEEAY A4 Bb Ce DD Ee [AMABHTIIAS . MK SLILR AT A 4, it 2 il a4
A Aa Bb Cc Dd Ee JE[F 2

3.6 AR T4 A BT R, 5 B AR T 4k & B TR AAE . s 3 E
M Fy FReP BEALEHE R RD T, WSC R BT, kR DNA, ME2E
BRI 0 B B 2% >
3.7 BORAEEFRY AT MM SS ttxmm ss TT = F34fhZezs, H,
MAS BB, (A7 TR ¢ ZIMA BYE, HROGEAATH FAR, JFRIEBE Y
HhalA.
O— I (a) i1 % DAL R 2
L1 -2 (b) FEF B MM SS 1t [FIMEZR % /2

() Fitvt s 2 R 38 4y ali & 1 il e 25 /b 2

3.8 JRAEBTARR AN RIS — AN R
B, Hibrh TIRRERE GHENERET )
oy FRE F—ASRFLP i 5, HE5ERNARE
AL PAH FERRE 0 EB) o AMETT-1 B

(a) bt 111 BT 4 T2 0

(b) bt I1-2 AT g 9> TR,

3.9 THMRERRNZRIERM 28 ES
A ? fEMREIEER L, BExtERELLAS




- 98 « bR FEEAEEFERA ST

— el b B, HE T AMETT RS R R A4 2
310 SRR AR LB, 1 B S R
757;_%3 HD Pe5e, Si—ME 45 S E WM, —T4E B AL B RIR.
() A JF TR B T RGO R % /b 2
O (b) BAHE B FIOB T HD G B MR % b7
301 FHEMBERREEER, FANERS LR (iR Pl
1 P2) ZIAIZRE, TEJ5 At LB B B (45 1L L J P op B 3 1
), XEEEGEN 1~4.
(a) 41 LB X 440 2 01 4R 5 0 T T 0 4385 M S S
(b) B B BT SR B AT [ (201 A, B 9K D 193 7 (2
R EAHIRE R R % /b ?
302 LTI RS b PR R o 6 M R R A L
(o) AR e 5 2 o B R S P P S S P S0 AR
(b) FBITI-1 FNII-2 R AL AR E?
() FEHE M2 L ITI-1 FITI-2 2 (R4 F &K R 2
(d) R R B A R A, Rilh [, AR
IR AT RERISE BRI RAE 4 2 (F A 1 @ 435027 S M 20 o 3 )
303 ZERERT, SECE AR GE IR 4 ) H5 A B A i
B bw SR RERURAY , 7 20°CHEFEM SRR, XIS (A
v 6 B, (B 2CHF RS, %5 % 5 kR
b2 y iy b xbw SRR, Hoh, +BRR by BRI, R
20CEFAATIFAR, FRR RIS LT IR SRR R D7 75 22°CHRIFENR?
304 RiBONTRY, K EATELEA A4 BB 5 A4 Bb HER, BRI CRERANR . Bk @ b
B, UEATE A b RTIMERZ DT HFAFE 4 BT MWL E?
305 BRI b — 5 R R AR B R, MRS

—

1l

SHEE, AER, ZRETFHABAMEN -] K14 REAKN ! L e
B Pt AR
() EARZEBNVARRBOELT, —RERFERNFHELE 1
BRI HREE RS D2 . L, Jei? 2 %
(0) BB VAR RO R B pR AE Py, — 20 SIS TR F T B S A 3 1 5
hd B R R % b2
3.16  HEFRHR KRR, X T BHEAME 100%AEH, Extg NV 85 ér7£

REAME AT 0 2% BPATESS R . WREEANBED, BEATS
BRI EEEI R 0.002, BEHLIEFRHAAF P HA L0 45 R SRR 22
o— A 3.17 b R KB R ERICE R E (T REARAE
AR K RFLP), EARAREMREREMA? FlliX SRR S

572;5515 MBI b2

3.18 — M HARBEMFRBHELERR, 58946
TFHIAE MR, WH F, RERIRERT, BEELIER, BE
—ild, HTHE %5 ROREARER . TUtERP %R Frt
BlRZ D7 (REFAENERBLET HHER)

319 &AW Cp cp XGRILH —FFFR A HE Y (creeper) A9
¥, JEBR BRI E L IE Y (cp cp) 5. B Cp SE07FE K 4l & Bk .
— NPT 43 B B DR AN S B R, vk R B 3 (——) 553 Gww) » TR DNSEDRIE8 2 244 10 LIS A T,
FEAFE G, &I AR AR 2 1K e R0 ) S B AR AR e %5/ 2

320 FEARAM Fy AR H XA TP AW R 9 0 7(MARZ 9:3:3:1), Fit F, R LB 3
fHaZRBI LA ?

321 {ERME daxda P, BEELH A aa FRESERE 95%, ERISAEE ) REH?




BIE B SEREE .99

3.22 —fridicB—Fl BRI E S, HINBERA 50%MHE. Rt —-AET, B TR
R R 2 D7

3.23 Mt B A AR R S R R e, S (Glifa) X s (BEAD) b Bk, SEEKBE S R
YT 4 e, AiEBatE aa INERR . — RAlSEEERMER, 5 RABBREHZR, =T 586
SUNf, ANREIRADY 2 Raifisge, 2 HaiBeE, | JREAiEEm. | B ARG, PIRANERRMA?

324 EHEFRE, FOLEE NXFAEER o kB Y. BT NoxNa 220, RGEHEIERE A BG BHEE
BAE, EAMEATIRE, 74 4 NER, SANLENRE. B BURBMNIXNERALE N SRR
WERED?

325 FHUZ AN A HEVUEIFS I SEZ R A5
YIRS SE . XL A HEEFR A RAPD 2741, RAPD %R
Fifi #L 4 % £ & DNA (randomly amplified polymorphic
DNA) . —/* RAPD LA&MEH h— ML A S8, #i%
frri, B HA SR AEES5IW4E, NsE—
N, MEAMPREERSEIMEE, UAFEAER .
AL A ZE HAME, H DNA 74— &H. bR
INHIEE R B B S PN SEA (X ATY) R B (3P4~ RAPD : i
ZERMME, XA SEFEAPARFE MO . FAFEARE RS (6 5H DNA 771 RAPD %&
WHRMALRMNE) « XPA RAPD ZAM 3 E A AR AL ST MR, AL A2 0 G hdld. bk
NEERARE F RIS RE, DR F, BT T REA T K SRS L] .

P F F2 326 FHBEREERFHEANEA X M Y) IR,

» AKAXT T A H 4 &6 RFLP ¥ b4, A X A
HEEFER 4,4, BB, FLIHEE A, 74— 4kb &35, %
FrEE By F=A—A> 6kb 4t KA Y BAREREE 4,4,
ByBy, SETHEA A4, FEHE— 8kb 4y, Z(rIL[E B, Fr4:
—AN2kb &, $RH F AREIERE, UKk F,ARE
RERIR B R LT L] o

327 BTRERZLER o~/ B R, 53K
PEEE. FBRREIEGR. BT Xk poes
BAE, 2r-E50mmMEYEREdRE, REFE, 8 HE
P, SERGEK. g

3.28  CAIEAM R LR AR B KM L T2 5 2 e .
RSSO EE R A BURXFE — AR, B3 A 4 ik
BB IAE IS 5 R RetE, RAWESAHEE o MIER
B SERE TP P AR R 1 AEFo AR, 44 2 da : aa
MR L R 2 /b2

Prex

b ¢
+ =
O O

(@) _

O O~
O O O QO + (=
& O 1 s

[~ @ & 6 o
O
+

O

BESRERA At IIRA0 DNA Sk —EFARISSRIERE (1), KRR (F), 52— MR
¥ E % & FUBATIRE o X TR S, B TR SR
B S Yh. 7S BRI E 5 5R%E BamH 1§l EcoR T ARSI, 7
HEFORATHING 3 FREREF (A B I ©) BUZSSERA. MM SER
A ) BamH 1 8% EcoR 1 YIE|A7 58 B st e iR .
bl L | RELP HHORSEXFASRIEE, (R M N RI— R
4C 680 0 e SRR, EH, WRUAA B AT R A
BRERD  H05 BITR B (meiotic drive) i Ay 25 PR 7Y o 7954t o B R AR 22 T H T 4R A B (0 e 4
AR EIALY. B, FRAABE DRSO SRR R IR PR T HAR, (B
RS IE B R TNAE . IBH SR (driving allele) b5 — SRR £ 10, 3096 T AR/ BUIE T
100%. i D R— SRR d RIHREAN BB OSRIEE, HEIE DI 208 TRt B DS D




+ 100 « ALY FEPIRIERZA 4T

Ay d BT Hegl i 3/4 < 1/4. {E DdxDd ZZHEH -

(a) DD, Dd F dd FEF R A L R 2 b2

(b) ik D BRI, D—H dd REIAE LG R 2 />?

(c)7E D—%%ith, DD : Dd ftf R % /b2

(d) BRI BN AE—Fr RN R RAE, BIZ @)~ (@) .

PEEERES o AT T 7EE S B B A A IR R B R A 4 (i B KRB ) (B2 sl R 1R . 4
AHRZIL BT RE, Frel, MIERERZAY da MEEEERNHAL, 4 Fla

= ik PR PR . RSP, +SRAUENBHEALWZEHELRRZ, SR M
A4 Aa aa__ HWBHEHASHZEN . RUR: AEEARSHZE P AFENTURN,
A4 B - - BHYHSEHF. fi52, ARCAREASA T EZE CHNITAREA

da o+ s+ FIMBUEN, BHEAASHER.

A R PN RS (42) 36 (P, 1 Py) KL F, i F A2 15T AT
b B RS T 3R AL BEE RS R Py A1 P, (U — MU A (histocompatability)
PR GE0 MRS TR BB R BRALE RN — FUNR, 52 0R M Sk Sk BB RO B o L 0
—FUNRL, MTFEAL, BEBHRVNEERSD?

aa = = +

W L iR fE
“W_Ligif5% 7 (GeNETics) 2 4 YR/ A TE FLIR M b 3 $R I8 A% A5 B AR ok 2 J B 2 (Rl o0 o B0 W JC el o,
WU Al Ay It Al 2 FERIEE BRI 4047 ) (38 /\ B0 B4 F) Jones and Bartlett 23 ] it £ 3f s http://biology.jbpub.com/
book/genetics/8e/
FEZu R, RERE—MEEF IR E ORISR A KRS, RN, Hha
& H IR IE R
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i 45 QuafifrEgeaion it

4.1 Bt g pFsE v

42 HRH

43 T

44 MHRAKBE

4.5  JaAR4Am T A
4.6 BHEEREIPENERK
BEER: g, hgdy
WFE - FEEM, 1913

2 . 5, o o . . o e

AR E W TR ERETT

= RETII IE 2R W B R R AT 27 A AR 22 ) R BRE 5 2 -
= REMFIR X EBUB L 1045 77 30, JFREE X Qe ArEpitti —RARGE KT RS, BT

ENTHIERL .

= DR AR AAT, RERH IO R v S5 AR S R R B R AY E R E AL 5 O
= RERRHEER, FERTUAHRIPES R, HEdRSMER R, R
SRS R SR . RERRTE R B N ZIE AR BOR R R A IR 45 R

N
~

KEIRN

e R IR, —&kBEEE, H—&KAE
SR ARAMA 23 X3 —3td6 K — R4
A, [“Hybrid Medical/Photo Researchers, Inc.]

HRUHME B RGO AR R &R

FEL 0 « FHF - BERIR, 1910
SRR 1) PR Bt A

BXFR: AIBEMFT

Byl « IR « /AR, 1936
TR TECEHER A T5?

____________________________________________

FIBRESRFED
RGP O I TS, DR AR SE IR AR R S A S B R B % R e AL

7
e Do am e e T oo T e e S e



< 102+ IEABY BRI 04T

R EAE, XRARHAEKRKM. FEEFMP O RAFE LI, X — A
LT

1. FEFE o I e AR moxs I

2. — PR EAEEE S8 RVRR A E .

3. EEBFERNSHITAMAS; FEREROASHTEHAS.
IXSESLE] ST 1903 SEERBHRE, AR, X TREARM IR BIA, BN . {HZ,
R SRR, WARBIEAFKI SRR, EATY, BER YR L — HIL
TEIHA A —— 2 LAIE B g% O G (4422 13 (chromosome theory of heredity) S5 UF 4 -

4.1 B A RR e Tk

1831 SE /IR R B4 oz, (BE R 19 thed 60 FAC5H, A FE g i 724 LT 52 FE Bl 5 4
Mz . ZALFN, REZREREF AT MR SmG, X890 i 7Eg L H@
BEEMEAR N, 8ok E KR —— &K (chromosome) [1] 5 HIELLE 19 T4

R LG}, AL E’zﬁ(%‘ﬁ
F 41 RETEMDIOKE (CHEE) REEME 25T KRN R Rk, BIEZ S, B

£ St A £ pepng  AROEEL NP LRI, ﬂf?\li
fa3h) 216 P A 12 2l I S A A R e AR e et 0

B 116 SRS 8 AP0 Ml‘m@ﬂﬂjm%;&éwéﬁ
B 22 FMEAFALR 113, 129 (chromosome complement, 5245 (1) — & 4L,

i 28 = 12 1) I 3 & EERE.

e e il 4 1. SMALERA [somatic cell, SHMATIL,
L 3 o0 24 SRR (germ cell) SUAL T ] 04O
i . . v o e SN, B
£ 5 oo o RTEIROSR S E AR, (B
B 24 K 4 H SR ZFREERRAK( %41
REN 16 A 46 2. TEARANIIRT, Betafh— Bt

B, AN 46 45 Ge i i 23 X 41 pk (B
41) . MHZEE Bl AKBERREKN, 4 46 55
PIEMG AR Gk, 2 23 Xt 7EWE ey a (A 4 2
Wi, TR —fEfk NPT B, ARG A
(diploid) . —fifk BIPIELR, PR HE . BR T — Xl
e fa ik s BB A BB LIS, i
Eﬂjgﬁgﬁ‘g; Wt TR A BUEARR, B B8
o1 DNA S TFHARMIOCRHE AL
MECLFE I B iy ko557 3tk I E R,
AT, BX RE R R 4B R 5L
PR —5k BT, KEREERE T ARARNBIE, (4
EMEVESEAS, — RISk BERh A B IR 4 AL 2 B 5 T3
&K T EAS. IR+ #iUR3E (Michael R. Speicher) 21, ]

3. EXKEE

FErh g5 G r=AE A AR RIS 7, AN MAZALS T R e AR i — R4 — By ik, i
T4 k% Jg BB 454K (haploid) o




HFaEm PeEAfERaAsE 103

TE AN A TSR A0 2 A R £ AR P A7
E ARG E, EEM PR AR AAEH, ¥
WAELE PR 45 RN R O A A% 7y R R . erp—Fk (R 2
53 RIS R EABE AR, 55— (B ik
BOHWE . IR &R R X PR .

42 B 4 4 R
X5 (4, Hyacinthoides) 413 48] #A 40

B 5 H (mitosis) S0 R —Fd 2, EFRB  j (%) . [Z: °Pr. G. Gimenez-Martin/
AT ARG 2 5B G0 H — EgeARH AR A —/> —f% %% Photo Researchers, Inc.; £7: ©Selectphoto/
kgl 40308 H FEPEERRR S % (cytokinesis) , 7Elt  Dreamstime.com, |
R, e SRR TAR. EREEYT. §

2 5 R RS AR R — B

1. R4 MUk 2T aE g, SREEARCEURHIERNEMAE. (BREAARNE
il 5 H AL 1) DNA (152 il R 42)

2. AR EARYN 7] 73 TF BAH B3 25 O AH [ A P ¥

3. A EJE R R AR A R BT S, i
Ao B S TETE B B AN T 4l A
0/ (oA FERBATH L RNMM T, /0% BBt T
ARG ta g, B4 YL 6044 th 40 25 A WL 1 40
KL A B, 40 M i aX — B B, #R k(8] 8
(interphase) . #E&AT 43N, Ffafhdi() DNA
TEME S hFR A S BRI Ik R il (B 4.2) , S Fon
; DNA (¥4 % (synthesis) « DNA % fill ff i 4 €4 (A fr)
Mm‘:*g‘fff) 8ifil. SHZATMZ ERINE, 358K G 3 G,
- =k ‘ , . W, LA DNA & F AR ZERE A
s I ISR ol cyele, UMM A D) (A, ELERNMAOI
3T, DARBESE IR 403 M . A,
XEEHAEMNT R G—=S—~G—~M, WIE 4.2 fi7n. EZEAF, M TS T 40 M5 538 (iR
1%, cytokinesis) , JERABUARZMHANE S, & —DTFHMREZ. — 580040 i RE BT 75 1
IR, IR AY 7, KEHEFEZEY MM 18~24h. 408 8P AR i HA AR FF
“emfiE), tWEMRARARNA BEEER . FLoREERBENN, 7 0.5~2h.

90 P S — NS RE SRS I R, HARSINLHIZERT A B P AR . XL
WS 15 BERIEMAHS. N G BN S AN G, A M BRI, MARES
(checkpoint) , I ARRIERBEERE LT, BNITEHSHIER (B 4.2). Fl, £ G/S &
L, BT DNA BB H], B4 BRT— KA L9 R LG BRET 2 K E] (TF— L8R 1)
HMrt), EAHMLTUEE] B HI KD FEHABRE AR T) . FFEE, Zik M BIFH, G/M
K R SR 58 DNA RHEIFITH DNA St K .

43 im ALY RPREEITHRNERRES. BLIRBESR 4 PN BTH
(prophase) . # i (metaphase) . /A (anaphase) F15KHA (telophase) . XA B4 1 FA4%4E

1. BIER RS, REAHHRIMALIR, FAXZEHMEREABL Mk, R
THE—NEJUAH B RERE/ME %=, nucleoli) #F, #MW 2 IREUERCR . ATRIRIFFLE, LAY
AR, T RE A0 A S R LRI AR 2 A bR . et k4R B PR b k45 2% 19 (condensin)

S (DNAS M)

Gy/S _
REE

G il (DNA
A AW




< 104« ARSE: SENABERA AT

Bk B E AW, X — Y, 4 R ArE T L T,
A 5 46 A 1E AR IR S e 8 B 4K (chromatid) [ 17 3L 41 7% .
LY ARLEYN I b PR, %R AE AT VR A S B .
A e 0 B RTINS BIFh— AUt P B . R e
£ AR Be Ak RN B 26 (centromere) 11— MR X I 45 &
. AT, Bk T S AR ST A S AL (5 7
=), AR, Bk, R (L BT ) SRR

2. RE EFHITIRE, B2 2R R (mitotic spindle) /&
Foo GTREKIEHER AN KO BRIR A K R DR 22, 74 22 B phy
B T TR L . 4 % LA B 1 R R % /b 1 Ff RNA
B A ST B T R 2 o TR P, B
B (pole) , AL A4, Fis T Htvk (centrosome) (I & .
LM B B L T, S B I FE A TR UA TR A o 0T e
A bR S BT, R A TR, 462 LA TAC O AT
BB P (A28 15 Beh, A AN G X 57D

Gy 3 R COM RO A R B MR b f e
@PURES B FHIA PO A2 I OB . O Yot e BB . X2
By, & —Fa AR Z AR 5 18 € (exploration and -~
stabilization) [ T Bty AE W22 S 4 JEL B0 S 9. R B TR RN, Bimogy PR TETLOP G
R AR N2 A K, (R Kt T LA /8 AR, p Gimenez-Martin/Photo
T3 5 BRS04 SOFD R 2 Bep . Researehers: Tne
S L BN T o e BaT FEh, B S b DABBALE I 1) TR AR A 16 o (i
GRS . BRI H AR T K, B2 BWRIRAIT £ 2 BUIEN k.
ST LA S e R I, Rae kK, 25— A%k FFR Bk (kinetochore) 1)
GEMIBEL, IR SRR . B, BN R S R e R SRR . U
R SRR | e A A LR, SUA R AR o AR 2 A 2K Tt fR T fi T
U S A 5 40 P 2 P B IR B o0 2 [ O

i I BIRAIEY 5, AR A O ARBRS BG40 P S FO R, e AR SR R T B
9/ 4 Y 1 5 e A 5 ) — A A ST T F o A M8 A8 B0 S T B 24 77 B4R (metaphase
plate) . HEFIZERIEMR 12 )5, HRtafbik BIER KEARRA, MRS TSR A e R
FIAM L 2 5,

LR LA BRI S B, T S 0 PACHE B 5 o 30— T8 40 B2 A 2
1AM, R A S TR AR — BB, T e
AR . YT E B0 Sk HERL, %15 S I AR
IS R S B R 56 8 O ARG . B AE SRLH, 4P B
WAE G L AT | FHEA B AR LI, R SRR, 40 Mgkt
e Nidbur

3. BH TEEHIR, e sk ss & BRI E R k.
‘ s R, RRERERR PR IE SRR & B 1K (sister chromatid) 7} %
mﬁﬂﬁ@&;; @@%@%%%moﬁﬂﬁéﬁﬁ%,ﬁ%@%%é%%%%m%
TR OO R, REARIEE), WA T T LR
R et FEWAE, AP R (077 75| et ik, 54N 02 IE7ES)

B A NILE 5 G5 ASEAT I 77 1 BT KBTS, S L S,

A5 F BHT [oPr. G.
Gimenez-Martin/Photo
Researchers, Inc.]
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AR ORI T IR PIRE . FASHM RS FH9AS [oPr. G.

A 1) 39140 M % mh AT AR [R] 0 S 5 A 80 H . Gimenez-Martin/Photo
4. KE AR, BBUETE R T4 R4 Researchers, Inc.]

Rt FEE, ZIER, iEEREK. REELT

R, BEEAHFEIMILKLE. N

P Jp i i FE e A 5 ) — 4 B BT IR VA — 5 A =

PIAS T4 A% 18 18 S Bt S A TR ST AP

- G

B 43 BAAPEREE CEBRASRE/EE) HRMEY, 6L RIBIHRERTY., S0,
R NIRRT A A, KRR, R alk,



« 106 = iR FERASEEA ST

4.4 BER AP RRG ARRAT R . S5 2R
EEEHR, FRGE AR (A) FIEEGE A% E B A RUGE
SRS (B 71 D) . RiERER I, 2 BEREZREAETA.
KHBRP O BRI ESR, RET A BRI,

PR B AR JH IR G 2 Bk (1] 4.4E) .

E 4.4 BA BB O RVR R C AR A HIE R . WML RE, TRt

43 Wk B o

W 5> B (meiosis) & —Fp 7= 4k
REFENREafkP —FREER
BT A MR 40 e o R R 1%l
st 2, FAhEA T8
EE—EARFRIEMER . R
AIEPELE I iz 3. g
AT I FETE 4.4 .

1. ER—RARZE SR G, §
XoF [ 5 % € R 1) P A i 3 v EC A 1) 5
Faih (B 4.4) . BAROANE K
RIS, HEFELRAERENH%
UGk G AL AR . AT, [RIVR S o dhk
Boxd A — AN R U BE 4544«

2. fER— IR Mz R,
[FIVR Gt AR AH B4 B8, B YR gt
1A B P AN 1 53 43 530 B ) &5 B A () P
W (Kl 4.4B) . F5c FARG AR B PI 4%
GEA TR — 35 L 0RL ) Y 0 B A 4 Y
(B 4.4C), BrLA, TR PS40 A%
EEA R A (Gt idRmd
VHEE RBH RV, T AR AR G
o AR H R0 -

3. BRI gl
534, {BAFF(E DNA (I8 %], i,
e 4 4k HE 51 3

IR L JE
W, MRtk
B 7 2 B 5 F

oy, EANH
AT 4l f A%
(K 4.4D) . 7E0L
HoEP, K
Dok R RE N
R4 G
Tz, 54
4R A A K
B 4 5t 7] I8 B




4w ROAAEROARE 2107 -

5k B — 4 [RIVE G A1) Fr B
53k B 5 — & IR R G A
FBORE A Rtk 1E
Kl 4.4 o, TGOS S AT
LA 22 il e AH T 0 B
AL A PR E ) B B
FHIEZ —, B F— i,

Y, WK
A= A5 PR 9 1 B 4 (meio-
cyte) R A A0 b, P BEA
JHd 2 e A % 2H 23 v AT 2%
G BE A A1) 20K BE 4 i
4k (B 4.5) . BREE40 L
TERSCOR A0, TR BF 40 7B
BORE 4l . BARTERT B A 1
AEFE R A, I 2R
I FRARSEAL, (BAERETESIY)

4.5 WRIZHYIRGAETE . n R RAER O T GRS E o TEREME,
WY 4 TR A DIRERIRE T EMEMETD, 4 N EUE 1
K I,

A, WEOYRTAER 4 DA ARA N R A A IR, oMb 3 MRk, 7ES)

Yirh, DB R YNNG TR, TERY, ORI Lk,

T T 2
A A
BMA AT (=
i)

A A B
A B ST A L
G ()

4.6 EK (Zea mays) AETE S . IEUNTE B SEAH Y T R AUARKE, — %K AT
A R (FiF40) THEAR A A AR T LI , T e A A (B 44 AR R AE A B i g,
SRR A KT, FIERTFA/NMIT. 25U EAHSERES 5HE 2T

S 52 .

1. BB
— M A HLF (spore) ,
TFE&— KB EIRE 4
SR, R R T
AL « BEF 14 (gameto-
phyte) i ik 8 £% 4% (9
25T (B 4.6) -

2. RAEARTRA
PR RE T, RE
K H BT & (sporo-
phyte) fEHk, 7 AfEK
W HEER
T, TREHIFHAE
JE o

WE R —A
B ExRmAKS
ZHdE, BEFEHR
REZHE. B 4.7 B
R HARRE T W

HseRid s, HESRE — MBS REFERRARZESH, BREENEH K. PR

VIE S

R 38— U 23 BN 5 — IR B

A R RIIIN SRR E

2 REPL R X —EEIR PR EG, REEARENE R RERF. X

BRRAE FIRUA.
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= FoRBESR: BE

A IFRE— IR 3 RE 3L 1) Rimi# 5 # (reductional division) , B L (44450 H
SR, A 43, RIS — IR RS R 4 N, FRETEA 1 (prophase 1), B
#i 1 (metaphase [). [5Hi | (anaphase I)FIKHA [ (telophase [ ). iXZEifH]—f LA 224y
AN R LR, S5 E 4.7 FIE 4.8, 7RG XX L] 3 KT R S A0 AR .

(D) B (E) WM (F) B+

B 4.8 1 E A Lilium longiflorum) /NET-RENMERTI T &3, (A) 402630 . Je@iRTrasEds, deaiidhm
LAl IR ERAE G ki, (B) 4. HBFEIREGAARMECXT (BRE) GZIR R 2 T #Ra] WL E FeXT RUR B X ) .
(C) FRILH . e, BFENRR AR I 3cHe, (D) HEHHZH . YeRakaiar i int, (B) Wi, it
Xif RIS AT B, WA A— A28 X (BE X, chiasmata) fRFFSS A —i . Bl MAARN Ck
BR) : PGk BIRKRESRRE ., (F) M G —41i, BORRPEEE ), mECXH R IR ok Rt 2ot f2 v
Qe pifficxt. [A. B, C. E Ml F #RMNMNSIE S b /R - FORFENT IS e e b [ 2 . D
o EMAFE - WrFEE (Herbert Stern) B4 . 255842 - H4¢1A (Ruth Stern) Al ]

1. BT8R 1 XK, ERZEEEEYP, FFEER. EEFHLS S5 N 40
LRI, (RERI. L. DURIAMAAR Y], X ifiih T8 WG A m S0 .
TELRZEHA (leptotene, “FIHIE EZ “ANfI4k” ) b, Jetafki kARG al i, K
KL LRFESS M) . FH L S PBE v] CUFE 21 o) B GH ok s 0 B fd . IR G ik T
AR 3, fEIX— I, Bk b PO 2 B SR, AEEANGE ., XA
TR, FR A Ytk (chromomere) , HEHF @t ih E AR A E. K

/NFILE (K 4.8A) .

AL A (zygotene) DL [R] YR 4 o AR AU () BC X —— BEPBES (synapsis) —— Rbras, BESTFUA
T4t s i (zygotene — Al RIS “BCARXSHIZR” ) o BEA FCHT AT B (0 R 0 1) LB BERE )
T AW HERE, RO ERE R4S (B 4.8B F1 F) . K4S HEXS € & 1K (synaptonemal

complex) {Ei, BKEH EHAHE—FEARSH, EHIXNFRROEMALSE ST —
i, B SRS I R R G AR FR D — A Z 404K (bivalent)

FHZEHA (pachytene) (1) 7T ECE A “HINLL . ST sANFZk ) (K1 4.8C FI D),
PR ab . A (B 4.7) . BIRRKHZN, A Aar WA 4k (B454 meont
G aE) sibr FRRA 4 RYERARK K (tetrad) , {HAF S YL (044 95 54




« 110 » i FEGIFIEEEILA 0T

kgt AR — R R B O HEE . e Y, iR
(crossing over) K& TistfkAcHi. 72 4.7 b, AL LA
[ ) G 8 B B AE 2 b F R 7R
X% HA (diplotene) —JF4f, BASH AWM, BESHRE
1AFF4:4 B . Diplotene FURUESE “BOMIEL”, TR AL G € 4 B AR R AL
) () 4.8E) o Bt fr) [R5 S £, 41 it 28 46 BT U AT SUG% % (cross-connection) , 4EHF
EHWTW LR G . B XOEEFRA — R X (chiasma, F 4 chiasmata) ,
FH ARGk Gt sk 2 (R TR BT Al . AN 4.9 R A et ik S B B Bz
A& A2 e [RIYR G o A o Gt B A [B) () ) BEAS HR BT B . 75 IR BB o R
BN A ERG 2L AN, KEEANZMEEHES 3 /PMEEZ M.
AT e —
Beta i ik A B R & T H
(diakinesis) , 1 1% i
xR RS G AR B
XX AR, B A XOE
b ain BERORBRMEESE.
3 T - (Diakinesis [ & /& /2
B 49 XA O AR AR BRIV () BRI B) . % wgygp7. ) [ e g
W AT RE (Oedipina poelzi) {5 AN AUZIH . AT WLEIAN3E L, 22 XAk I X —F e, dufa

RGP e (6 AR A e T BexI R 5, [555] A & 2 7k i35 /K (Franklin W. . ¥ e "y
Stahl) 3 The Mechanics of Inheritance , Prentice-Hall Inc. JAX A (1964) . 2: Pearson ik S dg K R AR
A A MR E

Education Inc. At 554k, ]

ERERELE D —
M SORRFFERE, X—BIFERE —RBB RG] . LT RN, 45 a
FEATFURTE I, AR FLAR -

2. FEA T BA M AT B R ML E, FIHEERER, 1 RYE
Yt AR [R5 22 0048 [7) G BRI B AR (B 4.10A) o5 2200 1 5E [ )R iE T A 4k
R et 1A B 5 2 8 1 W — A%, T BRIR B AL YR A 2 R AR TR I WE— ), SE4
RN . WA 4.1 FiR, P AERER BT AR TR B gk big—
NI R E N, W—FHES X5 A B M a b BT, TR —FHSHFR =4 AbMaB

BT (B 4.11) o BEAXF ARG RBENL AR LR, BrXBFrHER 7 X —— Bk

//\\ % 4 BT —— BN X 4 MR TROEEHI 1 1: 1+ 1, R0 (4,
O FI(B, b) KPS AILEAT B d 2. B,
\l/ FEAERE 3 1 F, JERVEREAERER ERENHEES, BTLL, ZEANRES ik b
il 1 HEEHTEHAE.
3 EHA 1 7EE— R, RIS (A B kA B R R

I 4 e (2 B AL ) AL S0 T8, FF GBI BiARAS 3 () 4.10B) . g IR /K{W

(A) (B) #Huw

R 1 3 15 A2 S5 A7 2 R 4 8 ) 40 M -

FEEM, FRRGEAEYE LR, BEE/RSERNOYFERM.

WiMT, BERER, PREMRG 6 R RE LR R E B E—R, R &\ﬂ/y
- RBREBAL AR BRI R BRI BOK — R RN 2R 4 A B —

B. ZEARE S WP M TELRRESOREEE S, FRHEFEETE

MREAR T F. EEHIF, (CEEKRELRABRSEE. BMAKE LR T, EA4 W%,

B 1



FA4T REOGREROAKRIE .11

(©) BT GREFAM 1
AR

(A) T (B) EH 1

B 4.10 BH A S Lilium longi-
florum) /)N —F-B3 21 ffa vl &5 4 24 5
JEmt ., (AL B)EH
[; (©F#I; DEHT; E)
A FEA T R B FFHATE R4l
JfuBE, Sok-FB 4 MERRLIIIE
o URBHATE - Wi BN, £ |
weL - Wi RO ATER, ] GES o i T
(D) FEMI (E) KM

Ao, 0N

g%
KM 1
4. KEAT 5l
[ 455K, AN
A B — 2% [RIR e 4
| 2 ) A G e AR LA

THHER T (B 4.6) .

ke A e KW SRR
BAZEHEAT SR ANREIRE. fbl. BEWSLEY fi#, JtH, FRERH
RN N T S REETHRE S

Jit, BRAAEAT BRAFHEZ
JG, BRI
RIRH S — XL

411 7P 1 AR R AR R BEHLEES ) S 2O RIS G A EEEE A h
HE(AHB) .

Rk




< 112+ dEAE REDIREERZAL

» BIRBHOR: FH

//7/) 8 YR B8 (IRBIY 28 11 ) A I B %8043 B (equational
/ \ . division) , DINZES KA WAL G, EANAN M o i e A
K(//// //) PRI, fE—sepfhh, R RS ZBET EBENKS [ AR
K /// ' ML (prophase 1) {ESCABYIFICE, LEXT/NRAY BIN L 1
wpn W ST MR, Jeto T RRY 5 B W) . PRIR SN B8 [ MR 2 3
\ //,7/@ ARSI 2 A BT RR AR R G IE, 55— Bt st
4/%) FAERI R AR .
37}%// S E R (O 1D 205, 38— ARG AR, A
0 % b ) G A 220 T i HES £ R #A 1T (metaphase 11) 7444 (1)
rh g (Bl 4.10C) o 7EFREATT (anaphase 11) 77, K@ik 2200 45
BERIEATMRE. SR, HERERARIAAIN, &
T 45 46 e €5 A 1 7 4 S 6 B 1 G BRI B AR AS 3 () 4.10D) o 265
Wi, — BRI, 55 Rt R B 1 OB R 6 1
FKEAII (telophase 11) (& 4.10E) 045 202, 4 D5 AL iz Y
Ptk PRSI, B ARRINA S, Filk, MK -E,
B RRES B L BRI, B, e AEAESR:

I TAES — IR RN P 52 SR e AR AT e, fEMRAE b, —%%
RO R ORAEL SR EBFEARR.

4.4 MERERLE

UE R e AR R 4, 38— AN 1 SEBAE 3 2 76 1 S B 4K (sex chromosome) 1%
#77 ALK PRGN . Ll LA, MRk tEnmEE. AR
i1k geix sl 4L B



4w ROEREROKRE - 13-

= AR REBEORE

TSR BT e th, LR . fETEA AU YR B AT AR, T IX—
A, MR AR ANMEISh . BAE 1891 4F, WAMBE AT CUE, ERLRR M R,
— P B RE A VR EA . XK PR EAPEIRE X £EEK (X chromosome) , ‘EAF1E
FHEMER A g, EREFFRRBART A . SRR M LA P& X Jefafk
ZJa, XEER st WAy E AR T .

15 M P A P 4%
X Bk HAbY N\
Fheh, HEMERR TH—
% X Betafksh, &
H—%ERSLEAR
VLGS fh . IX 4%
AN UL e ) G 8 44 3
Mol Y K (Y
chromosome) , 7E/fE
62 %G SUN L
BE X LAk,
BB 4 [R5 X 38
PR, 38 ANAERB K
JE_EACRT . e A
PEAE G R 4 ik b
HIER, RIEZRZ
Fisf R T A 1) R — e
Bett bl B4
MpEE—% X G
Bk, M—Frsa = R iR e O L
WiE—2 X Bfa fk, a1z eI . VAR ARSI b B e o IR,
HRWE—% Y B
Bk, W X ISR HETH X RS F28R, PR XX AT, HBHERE MY, s Y B8 17328,
BB XY BT, H—MRE RN (B 4.12) . 4552 X PoRiss oot it Mett W R4 5]
X gefafk, mi X REgRASE L,

XX-XY B gt itk v Wi fLshy (B AR) « 2 B ibshy, LAk —ETF
Y. XFER MR D BIE MR (homogametic sex) , K24 H =4 —F A (G L (3
X i) ; TAEHERR A RECIER] (heterogametic sex) , R4 =28 BRI AN [A) 25 0 (R0 1 Y X [ ANAH
Y [9) o MK REPEC T IO A ABENLE, Tk S2REm e A 101, et P A S il X
MY BT,

X Ptk Y RGN g, %R EA15S AR FR A F £ 6 4K (autosome) [
AT DX TR . EIRME G (AR i e MEME SEME R B BV B R BT, RETRA S
BTG EF 2 5 BAE AR A 2R, R Gk B IR . IEandE RIS E B IREE,
X Rafhth SFEFZ DR SN TERMIERE . £ R LD, UIEAK, BT 5fEtn
EAHRAIFER, Y ki i ER D,

SO




< 114+ EfES. BERFIEEERZA 4T

= X EEE

1919 4EEE /R AR Y A BAAE BF A8 HoE AC2F R i 55 SR 25,

FPRALIT AR5 SCHF (A, H. Sturtevant) S — Ik 5k
ik iR Ik, BERIRTE G HER AL, Ml
=L (H. J. Muller) . HfFas SCRFZERTHE H], &}
AR L. A EAH (C. B. Bridges) 5 T {44142,
AT MBI RIS, XEREIXKES
HE—MBEA, BORFRN WA .

Fy ARBEM:FIErEAS S 2
) B AR, BEIRARLERE
2459 HATHRMEME. 1011 B
IR MEMEAD 782 X AR
. B8, AREXERSH
MEEMEKR, FEAA
49 T I SR S A A
o, ARG R
TfEtE. B, X4k B E
AT Q2 x HIRS AT 4L
AR F, fCEME, SHbfi1f
FHR A2 AT 13 AT [RI A I

(A)

3 4.14  FRJE b
; V e FIMEPE R — i e
\v” L. X et
="} BEEIRS, T Y B

v e K 2 B e
A PRI RPN

. AR A,

KH ek Q5
1 3 SYefafk, i
SAFITR) AR5 X 53

/NI Gk (4 S
fafk, FHEfR) &Ll

5y

413 KE(A) H—
B8 B (B) 73 B A= U 2T R A Fn 28 78 7Y (R BR A AT RIS . (s I BUAUH Carolina
Biological Supply Company, ZiFn[ffif, BEH RBAc I A, |

FERIOL TRt dk b i) AEAREESE, >k B 2R
R IR LR 5T, 2R RIHIEIAE X etk b
53 mRRAN, fERE/RAAH, AR
MERAT . BAHREME R A S, ERE
B ERAAFRIHFIRSE R 1910 945, FE/RAR
(Thomas Hunt Morgan) 7E [ HIE 58245 74 SLl ) — 151
BRI, e 5 R — R —MEak . B4R
R PRI IR S 0 A VR 40 € B ZE RO 6 6 3517 e
— AR LLE (B 4.13) & IR AT B2 BT BR B
T, 28 ) SR Yo i (R RN R 20 A BT S50, (ELREZR
HRT T R SEAR ) 42 [R] B R PR P Fp e R R — A
ACH BT [ (AR gmts— P e, At
R R H A i3 = A b b @)

JEEJRAR AR S0 — S R R T4, & B
T &R TSN — DN EFAE R SCIO PPl b X
UM S 5 B A RO R AL, BRI BT
F) RECHLIIR, X R0 SRRSO IE R A Batk. 7E

HUBEREFI— SOV BRI 508 (Drosophila melanogaster)

Je AL A5 21 AR R 1 R B 2 RN P R A, %%
B ARHAMHEE.

REEHIMEREE R, K E E RN B A R v
HIAZHC. BT e 5 RES B A BF AL ARG, {HAT
A S0 AR . X S HRAIR EF AR @ < SR
ST AIERAS, HFhIAT R 15 3B 4= YR
PPAERAENE, BTUA, IERAZBH TARIKISE R,

FERIRE RS, R ARSI RERE X §oth
kb, IERZEHMETHERFERLER. X Rtk L
FER, FRA X ES (X-linked) JE[F . 1F % 1 25
i (Drosophila melanogaster) B 6440 1 & 4.14
Fras: MEPERN XX et k4], MErER XY.
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BEIR RO B A : X RS A B AR w A R BT w SRR —, Y R EAEAER
R f) IR (white) . F X etith b FIRSF AL AL RORACRIEAS X Jetifh, ar LA (o AR A
MEEE B B wY, JEEFAERMEMERREFE SR w'Y. B w SRR, SRS ww
SRR, T A RUMEE D AR A wiw BRAEE I wiw' . ZEEADN T IE R A L nE 4.15 FiR,
BPAERY @ x QIR MIACAC I AAE A, EIIR & xEFAER S AL A HAE B ‘

RAEA ]

B 4.15 SRUBZALC F M F RER G EIRIRE . 2938 A REFARY (L0HR) MEVE S FIRMEVERSCRL. 2458 B 21
HRMERE S LT HRAEVE A ACIE . 76 X Jeafh b, BFAR wi S HE DI 6 BR, 2288 w SRR L B R
Y QAR w R RSO

X EP AL T, S RE IR IR LIRS Fy A Fy AR o WSR3 (K AN [R) (1 R B b
. XEB LR AR BT,

L EPIEP P AR FIRB AR IERAS, EAERYR X SR . HRum aRkd, 2
HRMERE AN R AEPE 2SR, BRI A R ARON IR (B 4.15, 2838 A), i 1 AR ME 4 A0 20 AR Ak 2
AL, FEAELIRMENE A ACR IR MEE AR (B 4.15, 2438 B) .

2. EMEYER RS X OEBI SRR S A — LR A — R TR, B 415
A B [ F U TIX— 5.

3. WAE T A X EBRME SRR, RIUHBMEMR, Bh Y REAREIZER
RIBFARISEAT N . B RYEYEIRIOHEYE, R tES A AL A BTl M AR, (BAMEAAE
i — AV FAC. B 4.15 238 A I Fy AU TIX— 5B, (LR A RMErER N, 3
X Bt AR5 i) — s R B A R AR AL R

4.16 " HI PR RN T HERMBITAE T X SEBBAE 1A . M FUK L X et fhqe it T
o TUMEPEARLE IR A AR S — 2% X etk



< 116 + AR SERFUERLLHT

4.16 FERAPRIHERIPES , ST
MIAEF) X Jefafl, MWHARE Y bk,

= AEX ESURGHRIERR

BA X EB AL 7 A AR — A 7 2 ML AW A (hemophilia A) , X H—/Matk
At 37 K DR e 52 ) — b 7™ B A LS o BB e 1 S LT 7 B — PR A S VIR ¥ gt i 2R 1
R EZG RS ER . Bkl —NEANMARER, HTRE 42 R
F (Queen Victoria of England) (& 4.17) . #hf—A )L 7F) ik 48 (Leopold) S il ACJ, b i1 4>
L)UHEZIER I ST H . FEZREH— NIRRT, WS, WA REEE
MNEZ W PEYET 2%, B8 K R AR 2 1 AL 4k A& AL 50 75 357 52 % (Tsarevich Alexis)
A% . MM EESE T 1Ly 2 J5 (Tsarina Alexandra) —— #4EZ R W PN &z — — itk
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REIZEN. £+ A%, YR 2RI WHRIHAMMK 4 NMEHBARE AR R4 T 1918

ELTE. AR, IAENEEEER2EZRT —NMEFEILTRER, BEXFERE.
REREUT LT OO ory | ‘
: | T I , il
HERMEAE| LT | 4605 W lwmﬁrm ,ﬁ ¥
(1840-1801) (1843-1878) {1846-1923) (1850-1942) (1857-1944) "
i [H ] E HTRAR 5 BMRERAR : /
TG | LRBEE i 5y 24 i 20 g &
(1841-1910) {1844-1900) (1848-1939) (1853-1884) K ™
)
= B 4.17 HEEFEZHT LT
' BTG A RIS
Frip At EE
oLt © o ¢ om | O i, L EANM —
HREREEHLER . >
o agrzree O—T—OREDERERI=M fpuraow vl iERRIE, &
o (5 TR 5 5T B
Yy KRR R, WL

(1926-)

O&uHFE BEMOREE o HAEMET, HHREFR

EH, XOEBB AR JLAME R, A 5 T HAd A8 A A2 38 07 .

FEARRIE

HEY v
93) (1898-1918) ~ (1804-1918)

PRSP ML E e

et WOLE TER RS A 10 T4, 24
WL PR A . R
Culver Pictures Inc.]

L X FAEAT B XSRS N5 R AR TER, R MARMEL P2 Bk, B

%, RBEhHEW X EVRESMERNN L LFERRE,

PTUANRIL H R AR,

2. BHEEBFAEFTRE, LTIER, ZEBERBMK X Qetahbn LR BRE R .
3. SORMBER LY, P11 MEBIAEFIER JLFMERILT . B, 5 BERE—&IL,

Xzt AN — R R
= FECHENE

TEA LAY b, (R RCR e BC PR 2 ok i mﬁmﬁ,ﬁﬁ%XXlW$kmfﬁﬁ@

e WF 5k, HLRfTRMmMAEE,
FOH R X ESREH R AE B Sasife T
(pattern of nonreciprocal inheritance) . A T
3K A A (P ) R E S ) XX-XY
BLAI DT FF R, e [T C 1 ) v B 1P B £ 4
HWKR N 22, FEEMERA WZ. A
b, fERRACHEVER Y, MEYER S
R R WZ, TiHEHERR ZZ,

[ 4.18 B7R38Hh ZEBHL I — R
&7 . A LX) SRR B A R AR
R R AP B, A —FPRR A P RS
(barred) )R . HA A P B 2.3
5, RAEFAESl. AiFh S e somaifpaE
TS [ R IE RSB~ g5 5, R
PO SR LUE R — e h B, H—%
LT Z Jefafk k.

DA A . EMEh XX M XY (IaXFh s,

¥ f\!

M X #ﬁlza e X ;5125
(wz) (z2) (wz)
RS ﬁl P33 PR Q iﬁu FeEs 3
(Wz) (zz) (wz) (zz)

Y ¥

B 4.18 B8 5ARGEARMERPE 5P TERRRE MR
SR ] MEIPIEPIE. ESAT, MR R
il #Ei BAEFIESRAER) Z RO RN,




« 118« k. FEREFIEEEL ST

» AHBREBRIRERRAERE
R AR SR AR (AR X PRI B A R AR, SCRP B Rt e i —— 2
BRI A Y e A — 40 SRR At SE B0 SR T B B4 LIE DR
JEE JRAR A — L 22 A2 R SR 3 A R &40 (Calvin Bridges) 76 FH J LA X BRI TR H, K
LT Fiis A IR BIBIS . Bltn, 24 AR SR S A IR AT RO, K2 HUE A U
SR MEVE R ARAEYE . (B2, £ 1/2000 [ Fy ARSRUEREISE, 808 SRMEVE, BONZIARAEYE. A7
£ IR R 419 MRS gom O UUER], JXEEH
OIS womixpaikran  ARBSTR, R
G v- MR BAMBIS X B
ok T W B R
b AH B 43 B 48
KRR —— —Fp
Fi A4 A 43 % (non-
disjunction) 13 %
FiE. X Jefafh R
. SRR
M) — L5y R A H
% X Betafk, i3
f B & X B
o IX L T R BN
0P 87 ] e
4 FRMKE T
(E 4.19) . KK
WH X FEEm
R, Pk X
HI R A BEAE I
F#e, B 34%X
VIR INTNE &
e, fTERE FH
AT HIR 2
x BT SR AM E AR AR I B BRI, BIAMO EIRMETE A P& X kil —4& Y
getafk, GISMILIRMENER Bk X Jetalk, B Y Betath. FEAANT MM, H X0 k&
IR G B AR
XSy, AR —EASRISER, TORIEBEHIAE B T Y AR AL S U IE A T
Rt Rt . SR ORI B R G,

A AT AR B G AR F BLRHESR 2, BRI R AT b 55 Bt e b R BRI 1) 57 6 3 A 7 20K
BAXE L. SR EAFERIX Y], BYBSfe B EE, BOhMuLR2 ).

= REBRYTERRE

EVERI PR ) XX-XY U, Y Rk G, Ry, mimART, Xhhpk
WRE, ZEN Y REAEfFEfiA TR E = tEAE S0 (38 8 %) . 6 A XX-XY
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B 51 o E 1 &
Ayt RuEE éfégg) B > SXL s M _)Q T
Bhrnl, BARY ®A R
gefa 1k 5 : A L 4 2 4 L
o, gy SR e N PCORL | SMTER —Cme
e, @420 OWR il i

— gy o , |
B ki 2 e g, 25 > rwee
WP, XXY B e

ARERES 5 s i :
420 7ESRME, A PEPEEGEREE Sxl TS M T S P 8 A A R AP R
IE % B W] F

P, 1 XO MG R E RESIERBAT H#ENE FEX X0 5 “0” Z3RiALb T &MY EM4) .
XO HEVERIAE UL, BARMEMER B AT E Y ik, (B Y Jetadhxd TuEr: i maE 1 2
AR Hez b, RIEE Y ROEESERRIERRE FIIRK 6 NER.

SR S (1 T A s BT — AN XD, IR R MBI (Sex-lethal, Sxl) 3EA,
BRI A ' B A e 5 A0 0 S 7 i PRI E e 1 o R BB o Sl ZETRIZE IE W MEME P A id 1, 7B IE W b
Ko Sxl FEF M=l fEMEBOEE A SXL, X&Z&—Fh RNA 44&H, 75/ EEK RNA
Mg, s EMEMERE R RNA T, 76 SXL S i, X Eefs ik 171 P4 5 19 n
T. Bk, SXL M5EpRIEE, @ RAEMEPEFEARFY. SXL H—MERHEE H S,
Ftk, 7EMEMER T F 1 SXL iEHEM DR, SEM THEZK Sk #Hx, B, S
SXL (¥ B Fe4e X477,

PR SE SXL FL IS (2 JUAS X B R (7= 4 i, IX Se LRI AR b XIS 5 70/ (X-linked
signal element, XSE). Wi XSE &, WHIFIHEG, YUAZSRMEM: ink XSE [
%, WA B A0, MU st (B 4.20) . ZA% 100 4530, AL 50 S 5l 2
B X A E )X TEREARNES(A) MELERER, XFPHEEEREEN. EIE
WHEME (XXAA) T, ZWESET 1 EIEFEE (XAA) FHAEST 1/2; MAEHBRA XXAAA [
BAEAMES, HER 23, HUERE NEM. TH, HH K XA BEABRRAIT:, HEN1%
FFERE AMEYE, X R TIX—WA: XA HER 12 MR RS Y, X:A
1 IRRG AR E AMErE, XA tWEANT 12 811 Z R RE AR,

R, AES X:A FHHXEREZER, ERAOMERE, ZEUEGRERK. S rE )
JHT SxI Xf XSE BRI RN, 7EEH RiE XSE MEH X REAREERE, W3 oAmss
RIETER, HEIFREBIMERNREMER, ENAOERARREERRE PSR E R
(commitment) i &4 . TERBHER REMAIIER XXAA 5% XAA a4, ERKETE XSE
R %S Sxl ZER— A A R . 7F XXAAA IRRAS, B M MAESE 13 A0 & 5 Y,
BT XSE IR AKD, AEEES Sxl; MM RAES 14 MIEER, F 28K XSE K%
S Sxl. 4R, WA R R HKA K, REGRAMEME.

RUBHIPERPE, AR —EBREERXRO— MBI F, R TFREK—
MR B A — BERIPLEARIFFE K NI S —— it S AE R AR .

4.5 e AT R R

BB R ERAATREME RIS da £V —FFEBR T, SEAE 4 FOEH, 2iRMA
o Aa Bb EMINK—FFER T, RE AN BWANFMEEER, BRTREMKEFRH 1 FER



<120+ AL SEDRIRIIERIALAT

ERIBEYLERL . B AU S E BN LA SRR TSR, i BR A TR S A G T
iR, WAES 3 P YERIRABEE, BURAAT REMER TN & R E B R AGRAT A S, (B AT DA
HHE RIS RN, EIX T, MR AR N ERI K 75 b LR Tk

» FREFPRNAZHSH

HEZR I Ny e AR BB A P B R R . WRMANE RAGRIN A, FEHEX EAR
MBI GER, A “HF7 MR, pl, 763 AN FH, aTgerrEs oAt 4 N E R4
BRI 0 1A 248 3 Nt XEEE R R EA 1/8. 3/8. 3/8 Al 1/8 MMk . hnikE
e, HEFRFMHMERAEHNOME, S THASaMEMEZM. fln, KAk 3 1 FE K
BEEL—NLEZOME, BFETH 1D 2 M3 ANLENSER, i, 2086 k&K
BT 3/8+3/8+1/8=7/8.

R 1) T2 a8 R AL B AL 2 AT rP MO O 25 SR o AR N AT REROZS SR, R O —/ g5 B se
frlogkd, AR —ANEREBTHELERE, PEERMEMER, WEIXFAEE S MK .
B, 7E—A~H 4 (sequence of births) H1, Bl —ANEFRITER, AT Z At A= 1 7] il
FIPERI M, AT 2 J5 H A 0 ) B PR o ) o A 7= A e =2 fg i o 5 Uk HE A 3 4 N7 At B
BFHHAE. Fedueftal, MalREME RAMSIR, HIMERME—AEIME, ST4RE
BT SR Bltn, 3 MEZTFRIFRRE S 3 N LA ROMRET 12x12x1/2, WA, 4
WS B L MR R 12, HEBRH AR .

TEBAE MRV S, SR RS EnRLeEd. flm, HH—AxKES 34
BEFENR N8R, ikeEAREeEEBEMEH. =ANEBETFE N LENBER
(172) (172) (1/2)=1/8, =AEZ TN BEOBMEBLE 1/8. B XL RZEFHCKADAND 3
f—A R e, ANRERER 3 MHEFEN XA 3 ML), BAf 3 ANk, Baf 3 NBENH
TP A, Bl 1/8+1/8=1/4. XITK/ANK 3 MFEIMUEE, HALFTRERIL KA : WAET
B BN ETRIE: AMESE, H— 1 ERLE. MXFMERNE M, THEfR 3
AR A HH ZE B —— 40 GGB. GBG #l BGG —— & —Fh B A 1/2x1/2x1/2=1/8 il %. BH
2ALEZ N A BEIME, AEEHAENFE, hiX 3 Mol femimrrMEzm, B 3/8. FE, F
2 NBEE A LEAIBRB R 3/8. Fik, 1E 3 N

GGG GGB GBB BBB
GBG BGB FHIFES, HHPIBEI A
BGG BBG iz L5 B a0 (prq) " B EHAE

72)* + 32%02) + 30202 + 02 = WIRE, H, p WELBIIWE(1R), g HEBE
o+ 3+ 38+ B =l [N (1/2), n A TEHE. EHBRE TS,

(ptq) *=1p*+3p’q+3pg’+1q’
Hp, MHEBFRN TEMEN M, HAEBFRTEESE. R €5 M TFRxRES, H
AR () — T 545k

(ptq) *=1p™+5p'q+10p°g*+10p° ¢ +5pg*+14°

BT H M E A AR, Fli, B=008 5 METHIREDE 3N LZE) M2 4B
% (¢*) %

10(1/2)%(1/2) >=10/32=5/16

n RETRFFRA ntl T p WIEE, MEBE—THE n, BIE—, 2B —I0H10 0. ¢

HI4EE, ME—IRE 0, BEIUN—, BlEJE TP H ne Xt n ESEEUE, FrEkm REATHES)
W N EL =/, RIEDART = (Pascal’s triangle) , B 4.21 87T n 2k 0~10 (U155 %
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= MAMBAT RNFRE, STRIEEE 1, BHE I
& b —AT IR I RS B A

OB — &, WRH4 A FIEEN p, 4
B MR ¢, HIXPADFARZMLE, W, R
FeydiEf, A KA 4 IRH B R4 2 IR (LR ERF)
IR pq® o 35 TRATTIE LR ) S AN S 5
MAE, W “4 kK A H2KB”. MK, FRIHEH
& 4A 1 2B UME—F8 @ K AE %R, FELAAT R 5] 2 e B Y
MINFFSH . 6 A3 —A 26 4 A, B 2% 2 9 EERESCEETICRCTE THE O
A REAAMEH, EE(p+q)6 BRI p4q2 B8 1" 10 45120 210 252 210 120 45 10 1
R ES % R BT e = A b n=6 [ — 421 TR =M. 5 n AR RECE R IR
FAREL, NS 3 TGN 3 1, REKgy ¢ OTNRE.
Wk p°q’s P’ p'ds P pgts p'd’s PP IEBD . Bk, 7E 6 WRKh A HEL 4 K H
B B 2 i SRt 15p° 4.

AAtaeE M3, HES R M — B .

WRFE A BEN p, WLHEM B RN ¢, W, 7€ n KRB, F4 A B4 s KHSH B &
At IRIIEER A

!
sk Hoh, st=n B prg=1. 5 niElE “n WHTE", SHREM
1 Bl n BT IERER GRZ B, n!=1x2x3x-xn) . T 4.2
S g o LT M n=0 B n=15 (1 n INTEMOIME. 0! =1 BANEX
s AT 0320wy DU HAERCE AR PN . a0 IE R B,
EL, @ 62880 s BRIt — L.
L JOREO HME s BT 0, R (D WIEM, B 01=1 (FitdE,

1 DO MBI B YRS T 1) IR (rrg) " MRTFR P 4E—
s o T () RAIES Y 5 R SIS FEWNTR =, B
T il e isao1 a0 T THUEIL K =0, 1. 2, - n i, nl/ (1) HOMH.
s 15 sorereasson | RATREEA Q) M—ARENA, HHRARAN
SRASHL, FELh 8K/ NIRRT, 7 BRI

~ N wn S W N —_ (=] =

PEPEIR 301 IR HEOBER . KA TRILBHEMORIOBEE p £ 3/4, RIBBHEMREBR 9
R 1/4. BAER M ETHRET, A2 OXERE 6 N BHRE T 2 N ERrEER I
T, XU W7 RiEREE, AL, n=8, s=6, =2, ZFMAHEMMERE

6 2
8! 81 (3Y(1
Sql = 21(1) =031
oot ? 6&2!(4) (4)

WY, RAE31%H 8 METHRES, TREE/RHMER 3: 1 RAE, oAt w5 (8
RIRFE R XL BRI o ZBIEMEAE TUER: BAR 301 R “W” 4R OFHth
EME—RATREMIER) , (H R KEE (69%) Ehs ERA S 31 1 ARBIF L.

= TR RHMEX

FE3R (D) =R AN IRy —— 5T nV/ (sle) — FA —IA R EWBRIIELHE
B, AHAEMES TS0 s DICEF LR ¢ ATCRBEUFHFIFT T RER R, 4




o 122« IBHfEY. FERIFERIA ST

s s ATCEZIRIAFEARELX 43+ ¢ MR LZIARREMHEX 7> VLS s ROBTEBIEA ¢ R4k EH1T
BRG] TR . BARBEEBIT MG EB AL A AX S, FAEIEARKSE, HE, 34
BT HIAREX 5 (FAENE R AN, SEBIERILEARERX D (FAENIEZLRER) .
MRAXY I, HAREEITCENBE st=n. B n MUK, BIPILRAME T
—AAE, BT LSRR T SR H 2
nx (n—1) x (n=2) x---x3x2x1

B, SB—ATTRAH n MR, A BEEEZE, T IIRRA n-1 Pk (B0 AR T
n—1 ALMEERE) , —HETPIANEEZ G, B=AAH a2 FOERE, RIKEHE. &5, —HBik
E n-1 ATLHK, EERFE—ATERRE M. st DTURALL a7 AH, FARX
LR RSB X 7. R, aFRFERHESIT, B—F—E&H s MPILRN sIFAFKHE
FURL ¢ ATTERM ARASREIRIHES, S sixaFhHES. R, SRR TR A EAREX 72
i, nlBREL six0 93] s NICEM « AT R AT A0 E, B TR

4.6 wEERRKMELERK

WAL 5O T AR AR B S BRI EAY & . RAEEEAELS AN ERN,
FEARF TN BT RESH /0B Blin, BORIEFEIEr — AR TT A1 —ERAIRR 2L 2E
EJEARH, SRR 14 BREARE. 6 BREA A, X4 REFLLHANRE 1:1 HE? mE
MERE 15 BRETCHRAN 5 bR OIEREME, NSEMFR? X—4RE2TF5 1:1 M EMEF? A—
NEEF) F— LR, ERNESR LY ESHRIITER. NS A8RA 2 5EN EE
BAHFFIINE ? FEX— 7, R —Fh A W I 25 5L 2 6 Kt &S B BT ARG 36 . AR B0 AR
ML E A E (goodness of fit) K56, Hrb, A (fit) —ia i0 R BRI 25 1 SR 45 B 2 R e £
KRR L “fE” s “—37,

» 4%

A D0 RE 1 8 FH U B R — AN FR A (chi-square, 7554 ) BME, XRKFAN AR5+
MERN N EAREE, SRIE LS A BT AN KA I ERTHE, HHEuE. i,
TEETCHERA S AEEAR I 2228, AT e S XA B — MR BN X TR et —
WAL, BIRAhIE, HAERNAEENY . BERAE TR 20 R,
RIL 14 BOWEE, 6 AR, HEFERK ZE AR (SUEE 6 3% P BT .

1. EAPRRRE RS, BRiGAFEARATREREANERRIRE. EHILAZMG 7, Bift
BREERE, TERExAAIMNEREHTF SRR Poxpp, ATRERIEREREA Pp 1 pp.

2. {8 FAHEER BB R EBIR A AL AT R iZ W 2] 89 54X 288U F0 L 1A TR R T . 4% EL%E
BBEHREE (F /0, BEOLRRLIFH) . MEXTHEIAMEBEE, Ba, Ni%
W EREES Pp Mpp UL 1: 1 MELEHI. FAEE Pp EARE, pp AR, WEFR
RECHEEREERELEIR 1:1. 76 20 BRERF, HBEHCH 10 BREE. 10 FRAR.

3. EANEANER, BMNEREREL. BETLH, ARKBRUSEY. EXMTFH,
FO R R N (14-10)710=1.6, ABAFARIITELERE KD (6-10)%10=1.6.

4. WBRKRER, REISPHELERZMN. ZEFENAXLEHIEN A E. GREAE
AR A AR 1.6+1.6=3.2, KHRIZLIN FE, XRERERNOBAEE R ERKT
LR THEAR .

LS AR, FHETH LR
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5 CORE — B9
IR

Kb, SRRFTAE BRI SR R 2 ARG R, MdEtE]. HeRE
Irtb. AN SZBREH RAIFE LN R R AR . 2 A A LA 0B i — AN B 2
ARG, BN S R, R, AR 0, BTG SRR AT EYE .
KRB A A BT, B FxF 28GR EERIRAEN R, WEBKEHE B 99
45, TEMEBI, BAERERTRER: EMERBEANER N —XEEE R E, FRERT, & R 4A
B HEERA R E R 30 1. B -
B, B 9945 HOTLMRT sl i
SHIEN 3 1WA, P ERTH IR 43: FR (:ﬁ) WK WER SWAMERE ({%
BHOh 99+45-144. RUBBIERE, PRAHI — o ———————— -
EMEEH 301, wRSpwmEetes 0 > . o
(3/4) x144=108 F1(1/4) x144=36. KA1 FHFHL Hif . Ha x;m
AR, BTUAE 7 o wI .
,_(99-1082  (45-36)
108 36

—HHEH F E, TRz arR T SRR E e RS, R,
TEM 4.22 PR R B F ik, x M AT RN 214, v s iR P, P TR
ML, (BARAERIE 2 (%) (LA TSR . T SRS R L, T8 S B 3
HE BRI A AR, A EREEOMERSIER D, MRS5S F B .
KHRRERE, LIURLTH R BIB R, RS AR IR B ARk % .

B 422 HF
7 K I K i i
Rl
o At
: 2. x B E Wit
Iﬂl HABH £ 1,
R B 2
j; Ly R
DEEEE s mwEw
””h‘ o, AL
RTTIEF) 55
NEEEE e
Moty w s wima
| MR P, P 4k
B DR S
UNF 5%) 5
%5 KI5 (/)
F 1% B %
®, WH%H
LRE, ®i
3 A

=0.75+2.25=3.00

BEALA B — B2 XML A O (P
g

40 30 25 20 18 16 14 12 1098 7 6 5 4 3 2 1 [ 5 8 B

VB R A e #EAT T A9
WA
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FESEEE T, SEHEIE 0.05 (5%7KF) A1 0.01 1%KF) A4 P I FE. %M 0.01 3| 0.05 fEFH
() PAE, AN A 4R T S 3025 B 2 0L A B R 20 S A2 20 YRSESS AP 1 KT 100 IRSER 1 K.
XS 4.22 g E X, R P EVELEIZIGE, BB IEFMEEIA S AR T SE. 245 R
FRATE 5%KF Gt E B E /Y (statistically significant) . X T/ T 0.01 ff) P {8, {4 B4
A SR E R E IR R 100 WSER P AT 11K XK 4.22 1 FHFXE, E-ELT,
%G R NTE 1%7KF L2 5 E 28 (highly significant) , B AE{E B4 1K IE 4 .

B V] 4.22 SR E S AR X PR 7 B E 60 1 B (degrees of freedom)
B T2 4.3 Prosiix i 2 ke, [ S T5uE 0 E0% 1. % 4.3 WIRH R EEA 5 (B
AERURIZEARRY) , BT LA A BB 2-1=1. & 1 (R, ZEvkBa AR E, EatERE
BEprMM A S EA R ik, HP i — MR REIE “ A hih” Q8 RE e MR
BH . AR RO BT R, UUERRIEMRR S, Frelek T —N“ AR,
BUHEHE, 3 MEIEEDIN AR5, AmBEER 2, 4 MR AR5, AdEHR 3.

— HIATHRE TIES00 B B, T LURRER 4.3 il 2T . BEK 422, W&
MERHRHRTE T e, b T 453 4.3 Bl (b 7 520 3.00) s PAEL ¥ 5E1ER 4.22 Fi
x il R P=3.00 2 AL, TEEXLLTEE N L, HIE A BN 1 BIEHEZ. RIEHKEN
fEA, HES y #AER, 5 P, EHEL T, P=0.08. XEKE, 7ER 4.3 XFARAK
LU R, 2 8% LI S UL R B AR T = AR 2 T EOK T 3.00 28, FFH, Bk P{EfE L
(DI P, FTUCABFAR : SeAs I 3 0 1 HEMER IS EE B H 2 v 4 .

VTR V- RO S 3 0 1 IR RO, 1B 2RI — A R, 7E
fl LI ) 7324 RiFh 1, 5474 KA EMEFF. 1850 ROMA4EFN 1. WIEEECH (3/4) x7324=5493
BLE YR Fh TR (1/4) x7324=1831 RIAEAERN T . MR

,_ (5474-5493p (1850 -1831)2
5493 1831
LT | S ESRZARET. W8 A BENEST 2-1=1, FEAE PSR (A
7). MWK 4221, EHEERN 1, =026 [ P LK 0.65. XFH, 1EXFERRFTEILRT,
2] 65%I1ISES, AR BRI BN 8 2 A FEFTE L5 P a2 35% AT REr= A= S LF L & o

=0.26
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* RERREIRFSEUERED?

F R MIR 2 S0 25 RS B AR BE X 158 3 338 3.1 P HII LA, * 10 0.26 ([
WX E R ) . 0.01 GRE
FhFxt e tafhr) . 0.39 (AT
F1E) « 0.06 (M & I X E3%)
045 (F B E X HWBEEIHK) |
0.35( %l 4 & X Tl 4 &) 1
0.61 (KZEXEZE) . (RN ZE S
RAHINX LT LR, LIS )
T A [IX e 2 K, PAEA 0.45
R, YRR RS
WIS E Z A&

1936 4, Geil2# KDY B
#5/K (Ronald Fisher) 5, Fffi/K
M4 R 5SS Kt B, ik
NAEE. TLATRE, 7EKEMSL o [ 1 e 0y B EE
QQEP, ﬁ%g;%%?riéﬂiﬁfﬁ 0 -25 -20 -15 -1.0 -05 0 0.5 10 156 20 25

5 R
e, XESZERMN—4 5L
423 TR AL k)& R B UE
W5 — A5 £ 2E B ML A AL 3] TEIREY 69 5258 (ALK SHEM B ik, W3

, ‘ BRI . AR R R BRI s, L 4T,
EAAB/RIVBET, FOTNRE g 14 scu o s LB, A7 JL MR 5250 AR
FERATREE, TP ART . B 423 3, simiT K,

71N i 1 7R S0 A UL 2 F A 2=




< 126+ AR SEPRIRZERA M

1B B LR 2 22 6D ) EL AR (R MBI RE R ¢ FEARSP AR, AR K T i /2 BAE R IE
REHERRAT, fREMSEMST) . X TH—BHHME, HDFERERR & E R 2
MEA X —RRRZE R SER MR, 2ol 5 0 e BE7s TV D BE AL i 15 313K A 5 4% 1) S
RMwE. BR, WEDT-1 BHKTH MERIEFD. MREERIFREM T —LMWMER
K LA PREESE RAAIERISER, W] DR AR AIRE

EAE/R YA ? At T kKR R R S L T O DG B . AR AR SRR T — 2 AR
PR AR S O 25 A O AR, DARCER — LG R AT BRI A SE I . TR/ RGIRE, W] iR &
4.23 PRSI . FERN T BUEBR AR TSR, REEZ) 2/1000 H2 TR0 BUHE R 10285
W, B REAR R LG B A OB N = AR OB 91% I RGEIRZE . W R B T 4EM 5 G sl A R 4h
SEREER, NMPFRER T = CROLR, WX ENME. 1966 4, it
WAL EFIRER « ks (Sewall Wright) FRHRAF AR & & E/RNBIEZ /G, HE45E:

T B IRAR S — A0 53 B T AT VB T B A 2 TR B IUAE A S ) CRAIE S 58 2 2 W 45 i
REBRAREL T o oo AREZHBCAERNH SR, RELMITHER, 2F3HE LRHRERE.
WAREE, MR LA MBEEYE, BLBETLEHEN FRRHEAE — REMIINEERK. -
PU—], R#E, PFEZERHE.

fERAL T, GRS KRS HRER, B0 “BUaEHE" 2 —. MER
MG ITEROT R R, X e E. Aid, BEREKE, NEASH, ERAW
MAFEERNGET A E NS RfE/RE R T SRR I AR

AEHE

o OB AR A S B 44 O A AE -

o ERB SRS, BNREEIE, DPHEASFRTF.

o ERBDRT, FEAEREROEMBIEE), ARNOREARTAHAS.

s EFZYT, WHE—IMTHRORESE —XTY —RE.

o X EBERRRK X BT, B —HERE: BHECUALERERE X @ik, R X ReEdkaii,
o RUBH—A XOEBERERE LR, HROEBREFL R T LRIER.

o WA EAHEE IR A

o K77 GE VG S48 P SRACT I 388 A 2 WL B S5 AR (B e 45 2 o ) B 2 Tl ) 4 R AR

Atk

s ETFAE AR akdd, X—FLNBEEEERTA?

* mitosis XA K B A FE1E mitos, BERE “4L” . meiosis IXMAIK B A M E meioun, EERE “ABN7 .
IX PR R (1 40 o A% 53 24 ) R A BV LR 5 T RE- S BOE X MR ?

o fRFERE5r 2 (reductional division) 15434 (equational division) XPHANFEIAIE B . £H4#mb? 2
AR ? IX PN AIE 1 2 WA 40 ik 734

o EREXA)E: “TERE AT 1, dEREL RIS HE ], —A RS EAPRE B hA & s, 7

o B —IRIRE S RN IR R R A TR ?

o ZTMARERE, HARHATR RSy BN, kAR, AR A, FURREA, T,

o W X IERHSA RS BIARRE, HEER/FAREAA?

o Y EBEE R IR AL R X OB R E R T A =R ?

o ROPBRW “UERR” Getafisife Ui ?

o FWT—4DIEEE SR i E BTN 4 R S TEE R T LEER, A ABEH TSR ?

s FHTFX—HHNgGHRBREMA?

s NTEEMHMERE, FHPERZD? RBEEMEME LEMFA?

fRRidEm
81 A XEMERNRERESBULAR, AT R BT R A SN, BN REER
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(I BEAE T 3 MEH LA 1 AR M AR ILTF .
(a) i &)L A BB E MR E D?
(b) B — AN L)LE—EH BUHEEFAEET NI, ZIILTFERRHBERREEZD?

X

(a) REEH NCER —NEBHIJLTF, JLTFHE——4%& X Beadk B, UL, K0 RRBWHHH .
BT, AF— )L E R R 1/2. = L)L¥ 08 RER K (1/2)°, B A1 A R i

(b) IiZ & LA R BN, M) LT BROHER N 05 Wi LR SEHE, W)L T s MR R 12,
B &L ) Lo A R 2 172 (a #843) , FrLULFRE SRR (1/2) x0+(1/2) x (1/2) =1/4.

SE2 R T AE TR, B8 4 N BEM 3 A LEER 3 BB 4 N L ERIMERED?
WHRAN T I BB L AT REMEAR R .

R

ZF RS 4 D BEM 3 N LB (UEE AT MERZET 71 @3] (12)*(12)3, HESHIET
HANBERM 3 AN LR AR EE . X — MRS 35/128. [FFE, ZFARBEAMRE 3 NBEM4 ML
RN (71 (31411 (1/2)3 (1/2) %, 5T 35/128. FIBFTRAIREK 4 B3 &, 23 B 4 LR, XH H
A E FEME, Hitk, SBHEERN 35/128+35/128=35/64, HIKZ) 55%.

SIRR 3 BATBE R AT BN R S R Z I B AAT, XA ZR 6T T IR R P A A g e
SEAT KL st(scarlet, SFZLE4) A1 bw (brown, FR€A) KA. st GiE R ELAG LT ORI, 117 se'/st 0 stt/st
SRR LA B AR R A B RS . bw 4iA IO R B AE IR, T bw'/bw' 1 bw'/bw FEPI Y LA B A R 4T (1
AR o AL A IR st/st; bw/bw FEE AR . EXHDEEK—R A BAATR S, % EE 5 se'st
bw'lbw WP st'/st; bw'/bw HEYEZAS, 7 240 HJaMh, BABARIBRKA 150 . B2 @RI 36 H.
FRERE R 46 R, ARREEK 8 H.

() IWWEBHE “XBWIERITEHRAE” , BRRUNPES R L D?

(b) #R4E A A AT |E, EVNREMEEZ ARERERRS, FHEREZD?

(O ZEHHEAENAHERZD?

(d) 7EZ AR T, RAMEK PERE/D? % P H 4 &0 Z B B0E R NAZE 4% 0% ?

(&) B AR (B 1 nads & [k P {H?

Ex

(a) R R iX 2 — XU T2 48T st'/st; bw'lbwxst'/st; bw'/bw,

IR LA, B PREBIOHANN 9:3:3: 1, bl —  EEE s
S AE JR AR — 28000 o SR A S S 5 st/—; bw'/— (9/16) x240=135
(b) EFiHEH WL stist; bw'/— (3/16) x240=45
ORI — M) 3 st'/—; bw/bw (3/16) x240=45
x 2=Z WA Hfs stlst; bwibw (1/16) x240=15

Her, BMEREERKFTEIRN, EAR6F,
ZZ—(150_135)2 X (36—45)2 . (46 —45)2 W (8-15)2
135 45 45 15

(c) B HIBEE S5 T B AR AN E 1. 7R A 4 DEAEIG, FHE 3 A HE.

(d) BEHBER 3 0, RIFMEA 6.76 ) P {HSET 0.08, i% PEAT 0.05. FEk, WATARZIEL EBHEH
Fhik.

(e) RITEMALAE P EW .

SIRE 4 TERBURMET, BRI BoRin B L84

(a) BEIRAR AP 55 7 A RUMEPE AT, =2 B A R 7 AR AR IR M 1 T 1R

(b) a FAFACHE TR AOERIRARMEVE, 15 BF A RUBEME AT RO, 7= AEtRAR « BPAERI LU 10 1 AOMENE ) AC R
ARHR - BPAERIEEE R 121 AR AR,

XL 3R T AT A 7

ER

PIHFE a FIAZRCEARH, PIVERAHRRIRILLBIARR, SR SHEREAG MR, kAR a 5/ T &

=6.76




< 128+ BMEE: EPIREERI AT

BARR . RUONHEE MOV ARG X Jetath, TOMSERIFTAMEVES N B A, SRR RIRAOREDIAE X Betafh L.
BN bar SAE 4 Bk, FrAMENET B ABRRIRII LA (W

5 X M8 ASAC b UESE T B XOEBEER MR, H ]
AL a KA IR bart+, TRAFAEMEER
EfR. BT, HdiE S bar AN X EB B

SRS

41 FAIE BRI E 2T A T AP — X [ O 4
Ak, SRS, M. MHZM ., WL HMAAR
HART I ()R A 1 2

€ ==

®) /:ﬁ) (B)/ﬂf@/)\, (© //7) 4.2 T R R B P 7 U5 1 1 A )
(// /f ) (( 6’//4'// ( ) (UGS, TR S ERELNR, WE | ERHES
2% L2 Voo, IR
4.3 AL Aaxda 1) 4 A JEARRIEF B 3 A 4011 A
aa AR AEE R Z D7

4.4 T AR RAER M —A X EB M AR R ATE Lt 5—RMIER . ZKRERAE
R ARG BN, £ T DT L& FHMRARE IR EZ D? (] ]
WA BRI AE L R R REPEAH ) 1 3
4.5 FEFTME RS, REOEFKSRRE X S0 ANIEFEARR B E. 2 ir?brj
-3 XA L N F AW E MR 22 D2 T ) i
4.6 YR IE R 1A A — 7 Y B AR IE 5 1 55 AN AR e e AR 4 [ﬂ C)Cb i d)
4

H XYY LT FABRETOER O RETH vz 5 5% 5

4.7 Ri# (Drosophila virilis) I BA 6 MYtk (—IL 12 4) B = f5 44
Yo 6 FHIA MBI, ARE2 D SR YL E B AR RO YL B 44 2

(a) BT HH?

(b) WRE P HAT 2

(o) kB Z4P A T 2

4.8 FERFEBHT B HAAR— D =FE F M

(@) 7E F, AR, =EREFRIIAR LG &% /2

() £ Fo 0, =Fai& 5 RIS E 2 D7

4.9 FTNEHLI A5 BB R (Gonatodes taniae) R4 MG ARK A 16. 4128 8 X FIVE G A 135 420 L da.
Bb. Cc. Dd. Ee. Ffs Ggfl Hh &In:

(a) TEPR B Rt R, AT REF= A 2 D PP R 3G 2 R &2

(b) — ML F R & KEFRRRWE LRI E L2

4.10 TEfH 6 METHI M FE BT, Rkl 1:1:

(a) BeF LA Bl R % b2

(b) RIEFF 1 DM tpl g% 2

() Rt 2 N s el & 2 2

(@) R 3 DLzt 2 b2

(e)F 3 41E 3L EBEM I RZ b2

411 —FERA 8 HUM . X B EMETERENE (BRI ER 22 ? BR EA MEHE /NI AT e AR 1]
BAEAE R 0 MR E . BRILRBEBIEH S ? hfA?

4.12 I 2SR A AR S — bk A AR E A AR, BTl Fy AR S A
B, X F ARk BEBEM TSR PR R G, SRIMEEASEELLE 0 12 A2 « 3 40zt 1 MiEE, 12
H— MR AR X Le W SR 45 R

413 —PIBEFRE—ANWEFLHEMMABERAZ F, AH 160 ANERH, WD 4 FARMER, HEH
91:21:37:11. WINAX—ERATEES 9:3:3: 1 MLEYE. I THREZEE, MWEHE-RTE. ZB%
SRR, I R i N AR A B 1 ?

5
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4.14  TII% 40 : 60 FIHIEHL 50 : 50 L, HUASRERRBRAGHERZZD?

4.15 TNETHRRFEESES N BENEL N LEZIBERZ? Bt 1: 1,

4.16 XTHA 6 NMEMIERE—AH R OARERE, TRESH ZOMIEER? 3T HAT 6 NMENHEHE 1 —
A X EMEEE, FRESH Z/OPEEER?

4.17 35 JAWAEA: (Arachis hypogaea) WIAEA SIPERT LI “HIEIZL” (R AD) B¢ “ MARL” (ESE/) . B
A EAG MR R S MRS FR f R3S, F UHERE A @AM, ik Besh, AR
FIEEAE A2 9 fTE : 7 M. A ABE R REMR R X Lo 2 45 L ?

4.18 fE—He AR, WA/ OIREESEA SR PRI RZE R — R B, B a7 35 R0 i (e 25 fr 3k
A B PR RS A GSEC, A8 — SRR 1952 BE . WAL R PRI R =R — R 3

(a) B — NN T R AR AR R R 22

() ISR A — MR ARSI E T, ARG HREE D2

(0) XX REAE 3N ETHRKERFEOMERLLD? X 3NETF MR KIERRE R R LD ?

4.19 ETFHMRE S, [-2XBHERERE— X ESRTMBNLAKOE. BTIV-1 AAERBELRS
b7 (REZRIEPAERDME—ARERSRIER KA BT 1 -2 (HRE)

420 EHAFIRARIES, BT I0-1 BHE M XESRH SRR . A& 48R R
LAEI-1 AP A5 # IR .

I

2

v g9

421 TFHFRRRES 4.20 B EARE, G807 5 FormaER. B BFI-1 BA M X

BSOS R AT EER . BB LR 4t 0 S B AR R SR BB (R B S, I TR B R A ) B

RGN FE R (K BE L, XN SRR TR AR i 47) (KPR B RIE R AR P s B, W51 4
AW B

4.22 fESAFURIARNES, BT -2 M2 B AR X EBBR SO R i teR, MATI-1 4
RENBRELD?

v

1 2 3

4.23 R OEGH D XOEBER K RIESAEER y o, mEFAER K G ARG H y SR .
FEFHNZRAC R, PSRRI R L AR A U A A 2

(a) B CEE < B A TR

(b) T EE M < P A R A

(c) R B a AL M T (O P A R 5

(d) KB a PAACHIMENE < B M.
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4.24  FTH R Rt B o BN S R R 141 [2
RFLP ()53 FRE, ZRERTFRA 28072
WX —E®, HH 4, RS 3-kb KK b é
RFLP ZA3EH, F 4, 1RKYE 8-kb &MAHKH -1 2 13 4 -5 16

RFLP SV, #ES RPN AREREL.

11 T2 111-3_I114
425 EIFEETFRLAL GBI OLFLAAL ; 1 0

. BRI HGiF, BT F ARSI | "

SEHFEFEAEREIR, [ 800 BORAR, bl | - kb

A 234 BATHAE. 203 WFF AL, 175 BFFEAE APTRon T L 6kb

1188 SEFFIAZE. UL A ROBCKRIEME, MR |

51:1:1: 1 S EOEEREETYA? | — - 13K
426 RURMFFBE X Refal Gatached X | b | e

chromosome) HIP % X Befo k&R R —FH e S PR e S AN i B -

Rk, EEENG CORMY
[C(1)RM £ FFBE X Yetaih] P A AR S L A0 C (1) RM AT Y HOBCT . #57H ohE 360 5 4 i X BIER ()
HErE, 5 R R AR B AR IR X ettt 2 R0, Bt m R X—4R 50N X &
B T AE AR ? @ A 3 4% X POFaEE X f ki R s AR

427 FEEERMARIES, B E BT RAARE w SREEENSE R —MKERK O i
TN, 5—fHR (ww) AB BB FEIE. XHDERERF GGG LE,

(a) ZEFF=AEH L B B FHw REtE R E 2

(b) EIER = EH K B B &% F R fetE R £ 2

) BEMZICEBERT 3ANER A BMKNET, £ T EZTFAEE B BMmATREM RS /D?

428 FKFFEKT (Anas platyrhynchos) [1)/NS T RILH FR KBRS E (mallard) (IR EE PR, FR 2
I (dusky) fJL P2 B IPE, sR—FFR b FRHI (restricted) « 2 LAY BR Tk M AN B EHBE A AR . Xk
BURPAFEREEIER 3 NS EFEEANSR. #1773 FREMMAL, SRUF.

1. FREIZIxBRPGRS. F)ARBIAMREIRL; FixF) 283874 3 BREIBY : 1 BRAGZEL LLAE Y F, 4R,

2. BRMSTExBERORY . B ARG RRISAY, FoxF, 2458774 3 BRIGAY : 1 SRS LEAE Y F, K.

3. BRI SRR, FAREIHBREIRL, FyxF, 243874 3 FRAIAY : 1 SERGR LEAE Y F, 4.

(a) BRBER B 23T 1 [— R F AR Sk B 2438 2 19— R F) ARMEMEAS AT . 71 HX — 238 1 SR AR e B %
H R,

b)) BEHKEAA 3 B— R F R 53R BT 2 19— 2 F AR 71X — 21 E R iR &
H AR,

429 FE4H, —ANSBFABRKRNEMCRERRRICSEEEY: HH M Hh TTf, 10 hh B Woh, 74
A FEREMER R) OERARAANEESE, SMUER  =EABEE. HEERE R HRET, X2
—MEEMAERERAMPRIEA. HARIBITEHRAS.

(a) RR HHxrr hh ZCBCHI F\ REFHHAKEL?

(b)a " FyxF, 243 Fo AR, RE R LA L) 242

(a ™ FRAMESHE A EFRAE, FifERIRE LIS ] 242

430 FKikH:H AR (FMF) & —Fpast it R E TR R, (22805 B b rh g fA i B Bk, LHETER
WAHEE R AR NEE . ZFEAI T - B Finsth o g R 3B B2 AH A o FMF DL Je ik ot 7 stk . FEIX LRt
e, SBUZRMERZEME, EAME. b THRXAATAEN, Bl Tix%MmRES — 25 VNTR (7738
HHBHKES) SAEREMIER. 16 S5 EME E—4 VNTR 24 THHA HIER. XFi% VNTR, KB
(7] — by X PR AN K SR B2 A5 8 B B R e AR RS P P BT R RO 45 SR . R 18] A B 0 B T VINTR 2567 36

(a) F77E FMF 2575 [R5 1] VNTR 507 5 R AAE 3 1 ?

o) REFAMT 2B SROMBETE? WRE, REFMRE?
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—“NWs

PR

BERRET i R RO R T R AR (R PRER S BR) M—Fhor TR A (— A S
B9 RFLP) . XEEHEIRR, AR 28?2

HERRRZ e RR, BYER TRGORKE SBUER, HAAH IT HEARHGCN. WRE RN,
P8 5 Reiil. NTREIHRAMES AR A7 AT REMEBR KPS R & BRI e] etk ?

PERRS b FURM RS, LGRS RR XEMNLAR. LAIL-S B84 THAERILT, ¥
EX—AFREIBIEN, T-5 AT HHENMERELD? WK F—NILTFBRMMsELLD?

I-1 I-2

W

-1 112 I1-3 114 11-5 116

IQT—Ezl
r

6kb
m
1

3kb

1kb I\

W _EigfE s

“P_EigtfE%#” (GeNETics) 2 A VR BLEELHEI b T $RIBHL 2215 13 A0 S5 o 5 T B A0l 15 B0 A 2l o,
VT 1) Ok CGBtAE 2 SEBRIANEE R 2 434 (3 /\ i) BC 45 f) Jones and Bartlett 2 =] At 253 /A http:/biology.jbpub.com/
book/genetics/8e/ .

EZH R, RERB —MEEIFFNE OB AR, EREIN SR, TR M, Hha
5 oS B A R HIAE B .
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S5 S48 (Drosophila melanogasler)f’ﬁ?‘ﬂlzft’“”ﬁffn AR EL 8 A 4R . X — R R IR MR MR RRE T, B
KR GF AR A ULROREA | % U S FE R LRI A T4 6k | [®Studiotouch/ShutterStock, Inc.]

51 —%&4 g ERREBSEA ROURIBEE « WiRea 30k, 1913
52 BfE/ERE SR SN E B R F IR HEHES, e
53'*ﬁﬂ A2 R AEAE (NFR RS WIFN
5.4 VU 43444 i 1E I BER: NAREHE
5.5 h%%?ﬂ A 9B H « BREL K HoAth 26 (L HFFT A 2, 1994
BEAR: FERIHR R 1Y oL PR 2 P 2 i 4 e E NS

I HRSRFED %

B BURN Y £ A SR B T A B i DR R A KU DR TR AN T i,
KR Y R, R R & R R

L DAL AT R R R AR A OIS TR AR R R

D w BEAMT 3 ESE R M RS A B, S G RE R AY . EPR R A B
¢ PR 2 A A B B R A mzmm*&&g

L BERIEEIT ISR P AR R RS, JERERTHX AN LB AR
L RERIRGR DU R S S R R, JERE TR S R
| R

-

BRI A [ Y g o AAAEREAT B 0 RN RIVF B AL, ARSI A, LT R—§
fh EHERE, ABTERRBEROETREINRET AP EHAEG. B RASNER



PS5 WHMEERRGE AR - 133 .

P b R0 H 524 2% (linkage) - 5 /K4R (Thomas Hunt Morgan) X iX — i) @UEAT T FFHHEREA,
Al BIF 5T R T SRl X G fk L2848 . AbRSE M SRS TIES, (HAME B Z —F AT 4n
HEREA, IFX— AR, AR EARER RS .

RN 2 18] (ERUR E RAE RN, FOhFEEREAER R, SUT B, Bril, 7Rt
frr, AEAYL AR b AR FE R SE 0 ) TR FEAE S, (H[R]B m] DAL — L A B S A B R
HAE MYk, RIVEG AR )3 W (3c#e, crossing over) ‘FE(HE K E4H (recombination) ,
PN R Y AR P A SR & 1 PR K. EARTHRA THR], (EFTPA
A2 ]S e (AR, AT DA X AN 3 R 2 (Lg% R B 1 — AN B . XA 45 1 g 18t 4% ] (genetic
map) —— B RFEFAIN AL E MG AR B —— ORI RE. FEBHME A, PR S VR
R—ANEERHR TR, FAEREHERERE Ak L, E2a0eHe A TR — ek
L HABIE R RO E . BRI RS BRI E 0. FEALKBMEED, BEE
P )T 46 s AR AR L R (Bl dn, A Lo P o 5 FR LI AR X)) R b AN w] /D

51 —&G ik ERNIESSEH

IEWAES 4
TR, B
 HAAEER
iE, E#AT Fi AR
MEHAH T (4a
Bb) F1 X &
4li & 1 (aa bb)
Z AL . B
51 REFEA
(EIE AT RN
fiitt da Bb 3EA
e =\ 0] e
(R Ay [R] 5 G o A
PP RERIR ] e —————
[ HEH B A A o e

fmrREtE, X ] . 1 : 1 :
oo E S R R b AT, RAERREG R | B, R kR
{4 L 7= 2 A SEAER, RGBT, ZEMIEERFAE A B fab BT, MAMEER™E AbFlaB BT,

4 MATREAL T . EHEE MR TFPRIEMEERESR—$, £NEEZ BT . E4FF, 4
MEHHFEATREMERIBC T AB. Ab. aB Ml ab.

7E R R sie h, BERARE S T XOEBIEMIER w kit w' (e FHRXT IE 5 40HR) Fnss
PEFERR m 3¢ m" (s /NI IE 3 /N B2 B ML DEBIR, 0Pt (RIS RIEAE TR
—&gtafk b, AEREZE. BEMER, RARERSBRAET RYR R EA RSN R, BRI
BYLREAR, RSB MEYERIZIIR . ANBBS A 2 (BT 2438 . AT B MR 243 B R

wmiwm Q9 xw m/Y 38
Fifs Fy AR b P AR BV GEBREY w " /w” m) FTEER | JE/NB O HENE CERE wm'/ Y) k. R)E,

F ARARAL:




« 134« dEES. EERAERYAT

wm'w mQQxwm'/Y 33
TEZZAE T, AR IR A w m SRR A w' m () X P fAF5 4 SR A EL (parental types)
Pefifh, SATE R T 2 5340 MEAMEN T IX S B SRR sE . iR w il m B 58 40%
B, M4, FrEKTRESFE PSS —FEARIR Gk, BT, WREE w il m ZEFZ AR
A, Mo, HEEREREEE w m EMEEAEE wm SOERAEH X Jeffk. X8RN
=A% (recombinant types) Jfafk, KA ENEEREFMERA G 5RAREOATRIAR.

L A serk EE PRI 2, MR A0 3R/
(wmY) 226 | geson M9, LTHR : EIARMIELAES 10 1 Cln SR B AR A A A R,
TR, s AR AR R T, TR A F

(w* m/Y) B EANEEERD X St A3 LR, BTLL, Pk
IR, TR h RUATL T S8 X kiR EA . A mas, i
= } iy VAR, 1101 1, SRR B
i‘vﬂi ;Y’)“ﬁ 02) X—WIEAL, AT wew' Hm B ARG 12 1,

XS A HA SRR, R w Al m B ) IX LS5 5L
IR i35 A4l 4 (parental combination) , 7Ei8 4% A {81 i) T4
FRE—E, HEMNARTE2SEBN. ERERY, RARCEKDHEMERAE, FET
428/644=66.5%I1] F, fAHEYE, TIEA GESRA) PO FIET 216/644=33.5%] F, fAHErEH . &
H G B AKX 33.5%[0ME, FRVELRIAE (frequency of recombination) , A5 xE 0335, i%HE
HHES B A G EAER 50%EH, LLRSTEEIESRHIER 0%E4, NizfEd Z=nm.

Y X POk w m il owm 2 Fy AR R A R %6, R w A
m Z [ I EASE R 33.5%, THx T HAb o B ESEE R, HE 4 4046 i ¥ R A2 0 3 50%.
WMRBANEEEGLESm, PEEIER —FREAE, BEETERAE, XEREENNE
HINHEET 50%. X T W F R

FEHBRNT S0%HIHEE, FETR—REELEGED) . MEAMERET 50%ifEHHT HH4E
FIPANFER, BEAEIERIVER A E, BEAERLRAEMA L, HAHEET,

[ —Getafk RPN BE R AT AAES], XMl etEs & T 2 ARE B —AN . AR
A —Jetafk TR EERE “EBR 7, FEESREEREEHAMENT 50%, FiiusHE L
R RS ERAEDN . SHREZ% M (synteny) —ial: WERPNEERELE R — KL A4 L,
PRz B4 (syntenic) 2K, TR ENIRINH B Hd &8 2 ED.

* F&FAERRMESISHEF
A2 K A RR RN PR TR EB IR, H— e w™ miw m”. w' m

644

IXFh RN A T B A BB A R0 7 X ) —F {4k - w m
(A) wHE M%Z% (B) fEXME MR RER, KPFLERT 2R
/ FRIBREARRL. AT 8 BRELUHRF
HIZRPEI P B ES R . X R EEEEE
2L B N5 ok R B AR 7R A5 A7 R 1R Rk T
e B, FEFER wm'w' m WIS w +/+ m
e e TR A X o IXPhHE R 27 7 v A0 1 SR g %
B 52 TEWANRENNIERILE R, ARSI VFE HABED) L.
FEfaTaEf T, (A) X (3R, HF) WA, BA4-RAE ST B 2 & R, s

FNEREAFGAE E, B) I &, Ms)mi, :
Wjﬁ\%ﬁ%{jgﬁﬁﬁ_%%@wio u%@ﬂﬁﬁﬁﬂﬁ%mﬂ*%ﬁ:—ﬁ% ﬁu@ 5.2
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IR w I m EEEIFE . ZEFR AR (trans) BAEFF (repulsion) A7 b, S8R4T BRI 7E AN
Rtk b, FEEBMATER w++m (B 52A) . 5 —FFHMIAR (cis) 34835 (coupling) 1] F4
Birp, RAFENIFERIER— K EA L, EREBE R wm/A++,

JEE SR AR K 11 HIR A0 /)38 2 57 5 R R B S 0 T I KA B At 5T T A w R m S R )
AR TR B JEAR, XEEREER. DML, JE/ NG %45 “+7
RINERRNA :

wm ++

;ZQQX?FSS
LT, F) ARBEMEERE FoABAERNEREF, MdEEEE AR, 5H “+7 %
w~E, K F AR AAEE ik

wm wm

BRI T EA:
LI, FEHH 35 ) GiRETH], M (RIAHS)D AR w fl m
i L, WEAUUR, SRR AR s
e w [ wam  MwRm OEAGE, EHFK: 37.7%X
i 33.5%. 32 576 S B0 R A8 0012 L
il wm/Y 33) We AL, LI, WRTASRARf RS
FIlR., E## o ] MR RMRK. EMNiUHR, 2B
P iy A Fy ARHEPERBTBIR AR : — AN RARFH (v
e LI ), BRI vt ) o KRR
AN S <] 247 HAR S = 4 \
o sy P RERIARRA M EASE, BT 5.
e miY 38) ] T BRI R DR R R G RO
1247 SR HI31) IR, HEBIEE 2 A AL LUAR R

IERAE, TRFAHEEMFTHS], 25RE—FE.

= EHIRYFTIRE

A —ADNEASE () B THEE S Z RN — AL F 5H — LR A R . T4
r<1/2 WIEIME, WG I &R =0.5 Mgt BE M7 RE— N EAENBF: LR w m M
FIMRIR) S, WEER R 0377, EBAEAREHIEIX MEA R — NG ERERFF? i Ese
B r (B2 0.5, XPHANEEBRFEL, EAES. SN BEM, TREWE, HE 4 =it
W R AR . DB EETHE =0.377 B wm LR B, MASEHE RS EAER 5.1 BTH4T
. HTH 4 FERER, FrLLEEEEN 4-1=3. BEHH B A dE SEBNERE X, Hib
B5 wStw's m X m BIBEAR, X —ANRE T JUTHREFEFR. Xwxt w11 488
TS, Tk m A m OB AE—HR, LASRIGLI A -

wiw' = (382+223) : (395+247) =605 : 642
KT m X m 3 BEH 11, B w i w BIESIH:
m:m' = (382+247) : (395+223) =629 : 618

WIEAES =1/2) FIEE, TIIEAGA  EELBARMLMER 1:1, FrLL, EHER TR
XA EE
HA - JEEH=(223+247) : (395+382)=470: 777
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£51 FEHRIES X=A e, AN B B
df)HWh 1, BRESI.XNMEF3 4L

R g SUE EBE PE d -
58 i (395-311 75;2/311 75+ 3 1.5x107'° M8 F7H, St P (TS ER A
e ¢ o 4 16 e =
(382-311.75)%/311.75 + HAZ 1.5x<107° =R, XVUAG
(223-311.75)%311.75 + REFREAEPLES 1:1:1:1 K.
(247-311.75)%/311.75 = 76.775 J T ROX—FE R, A1
w5 WIS (605-623.5)7/623.5 + 1 0.295 HE 1 dLFIEAEHE. w 5 w4
o (642-623.5)%/623.5 = 1.098 BERL m ot m A0, A e 12 1
m 5 m 5 (629-623.5)/623.5 + 1 0.755

PRAATATIESE, P (E5 54 0.295 Al

(618-623.5)%/623.5 = 0.097

O (EASIEED)  (470-623.5) 76235 + 1 3sxa0™ 0'7i5° %ﬁi’ Eéﬂ%ﬂliizﬂﬂﬁfﬁ{é
(777-623.5)%/623.5 = 75.580 AEmERER, H P EHES
1 d.f A {E A 76.775 3 3.5x107'%, WX —RE, FHES

a5 — FEM R B IES, If
H, c.&fivhib mAME =470/1247=0.377.

BEAR, £RS51%, =4 1AL RFELSME 76.775 KA R . XFpa] hnE ks g
R =R, X2, eI Ef—NMESE, S5HAMAGB MK,
SEERR, AMTHEEASIER 5.1 PRSI AR EN 12 2 A O ER. JlH HABK R ES, 1M
X FP G 5 A2 KT FE A& (recombinant) X} 3F 5 41 #4 (nonrecombinant) ] 77 {E »

EHME TR EEREAERSIEEAEMRMEE REHE Q1 E) iR, HAA 1 4 EHBE.

— AU BT 101 4.

= FILEMEEBRARHARERNER

FERWET, 75— XEBERWRIESAMER y SBOTGEMAE, AR W b 55 A5 R
yHRERKOEE. E£—RERT, iEARENES B RESAMENECR, REHS ARG
) AR A BT A T Py AMERE AT A

+wiHw @Qxy +Y 38
|
+wly+ Qexyw/Y 38
JFAC
A, RE NS It e
AR, AR FREPERBBIES FL . wAM
ywlyw @ex++Y 338 WA IR 4THR 86
| (BFREEF: ++) 1.4%
++ yw Q2xy wY 38 {ﬁﬁ%ﬁ‘iﬂﬁ; EEE) 44 R
LEBEAR UL, 98.7% M) Fy AR B ALt o
th, 1.3% 84 BALGK, FARAMELRE iy

AP, HEABEJLFE—F. BARRIEFRE y +/+w K= £2 1.4% 0 B4 E4K,
R EAR AR y w Bt + ;. BAMWEIEE R y wH M4 20 1.3% B ER, 510
EHEAROH y +80+ wo A, EHHREACTNAQRGXHENERZ M EAHE, KKK
TS HIRANA R PIAIER Z AR EAE (1.4% 5 KL 35%) o XL, LUK HAl SR,
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8RB S5 e LU 5 -
o EZPRAR AR S R R AR -
o FEMK (RS D A K R 28 & F P, EAMRAE .

- BRI EESHENES

R bR gy, AR A TN, REEAREEMEE DA ERE GO A) #EFH L,
eV R A A A 45 SR HENE B PT [RI 2 B IR IR 7k [R]— 2R e i b R BEDRD) 3R ILh 56 4
HEB . B, cn (REPHR) ZEEFN bw (FRHR) ZRIHAE 2 Sk b, [BAHEE F e, 7EMEth B4
PR 50%. K, XFERAAL

cnwaQ xcnbw 33

++ cn bw

FEAEFE R g+ +/en bw R en bwien bw HEEARY) , LLK cn +/en bw Fl+ bwicn bw (FEARY) ()5
o BB 1:1:1: 1. R, FOATEMEYEPEARHR, R

cnbwgg ><cnbw a3

cn bw -
SR RAY A+ +en bw F en bwien bw BG4, LeBIAHR] . AEPE RSP ERAEL, LR
e E I AR A I — R ER] . W cn A1 bw BT R BTaR, HEPEARMT— Gtk R pr A 26,
— BN ARG, NS RIVER O RSN LR Y .

HEYE R e WA LR, ERERNEASEGER, HAFR. B, A
RAB RN LHERENZ T B4, HENLAG RIS RS, EENARER
Arp, Hrhmfebric Z P EASE, 200 MR AL 2 B RER 60%.

52 it f& fF A

FEPR7E Yo A b BB B0 T LU 3B 45 B (genetic map) (7B Ak #or, #iiE B BnitFE
geti ik b RPN S AR SR R 2 (R R BE B, AHARIE PR 2 [R) (9 5 25 5 e 4] 2 1) () T 2 40 %8 il E
bt 4% B AR ZE 5B (linkage map) 503 & {KE] (chromosome map) . 1913 4F, EE/RMRMA2E
AR BT o WiRR S SCHF (Alfred H. Sturtevant) B YK R AL /E B S . SIREME %K C
L25E, FEDH R EARAES RO i fE b, i R a4k 2 7] i B RS i 64T o
FERAZ W R RN [FIYRGe B Ak 2 18] i) — A28 X (chiasma, BJHAHRY) , 28 X Fi$in#
IR T (GF 4 35) . AR XG TIREEKE A AR KR ER, &REFHEKRERAZ
(AR by B B . ASHM IR, AN X FBUBMEbRC I — TR, ZidFEWE 5.3
e (LM (B 5.3A), 555 AR G ok rb 260 2 B AAH R IR 4 & PRFFANAE o 2430 HHiff S
RAERS (B 5.3B), 1EF 4% 4 0 5 i ] () 5540 2k BR B3 (R

= EEEFIEBEK

fEBEE S, BEE A AALFR ) ERE AL (map unit) . EAEEE A, 1 MEIFEAAA ST 1%
B B, LA 3S5%MAREA MR, SRR ER 3.5 BFERAE. A Ta&RERR, 1
AEFEALBFRA 1 AN EEE (centimorgan, 4554 cM) . i, 3.5 EIBERAIZET 3.5cM, Fndk
R [6] 3.5%MEA . H TETSH, 5T LLRRHNEE 2 [ B 4 e Sm X

o FASR (E EdFlF 4R 0.035)

o HH A E AR 3.5%)
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o UL BE AL R s 1) B BR
(Hesb K 3.5 BB HA47)

o DLJEL PR SR I B BE (b Ak
H9 3.5 [HJEE, 455K 3.5cM)

£, 14 KB A
e o — R E A KB, 1
ZKE B, P 50 N TR
SR MMIE R 1 IR He. ZER
A 5.4 s, W 50 S
SR pEEE 1 AN ARERE 1K
THe, WA HAFEETF 1/50, 5
2%, {H&, FEFEZ 8 EHmE
72 1% 1% EAE 2%H3 e AH
Y, 2fF DR, BRIESS
BIFRAT = 2 A Y E
2 KA EA GG RE(H
54) . 1%MEHTRKEBE,
7E B 50 /™ 40 B sk 2 o 24 7= AR 1)
200 g fatkdr, tRFHE 2 &%
Bk (S5 HMIH ) T3

(A) BHEXHK

ﬁsm«mm

53
BHRFFE i

(A)ﬂ(ﬁ%&éﬁklfﬂfﬁiifiiﬁﬂf TEIR]— R Qe A b B9 S5L
(B) fFAESCHemt, PR EA = AFASEEL

Y, RN ESAUR AT 4 ZRAH RS 6 S o (8 2 1]

BRI ER R il 5 A EAR) . AT RRERIE, 2% MBS T 1% EL, RENHE
KAT — REBRK AT, SEbr B —R M Bk o M.

(A)

amewsm® 40 I EAT
ﬂ ggggg oERowNNNNmET 49 FEAN
—_—
Oy 49 4K
ﬁ CmewmmENRy 49 FHLAN
s oW — | FHA 5
1R E o =
AAARZH cEEemNmmy® 1 3
—_—
S AR 4Ty
1+1 2
(©) E4® I 9+ 49+40+49+141+1+1 200

=1% =1 BBERL =1cM

il R Nl o s i
e — & 5.4 P U4, a)F
(B, b)iXPxTEA R :0)]
BT, (A2 e R AETE bR iC 3
Bz [E e, bR EE A SR AEE
H. B 5.5 Fi-ifl 794, 3
e AEAEFER 4 R ki |A],
MARERERE 4 1 B ZMH. %
RYPHLFH T RELEES

5.4 50 NEESY ARGtk
R, Hrh— e 2 6]
B, (A)49 ANRA A4
fildf=4 98 4% A B YefafhF1 98 & a b
yefafk, X RAEEAA, (B) A
WA= A YR AB. Ab. a
BFab, Hrh, JEfpiRh hEHY
k. (C) EAMERET 2200, B
1% (AR 1 EFESA7ER 1eM) o i,
1%EAH R, EXHHEE 2 E
AR, 7E S0 M URE A4,
A 1 YIREA 1 R3cH.

A, BFE4R
a. bIFEAR
A, BIFEAR
~ bAEEAR

5.5 id EAANREAR B HEE E X2 A AeHe . RE Yk
—MRBERET B, B fEARCRAEE RN, N 4B Mab,
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o k2 [0y BB B . (BRI T A A0 B [RIRIDKISZ 5, B AP 2E 8 BT e
SEWH A B a b BAERAE, RERFEARENER, BERBNZZHREIA, FAZLHR
AEEB AR Z 8] B DI

FERRIELT, &
e bmad 2 i) B9 X 380K
)2 LLAE B AN 9 H o)
2440 o T P I (B
B L. PR
e —FhA] BERIRO Y,
W 5.6 Fis. fELGH]

CEROW NNy /. BIFEAT
ROy 4. BIFE4R

anewEENmyaES o HIFTAN
CEEOWEENENRp o HFEAXY
T e W AR AR

FOMBDLS, &
BERZMREFRRZT R *%ms@%

PR B E R — B 5.6 WRTEFRCEEREZBRA: T IR, HPRSSHHER W K [R7]— % e fo 5
A v ¢ il
T Sd T &, WRHEHRERIAT], BEAr=4r A R EEE A IEEHN AB K ab,

&, FERRICIHE DR Z [0 A7 A BU I EE B4, (B A BN AR A e, PG X L hR il A 5 e
B BRAEH, GTXFRFEE: A4 M B ZEPEHMIL, IR HRIEE T H IR
BB, Bt g tathh A B S a b, WEHZIFELN.

S TAEPIANFER 8] DA U E AT B A=A A R A Al S, DA SAR R P
FERRIRERS, 5 UABIRE SRk B RPN LRI R R, P Z A AE A X T . PRI PR AR RE
BERFRAET Z0U0A . STAERPAEERE, BN EEE (map distance) & (1T

FE B (cM) = (1/2) xBFAN Uk 5053 24 40 IO 7 12 X 33k o A8 e ) 7 251 1k £ 100 (1)

i AR B TR LR B DB R AT BT RO ER e — W
5.6 HEIAIRAS —— SN B TTWR, (B B B vtk D B B DCOECR B2 LUK
AN, ZXA AR, R R A AR A, FEAR T — KBy b, fEZX R
RETE I AT e AN — K, AR, R S R B A B R — A ) (BRI A AN AE RERS ELARAIRIE 1 2
WA, XU MR N, 1 ANEBERAHNT 1%MEN” IRE. £ PMEER™
E1%EAMNXEN, ZEAZBMEHLATREN, Bl EEESE T EAHR,

v
N

rb y
7.5¢cM Y

(A)—

3
e 6.2cM

y v rb

6.2cM
7.5¢cM

(B) k-1.3cM

e

y - o
(C)k— 7.5¢cM * 6.2cM 3
e— 13.7¢M

5.7 7ERE, EAE yGEAEG) M b OEAR) BA 7.5%KEHMZE, b
N ov EERBRIK) BA 6.2%MEANR, A =FmTRERNSRIMER, BRTR »
FEHE] (A) | v ZEHE] (B) 42 rb 7EHE] (C) . i A RTHERR, B e b Al
y Horb Flov BT, TXRIE]E b F y Z BB LR b il ov ZIRIAI K,
3% B Al C #55 B ABHE—3.

Xt F I I
BAED, I RAERE— X
R R 2 1] g G £
PRI /N FEZIX
AR AL BT,
A2, B DA ] ) FE 4L 50
R LR I (A
1M, PR T LR N
) - B 5.7 R EA )X
—HEE A, XS
fetE BT 5 . X
SERE DA R AE R X
getatk b y(HEHK

@) b (LEARIEHE) « ov CERABHERNK) . FEE y # rb Z [0 W EHSE L 7.5%, (MR
rb Fl cv Z AR EHIAR L 6.2%. BiAE BN LUE =Fa] Gt h AR —F, BRT yo v Rrb

W—AfEpEl. B A—y 7EPIE
HNAZEL rb Ay Z B EHIAR K, X5 EE T & .

ATLAHERR, PO ZEEER, rb Al ov Z 18] (¥ LI



140 « RS BEDIAEERZ S0

Kt B fil C #E5EAME . AT y F ev Z R EHBEGFHMAE . ER-E B F,
TRIEE 85k 1.3 EIBE AL, MEEE C dr, TS24 13.3 EIBERAL. SEFr b, 78y Fl ev Z 8]
A0 20 ) EE AR 13.3%. R, B C R IEfMR.

sz, S5EE C N EsEERAERR, ENRIARUNET y BELDERLD, —1HE
R

y rb cv

¥ T 1
el AN < s GO el

%—4\@1%2%

cv rb y
]

k— 62cM ————— 7.5eM ——3

IX P P g il A TR ) O SE 4 Y
FHIX b HE B 2 — 2 52 1 =R id 41k
4, AI7EGLth A AL B op oo Jefa ik b
BT A AN R AT e . B4 R 2R R
¥ — A %491 8% (linkage group) . ESIEE
% B 59 e g Ak r 2 E MR .
B, 3% EK (Zea mays) 5 10 X Jefa ik,
BRI 10 ANEBEE. 10 S 4L EARgEs
it EWmE 5.8 s, B afE—u
e i ; : s KA RE . B 5.8C Al 5.8F FHIEXK
A AR e i T SRS EMR. B SsC &
DREFEAER X ARRIR DREFBERERY., B IR, EFEARSEER Y @l d, B
Fpetthdh (M. G. Neuffer) Hl, 1 & K H R IR Be i i e e i B PR £ 5 22 (orp-2) P O 3K
) (ERPRL  BREAPRIA 3 1 V8. 18 5.8F &
Ry FE— AR HREE B — AR IER EREIAAE T, B EHEMIERE R1-mb 74 1 KA £
FERL : HEFPRIA 101 205,

#

AL B BRI R IR R 995 kS, SN R E G fa A b 10 (4 — AN S BR B 7 45
(FEKI R, locus) A5 IR R —K . EXETFH, BIANEALHREE 2R b 98 FPR G AR B0 A B
A A Al — SR Bt A b DR = AR R R A BB B it i), % AR A I R A

1. BRSEAR R A BRI B E# R A T8 — R BaH, ERakcg84H2
JGo TESEETHE, —XF VRS AR DY 4% G B ik () BB S . AT H R — Xt [RIE 4 2 4 b i 4%
Y B ] 4 38

2. HHRIEAFERFRERAENMRMER, 3300 5% 56 804K SR XN B E
ZHe (B 5.3) .

3. E R EER K L, RIS EARZ R Fit, BAREREZ B2,
Bt G £ A b DR () 40 2 P 5 FR AR R 386 0, 2% S5 B R a4 1 TR O

» BEEEHRRGEKEYEERNER
EH LSRRG O 8 BB B AR, X2 SE B R A T PR At 2 S 1 SR e

Kt
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X Betafk, A MERE BB TR AR A QR T RE . %5550 AT « B
B (Curt Stern) T 1936 4E#4T, MEFETHE 5.9 . HP—FKFHK X LEMARE—NDFE, Z%
B 4 53 0ERE; X4 X Yo dnT @ AR b A B sk i ARG 58 4RI X 3
ik, FIEEA BB Y GeEaAr s/ B e 3 LAR A . RARSEALFER car (B3P SEAL I
K, SERAEIREE, WA LAY ARG M BCEHESEMER, SEERR, AR
AR RS —Fh Sl X Gefifh b, XA B A RIS R RZESE —fp R X Reilk . Bf
X APE LS BRI EEAR IS T B X Bkt 5 EAER X @I K Rt
ST EEED) PHEE AT (B 5.9) o 7E5K BRI 5 RH, BA ARG RS E 4 Yot iRk it SR b8,
AIFRYE AT TR A B EATEAR T A . 725k B AR s EA A, iR A F T A
BEE G bR ic A ERA A B, W X LErkSBEERZ R0, BAmS, X0
h B A RV ECER AR (9 JE AR, i — Ak AR B B LA N Y B X Bk, RINIR LR
AR A A, BAESMIERR X Jetalk, D& KRE, MKFE Y B. EOHeiieE, g
FEHAFAFTERAR—5K X etotk, E4W ESHEBARR—% X JaikHE.

E5.8 EXK1054fH B (10D
A A% B o 453 R
FINE 0 (JE kL,
25 F) KB BE LA vE
BE AL (L BE) R R o
(A) i 35-1 (oy-1) FEH
) 28 AR P A B A
FPE. A5 AP AR R
SRR TR R VA S
A BENEEHE
FEo (B) FiBE-16 (les16)
S R A A
A8y | 7= 2R Y N
FAF A 7Y L ASHH 0] ] g
FIRR T . A B
BAEIER Lesi6 245 F
MR, (C) &R
orp2 JKatk, ik b
R (R4
A) . ZEKEERE
PR AN A 5 R 28 7 1)
H—NAZH orp2 1)
GE L, PR A AN
Fi o BREFFRLI 30 1
tbfti. (D)znl FEREH it kL

BESUATE-1, SRFELA L

HH I AE R 9 T Ak

it e ZEIM TR AEE W znl, AN REFAER,
(B) KEZRFE-2 (1p2) R R FIZRAR = AR 2 /N . H5
I3 FEH TR — A1 B [ AR . TR g ok 1 B
AR Tp2 FeETEMRI— AN, (F) 5828 RI-mb K
rl FERP—NEAERE, ERFRMRES LA
ECRA NI, HER, 7E T KRR RL KB A a0
T RI-mb BB . (B4 H E. H. Coe HIHE. 8
FAREE I B R B B AR PR 2 B g

. ] e

B 1o
R
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59 (A)ERE i 6
[, Forr, SR Y IE 2 X 4 @

Wiz X Jefafk, 7E35
AAHE XS], Il
IEH X Jetafi il —

X Yotk —R

Wik B, A—A&AAH
_‘/I\YHQE‘JW)#&#J}& (B)
HIBEINRE . (B) 324

Ho REHEAEBRI G
REERS) &—REH
IEHH X ek, ik
HARRZL A 5 18 OB
AR Y X Jefalh. %
GEHGIEN], AR LA A
B, SR IRG
A ] i B AR K
BRo X BepiphR iR r
mi B (5 4 SYflk

HEHS) 5T BRI

IEH Y Beth i

= SRR AR S R A T H

(A) ERXRe 4 (B) F#EEX (©) XXYHER:
e— " O <. T
" g

(D)

TE 6 HEPE (KRS 7

510 FIBEIFIK X (A X) Yetafk, (A) MEME P4 H I %
B X Jefafk, (B) IFIE X Yefalhk, MIARIEH X Jetaik i
R R F 24k . (C) SLAVAGHIE X MEp & —4 Y
Jefafk, (D)IFIE X Yo fifir: 5w M2 e st R, B
F 3% X Peffsid s X R akrERESEN ., TE,
TEMTEOUT , MR WAL 3] X Yetalh, MWHAHES] Y
etk —— 55 00058 F A LA o

&4 M1k, AT SRR i
THOLE, AT — EHERRAS# & AR AR
R, EROEEHIZE, EENZ
P B A DY 4% ge (B AR BE I I . AT 36
RAET Rk T 62 )G 1 — A S50 HE
B, Sk B — T8 AR 5L 50 = R F
5T, %in RMEMERIBI 4 X BB T
— N EFEE 2R b, TERRR A FEE X
% & {K (attached-X chromosome) i &
& X F K (compound-X chromosome)
IR gt k. IR X Rk Es
—MER AR ARG I LR, PIARIXAE
Mg tafh s A LN &R, e —4%
BABAN KM B gk, 5%
BAE—%/LP2#K X. BAEAE X
AR MEYE, EHEEEE &Y B
4, AT A PR IR AT A AR
RARHESE A X P AR SQUR Y Jetifh
IMENE, DL HATREIR Y Bt AR A YR
X Qeta R (B 5.10) . FFBE X 4eft
A4 A SR ATE 0 SRR ) X B A
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Sy IEIE X MEVE SHEHATAT X RS ECN, SRR BISEAR M X gk, T
YRR IR X Yetatk. K, 7685300 X MEPERASEL D, MEbErh X8I R L =
RAEF INFALHh---- , XS X EBE R .
fE—4% X B e

MBI aaes q e
B, 5—% X B g_} g =
CEE IR ,. % G

whw
AL I R X
geta ik, 7EPI % X

Yot B2 A . REAEMEER B c

X 2

Y, ATARFIAE W, c )

AR B S

AERNIFRE X R o 4430 0 2 B c ¥
—

L

[ w ]

1 (@ 5.11) . Bk, :
A IEB X M g el
5.01  SCHWAERATEBEOTRNUEII R SRAGARERA SR X Rk,

Tz b v A 3

H oA 0 W ” s

fo. WLELE| A2 A=A A I X Yetafh, BAGA, SCHulbE RATER LORFER 2 6]
PATER, B DR B 2ok R B s it s n . AP 5.0 B T AL, BEPR N 4R TRl AE
B R RAEEREERERZE, AwEmRaiti. B, KRG I X #ErE, Bkt
TEREUY RN IUZ . I SRR AR AR I 2 B (FE — 20 B xc i, R gmmg e
) R SR R (R L e, RN AF B S B S B B9 26 5740




© 144« MRS FERAEERAT

" ZEXH]

AN B R ESARIEN, R R AT Z BT RERE—R
AZHr, L2 T AT (YA 5 B A O ) B A KT K. 2 AR e (1R 0 A B i e e AR 18
Hoko FEET, ZEEERAESETHRASEEL, NRAIAZ. EWRIEE 56 TE
B, —RATHRI BN AT AR 57— IRZT ST o SR AH [ FRO 8 45 4 € B ) FO 88 O L 88 2 A
FERLDN A F1 B 2Z 1], ARAENIHES RN R KR GRS N F R, AR AB, HAR
abe. XURIEHITREIPA P HE  BU e, EXTlifebricms, REASRELA LR,
FrelEAITER A EANRE S A B P B AR 5 o AFAERX PRI I AT R, ROk =X (1) 58 93T
SCHIEEE, MRS T EAKMAIE, SPACA.

FERFEYT, ERWRIREAT B, WELHEER ERATRER. B, %% E
PG A SRR RIS, AT LB AR BRI R A A0 2 AT X TRtk EARBRIRZ )
H, RSB RE T R AN A X 18] (FEF DX IR) A AN R A 2 BEAT ) B AT RAG v«

PN R ) /N R B AR S 0, EAMHR WA — M HRKME:

TP EEAREE LT, (ERPAEE 6 iR K EHIER 50%.

RN EEEIERNEREA LB BHAE, HWNEAEFR S0%EHME. M EEESR
Bk EAHERIEEE, UBAEENZELFERERER DRI, KW BT
. E53B @R, EBREESRTS, RREBMAEER, —FHEYAEAEANERAS,
AR RAEA4EG. WES.12 Fiw, BANERZENRXEEAEHERNSN. B 5.12A 7~
TR XUAL #: (two-strand double crossover) , HH, BRI GG RAT RS S, KA
FIbRcEEE R EH . 4K H A — LR K 4 5 54A Y (three-strand double crossover, — 2k
WAL, Bl S5.12B f1C), HEAERGRRZHMGERTERX 7 ARG RAA S HM
WNRABEAAEGITY. TR, =LA PFRR, XERT S 538 R = 4 gt
iR, BEIEA—FTRE, 58 _IREBIRERAE, £S55 KB # (four-strand double
crossover, PUZEXUAcH:, & 5.12D), FEMAEHLT, B A=Y 2 EH 4.

ERZHEAEY T, ERENEZEN, S5HKEHEFHREREREIERER. it
BT, =FPERNEACH A RAB LR 1/4 —LRASHe 1/2 ZLLATHAN 1/4 PILE AT #e .
XEWRE, fE—XNEEZ MRAEFRRERABRE S, ETEFER 4 Z0 684485, SEAMS,
VORI 2 B P ta k.,

(1/4) (0)+(1/2) (2)+(1/4) (4) =2
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IX 5 FE PR 2 (8] B R L i
3 Le AR ]« Ak,
EEZHENE#, FRKE
I HSE 50%.

7E 5 B 512 it
i, BATYEIA, EXE
HEYY, 2 E5NERKR
A Yot B AR B ATLIE
FEHT. titk, WEKEH
WIS 50%. (EESHIAS
b, AFTEG AT
JEBEHLERER, XFHELZ
PR R G KT 3% (chro-
matid interference) . 7& %
512 AT, AEXTTHRE
AR BEALIERE, PUZX
A sk BE (OF B 8 54k T
#¥, positive chromatid in-
terference) il £z K T 4 4l
BRKTF 50%; 1 — LA
o B (g o s a3,
negative chromatid interfe-
rence) {i 55z K HE 41 451 % /s
T 50%. BEt, KIMAER

(A) ZERNA#H BRI Rk
Lo _EESSIEE it
RSy RS
— 4 0
AT
SRS R
(B) =& #:
e T a S
—_— _ _ 2 2
R N
ek et e o)
(C) =& #
A i SN S D
RS TRy
—_— 2 2
el e
: RS RS
(D) YLk WA H
=50 O Vv e py
EE T
R o T e D
8 8

512 HREOPAEFEILS SEE, WLEREEE 2 i X% 4 BIkas ik,
HERGXPANIEE Y H HHEHELAX T (A) ZRWcH. (B, C) =&AL
ZEHIPIFIRR, (D) ML

— &R LRI R Z MK R K EAPEAR 50%, FAHGE AT HER. 24
REEAEMAEY PR ERGRATY, CHEEESEE P EERRERETE.

B 513 #E—=FEHE

FEKF = 2% (three-point crosses) (M L1550, TR E AL

#ro = RSCEE AR WRE =R (¢ o) A1 TERAN
RIERTPINHED (BAMA RPN Z 18, ABA, PR e
c FEDIPGONRT, PTG 2D X 45 (B 5.13) %4 P K R A He,
RALER—XIREEAZ R, 2FBOXPRPEREL R ¢ F o Fhr3EH
HIARE R . = RASORIRIE A B ) — R B i, WRfE F—5
FELREE BURAREE, B tRAE =AU —Fh Bk,

53 = RWAF HAEEE
52 PR A TR = MEBIEE AR, BT X

ARG aE . Sxs I (gl (glossy leaf, FH YR HIMF) F su (sugary endosperm, it IEFL) ,
Rt 3 &, VO 5 T e i A o YN OB 475 i)

B e R X S5 B R
FHE AR,

Lz Gl Su
Iz gl su




o 146 « BB BERIFNSEEA T

DRI, ZEAEAS et GEATY) Bl 1 B 2 J5 40 2 1E B MM LA 40 - e - T R R i bk o X
T BB 0 % AT AR e o 1 SR S AN AT e B S AR Y (A S5 A P oy
BRI AL A 0L, T LA S A AR SR ATt AR AS e lE T4 Lz GI Su R Iz gl su. 3% — M4 &
B, DR R B
LEWS FOGE L R AR B 242 T, iR 28240, B0 W PIATEE 728 HEM— X R H T S8 A
AETELAA, IXPFERINGE T 2 H A4 & o A 2% 5k AT 1 25407 i RBE AR Ol 5 /e =0) .
%52 ERF—k=ENZFHBLER TEVEEISEE P, B R AN Y ta ik LR
AP T W . 226 5.2 H, B =ANSE R BT 524 2 b
EEE mrwEmEn  BR . R, A RRE = s A B R I R

IEH (B4 ) Lz Gl.Su 286 TRT R V2%, AN 3R HH A A S A 77 AR A XU EE AT 4 it 1 1)
e Iz GISu y HEE, RE5IEEARTHTIE. FYRNRAE
ik LzglSu 59 PR B 3 (MR 2 B3 /N AR Bk B N2,
i Lz Glsu 4 UNERROETSREDMER, %52 85, Bf
. leglSu 2 FHRAELG 4 BREHRR L AR R R A 2 B R
. i Iz Gl su 4 BSRBRRE, BN ES G

o Lzglsu 40 WP 5.13 fis, SEAHMIMN R, Yotk ]
ol kit VLA 7 22 ofo A R

XEWRE, WMRRAREER
Lz GI Su # Iz gl su

TR AT Hhe e £ 44 2
Lz Gl su 1 Iz gl Su

W), Su M su BOWEAZ KT He, [y & rp AR SR . Rk, EZR PG EAR
FE PR R N B
Lz Su Gl

Iz su gl

BUAE, 7RG 2R A 35 DR B AE (R G € A I it e DRI NG 2R 25 o7 2k B ) 2 75 )y TR 6 459 2 T TEAf A P
o IXPARISRASTL (Gt B ) — AL e B RN R, AT LR AH 2 T A S AT e e
BN I P AR EC T o

—>
L sus gl Iz Su gl

MZRE AT I, Iz F su Z [ RS =) & Lzsugl Lz Su Gl 286 } AT
H Iz Su GI 5 su F gl 22 [A) B IRAS =W Lz Sugl M lzsu Gl 1z su gl 272

BLYE, TTLALL—FhE BESRALAE B 7 ROk M ik ey Lz su gl 40 L Iz su ]
fE—CUEMBIE S EE, MG NRT hmaREAr & Su G 33 ° BRI
HE AR R R AR S R B Lz Su gl 59}mﬁy2@

HE, BRp —EAKCFEMNMAZ B =Y (reciprocal z su Gl 44 7 FRARA
product) , F EENTRISNE KBS (40 X 33, K 59%F44). Lz su GI 4 | W&
XM R T — /N R lz Su gl 27 2KHI

2 B (B B MR AL P BRI E =), ZEJR A 740
v N LK BIOH 25 A 4

Lz Su Gl Lz su Gl
ENE s S

~
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AR X SR T AR N e, MRS AENERAR Lz osu gl 40
gk, RESS R R EANEEFTFE WP REAR SRS B 2z S« Gl 33

M, fE Iz Ml su 2 ) B G tafk, RIDLL TR Ak R. . Lz su Gl 4
B R £E S5 A AR 3R 45 1) 79/740 (10.7%) MG a2 Iz Fl su BE R 2 [ Az Su gl 2
A, BT LUK BN EE DR ) (g PR BE A v 4 10.7 BEBE SRR, BP 10.7cM. AR, 79

7 su Al gl 2 [M)EAL YRR N -
lz su Gl 44 sufl gl FHZ [AFEHSBE S 109/740 (14.7%) , FrLh, XPENFEEZ (8] 1)
Lz su Gl 4 PEEMGTER 147 BERAL, BY 14.7cM. Bk, X =R BTTE RS ik
Iz Su gl 2 FEEEEER: i ~ g
109  EMHT = S 28A T, W% > |
S SO — AR :
E#rﬁtﬁ‘ﬂ%ﬁlzlé]ﬂﬁifﬂﬁﬁﬁ, BIEANEREA K. oA EEAREARERA X IR
FHREM, nE R R,

= WRIRAPRRBETH

REME RN B OA #e, AAIMTEER N AR X I (1) B R BN R A O AT g FH_ R K
A5 R ARYEEAIR AR, [z Fsu Z (B EA IR Z 0.107, 1M su Fl gl Z 824 0.147. GnRIXHA
X3 A BT ) GRUEE, — IR E TS S IR B INER) , A4, FERINXISR R
R —IRHBAER, A% BRI, Bl 0.107x0.147=0.0157. XEWHELE—A 740 MR TR
Arh, XA ETHEEENV %A 740%0.0157=11.6, #R1f1, SEFFMINEI A 6. KRS UL i b i
R, eiR TR e KT (chromosome interference) [l % —— Yo (At —X I
A PR MRARIX IR 58 AT . TR AT LT R TN, T Bk T S
RGN, B, SAAIMEFRRE RERER, P —d LSRR AT .

F % Z %] (coefficient of coincidence) j& X T 5 2H e (o 44 [ ML B b LA 2B % . LB 4 T
FREERRAL T — N e WA, THREE XN:

i=TWH=1-HKEHK

WGBS, HFREBN 6/11.6=0.51, BER, DASHAINLIIEA A HAEE (A X PN X 5
RSB, TR AT RE D B9 51%. MR TR Ebmc 2 i EESS, S5k
K. (ERLY e, ?ﬁl’ﬁ%&'%ﬁ“ﬁﬂlﬁﬂﬂ%ﬁ%&d\ﬁﬁi&m, Eﬁ%~ﬁl§ KA R, #h
R, FERINEHS 3 o ,

RABET Oz, T S
ET ). fEREP, ZFER
Y0 10 BRESEAL FERZH 5 03
Hh, SRERLZA E ., A
MERBRIEZ 30 BIEE AL e 4

B, FHEAREEL, HER e :
et 1. . % 20 0 60 T00 120 140 160

A B 87467 ) B /oM
= REEEEL

Lz S8 nsgl T 59

ko107 BB ke 147 B — )

180 200

5.14 VPR BRECRHE— X [ P fr938 4 R 532 DX 1) Py g O 41498 2 [ £y
Tyl o A 1 B R KR BB RE SRSB4 O E %80 o« =M SR i T
g AR () B, F—&ilhkh, =1 GEETY) ; EHERT, HERERRE
1k, PR ARG GRS HRERA:—RScH. Bk, =0 (ET#) . FiE
FRVEPE PRAECHE TS i BRI AZR oA, BERE RS KT,

A 2 8] % R I m i
5.14 iR, B4 MZHED
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fE—MEBE$] (mapping function) KT, 1E PR H0R 5 — X 18] Py 3844 2 25 (L P i B o Jee /B
Fm) 5L ) Y LI E AR 2 (A B R Bs 2, VER BRECREAL bR ic 2 A 1) B B e
Peibric 2 A AR . \EWRTHATUL, Absic 2 80 EEER /NN, BEAMEETEE. 76K
5.14 BT, BEE/NTZ 15eM IR T ZRM . NFxBEEn, rafihEEsr2
#REL, XEWEREMEHMEME: | BERMET 1%E4. 10 BERAET 10%EH.

XHRTF 15 EBE AL IR B, AR A —F. LML MERE T2 THHERE, BT
PLi=1. XFFiZlErE s, SR —HRFE 50 cM MERE. KRG, HZLE 50 BRI AR
Rk, B2, 2RAZETHEREREOARELLK EAGRE BT — XS H, B
H—IRAS WA 24T 50 BIBE AT, Xz Rt i i KK .

FE 5.14 5 AP R EE X Rtk BRI TR JR R ARk 2k — M AR 1
4, i 44 N EE IR FHE B B8 % (Haldane’s mapping function) . iZBREUE R A T (i=0), HH¥
XK r=>172) 1-e?°), Hh, d RUEERRKEE. i &0 M 1 ZAKREMERRL, %
EVEAE LIS Z B B X IR . Bros i) B ARG 7 Oh & 3% 4 1F B ek £ (Kosambi’s mapping
function) , ., kT AEBEMLMERE, 1% i=1-2r k. BARHLEARFERRFES, HE
e R B A SHEIA TR

KZHAEE R B SEIE JR A LT E R LR, stanfRIE 5.14 PR —FE . XFh S HEZK
IR, XFF/ANTF4 15eM MEEE, TR aqkTwrE 244, BERYEEH AL,
FrAEASE (UL 8RR A FETEE. B, BOEEO0IAL, FAHERZ S E
Frid 2z [ ey R, ]t R nIX 8 bRid 2 B MK B B KD B B B BER A T, REFADN A
B BEANT 15 B FE AT .

» BEEESYIEER

—RM S, Btk EEEDRE R EFE BSOS, IR ERE R . PR A 8HE bR G 2 A R
EiEOK, RAEZHRBVSHES, BTl VS SEEERESERHERE.

B2, e B AL B BR8] ) — RRAH SR A R XTI . BRAIEL RS, EBMNL
b, BEFEEPEAMEREESAER . MBS, BOE MBS B S EEARR K
IR, RV M G G o /e A () L3 R 6 5 A A (R O ZR PRI . e SRt 2 — A £
B, {EHERWPRERGRE. EMERES, 7EAHFR GO T — 3 5 2 Ja) i B BE T
20, Ait, AEPEEEFKERDHTEHRAS.

HEER—Gafhd, PEPE g RusE B2 A — AR et th AT . Bildn, e
PR RE X 45, AT e L H A X 38/ 15 2 . T4 R (heterochromatin) — i & 45 75 [a] 1] B A5 885
FEGR 5K 1 S Le et R DXk, I 28 X sl K BRSO R B G AR A AR e Gkl . 4% A e £ SRR
J & R B R (euchromatin) , (UFEH 2 70 R el F o R b Yeta Akt 4 2 I A 28150 . 75 KEB 42
AW, BRI G0 R X SR LR s /0N B X B AE G AR 11 e (s ) B 4 A 7
Rafiih. — MBS, EFRERXALHRIEERERXDEL.

BN TE R et R X A B b, BTLA, TEBHEE, 25 KR 1 5 Y 25 LU AR (R B 1 o e
RELRSEAZ. FHik, ERPAEHRX, BEERASHYIEERE (physical map) K. B 5.15 7~
BERR LM —MBF, % R0 2 5 Y R HE A AL B HET T . s R e i A
22 4y 24 v T HH R PR 044 o 3084 ) s 7 it ) 19135 R R0 6 e £ 5 - S5 4 €0 A R A BT [ P A
FEER] o 3N 8 U A B BE 2> I 54.5 1 49.5 RIER BT, YL fa 5T S B EE R 104.0 (& BE AT .
R, AN REMAL 25%0 T35, UEA 3.0 B ARSI RE . BiL B Fe o /e
KRB ERIRE, 2R iR w4 R RS HE B Y X A fr LB, (A7E%
et JiTIX, HEER 6] (R R EE 85 5 a5 1 o DA PRI BE B R R OBR B 2 ], I R AR IR A A 5
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= AERIEFREIEE

EF2FmPELRIA, L
DNA ZAMEAE N AREFAK
I8t A% b A Sk R 3t R RS B
( “FmEE” ) EERAEE A .
A0 11388 £ 1 1 30 2 o o gt
R E TR —E. HATHA
HisE B R AETF AR HE R K R
SEMFERE LS, IXAMRAER
EAREHERANKZ SR
1.0 (Centre d’Etude du Polymor-
phisme Humain, CEPH) f!32.. 7E
NEifEE S, A SR
FEMALE, SR E (B ) A

YA E (E DNA 751 ERALE)

#HRCER . FALEFREL

T B4 Pl L L P B B i 3% 77 1 BE S

EEIN B AH X

5.15 AZAZRIHIRNE 2 SY Gk (RE, ) RHEE
B (Fimm) . FoaBimEgamlist bR, FER net (RARELK) |
priEMRE)  cn(CREPRE) 1 sp(BEAER) ., RifEKN
54.5+49.5+3.0=107.0 EIFEEA, SeYL i b S S 3.0/107.0=2.8%,
B &5 g R PR BERY 25% Ao Fa

EE BRI K 60%, FrbhLtEf BB L EKEARR: LHEEL 4400eM; 5 EHEZ
2700cM. B P, ANKFTE 23 MYPEAARPEE B BEZh 3500cM . PR REA B g oA 4]
[ DNA 72 29 /ZBEEXT, B LA, JERH IS MG T, AEIEFIZ 4 B 7Bt (9 EEE 4 1.2cM.

NKte 2 A EE i 5 A TSR sh W e A A E, BEA

o ANRER T SEHG 0 5 i 2 HERC AR -

o AHEARER S NENMEEE A IAE] (4 Bla b) BS54 v (4 bla B) FH.,

o JEREED

FEANH, BAINBEALBREAPHTEBMN—MERTE, ZTEAFEIERE

EZN S NhE N

5.16 78— MR, Rl PA 25 MMERTIHER

O
%: iQ‘% o Bl FAEREOEL G () SRR () . i
BN, BARHERT., FEF, KBRS RER

Q@EAR
WAEEAR
mES

SRR () 45 5 (3.5 ) o T HYASR K I B 451 K
r=5/25=0.20, Z{EBEEMOEAR PR . 250

B 516 JEEE, 25 Aoy 7=0.20 I, MIMBNZLERABER, ATIRE 4.5 Wrhitig
AR O 6) sk Ea ek e w0 aEE, A

PidE. R AEREBE H RS RFEA

[RIZK R B RIEHAT T

: 25!
Pr{ Rith|r =020} = = 5;(0:20)5(0.80)20 =0.1960

51x2

XM, B5 ANFEEB (=0.50) A EAHLL, @A BEEWR? fEAH S,

25

; !
Pr{ &i¥|r=0.50} = 31 307 0306 (0:50)20 =0.0016

5!x

Pr{&Ri[r=0.20} 5 Pr{ &R i&=0.50} K LL{E A

Pr{ Zi|r=0.20} 0.1960

=]123.8

Pr{Zil|r =050} 0.0016



« 150 « LR FERIFNEERI L AT

1E AR, Z AR L 2K b (likelihood ratio) , 756, ‘& HE B, FTuss|
(R RELE =0.20 FIEBRA R mTfett, HRAEIEEBIRIR =0.50) FRZEAZ 125 fF. UIREL
i E A0 AR BRI, RSB TR E B BUSA M & Rk

ANERIEAEAMEEFERD, CABORRE MW & SAAEEDL, H ] IO A [F7l—x) 2
A R R i it sk, DAREINANMAR S8 X e R ML), WX FAERW » EH, ]
BHER Tk, RIGHE LRI R SERALSR . Ak, 8 05 5 R
XS B, A AEFR A R i A X B 28 b (Lod 124, lod score) [lod — i ft# “log-odds (X}
AL 7, RO ERPEASREEAR R “odds (PRFAEL) 7 1o 30— 4L RIS REBUE LN, 5%
3.0 5% 3.0 LA_E 8 Lod 8 4 ML A AFAEIE BRI G v .3 UEH - 3.0 1) Lod 24340 24T 1000 FRUSR EL .

H Lod i 7> Kt AR, UL T AR RIEEB T EEA R . SLhr b, BmiEE
WAEVE B EBRAL W R R VF 2 B2 00, B, W&, SEMBAHS AR
Al AR RIS LR, A RIERER T IACESME . EAESN BN T, fEE
W, b, AEFLIRE I B AL R R BRCAL, 40 % 2 RiAMNE% A 37%, 55 201k
66%, 80 % Z WK 85%, FTLL, DAHEILIRE R R P LWMERE R L. BAE SBILIRE
R B T Jsit A 1 B R B A R IR, AR 5 7 A 04%, 55 %
ZHIH 3%, 80 & 2RIk 8%. TEHLEIE WM R A GO, 75 B M5 b faj o o R ot A% i B
MEARZH 2. B, ST —MEER R 2900 i R I 65 R, 38 ik bl ot 2899 [ A
(IFRICIE R AL, KRB F 1eM (=10%p) Z 1, T5E B 5 4 700,

BE: AXKEEE

AR « BRE AL 26 IR AR, 1994

R OR 2 K LA 9 ANBRITHLAG

PR R A 2 e N B

VARRAE AL Z 0 63E B R, ARBHBREMAY P RELGEEBZ—, BA, AXEES 5000
At Aie. ARBHBAGAERBGHERG—AETARN. EHELERF S BRI ETREAR
o, BHBXREAHAMRE, CHETAREEENNZEZRHE. B4k, ALBEBARATHR, ZAS
B AR AR 42 & CEPH (Centre d’Etude du Polymorphisme Humain, Paris, €A X % A M85 F )ik E ey
A—AXMARG R %, BB TOAREA R, #=, ARBEF, HAaIFio LN RAo BT
(PCR) /AL BB AT 5 BHE % AW $HELAF) (STR) MALM k. =, EEHIBGMARL
bz K, AREMAEEALEBIAGZY, ARAEXNERA R ERNSE(EHEH5R) T 2. 9, #
%m%&»Hﬁi%ﬁ%ﬁ&,mﬁ%@*ﬁi&%ﬁi%%é%ﬁi,ﬁ%%gﬂaﬁﬁﬁ%ﬁ%.ﬁﬁ,
ARiE P RIE LT A A . AFH N S AN B IRBIIRAL B FAHEI2, PR L KR 0.

AKE YA & T B E SRR AR B I TR ORI A A SR BB ) o SR AL 230 LA R
"hE, HH, 0 TEYY. BEEAEIER ERRR, NZMEAE. HEUENAEYE I RE,
BT WF S A ZIRAL IR A RE . ISR 1) £ B h ) N KA B B T R RN 3k A Dl el s o
B I B R —— I R LR S e R R S A oeeee XL LT N CEPH 2% R 16 4E3K 45310 DNA FEA
PR AR AT, A E RIS AT AT SRR £ e AR AP
A& X CEPH 25 K AT I 2R 20 B brad, (BEMHRARIC RARH 210 CEPH H G4 ifi BUAR i A&
ERE AN, MARER R &P T DNA [bRiC, M55 RFLP FA H B EEF £ 40 (STRP) . AIDLTF
AL T PCR (IARIC, +oo {UiX 3617 4~ STRP #ic, BUABEASLEAIEE 1310 BHEXT (bp) #2408 T A% 1 4
Pride —EH—BARNABERYIS %5E (A FERK) ALE, WTETRESE, SWid MIREE, &
Lk i — MR E X B, *I%Eﬁﬁfﬂﬁfﬁ%ﬂﬁw (W yEFER DNA F B HIFFE. oee — BHYEAHET, mE
AT AP 2 T S A R IR R GEAE, oo LM@M%%%ﬂﬂﬁmﬁq‘mﬁ%ﬁﬁAﬁﬁm%A%EEﬁﬁ
RUEG— /M B B MR o X R R AP RERBHRI, G RAOhER . - e, NFLL
ﬁ%%ﬁ,ﬂ&%ﬁ%ﬁﬁﬁ%E%ﬁ%%#ﬁ%ﬁ%ﬁ%ﬁWﬁ%&%ﬁﬁ,&ﬁmT%ﬁﬁﬁyﬁﬁw&
B, AR BRSSP BATRESS AT IS AN ARG, SR AR T e 1 i R 2%,
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VAR MERE S B Ty A RS Z8 T 56 I 3 MR B AR A BG4 53 (K AR R —— I SRAFAE R, XS5 AE ) I
RBIAEXPEERK . REEHAR AT, (HIXLER R &M XA, NMAFHHE, YR fe ik,
He i) 5E BOR LA 1 A M TG A 45 R, Z Ja A RS AR o

S 1. C. Murray, et al., Science 265 (1994) : 2049-2054.

5.4 JEEPYI> A BT

4 F R R A E A ( TR I
FF A AT AR B
th, BETTRAME R  LFk, S——
I BB AT A 0 AR B l*mm

x4 F B (ascus) [ 3R 45 4y ST
i, AlER— AN AR o
B REEN =Y EE—
ANFR A F T8 F (ascospore)
H s A TG A, A
TR E o 240 WL T B ) BT T
Wl FHAE TS (B 5.17) .
A FH 3 5 A= ) R BF 9T FE 4L 1K)
PLrait, B RE IR R
SRR E Y. FER
AAE 11 L R TR,
HEAR S FHLHI PR T E
BUE R XKL 6 Ehitig.
LEAA T, R 15 BE X7 2 ok
oy 2479 1 43 A (DU 2444y
M7, tetrad analysis) , #&W1{] 4k
FHRAF G AL B o

1% 26 A W 1 A 35 R HA AR
M. fEHSFREEE, EEFF
By ok Z G FREE R R AR, W
73 R T . B
1310 S5 vk B o =) O 1k
TRM ) K2F, FEZEY
HIE 7R (B 5.18) . ZEAY
P, RS> 20 DA =%
BT IR 4n3, HER
A2 VU 53 AR B BEAS B R 7 A —
RAER AL LR TR T . 5.07 —AFRMILAR, Hrh & AW R A A=), W
FERZHOXREY T, WREST BB EA PP R— R b TR T A AN, 3 S 40 e T
A=) (Be 1t £ FRAE—E, B T X E k.

BEk. REEIR, K
BRI T4 :":::::
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[ B DY 3 A2 7Y 2

511 BN TRl — et ik LRI R Y A A IR Y, WANEEECHAES I H9EY 4 Bla b. FEBEAT IRk
ARG EENAMES, EXFHMERZ BRERRZT, BARAREZERZSR, XHIMEFEZRNEAHMELES
b7 ZEH EHTELST AW ?

b
512 MER=AERE . b e FESE, H, §E a 4= C
B DL JE E (KRBT R . BAEREAN X (8] R AT e (7 HY 10 15

0.40 (135 K B TE A B Cla b c FEFEAMER 1000 MRETFH, FFalaErS MR & MEERE D2

5.13 FEWUHEREHEEENFRIE T OE, URERRFEE, RN DSRREEK—ABREIE S BACRE
£ 71k (RFLP) ] DNA #78Y, ¥R &MFRA 1 #1 2. Fl HD M hd Fon AR RIFIAE S AR 1 52 g di S A7 3L (R, 7>
SLL Ay Ml A, 7774 RFLP 46417 1 F1 2 (A7 36 A

(a) 5 R AN A 7 AL RIH RFLP 25 5L R (1 BE (R 7Y

(b) iR I 2% HA /N DNA FBL (B2, FIHBIZH) I

(c) F5 Hy J& 75 R0 5 SEUAE (R f1 % RFLP 2 [8) 3% 8 AR AT LEHE o

(d) W RARTSE B T EPUAES, HRURE T %55 W e EA R AR A

() il vl 7 A K F1i% RFLP 2 [8) () B 4144

.]D
I3 o; %!

o L%
37 T3 o AT T T

1 u‘hr--‘ﬁ‘mmh‘ ‘

F, R 514 X TEEEE R M T OARRAE Hai4 Hkkk OFE, RR TT.
RR tt. rr TT S rr 1f) , TERTZRAST2E F, ACHIkK, BG4 F, ACHER G 1650

RfE Fo e R 3 r HEME, T3 HEM. XFEM FRERM, 8§41
Fy AR A MR 5 AR R (10 R Tr 0) ReAH4?
() 0 0 104 36 515 SREVR (). B () FS R () HEDE7E BRI X B
© 99 0 31 0 agkl. TAEELE EOBEN vs £ v Rls ZIA% 10 BEERAL, s Af2Z
d 64 10 8 18 [N 14 EIFEAAL. RECK— REP AR — N v SSRGS, RIGRF,
PRMEPE AT IAZ

@) BT i=1, 5 ARZEH B AT 2000 SUF A &2 50008 5.

(b) WTF¥E K i=0.5, fEIRERTE.

(©) FIRE i=1, FHEE—RAST RIS — R vs RERZRR, REiIHERAERE. oTAHE K5
B2 752000 RS & AR BIERR £

5.16  IRARZERE A NG DY 53 1) S5 RHRR IR £ P () T 51265

leu2 trpl + x ++ met14

PRI AR RBOA ST, ARG TR, NEANMRTEATEREST, R TR, HIhEA

RT Rt rF rt
(a) 106 34 0 0



© 162+ WfENE KERFNFEEA T

Itm  1t+ +t+ +tm +tm +t+  VUSMAPRIFRSEER, AR P AT, K7
Itm It+ +t+ +tm Itm [t+ &R, lew2. trpl Fl metld 3RS ¢ Flm.
b tdmoItm. I+t bt hm JRATHEFE A AT X SR, SMHT 45— 3L PR b5 A AN
tht Atm ltm A+ A I m mpEgieR, USRS HELBOES KRR, mA R
230 235 215 220 54 46 3R, e R,

507 A RPN DR 0 R AR B B 2 A AR I 4 St Bt
M, —AMNEEBGFRN AR o SRR, B EEAEK
J9 B A b (SERIIED . XU P, A P, A RS R T 420N, 7E 200
A FAR LS ity B AT SR AT R R PR E R T A

(a) 4 P, (SE R R RAT 42

(b) A4 F1 B 2 A ELLRE R £ 7

5.18 %Tm%:AEﬁ§®%ﬁ%@ FE—R= WA
SEReh, W — A SERAFEAR 1000 METF, BIRMMERIR. MY RS RAMEEE, BAR%mE

(S - T~

(0 4 XU
(a) %2 & AR BT R A2
(R o (b) 336 5 T 0 e MM R 4 2
FgH 393 (c) = e 55 R 5 48 FE 0 2 (O B R 22 ) M R B R 2
Fgh 50 (d) = 1] 0 5 R 5 8 A 0 B R 2 ) R B e 2 /> 2
fGH 64 (&) WA H G AR EH R 2 b2
519 FERSAMLEAEBIERE P R03E BYES TARC MRS, X =4 EE S
JeH B RN U, ) B ORH, B FK PR PMENETF BT WH
feh 2 ZE, 7E 1000 AN TAL LA SR AT AR AR A0 FACK H R T A&
(a) ZERAN A P T T2 T A% AER
(b) X =N I—ANFE ] ? AeH
(0) 54 P, BEHE B R 42 Aeh
(d) LABEE R, o 1) O BE R 55 B A e S B 2 () OB B R % /b2 aEH
(e) LAPRIRE 07 275, b ) 3 R 5 s B R 2 W) B A e %5 /0> 2 aEh
(D) RSB SEACHI SR £ 2 aeH
(@) ARAIXH R I R R () FTFH () . aeh
FAR FAR
725 (3 ; 2204010 .2
A | —— P —-z-lu — — --- —
H | voms s —g— -t—t*__‘.
h — S iy s e = e
a b ) m— je-F al _—— —

520 {EF WAL 3L (Caenorhabditis elegans) ', 528 dpy-21 (Fif¥) F unc-34 (ANMR) 4w AR FIE
Bl UM RPN B R o X P AN B[] ) AT R 24% « WIR I EF dpy-21 +/+ unc-34 BEAT A A28 (%
FAEYIERMERE ), BokBEAERE X AR AR SR s 252

521  — /RIS AN LS AL B R A 4l : 44 bb cc DD ee. 55 A RAAH KA aa BB CC
dd EE. 3[R D 1 E M EES, #HEE 20 cM. HAUPTEEE B BAE. XBWAMBRRLAE FARME, REXT
F) ACHEPEIIAZ

(a) REEERF 4. B C, —NRENRS F RN EAREHFR KRR L /2

(b) BREFTHERE, — NGRS F AR AREMF KRR L D2

522 (7RSS AE KA ERRA T RAE, B3 X Rk A o AR, XA A HIE.
FE B MRS XX LA AT AR, S RWMRITR.  “+7 Ron T4 (B[R] B85 1 9 A 58 28 1) SR R



S5 E BEESMEEAER <163 -

g, “=7 FORAEAN (RIS AR H FARPET) o XL 1 24 (30 g S R BRED
AR T /AR (LAMEE) 7 SN EAMEE P IO 582 IRLS? 1 - + - + + + - + +
ABClabe 177 523 fE4ie %@&Achabc 2 = + + o+ o+ o+ o+
ABclabe 89 Z(UJ;QETI*()”\@)L, MG = BivE 3 +] | b GRS et
Wb Clabe g1 fRE4is ah’w‘ﬁﬁfﬂ&ﬁﬁﬁ 4 = P PRGRSt
Abclabe 180 (a) X A f1 B HEH Z MIFEBHAT R 5 iR i - 0
aBClabc 173 HR, EAHEREEZD? 6 s S T
aBclabe 71 (b) WL 25 R 5X AR HIEER 7 H it
abClabe 68 (A (R R G ? 8 PN
R AR 116 524 EUHTRAAW FEERY O a
Bt 1000

AN HH 2R BE B S R (K — IR AT : cys3 vps8 adel x+ + +. A5ARRHTIRE 3, TR T 3.
BEITFAEE WS TR MEER ., A ERR, 23 e v #laRoR PSS R LG b
cys3. vps8 Ml adel . REFFEFUMARAMUFI A, EaTLGEES] .., +v2 ++a  cv+  cvt
A—NESELREFERNRERIC, NS EHETHTF. BREEX 4+ c++  cv+  ++a  ++a
RGN T X — M5, AT A5 Y 434 5 RIS AP Y 43 4R ) +++ +++ +++ +++ c++
B2 159 83 41 116 1
(a) il X SRR PPl AN SE R b A 2 b2 () (R B OR 2R
(b) SHE— 533 L RDEBI AL, ARYE FT s B v S EE .
5.25 7o (IR DY o34 1 2K BRI 2249 B R b E 2 1 2%

il TREHE 5 g b BRHRTFRERT ).
e s SIS BN T LRI R 42
R4, i %% 526 ZEFMT, Pl @A GRE LR—FBE) Rk
2 Z . If ‘;‘; ’; ng SRR R X SRR PSR, A
a

R BCPERBBE B B———FhFRCh “TRBE” EIE. AR
WEBRETEMOBOSE, FNIESRT X FRANREIME S BE A MERK DNA 8, &4 1 12
SR 4, A0 4, P2AE 00 DNA F BG4, 40 3 R 4 5 —NEE RSO EEE B Al By P24 1) DNA F B~
. ERRE, SRS MR ECEER,

() REFEEBEEES A, A, SRR E KIS ?

(b) REFFABOER S By By S 3 FE X S HOUEH ?

(o) W RAFAEEBESE , R HRLER 4 1 AL R fh .

(@) T EMEE R Z A AR . (foR: eS8 —ACREE A b BT O 0 & M LA 4 1) 1 A5 2 R
52 4 754)

povans S
nf“m AR R L uu.

i s 10 15 20 25 30 35
527 BEA A. Bl R =AESFEEME-RKBW®E 4 R B
fe bt TR ; :
BB — AR A R B RS — MR ar b R g et
HAE, WRIEXT FARHEHTIRE
(a) (iR AN A r MR ERE SR A?
(b) 7T h 4 R B IR /AR A 4t R 220 ? BSEBAKBRA T i=0.




164 + AR FERFZERA T

528 TR SO SRR AN R OB SAERE (L o F77) 4iE THEM MR, RNt 2R
THESMER M 1 M, — A BRI R B E 2 A0
HIER . AMAET -1 A2 KRB, HI-2MI-1 BiF. 23
I1-3 34T TEBFR, mkEkE R 811-3 MR R4 (F H
SRR . ERAIE S BKEZANL S ZE R OAREREZ W
HIEASRRE 25%. ANEEAMMAE 1 -1 HEEE R M A/Moa (RTFR
HAMG B B Mia/MA GHFFIRY) , (B AT LABSEERE (A p

Bk EEf AR .
()4 XREIN-1 BB 2 FERX—FF. SHXH, Mk]-1 BEHE3IHE© MEEESD?
(b) & X B, AMA -1 BEHFHE R) HERREEH?

(o) %t R it b BT R R I F LA pR B, B84 Y—AMA -3 B RER aa—HBR R L /b7
529 TEULALFTRRGS, BYE -2 REEKE X BN AR A. BRI BR— DNA H B BRI B

K £ A (RFLP), % RFLP % X B8, HArT5 A

JERI MR 30%EAMIFER . RFLP A ERGEA: s, I

P SRR T A B M 75 £ P SRR A0

BRI . 4 4 a 4 BRI A R EEE RS R A

SEARY, HARE 1 -2 JL %R R A e — AT AR k.
(a) &k 11-3 XL AR IR A4 & IR R % /b 2

(b) L PEIN-2 Xof MfiL A A SR AR A 246 IR R 2 202 mm
(e) IV-1 8 1l AR I BE R 2 /02
Praf R v

‘ 1 o)H7 5.24 P OBARE, e X RE 2 A i
EHRR. MME—XEBEE, HHILEE.

BEERRE2 TS T AR I (rabidopsis thaliana) AN ML R . BEESRIBERE onx $LELER
it gad 5IRFABEERBME, sex] FEUEHMAEFLHF, th2 FEXMBRRRNTR. 20U BERCH R
LA — AR S B AERIZAT, REX F RBTIZE. RIK B R A FRA MR T N

cnx ga3 sexl th2 185 cnx ga3 sex1 4 29
cnx ga3 + th2 205 cnx ga3 + + 28
cnx + sex1 th2 2 cnx a5 sexl + 26
cnx o+ i th2 3 cnx + - + 19
+ ga3 sex] th2 24 %5 ga3 sex1 + 1
3k ga3 + th2 21 + ga3 = i 4
+ + sex] th2 26 + S sexl + 198
+ + i th2 31 + + + + 19

(b) P B R 8 A% 1
(c) Eﬁ’éﬁiﬁl X, REOGETHEESD?
LPUR—BI AR L e 2 B R T BRI PR —— R LSt B ke . 24 HALY

S PR A R b AR MHURN , B 2 b

FJ/\‘Q\’{_} == % o SEABTRIG R B T N RIHIA R BIURR 2

Y OB ATRE MBI . %GB (4, o) FI(B, 5) % 6

— ps—HRRIASHR, I FP MERLER, 1

5 20%MTRBE . XFE— Mk, BTk

BB AL — FUNL, S A Sk AT
RBHETBILEI SUML TR, RESRDIRERED?

B %0554 (Christmas Grinh) 9 — MEEAERER, A4S
r=50[1-(0.2) "]
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Hrb, P HEAFER(F2H0, d AEEE (EEE) .
(a) Z/DEABFEMAGT 10 FIBERAL? M2 T 20 BIEERAINE? 02T 50 EIFEEAINE? AT 100 B EEH

L2V ?
(b) Z/DBEBEAH YT 1%EH? YT S%ELNE? HH2T 25%HEAN? 29T 40%HEAN?

(c) FH 2 A'E P R 5010 S T 20 A% o 6T B ) 2 ]

M i =
“W_Ei8 4% " (GeNETics) 22 A R/ ATE ELIE I b T PR a5 2545 000 i AL 05 T B2 )l o 0 A el
T U ] A CGBiA 2 . FERIFNIE R 4T) (38 /\RR) Bt % ) Jones and Bartlett 4 ] Bt 2% s http:/biology.jbpub.com/

book/genetics/8e/s
FEZH R, RSB MEEIFFINERCCRIASR. SR RRE)E, MRS MY, Kb

CESIE S AL PN S0



45 6 % DNA SRR TEYE

HGZ2E, 77 DNA XUBEA ) 54 S DNA Eﬁﬁ]}m’_—tB’J ?% [®Alfred Pasneka/Photo Researchers, Inc.]

6.1 v FEAHFNS N AR A 6.8 FEAHMIFHLH
6.2 XX%&DNAB’H PR & BE: 7HEEH
6.3 fi#EE. FoE RN R i « WEFE/RARANE 22 70K « HTEE/K, 1958
6.4 W5 REEEHELS KIHF 5 DNA 5 5]
6.5 B ZE{R AR XY BXFR: ZEFdith K (Happy Holliday)
6.6 JabEFERIANIESESE e« ), 1964
6.7 DNA [£1EFHllfF T P 2 R A B F) — R L6
5] BAR SRHERED »

23] - 2R DNA ZHIMEH K THEYYE, BEAMELUT SR 6

» EUREHIE, AEHXPRETS DNA 8RS8 DNA §, fEH5IR&E. DNA &
Pol IIIF1 Pol I . f#HERE. b DNA 456 & QA+ 5 HmE [T (Iessmy) 103hRe S Ve AL A
= 4 Pol HIEEATTHAE T e X, TS BB ThAEE I Pol T3 K 2878 fifa] 541 DNA
52 HER P
o DAIXUBESE DNA W itke B4 IR E R, HERTSAR DNA fE5], JF4EH
5" g Al 3" it o

 FEEARNENNS SRR G = AERNER@SHREES, IBHPEHR =YL |
JEARRT =), T ) 5 R e TR BT R E . R E IR A e, %Eﬁ%%lﬁ%&“f !
\ﬁdyﬁii{ﬁé\iﬁﬁ y
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DNA 45— R, #iik AfHE] DNA =6l RFMTETEINA, o 9w 46t
A RAGM B, SRJE DARESR A JF I BEE A BIR, &8 M — R ERRFI AR K . 4R
KPP TR, PSRRI IR IF 535 SR FAEE AR R . R DRI i
FEEVFZ AT EREHR, (EIHEARES R UER

o E DNA EHldfET, SEREHRIFTE, B AR HEA.

o BRASREERAE b A BRI AMEE AR .

* DNA 8§l A& & RIS TAOEE, AT 5RO AR T RSP
B AR o

RAR-TC L e R ) B, B A RERGELR, REERUEN, JFH, DNA SERIEMH
RERAAE—Tr T Eo FERNXTIXEE R HAN > FARKE RS, M —EdIT DNA &
IR SR RE, CORETE “0 IS, ARERITIRIXEN FHLS NS RIT)AE. DNA
& Bt R A AR — N EEART S, RIS EEHS THRA.

6.1 JEia. FEMAB NHIR )

Y S 37 B I —/ DNA 43 F2k— Bt DNA #5h & ) F (replicon) . KA1 #i (Escherichia
coli) K12 #R IR DNA 23 FRB—EHIF, K 4.6Mb, H, REHELG T4 245bp [ E X,
ZIX SRR 4 & il #2 53 (origin of replication) . K 2 HUH Ah 41 H (O Y o th 2 s — &7, ks
(plasmid) 7RR, JFORLH W T4 A — S B i o h, B—2 N1, BHE IR T LK
HZAEY R AT a2 RS, RS DNA 29 FRKEIEFK. AROALRE A S
TAREE S . fEHZFREREY, DNA SEil&E% 2 40 F5IF 8 B £ & 55 (autonomously
replicating sequence, ARS). 7f DNA &l f, 40}
P R R B ORI B I AR E ) DNA P13
b2 8546, XX /2 DNA ZHIERS S, B0
BHEFNEPEDR 2, SSRGS Wi
AR EAR A S —K, HRPEEH—RK.

DNA Sl = ZEThae & Z R0 TR
FF51. BlEERCNT 4R et (IRNEEng 5 M ARmERE FOn .
WS 5 o it e FC T ) 2 BT A B R GE BT R L
e RFEERIFA TR ST, FHEE BB
[ 52 il —B) #% 1 BR )7 51 B 4h (1) T B (daughter
strand) IR . B, 7EsRBEPERfrds—14
BRESAZ AT IR, — AN R e A R Sk n B 14k
AR . XTI R 7 FLR FE B =4

* #28A (initiation) i DNA HE# LU LA KIHLEI
KEn. BAERME DNA & BZEN—IFKAEIH
(primer) )5/ RNA 73 F 4G, @i 7E 3" hide 4
AR, 5 EM. E5EE R Em
BrBt, 519 RNA #%BR, Bl —BSK K DNA.

o JE{# (elongation) 1% 17/ ¥ ik K REAS n 34
KR 3. X5 EmsR—ANE 8, EE
6.1 PIX LRI E. FATERNEE DNA #, Pi&HERE
R IEPATH (—& 52 5" —3' J ], B—& 52 3 — 6.1 IRFRANTLH T EARAER DNA Bl




- 168 » iR FERAEERY 0T

5 J51) , BERIFEM A TE DNA XU R IEZEARBER 77 17 EA REIELEHEAT . IR TEAT IS, 37 ¥
T8 R E T 18] (B 6.1 Hp ) b FR9 7 1 ) 1 S 1 T B A o I 23 482 5 1 O BEAR O BT 8% (leadling
strand) . 7 — 45—} b ISRESE (lagging strand) , 3 5’ SHE FIMEREST 1, TS A T AEAE
o Ja blsE— e R LA AR A 77 A i

* #BA\$HiR (incorporation error) IEACX 17> TAFRMERATERN. FHME, ik (B
i) R IBARL R 107 NERZERACEH . NS DNA o, XS a0 E
MK 6 JTANBT IR EE BT, X ] B BOGE AR R IR AR 4 . TE SR 225 B AR
PE, R ZHBNEREHIZ G D g —F#R b3t (proofreading) A~ Th REFTIE IE .

6.2 Wik DNA 4583 555

F4 70 DNA BERFFSE I & BAEN FREBINR I HLEIFR b 3 4% BB B #ll (semiconservative
replication) . I [fI R 82 (R B &2 il i) SE 50 1IEH -

= {ERR-MEREE

MES B, BT HRE T, DNA Bl RELLFZHLEIR S, {2 1958 FE51& - MEFE/RAR
(Matthew Meselson) F1 & 2 7a Ak « {735 /K (Franklin Stahl) i i S296UF B 7 BLSEAAAE AR F R B &
o ZSZIOFH T —FRBr R B E I 0L GRS 0L, DAEE PR B v, fiE
B BEAE DI R T2 TF. LT, MATHENERAMZE "N KikdE DNA I,
fFSEARFITAL DNA 0 FALATF. MWAEKAELL N JyE— 7] F B 5 353 b (oK AT 40 28
f£] DNA, b WA KAE LA 10 N [ 22 (5 97 56 P (R 40 74 43 25 (1) DNA, %18 35K, IX A DNA
A EREH B O 4 T, DRR R AR oo ) A B (CsCD b, 9 3 IO 3 FE R A 22001 o

HE B E DNA [ CsClL I, Cs"B 7&Wi i B OB A UIE . XS Z 2y 8k
H (G FHIBENLZESD) BIRPT, FHIE Cs™58 2 PliE. BEPPMR, HIL—A CsCl B IR BEH
(Rt 2 %A, NEOE TR, MR L EERFEm. SO0EHEK DNA &
) _EEkm PR sh BRI NMUE, AL, WIRREIEESET DNA B SREE. FiX
BRI, & UNC B )RS PN CE” ) BIKHAT R DNA JRA Y0¥ 4 IT 505 B B rh A
AR, BV ST A AR . e R HmERE R 2 N [ KT DNA,
W 1.708g/cm’; MIEREMIRFIBERERR & PN ) DNA, %84 1.722¢/cm’. XFifF4rTHE
WS TT, REA 6.6mol/L i CsCl ¥R H N 1.700g/cm’. 7EB LML HERR, CsCl W
SHBAEE, E DNA A TEEENNEERE. EEHTX—ERE, XHoBEHEREHRAN
TEEBEHE B L (equilibrium density-gradient centrifugation) .

BHE LY, HHES "N BEEEPAERTHSROME, X8, FIERER DNA
GEHR AL “ E 7 BE . ESRITFIRROI R, KX e s B B & N RIS, LUEHTA R DNA
WH “R” B BhE—ERE, NIV EANMORE S, 4B HXUEE DNA, BET P65 AR
B LU M XUEE DNA 43 F RSB TR B R HIR 3, FIsCie st RaE 6.2 Fin. £
BHIZ G, BADREER R — KB —FB8EAR, UL, Frar ek himsE. mes
WG, & —&JRMEREMREEA, FFRT %R, BILESEAHREE Kb &R a4 R
WEER, L, BOPAERNEEENMET. BE0EH2Z )G, TSR IR %8 B fld
H) % FE ) DNA XUBEAR, BEX—MRS, WENTHFEZEL R 31, WHREFR.

H 52 IR Fx-Hi 35 /R SE5 (Meselson-Stahl experiment) ftSEFr 45 SR E 6.3A #4rFim. HikEg
FrEE AR Mk, #RARE 6.2 R AR I B LE H I CsCl IR I B BRI M4 4 it 2%
BOEREKETABCE, K (REE) AL, T (RS ELD. B 6.3A ik #




# 6% DNARBHFEANSTEYY 169«

JE7E 260nm K
FIE 48 T
B, ZREAKHE
A et DNA
. Eim, fE%
FERRBEH, DNA
4y F AL E R
5 A1 G 4
Wi .
ATV L b A1
0 O 1) P IR
WL, A
YT &
BB, PR
F1) v JBE 1 98 % AT
PO L
DNA #ATE .

S 56 TF U B
o), A
i) DNA #2E

FE I ] O/ M 4H
Jd R LI DNA

IRZE

B 6.2 HFZE/RAR-HTIE/RE K PR B S i T A5 2 o

1 (PN) . #BE N G, JFRHIL—-&FRERIAN, HHEEMRESE DNA MR, E¥HE
# (B 6.3A) . 4K 1.0 /X (DNA SFiil—%, MK E M Z2fE, i DNA N “BE” B,
W ENIGFAE PN-DNA % BEA1 “N-DNA FREMF KR, RIBESHEKS T, WG
AT EEEROWAHERME. £ "NEFEFESH 19 RZE, 4—FK DNA BAHEH
# N ) DNA( “#” DNA) %, MH—FEAREEE. 3.0/, % DNA 5iE4 DNA
B2k 31, T 414805, ZEEIZ4h 7: 1. PN B FRXFMHA0E, FRE 6.2 FinliRiE
FREEH TR R, L5, ERSHREMAEPIT T RUUMEH DNA £, WFSEEX
SRR R HI R AR B R




< 170 « AR SEPIRIEERIA S

DNAR R, RO IR, BRBE I, ZESLPIR FhRie s
—— TEREBE) N R JF, SUBEEIR i et “ R
A7 AT VR, SUETERC DNA M5t 2R DNA. £t
. PIREORTES, EFRIC DNA FIFEARIC DNA LUHRSORAAE. RARIX
LA F 458 1A DNA 207 MBUTRAER AN E B2 R
PRI, W\szaaﬁzgmﬁzﬁamﬁmg ------ 2AETHL G,
AT TR D RAIEARL. o3 HHFFBLE RS T
Ml e RIS DNA ﬁm%m ------ RR AR
[ . T RIS DNA S PRI, o ARRIGR S
T\ -FUESE DNA SRS BIUASGRA B, LA LAY

i

o

%

-L<i' i
—

FER AR B U EE R L) o - SE L4 T2 T DNA TF
BT TLRRAT 4?7 76 DNA 5371, IX 6V BATAR 2 (R X R AL
Ha? (YGRS, XL A SRS S BB 4 2 !

HeE: M. Meselson and F. W, Stahl, Proc. Natl. Acad. Sci. USA
44(1958): 671-688.

= ik DNA BOEREBEH

MM L fhh DNA MBS L REA. B
EHE K AR ICHFAY, X SERF I AR | b5 4 AR AR RS /R 1
SEROARIR], (B FH B0 20 6 5 S F AT ZE e A AT IS
WHIFRIC . B 6.4 75— AMEF A KR a4k i T . 263% 00,
Fric Y ok iR R (bromodeoxyuridine, BUdR) , X /& —Ff

A B S-BURMENERRL M IR R, S SRR T
a& mg w__wmm  ERHHTREERCN . 7EFE7E BUAR (915 FEAT DNA &

N

® comh  commx B, BUIR BV, BRGBIB AR & RIE .

J et B 6.4 BUdR
L) s BRI A 25

B 63 ME/RENIIRIRLE RS tfk, [2aigs
B 62 B, (A) ZEMRL BT 2 AT
A B DA IS L 4 B 34 et R 2 o
iR, BT, KM VPRI, ]

1o FE A RS EF- it 2R i R
BAEOER RN R, (4518

M. Meselson and F. W. Stahl, Proc.

Natl. Acad. Sci. USA 44(1958): i
671-682. 8 F R WA b K2 T 540 X 6.4 YL EARKERE, S TE 6.5 . A #Hon

MY R e - H3ER A% (Matthew  f77F BUdR (1M T4 —# 2 HIM— & 361K, 4 DNA
Meselson) #3#. ] ST HEFFEM . B R 4 BUIR S5 10— R Q68
7, FEMEMT, —&RPEEFATH DNA XA SRl
B, A — &R EPEATE DNA XUFEAR FEPRCH . 2 —F o 6 Gl i ix s g 6o 4 g 4T 4
BE, E¥bn MR B iR HEAER %t (B 6.4 FIIERIKE) , iS4 hric DNA
FIR AR, 268 “BK” @) (B 6.4 FIFIEKE) . &, B 6.4 PHIRZHROASE
6.5C G EfARL. XL R, ALk DNA FEHRERERM, FhE
Fric DNA M4 T /RAR-IS /R P4 —# 262 J5 1 DNA (K 6.2) .
K 6.4 A FE—2bric 7 NG E 6.5D FABFERI G fafh, XS R EHE, 2 LAk




6 5 DNA BHIMEAM > THEWFE <171

ety B ARAT i (sister-chromatid exchange) (145 3t . 7EUCIEFE A, 199 4 4 ok e 2, A i A I 34 0 7
$, 7& DNA 7KF EAHS TAEP A S sk o A AH R B 75 2 BE R T R FN 4 . DR R L ik
Gt BRI DNA JPHIARTR, BT DAGH Gk e 0 sp A AT il s A i fe 5 . &1 6.4 F1 6.5D Bon T
QR IR G e AR e 2 R 2R . BT 6.4 R NI, ZIGFEYY BB T X Bk
T, X et p kR, Fi, %4008 H T 2 A R g A AR

(A)

6.5 (A) 7EAF4E BUdR [

(B)

LT, —Fey ok il
4Ric DNA Wk, (B) |
B A — A~ 2 hRie W
PRFN—A 2 AR e DUEE A .

(C) ARt Z T K (R
£H), Hit, Frricid
ARG DN, Tehrici e
BRI DN . R EPIESL
e i (A DNA BO45 B8 .

(D) JH ke (7 B A 22 4 5 3
DNA oA PO ARGL kSR BE
BB HAKPERAA L

PR
= IK DNA 9 F8Y 055§

TEMGZE IR BR- I BS R SE e v, KIBAT i
DNA 7E45r B f2h K £ LBy VI3 ak F B
FTUAR AL FE R A . BEER S 2
e EFR G 9 %), HEZE
SR I AR B 2 53 1 1 43 B A FEAT LT
BT, A BHEEL TX— .

KIGFF i DNA AR T R HIR 5 —4
YIUER E RO B BRI R TR
S M R CH- i ) (O33R, DUE
BRI DNA BABUR M. DN
7730508 DNA, JREHE TR b iR
T P AR AR B B — AN R
M, BAZE, IREESRA, Nime HE
MBI E W DNA; B &2 it B 22 i Y
DNA 7RI B . B 6.6 7~iXFPsci i —ik 2
LZHBUR B B . K E g AR s2br
KN 1.6mm (460 JTHRHAEX]) o B 6.7 7R IELE
BHIRBRIRR T, %0 FHKF g (e

P

& Nppmeens BE

-‘,‘:7-1.
TR R A 2T R

6.6 — KT B 40 TE AR B 0 S B Y (AR ik
SR BERY, ZARCTES H- R 5 AL
Figr T > TR, BRI ES L KT DNA
G Fh CH R TR T KR
B T MR MER. (5] A J. Caims, Cold Spring Harb.
Symp. Quant. Biol. 28 (1963) : 43-46. ¥ RHEL56 % AR
FERRAUT A . ]

A, AKAN 0.01mm (3000 BHHEXT) o XA IELER ISR AL FEE 0, FrLAE R FRIXFP 67

Kl 0EHI( 6 replication) .



< 172« AR FEDIAEERIZ 54T

@ fE—ANEZESLHIH DNA 45T, 3
vl s EIEAES) B 766 IE 75 2 I X B0 b
e = .':...' £ #| X (replication fork) . 11E 6.8 fIT 7,
DRI B Lk 077 REHIFRAR DNA 497, i —
o B AN DA — AN,
g e 5255 N SIS A TFR, 8 — A
el e KB, RIEEER A, GFHAE
A N X, EATT AR £ T4 1 R 1 7 1
T e, B, M5B LA E LA
e ‘et -'*: (terminus of replication) [{J[X {44 .
T R TEFRRFIZR S TFoh, 2452 176 4 e

i elaz e i3 te s
R PP LR i RAEEIRIT, B £ 1 P AR B A
B 6.7 KL oJARBIH—A/MIFR DNA FFHRBR om0y, A N8R £ 1B
Fro FARMTAA BUFLREFR, (AW, RIMKEE 0 o s
0 4 2 B 22 MO - BN (Donald R, D0 < DNA LT BT EH

Helinski) H4, ]

Ree—4 |EHEA
1
e
5 ST 0 A

"X

(bidirectional replication) .

B 6.8 MM DNA il Z A2, ERmEHS, MR, DU EHIHERANEH X, 08
Hi kTR W LR Tr 7] . KZ % DNA HGR W S i o

= RINEH

HLEIHR DNA 707, B2 AR SFENEZEDHRER DNA 47, UAE a4k
) — P FEREAT B . KPP H 7 FR A RIR E #ll (rolling-circle replication) . 7FiZidfid, &
Hildh T XUEEHS b
— N E B - T
PR 4B 1) B 1)
% (& 6.9) . iIX—
PIEIF= A ANE
2 ERRERE
ig: —™ 3" 3 (e
Wb HIRE R AL i
— AW SO &
3'-OH) 1 — 4 B 69 WIFEH. HramMEELE TR, R H B R .
5 v (I &b # A%
HRAF—NFER 5'-P) . BT REAZSEZHRRESERINE 3' 5%, FRDE 5 3 MEF 80,




6% DNA SHIMEHM S THEWE 173«

DNA 335, MEEFISEIER, 5 WmE % (A mmw—n

SKKMRE—HF “RHR”.
FERZHIEOLT, MEPERDNME, D
B E AR S R T ELANEE, X A T R
S 0 JRE M

DNA RE. F AR s & T3P &

i) DNA, Frih, ZHIAZIE, BERAME R (B) =®MFE
fRE, LB AR KIFZENRE.
ifi, X&KREEHIAS DNA 511§ B 1 E
S5k, RS EEHl—IX, B Em
EN—ABEEKERRFS (E 6.10) . RAFRHIZER
A R ] 4 (16 1% B A 7 52 G630 140 3[R A
fE56 9 TP, FERR KA i Pk 4 A 52 44 40
HuEEE, MEFR MR RHINEEY T,

» AREMZER RN @S

FAZ YR E AT ) DNA SEEARLRER, HEHARRH. BHHZAT DNA FHIFEAL
Re REZEGE SRS, EBRGR A PEERRZEEE DNA 5 FRZAH (B 6.11) . IXLEEIAFR
8 il (replication bubble) . MR Kl ERF =4 T RAGIRE T2 Ak, FEMAERAIREH], BEEHA
HHINE s AKT B s, SHRANIE K (B 6.12) . AHARR HIE A& H X AEAB AR A
B 611 IF7EE il B9 2R
DNA. BT BMBHFERE 5 1&
AL 30kb X, [ HUE AR HE
R E 2B A Y R A
P (David S. Hogness) 2, ]

EF W CPRL DN ST, B 612 XU i 5 5 e 52 5 T 48 K
Ay F R T B — F x s fro LR HISGEFI T M)
. EEZA Y,
AN 6 X3 DL
7 10~100 MZEERXS
AIEEHERE. Blan, 7
BRI, 75 25°CHY,
5 L R 50 4>
BB . A7 b
PG E A ) DNA
SNTREL 73107 %
FRXT, R A AN X r)
Bl ST, Bl
FREIEKY) 8 K],
Sfr B, RE R
i, &G EAE b
F#7 8500 AN il £,
1X 45 52 4l B[] 9 2 21 L
38R . TESLRM E A

6.10 FREERIIRINE G R EIE Y, Hop &
FEACERR T BT L PP R A




« 174« IBfEE. FERIFNIE RIS HT

Harp, 2 2 (A1 (R BB 24 R 40 000 AZ PR X , IXAH 15 4 4% B /A v] LAZE 15~30min PN 75 2 & .
R A et AR A HR A R B, BT CAE BAZ AW A e Ak 4 3 B AR A 2 4E 5~ 10h.

JEAZ AW it DNA EHIZEILEZ ARG 2. B, EXBIFES, DNA 5F R
LKLY 1500 MR A BEREAT, 4807 I3 B th 0L T 32 AW 0 i B W B 4 DNA 1)
S o MR RAF B ) S AN R ) AR 20T 4, 3L DNA 20 1 I 5 38 ) 75 2 K4 30min, K%
DTEEY 4.6x10° AT R, ERFEEKIEREET, KB EM R LI4E 20min 4
B, XZFTLATTRE, J&F b 20min BLEER A TTAR B — R Hl, BIERT— %S i B
MR TER. 76K B A ML B R, R R LA A FA MK DNA 401,
CERAEN T — IR REHER I R .

6.3 k. B AN IR

6.13 ;"2 5 DNA SRR — 2 E 30 1. 8 XUBBEMEIE LUK P &5 580 T, T EhR
el (helicase) , ‘B2 —FUKME ATP KIRZh R e o 1 E . 2 8040 i B A HoRh & 1 14 A
FES (B, 6. EHRER) KRN . ERBH A, 7850 AR IEE 1 E 2 e
B f& dnaB SR8, 1%M§44 J9 DnaB f# el . DUR e IE 5 1w & 8Ea A R = ErsEm, ®
I, A T3] DNA &RARIER, SN —eBgiae b s, xMite /EH 285 DNA &
& ZEH (single-stranded DNA-binding protein, SSB) i LA [1T)fE. SSB fit' E % Hh 5 §15% DNA
A, EXTHEE DNA [SER ) ELXT XU DNA SER 38 T5 LA L. IER SSB 5 ks &
XFpRRZGES, HEHERAREE. XGRS, DNA S, EHAREE 48 H1ERZ
R SSB.

A 6.13 7
DNA % il
SR
KB R
B MM .

DNA R &
B A A F
5 & AR
ZAARIAY
EA A Kivs
il K
RHITAR BB

e 1
U e it

S|

DNA# £/

~ DNAEAH
5 &1k

DNAZRA B E &4

524 e OUUBE e 1) P 2% B B AR T A — (MR E, WA ied:— A, Wi, —EfrfE e
FENLM, LA S e XU BE_ BB A RN )il 2 TS B0 B e k. B, KT S,
TEAR e T B e N H AR A3 KT A REARLE S HIZ /T, N2 10% 2L R4 R s R . B UXFh
IS 7 FYREEFR b RERE B (gyrase) , ‘B UIE] DNA XURE VR 1 95 4% , e 4 Wtk 1) A o LARR TS 7 1
MG ¥ 8 o E R (B 6.14) . HEHE {1k DNA & It 2 A0 & 82 (0 8§ 5% 4 36 b 7 # B
(topoisomerase) - P Ay e Wi ™= A= XUEEBR 1, BT LAREAR 4 40 40 S b il 11
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B 6.14 DNA Jiekh Fife & il LZRIF=A— A WEEER O, SRIGZ8rh R e Wi, LUBSHOS U EMIE R B 7 o
FEXVIR e £h At HE AR IiE . AR Bk B SSBP FasE . BN h ik e BRI RN, K T HE&
IEET ) FoE, SIMERETRBAHRT . 8 FREES|WE K.
6.4 1HIL5|KEE ARG

F-% DNA B &1l (major DNA polymerase) INAEIRIHHT 2 FAZHIREE, FrLL, fidE & B4
B 3 AL 5 | ek R R IR IR A L TR . ZEREANIET, 5140 —ME RNA F B ZE4R4h Gin vitro)
LA R HIT, 5107 LLE RNA 5 DNA. 514 RNA & 3,5 -BfR — F s i VU R pis 1
AR PEEZIR . ¥ RNA 5 DNA AIFFRIME on
A 6.15 Fin. SB—DZERIEREIRS L, Cﬂ e & o
RNA 74508 (ribose), B 2 BT |47 Nﬁ '%
N-OH 3, [tk #h5 DNA Il E R . 5
o LR I & (LT P ? EﬁDNA f :;\IA B@ﬁg m::iﬂstz;@
(M ARIEDE , 7E RNA hclEd AR i mmne = & - : ek
(uracil, U)ERAR. 754K RNA B, Bl—% DNA 2 DX S S8 A TS M R i o PR M A
BRSO — 4 B AMSE, o, DNA FEIHRIE S RNA S ImImis .

EANE . RNA 519t —FlFR 4 51 & B8 (primase) (K145 5k RNA R A 8= . 6 KA S+,
5| & &% DnaG dnaG R H) =4 . A05H RNA 51¥08EF 1R, # 2~5 ML R K.

TERZEDS, 5190 —A RNA R BE#H 1 DNA B B. %5|WH—FKh o BE
filf (polymerase o) 475k DNA KA/ 4. %D BRIEER . BEEaREKY 12 4
AR RNA F B, SRIGHEACHZ I DNA 18, HF RNA-DNA 3|90 8K ik 35 4
BHERAS . a REWMHE LT —FH 15~20 X2 KEMROZEE & D, X2 EE S AR
H15| &k (primosome) .

—HEYE MG, EEZAEYMEZAEY 8 H 32 DNA BA kBT . % DNA ¥
5T R (1) DNA & R, BN 7E S 2 o 7= 4 (945 4 DNA THE K 2 S0 Hr e #1 2 th
R A . 2R DR AL BRIE S N BN 5 | R 31 T RAEVEA (B 6.16) « A



+ 176 + AR FERFIEREA ST

73 DNA & BT Z RNA 514, BT LA 4 THEE & U BT B 6.17 B 1 45—k

5' %A —> RNA %65 B, MEEH7E 3" iidhAT .

6.16 RNA K 5%
Bt5|% DNA & ]
. DNA #itz LA
TR, Ha
ff) DNA DIK# (2
HB7R. RNA HEB
DL &5 B R . -
DNA RAEHFKE
— IR E
iy KR
3" Sty o M SR AN i
R 3% 22 7% n 3 DNA
HEKEER 37 5. o
J
| RNA
314
6.17 TERTHAH
% I BIRNA & Bl R R Z AT,
i b i 1 /5 Bl o 1 A
A& R BR &R B A 1t
5 — PRSI . RNA
WAL — MBS BR .

HIRDNA S

6.5 HERJIE(HAIR XS

fE—Fh DNA BEH§E &1k (DNA polymerase complex) (15 &4k, 1% DNA B4
S5HAE AL S, KFREEDfE. AR EZAEY S, DNA BERE SANA SR,
ERZAEYS, T2 DNA REH R AN 6 (delta), ‘& 24 DNA B A8 H &b 1 HAb % &
JRSEEEE] DNA BRI AEK S, BEH & 7T 5| R 1474 ) RNA-DNA 3|4,



6% DNA BHIMBEAMD FAEYY: 177

FERIAT 2 AN, DNA BAME SIS TREZA 1x10°Da. EHEFRA Pol 114
fiti (Pol III holoenzyme), [RIA'E &AM A DNA A (Pol 11D (932 DNA R A& . 41% DNA
BATR A EEWEA Pol TTEE A (% 3 AR IKEELLRD) » In EED 7 AMRIFZ K, XL
JHK B Th fi 0.4 2R il
REEAE:, UKk
TE AR F % B A5 AR
BER 5> FH (molecular
clamp) . REREAH
WA A A 10~20
AN LRI Pol TITHY
REMEEK, HE
TIBEEE 5 53 5 | 28
— AN B AW i R
s n, B TTbE
Ji& FHEIEAH .

i DNA &0
HECI e N, A R
7E % i BE 1 UF
3'-OH Fl4& A 3" biii )

A =B IR i LA )
BR8], TR
TP e (B 6.18) .
ZERWT:
DNA & il /&
T8 L 5 | 4 1 S A
MREAT I, &
ERSY N

EEHIF, R

RKs I BAZ A =%

BT EE, T

5 R P AR X 1

WA BR AR O S L o« DCSAFAE IEFA AR X I, DNA REBEA 2 MRS RN, K %
HRMB 5K, HE, MEREBANSEIR.

bR TR R AR, FE DNA EABHEEA MRS (exonuclease) 1 HE——FFE#%
FRGE TP - IR 55 B — IR —EREEITRY, M5B 3 Um0 K m AR . IX AN A% R
FRA 3" =5 SMUIAIREG . IXFhSMUIZRR S M AE s EAR L E 2, R EARERELRESE
HERBNERIREE T — M ENE . REEE EEEKN TR RS N RZ TR EE, 4
HAEFEEH 10° MEHFRBA DR IR. HACFTUN “HHR” R, ISP 6E SR b
o (RIS T S TE AR AR - b L e BT FRAZ 7R o AN T %ot B (1 77 AE WG 37 — 5" AN IR I 3%
PE, REAECRT AZ T R A AE K BER) 37 -OH Sl (B 6.19) o K1 37 — 57 S0 A% BRI M b i 152
L HRRYIG, REGHAHSUEXMEH RIS, Fril DNA ZEHE X FEHERR B0t
(proofreading) . XA XS DAk R B8 “ BB — MR EE (5 5 78 b i A S ok ) o A,

BEAEKITT

& 618 7E54EE 3'-OH
ASIIA—AMZH IR L A
T Z RS BNR
AR FERE RN, A
K&k 3" Uit 3-OH BhEp
FE N R =R e
A BERREEH] .

3%
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L 6.19 RXIINREMT 35" b Bext e EEMAE T, R
ﬁﬁﬁig%%ﬁﬁgwiﬂkaﬁ HENLED, K> DNA 5598 NS
1A CRENUEE, uRaLs RN,
Wk BRI A RECH K5 DNA ZEHE S REAE 3" iy L
Bt DNA 8, Brbl, Hrh—4&74
ggg RV R BNk, 2 JaiXsesd i B
APEREAE . T A GZHLEI R
B, DLEGXEE B B

6.6 Jm biti B ) ANIELE R I

A5 DNA % K BE7E 3" Ui, P
PL, 5'umREEEHINM FoE, THEER
il X B AR R 5 ) e . R S
Bifi%% (lagging strand) . 118 6.13 Fias,
JabERELAR BT KRB, 2 e A $0E
BB, MONESI T,

- SR PR RER

6.20 7~ DNA 8 il #2Hp i) & i 3
! - FEER G RERE . (65 REES b 1k H
HO BFR M RIK B B (precursor fragment) 5§

o RIUE FER (Okazaki fragment) , [X]id /i Bt
RUEIMFZ Aaman. ardhBiX A I 4 B

N, FEEAZANEH 4 1000~2000 GRIERT,
EEAZANI g 100~200 BRFEEXS . 5 PlikE
HI& R — B iR a3 —ik, A, 76
HHIXE—0, 208 REHE—ERIN =
BRI HEEX (B 6.20) « ZEE I ¥ DNA RECETE T
S e R i & 6.20 Eﬁwﬁ&@ﬁ}:;xﬁcﬁ BT &, J5 B
fz'{;ﬂ@ 6.21A f%k% 7R 6.20 o il iy
» WATB B E H— R A ESLE HIN 5

— 2 X, RIELE S HIRER) 37 vl 8 SORAEAELE R HIFER 5 sl avTH CESRRIEEHI) . XFhZER,
A R IX 43 P 4% S B A E—— T S EERN & Bl E—— 1 TR .

= KR ERRYERR

AR B 2 B i — 4 4L (1) DNA BE. IX&BEAS RNA 551, AT, B2
BEPHEE —k, K

o Z[% RNA 3|4

» JH DNA [F3Ik 514

o EBAHAE DNA H BOH B B 2 kb

R ESY, FERNSRITHE T EEREME BT E—AaiEH B RNA 3|
Wz ke Beit, AKBER 37 umdE M RNA 519010 5 4. {H/2, DNA A G EBX AT




67 DNABHIFELM D> FAEWE 179«

%, FEA519 5w A=
W IR, M IE B N ORE OE B
3'-OH fil 5" HLERR . TOEREHT
B, BEHEAE—FIFRA Pol [
FIRFER ) DNA S A1 . 17
AR EYE, REMNZ
TRRBEM 5 i 4k LR %
M. IXFEMER 51 =3 M
MRS IETE. Pol I T4 KakMY
SEAR TAE, e maiEshn,

BIREBRTI I — T
B2, I — SR R
i, YT RNA PR af ok
2BRJ5, DNA HERER LM iR
3’-OH il F—/> DNA & IR K

(B)

6.21 IEAEAHIM N MR DNA 1 643 THOH TR H (A) R
(B) o fEHLTFRAMIBA T, ML ERER— SRR AR H DNA
FLEARE , IXSLEE X AR BT, (MFAELERA M. RIS
HESEBHREA YR AR - FUEEHH (Manuel Valenzuela) 204, |

Uiff) 5'-Po WX —RIIFEM, RNA SIWHERE, FikR BHFLOESE. Pol I £UARDH,

KA AE Pol I ANFEAE 2%
RNA 5|9 5 —3"4b
VIR B .
FEHMAEY S, RNA £
ER—A e BAL R BRI
(B e6.22). XA 6 HAtk
5 E—/ Ak B RNA
A8, A RPA (BHIEA
A) FEMAEIMAEIR A4
RPA Z—F 5 DNA 454
wH, EEOURET ) RNA
Fl—/NBt DNA fi#ie, 5
il e I B 45 B DA AR
(K| 6.22B) . RPA ibHE4EN
VIZREE, MAUZHE FY)F
fil e i) Sk, I EIZEIBR
B i H: RNA fll DNA H
BB k. ROHE S
H4&1ALL DNA R #H
VIBR i Bt, #RJ5 DNA %8
oty (A o 2 B AN AT A A
BUORIERK (C #4) . 5t
[EJEF, PIBR A B RNA Fi
DNA 215> 4 Mg oA, %R

6.22  FUZAEW PEHAHARATIA T BB CACIL @i P



+ 180 « L FEERFGEERA T

6.7 DNA FJZ L1l 7

DNA R&HiEd —ME¥ RNV IE 2 1R
B, RN, KBRS LR 3R,
Kb R IR 5" DR, TR W R
“hREE, IS —ANETRI R INEEE . R Ay
IIARIRZ RG> 3 B8, S BIUTANEHLNE? X
MEEBRIE R LEIE TR 5 BHRRIERR A KEE L,
A, HTEA 3R, PR S BT
ik SR/ 3'-OH ML IR AERS 25 I ERERIZEM, 2
DNA " R H BRFF51 RE 15 2000 5 i 5 28
W Bt &M FF % (dideoxy sequencing method)
i REAEAFAE /DB 5 WAL E A% HE (dideoxyribose) (1114
B 623 IEWBLAZFEA DNAMFRHTAMMRE ¥Rt o T, A DNA & k47l 5 (@
Pepiyety, FNURREET, 5 3 BIERINE 6 a3) sy iRiGh/> 3 -OH, T 3'-OH 74
ROy, i, ERRARETE ke b MR ERATG, BB, BAN
fr A EE, HR 3' 250 DNA A KEERE T — g 3 .o
MEERBTLE, SRR B rmp A o Don Do BT AR R BB, S
(2 G T B I £ 1 DNA Bt — P .
F9U DNA B 751, B B A DU Aot SR
ZWERATARIEIT DNA SRR, RNSBEEYTHIES R XUREZ T =R & D&, &R
ARBRFI M F TR . R IEF A R E H MR IR R R S — e by, 18 4E
NGB, THTBAERZTROA BT K TS A& TR T, B2,
FERANEME TS, e — /MBS THD THRBARGELTR, Hiba R gketiifr. 45
R, BE-ERKELFN DNA FB, 847 BEZIET 3" din— N thrid UK ERH R -
T B E B PP B AU B AL BRI BT UUE . I B H kol s B P AR
BOR/N, SRJGHE T R BRIl e A 51 -
T SRAE B SR U AL T R I SN P = A % n ML BRI B IS ATE THERI SR n CLIHRIE A 1% XU
AR PR IR AL . NS 5" R4 vH 4.

NEGYRA A, RS BE LK dATP RN, FE— 93 MR F B,
M4, fEHIL DNA AR TS, 55 93 MNIRIEE L E A IRES (A) . R KZHRREIR
BE DNA 73 T#B /2t B AMERI R, BTLL, e i R AR B 7 510k 2 T E P PR E o BB .
WEEFF A LN FREFFHER TR, BUA MM ERFI R AN . AL, 78528+, DNA
Iy F B P8 R EAE AR AR MO, FEAHEL LR,  CAHERR AT A BRI R S B B T 7 AR K B B R

FEN 22 0.2mm (0.008 #F7) (B4 E FHEAT Ik, ATLAABEAE R/ AR 2 BN GRIE Y B
BB B, WiRRERNESYPRERE 20, 21, 22-++---100 MEEH BRI K —% DNA F B,
M4, HITKSTSEIX LR 5T )40 MR E RN 20 MEFRRI B, T4
TR 21 DNEFBRE T B+ -1 X Pl BOK/AMFE LI BUR T, J& DNA Il 7 3L

» RRRMFE
S48 F % (Sanger sequencing) /& ¥5 A XUBE Z& 1EFoR#HAT DNA 5. & LLIE S 5

@ 1 #~}=2.54cm
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71« Z#% (Frederick Sanger) (1% FXKm%, FigH
Z R 3RS 1980 4[5 DR 22 (MGl Sk A
B s 22 Rk LR P A I T M A% T 1958 4F
B TURM ) o BMI LR BRI E 6.24 Fr
e TEZHI, BIYKER 20 ML, £ G At
2k, FEA 21, 24, 27 129 MR KM A B
76 A K2k, oA 22 F1 30 MEHER /M A B

76 T &k, 74 26 MEFBRA/MI B 1E C
AR, FEAE 23, 25 Fil 28 MEER /M H B .

W, 2B R U U R £ A [F] (1 2 G
BHETRRIC . 76K 6.24 1, XUBEUZ T ER 14 D
Wk EE(G) . G4 (A). 4T FEEC) . &8
it VKR DNA FBA& KN )E, BIaT B
FHEP TR, B2WE 6.24 JEKH AT K AFER
BT Ei%pIf, Al AR4E R T 4k A B
MFits, ME 21 fiIFeh, BEEGEIRTFEED &ML L O B

B LR, 18 5'-GACGCTGCGA-3' . XA K R TRALE ;

F- it & i F ) 3 -CTGCGACGCT-5" - 23 B gﬁﬁﬁﬁlgﬁﬁ“
fESEER T, AR VLTI, PMlEEa 28 = GACGCTGEC

NPT IR SRR . AR gk, B 27 - GACGCTG

B KBRS T BA S . BN RHIT o g:ggg*

FAE A, 4 R T A (05 6 Je R OOk 2a el e ace

%, FORMIBE B — OGS HERE, FERTE 23 : GAC

Blits. B 625 AT iE, iRk 22 fem GA

9k 2 5 tHILAE B R T R AR =

SIEEARAE E R LRI . FEREB ny
BUPURIH, T DNA R KBTI 10 g i Bt nss B a
I, BN TRAARALER — S, I e, o JRIBEITONA T ith TEEFA %
3 R R IR B B KPR AE . 7E DNA MIFHZ L. 5'.GACGCTGCGA-3' .

FEHENER, Z2EDIEES THFS 2585

N BOBR, X8 BUR BB B ORI, JX 7 31 0420 28 %2 % 58 /731 (finished sequence) .
XA SRS R A S48 & (shotgun sequencing) .

BT e i - = T

6.25 M DNA 5 5E
JBeARAR P . 7E
LR KSR, Y851
o BT BN T,
B sh Rl A~ 4 9%
o6, RBEHIE,
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= KMEFHITIF

KIRAEFF4T 8 (massively parallel sequencing) A5 FH o) X 5077 J7 AR [R] Bl = FR B 2% 5k
WP, fEIXLEHLash, FLEPLEE—FWF I =4 10 ZFEXT T AEH KB HTIFA 15
WA K, HEHEHEMENFA] PR EE 1000 B FFF), i B 5T BT 05 BE B
WEMKERAILAED, E2EEE. EF2H0 T, XFrh_RERN, RER, Bk, THE
MEEEIZH DNA FRTGER DNA, X5 R A BESE RN (PCR; 7E55 2 Frpishigid) 14, Hok, 7
BENEH T, BFIANERFIIEK (read) 55+ 7MKL K REM IR AL RIBEE FH IS B

& 6.26 #%4E T —FpF|
FZEF I KRB H4T 47
e B— S RBREREA
DNA BiY) /N B, HH
BSAE 3" ¥ A 5" ¥i% | PCR
#. PCR #k (adaptor)
RS H A PCR 5|48
K, M4 5L EAE
K% T3 R, KRR
DNA #7531 il i, Lo
: i G T A FrrI by
B626 KMBUFTT DNAWF RO, (B LIBEERD # DNA gt T (A B9, OFIELE

B, SRJE AT L TR0 EREAENEIY, WE
B bEREAEY, —B

Bt ST &, BIJFLR PCR BBt (B) o fEARAMEFA, HOBCRE b3 28 e kit S5 AR 40 66 i e 6P i
EREAN A . S IR A — A TR, Bk e R A TR AR AR BT A [
55— AU, WS uAE R —% DNA & USRI 5. 5 PCR 153k B S wIRR BT
FEAE (1) DNA 5 (I 6.26B) . IL{EIXLE DNA BE 0] 1 4 2 1- 7T I PRt , e b7l
TR T a4 1E-F (reversible terminator) (RAL2AVER:  NIRSY) PR = BRI 3/ i
B ADIOCREEA, DIFZERIZOE R ARB & AR ENFRER S, iRkt
HT A VIAPRICAZ R, 4 FRES ATE 4R E SR O . T 5 3/ 0 2
BN, FTUARREERE— P . S BT, SRR R S, R KIE R
B EREB A . i, 7EE 6.26C h, —MERBAKEEREC, 5T, $
=AM A R, RWEITERETOCRIE, Bk 3'-OH, XM-FREATAE N —NllF LB
BeaEf . B 6.26 HIXFOIBIAT i, AT RIS HEAT 2500 J7 AN RN, — I e — B A] =
A2 10 (CAREERT, (BAEAMERR A AIE ol 100 MIREEXTEREE /D

B 6.27 /R 5 —FOKMBOFAT IR, XF A B R A>, AR, X
Fhpvkm, BT PCR Bk BB BEWIMERTIIE, MEKERL 30um (0.001 %)) , i AR 77
DA AN BR B 2 19 31— SR AR - AR5 FITIEERAE & PCR BT I BT AR (038 5 190) (7K s kR
YR R FLIh A, B R A — MR (A #4) o XS 20d £ PCR 183F, B
AU FUABREERIZ 10" M50, RIG, FEERBEMBIALME, IS MEREB R —4
W SRR AR E RS b, RN L 8 AN SR B OB AR . R SR A B E T 7
i, T A AR S RS .

B 6.27 WP IIFF T A& LT, TRF RSB RN R OGS, XF6ES R
AR RN 2 A= K R RO AR IR LI &5 G I AN BERR L) Bl i (B 6.18) o BIHE




6% DNABHIMEHLMSTEYE 183 -

WA RN B A KB b, (S ER RN, BTEL, UM R 6 A2 2 R U —Fh 237
KRR, RGERGMIERTRIENES . BA —ESMARIEASNR, k&S T4
BHRIEES, BT XM S MreE, RlSa N SBEROKE. A, Xy
Bt K 2 B R (PP 51 AR 24U 1, X Rh VR AT R AT 50 J7 AN BN, —H&l e — el
FEAE L ACANEERS, PRI LI 200 MREX .

A) R o - (B)

= e
.....

B 627 —FRMBOHTIF ik, fERER
AHERANY Y DNA BiReE, e R
RGP R BRI AR
PRI 751

6.8 FEHM S FHLEI

e 5 B IUHe B EEBER 2 TFHA, £ DNA 472l EH—X R —
MR ERISRE. EEEEYT, ZIBRRAEERA DNA 4 FECZHI12 5 sy 2 5
. BHATEARBE IR, BB R AR R, RO — s
R FTA A= (“DY o447 ) #aT AU 7738 (1 2B s\ 7 72 (B E) MBS 3
Bl (5.4 55) o BEATIER MEE/RS B, KRENE da _SERKKZH T, Ak 24:2a (4
HlFFHP) 544 : 4a O\FIFFHE) . (BE/RES DB FHEILA, wlR 851 34 1la 5
14:3a, VWR\FITTFHEFH) 64:2a B 24 : 6a, ETHES IS — LK S Lol . X
PR B E 4% 1R (gene conversion) [RI45 R, [FIX BB AUFG R — AR FEPRHE S —A
GRLREDE R AE B8 —FEIER . BEDE A A A £ Bl e e S B MU AL AR e 2 [ i
4, BMEERMNMPRC EEEBRIRHE, XRPREEHHn] bR EA T R0E R,

» BRFSBRAELIEE

SN — R IER ) DNA BRERIER, ZdERK Y #EE 2 E (mismatch
repair) . fEiZERF, —FHEEAT DNA XUEEATHERCRC A, B, G5 T KX, =&
A5 CHCXt. HFEXEE DNA 737 ERBUZAE —MERCR, —&8 E— DA BavIs, 7
AR T RO E Do RREAR £ Bl — ST BOBEAT B . LUK 773K, HARCIRIE X ik . [ 6.28 P
FaR—AHICH G-T BZEXNPAEE . HUIBRIGETRER & T MEERS G B, Hamm (BL



* 184« iifRsE: BEDAIBERIAL S b

BT REE R i X IR

G
c

| — 3>
oo
-

- @)
— 2>
|~ 2>
2>
]

7N
6.28 ASTLIBE , fUf5—2% DNA i E & 45 ElmAt iy i Bead )

B, VARG RBEE A . PiaksE e — SRR g IBRFIAL IE . 76
B, G-T #EEHRIEN G-C(E) K A-T(H)Z—.

H— I A B a EFFR, KRTEPF, WEBAIHIEEERFS, BT B E e

1) A B4y Bl & C BRA A (L@ BT
IN) o X PR AR 1B E PR AE
DNA J#51] EANA

B 6.29 ~EEACIE B AR R4
FIER . TR —% DNA XU {4
AT AN HEAT Uk E 43 24 B 20 P 1
ANERFEH . — DS LB
B BRI — G-C Bdkxt, X
A4 TR HE R 4 55— A UBEAAAE
ARG B & —A A-T BRIEERT, XA
BFEMIE a. HEALRETS, S
SEA P DNA XU A T] H /e
YK EEE, 45 RWE TR, &
S AR A B ) 30 7 A — A RilR
(heteroduplex) X, 7EiZXH, FHA
AR A v ASAH 7] AT o] i 3 4
TR BC AL . EiBlR, —AN R
BXEEARESE— G-T Wxt, 5
— A FIENEEET—A A-C
Xfo IXIHE, HEEERREIFHIE
R, 1BEXEEEEL . AN O AR
AUBM TRz —ESE, bl X
SRS E AT RE T G WU FR . —
FER SEN a B 4 IR,




6% DNARHIFMEHAN > FEYY 185

FILAYCSL T A B RASER

@ @

w“mM%mmﬂMWmﬁﬁmiz ]gagﬂ[ jzzzﬂ[
AA
s o 1T CABTTT

91%% R.Holhday, G’enet Res 5(1964):
282-304.

g 1!!‘!!!? ﬂh’
FSE 4 SRR AR, X

B DNA 4 T2 [A A #e (0 e 9.« % w

A5 S5 M 26— 4 o A 4

IR AR ¢ SR

GHGR G B AR VE R, A HESI7E
FREAR R JE R T VRS, 28 X
FoM M IEHHSHEE . — M
A F b 2> A8 O B eSS
—ilt, REHREANTE.

Al 58 A A [R5 4 A 2
6.30 FTREFE W EERTR 518 8% G_*AM. C—sT
&

#J (double-strand break and repair
model) . 7RI, DNA 2 (6]
FIEEZ, 1 DNA SUE/A i XUEE T
a0 (K 6.30A) . XK )G, i@ W
W LB IR X W O W AT A G A GAETTTA @ A—G ¢ @
OO, 5B PERRZ, R
EFTRFHEI 3 Ui, 412 CAARKT | &R BEEHR |

YR DNA 737 A5, X ix s m 5
ROETEE, BE, EREART,  1—c @ c—»rw
XFE SRR R AR, eIk W “
Reta i fhZ PR X, IS et &

REAHEME ERANIIER. & g 0y g smatmmesn, (L7 /i SHETE.

BE N R A LR A — L
b, R4 R R A B b A
frBEEAARERAE DNA Wi, fEXSAE, FAMRERAEZRMBKES, Fit, X987 E
PRl B4 T (hot spot) o

KT, XUENTRA —ES B . B L HEEIATHUENTRE Z A 6.30B Fix.
BREEE LR 3 BimR AKKRIFYE DNA XU, 5— R 8 —A 0K 7 IR
DX, FHAET — 4 E—FR D 3R (D loop) MIFRIRTRE H X (75 2245 2 B B A FHEANE: 7EX
FatT s, BEAREERN RecA) . EZET, FURTURER R K G585 4 A RERCXT A9 X .
B A R IR, AR X AR TSRS, #A W Rl S BE RS Rl ie 2 7 R
BERIE. HERFNEX OKEET RAJLEANMEE. SfHERREEE, E_AKE TR
Ak, BTl FERXLSSARH ST XEERTRAL R R IR 4h, FERIFE SR D R A .

FEF U R — 3, WRR 3/ InBE R (BR ), B —BmEJE, BRI, &K
TR AR P R BE N RE G S — . IXIHR, 37 i A S Ae A5 LA B T ) A2 LA Bk R X




- 186 « L. FERFSEERA T

b B AN R ERORS o [
B, IXFRECR 4 AR W
B 3 ARt T B, %

(A) F

U
(B) 4% X%DSB) 3 U AT AE A, AR I RS
RieR // \\<OEwW- HHO, e RN
B 5 el EE‘A, i @Eo iia:ézu E%EE’EB\Eﬁ

7_#mmwlw @R A R A e, R
AT gy B FEAEIRUEE DNA 4R 4E
EALI.

18 S AU TR B AL Bt
#wE 6.30C Fin. [AFE,
BN N PN 515
D SRR I TR,
SRR X AT A R
B, RIE A o ferh —
FE, 124 DNA HEICU7 25 3" 3
WeAE (B ge) , (AZEXFRiR
Ty, JEA— ELHEEEE) B
WORURE (40 5) 19 E X 6k OO
Lra) . ARG, BOE SRR
1 53— SR TS 3 A
BB . S5, P4 T A
FEE 1 6 53 A1 RS K
REBS S 5 WHIERE. M5E
T MR,
VERRHOR, A SR

P 4 Y T T G X K FE

6.30 (A)—WEE DNA 7+ FrhaEmid, BARMEROK 3 &E g, A SCSE K2
Ui WSS T ARBTRI R . (B) MG BIVIEILRTE, g g 2 b b B )38 S 4
SR S URAUE X AT A S R e . (O) IS IB SR A%, 72 IRNLEE (Hollida : P
) - y junction) , iX /&L

X fEA F R, (4 B D. K. Bishop and D. Zickler, Cell ¢ + TRt (Robin Holliday)

117(2004) :9-15.] 405kt 10, A —
AN 2 5 A A BEVD S LA .

FE A B AR SR I ) R, BEATIFTEZ AL, AFRIREES T 1) DNA FEAH EER:. B 6.31
) A FB4r7~ DNA XU E X Lo 2 A BRI . X DNA 70 F B0 8, I
FFEFMERR . XFHEAGNEREEREAEL —XT DNA FEFBRRE R, XPhbRfHERE
S MEEEER, AR BB EE KR B EE (Holliday junction-resolving enzyme) [ — Ffifi K
PAT.

6.31 1) B, C #pr~EREERAA PR RS X AEFLIRNEERRRMER, 7
LE I ER M EBAR AL s P A — AN A i e f Sk IR IR W R e, AE AL E Rl iE
BARPTEEAL s = A — AR . TEPIFMEIL T, FT43 DNA 278 — AN, PeEAHEEYL A b
R a B Y (ER L, Al NEREE AT B A HT LA 5 — AN E R R A P B B
SkZ AT, S FRRAEZI=Y), AT REIX AT WA 0 i 25 (10 & AR AR AngT) o




% 6% DNA BHIMEHRK S THEYF 187«

B 631 (A7
—XHATEAM
DNA 4 FHH
T ) e 3
&; B 1 COF
e s, W
T T R i Py 4
MER, D 4
B
-, 7n—X] DNA
43 Z [8] i) A
ERHEAE

@ § st B e oa )

EAHYA bRa B BEHWA bFa B

» BEAS

HEFZAEYT, BRI R ELN DNA RN ZEYLL AR, R8P 7ER R
JEH A (hot spot) AL . ARIEFH S KL 3 FAEHAHGE, FHFHEE A 100kb, iXLLHE
AR B E N TEERRBX, EIEERRATEE EERBR K. FFERNEARSE
AN AKIEF AL 40% #0555 5%, XFEE A T2 PRDMY, BAIFL7ZE R AT 5 5 08k DNA 454,
XL i B JLF—EU0 13 MEHRR (13-mer) 450751 5'-CCGCCGTMWCCWC-3' (M 3§ A
8 C, W5 T 8L A) . PRDM9 A E#5 B XN, Bk bR —F R BE, o (—CH,)
EEIAEAD 3 MHER L. H3 2E—MEEFEENEAMR, E5HMAEA &S DNA 4
&, TER—%$ ) DNA-E A JU/NER . XL /NERFR N #% /A (nucleosome) , 7S 7 Zitig. B
EETRIESZ, DNA BHEAEESHEA H3 MiZ/MEAS, Kk, 7€ PRDMO [ 13-mer
SR, SFAESHEA H3 M /Me. FiFdRKE, PRDMY 415 [ H3 Fifik, £
1% A DNA 7= A8 XUE W 34 0 JR B, (EEAS 5018 B 24 T B 40715 I 246 5 HH 4% PRDM9 2 [R] f)
30 BANEALEED , 1X LT FE R ZE IR B 13-mer #E 57 AE L B 1 H3 FEALAOEIRYE BB ER.
4if% PRDMY F%5 07 3 R ) 2 5 2 PRDMY A c 3 s B A RIZBERE .

RAGHEMA A S EH AR R B0, ENAZREFE, X TR ER
HEHWE, AERBERE, UETELSFENBRED Ry, FHA SRR KK
BEHLYE. B, 7EAREEASE KL 3 TANAELARS, FRBESHE KL 60 Nt
KEBIR, RAZHARAELERITL 500 MRGEAFREMT—D. BRBESH, THOFBEM
XD, YA B RAEAFAE TRANEEA T EHE E RSP REVERERAL S ERAER.

AEHE

* DNA Rl RE R, SRERRFEHE, HIEN THES AR

* B EREREDTIRERS, 51 RS RNA B8, 286 R S EREN — K REAM—4&5 RNA
514

o §—% RNA 5|9)#4¢ DNA JREBEIEM, DNA JE-EHEK i SRR OELL A I B A KB 37 3. T
FHER 3" IR I I, AU PREELE A Ja R LU R A AT B (MR BY) 7 A A

* E% DNA RSB RARREXH 3' —5 S REEIE, R, BERMOBMEERIRSH
R, AR

* WUBEEIIFFR DNA B —FpeE2 bk, b, AR R FIR NS F B REHE T T K A,



* 188 + it FERIRUERA T

I F B FE A R % 37 -OH UGB R A& 1L
* {£ DNA KV L, E4l DNA 2 F P XU E 3. (i RV DNA 2 71 R 18 AR AT S 308 #,
% 530 #e ¥ DNA 437 I P 5 BERR LM R T 4%

3Tl

» {E DNA 84 st 2, DNA 8 37 5 A A4k SE R IEXS T 22 A FF 1 2 DNA FEth AT 7E 5* Ui (g ?
* {E DNA By, BRERE n] il SEEA G BEEEX 2 TPk ?

o WRAEE DNA PSR BN B AT AR R A AT, B IR KT S HEAN G B 8 ? AR,
o TERIRE S, BrE a2 TR S S A SRS 2 G ? MBEER.

o f#5E DNA A B (Pol 1M KAHM M EAZ AV BN “BNt” ThiE.

o DNA & il (£ R AL PR 45 N B A% R 2 (5 ZE i 28112

o fHaR “HIFE” 7 R aX TR R 2 S X BB A [R] A 7 5 v 2 0k ?

o HARRF RE ARG IUEE R, EELSESF=4 T FIFEXEE DNA X ?

o AT AR ERAR IR S &= A A NERIC B I T —ERIHE = AN B bR G EE A 2 T2
o M ATEE A I XUERTR S B R AR P A AN E A b B A ?

fRREfE R

SIER 1 7 (Gallus gallus) () | S eaih7 2x 108 MRIERT, WRMNE S FFeAEH], FREEdtiTE5 i,
BHIZS FEE LKA ? REZAEY) DNA & R A3 A M 50 ML .

BX

I (2x10%/50)=4x10°%, 2R 463 K. ZEEUYH, HEEEWHK DNA HFht2a—EERAREE
il .

SIR 2 B BTN DNA JP 51 2 3 ik U 40U i 3R A5 1 - B AR 4 BB 45, (G) L 468 (A) &
2168 (T) A6 (C) « 72 A AP RN, &R FHRIZERFSIRZMA? £ B BAE? 74
RS T, EAMERBENEETRFSI R A2 LL S 3 iR S KiG. BB A f1 B P
B2 B AR R R ?

X

BRI AR A RGBT A4, X & A U A BRI AT L, X R B
FNHEB, T/ N P BRAERIRIEG S R4 DNA HEEILTE 3" Smds Indr Az Er R g, Frbd, ZEFei
N A PEREE HFFIMWEFRITEE A 5'-ACTAGAGACCATGATCCTGTGATGAATAGC-3". itk
e H AN B REATIOEE, BT 3/ -TGATCTCTGGTACTAGGACACTACTTATCG-5". [AIFE,
7E B i5y, AEMF N A I T4E A 5" -GCTATTCATCACAGGATCATGGTCTCTAGT-3', HoAsAR
B4 3"CGATAAGTAGTGTCCTAGTACCAGAGA TCA-5'. HIS4E B Hr RS ik 5' SeE il
BEREE A PREREET 4. B2, F— DNA XIAH & EES T .

SIRR 3 7 ZFRE SRR B R (Saccharomyces cerevisiae) 1, BYAERUIEPR] ADE-2 J 525 71 4
N EEFZ — ade-2 7E DNA _EAHZEANRENS : EEFAERIEAT R HA —A A-T WFEn 2 4k, 548
RIZERLEER B — > G-C AR R — AN RFENFEE RSN S EFEE 2R X— X,
HPAMERCA A, fa e & fn R 7 11 7 3

(a) 174 3 ADE-2 : | ade-2

(b) #3F4 1 ADE-2 : 3 ade-2

(c) -7y 2 ADE-2 : 2 ade-2

X

(@) = RIFEBREEPHHEEBEN C—=T, 55—k G—A. (b) —ARFEEAEDHEREE S T—C,
AN A—=G. (©) FAPFENZ —: — MRIEXEEDRHBIERN T-C, B—1MHh G—=A; — P FEMN
BHRERBEE N C—=T, %—1H A—G.

SRS

6.1 (EFZAEMAIZEY T, HhEE DNA BEFRM DNA BHETEES Y. BEAEDNEEEDN
SIAEAZER?




%63 DNA BHIFEARN S THEWF 189«

62 DNA RABFHAN 3’ —5 SMILMBHEEM I R4 7 SR BRI ST 3% % T4k L
SRR 42
6.3 DNA EEERER KRR 47 DNA REMIERI AR ?
6.4 fHaBEAF A TTEL S B R DNA BEMIEAGEXUEE DNA [ g ?
6.5 HKRTEE DNA MR HE 2k HUHILEE I 0 OB 1 TRAT 42 ey §
6.6 FEFTHIRIFEHIREET, fhih FRATTARMMOML SR
6.7 BRILALFTRISHING, 18 BB g

5 7z °° ‘]\ 3 ISEAURHESE, JEbR 3R 5 .
TN T 63 WEKERIKERDN DNA SMI
w43 B SR AR 748 DNA 23 F i)

(a) TS B BREHA

(b) FE A M L vk

(c) % BEBRBE BT L

(d) &idn*ETTik

6.9 {EMPIE/RAR-WiHE /R0 DNA EHISEI0 R, 8 N BRI R AR —ZE, h— KB EH
(“JRA” ) 4LRH DNA HIEBIRZ D7 8 UN MR EKRZER? £8  a

N R K 0 2R, BIHHEA DNA B IRE %52 || gl
610 TEMALFTR MR ARHR R E b, bR SR A BB TR R TR ’
.

(a-d) .

c d
6.1 N T4 RAETF R TR, HH IS BT REB? W Hp A
y BUAL? BB JLADFTT AL 76 AL 2
&M 612 EARFT/RIGL 30 AL UEE DNA 42 F (it

H
\m/ S R “TEH ) . BEIXPIH4 T 55 DNA S ET BT
HoeH, C 5RO — ARG, JRR AR TR TR, 26K
PP i SRR MRA, SHFERY. R RN, WREE,
< ,'H’/ 5-ATGGATCCTTATAAC -3’ 5 CTAGTACTGGTGC -3’
3 s

3~ CCTAGGAATATTGAT-5' 3-GAAGATCATGACCA -5’

6.13 Fifi AL MATED S .
(a) R4/ ES5IE®B
B AR ? ®
(b) 1% A% H R /2 W5 W8 i 2
WE? $8H R AT OH OH OH
(o) BWHATEMBMER 4o p0—p—0—p—o0—
%t, 7 DNA H#ElidfEd, DNA g g g 5
KA H ZZ I3 DNA
BE ENG? fREE.
(d) i DNA BABKHZ
TR E|—4% 51 DNA % E, X% DNA &R HEREH4? .
6.14  {EMFIE/RAR-H/RER P, PN ARICHA R R N BRI . X TR AR B S IR,
vk E 1. 280 3 825 PN-"N. PN-"N F1 “N-"N DNA 15125 /02
6.15 RE—ANMTEFEM BB —F L) DNA NiBEYROHE. WRERHR-UERERExR, 7 "N
FRPEH G, —FHT18 DNA XUEAFER &8 E&8E "N, 15 10718 DNA AP &5 L
A N, MRIXEERRE L.
6.16 KIGFFEI—NSHEHEKRAE ML 4.3x10° ML A9 DNA FORFEF 4L, 55517765 T 5 E 41
HIFEALE, EFATT W LRI ER AR RKEN T, S EH AL 800 /4~ DNA fstst.
() AN B XAF 53 B iE % 5 B (t/min) 2% /07
b) FEZKM T, SHESHKHITERERAEZL L K ?
6.17 ¥ FHIKIEE (1~5) S5HIhEE (a~e) BLXT:




< 190 « L. FEEFRRL 0T

1. DNA #4:8  (a) 7ER MR T #IE DNA XURE
2.DNA RE&H  (b) ZERFAEFIALTIFIREE DNA
3.DNA fi#iiefs (o) KAk DNA ¥ Il i RNA

4. RNA R&GH () &l DNA

5. BRI A (e) EHEWTRLN DNA 55

6.18 FEHELIEFEF, WMRFER AV DNA F SERET E R E ST ET 5%, X% DNA H
RN A B 5 G LB AT A4 S 2

6.19 —{rAEARSA S B IEAiAL T ik & DNA BT ATE 41 Mudl 4 . {5 240 in AB4R DNA 5, &
ERET G, (HFAF DNA 2 FE R H— &K IEF 18 5 EHA )L AMEZEFR KK DNA F BECH 4. i
A RETER AP IR T A7

6.20 KT B SRR DNA EBRHL R — N RAE, 1B 37°CH IhAEIMAE 42°C T IhfE, XX}
DNA E il 4 #m?

6.21 7E DNA #F5EM 1, B —F4E T M2 RETAE KRR, HEREREERLE “mis”
ZH R (DNA S5 AHASAZER) o Bltn, 0 LOXFp )y ab 3 ek TR 5'-AGTC-3", Mt4F4 R AG. GT
FTC(BRIERF W, BREBZFTBRITIIN 5" mMEAEAL) . fE4 DNA JFERARZ AT, BEAR /474 FH skl &
JFHIRFR . MARHTRIE, EAMY) DNA BE2 R FFATH, EA8F, BRI —Lsrfmig, kit
X—%. &S SMEI T AR : AG, 0.15; GT, 0.03; GA, 0.08; TT, 0.10.

(a) MtAR CT. AC. TC 1 AA SRR L /D2

(b) W15k DNA BAGFAT (AR [ 17 FAT) G5k, ARAE LIRS HEWT H S RE R AR 451 2

6.22 MHADAFRYF B2 DNA BA AR FRIELLE (A+T/GHC) « X BB RERE TATEA H F
AR (W RXTHEANA R, S8 21 &)

6.23 55822 AN, BAGHEEMARATEAY), 2B M F RS A (A+T/G+C) 15 ?

6.24 TERHEHLIFES, ERVIMPREROEZ)E, PR DNA K—KBERN T S5 W—28EK
I B ?

6.25 FERIFEHIERES, PISE DNA HE 2 RN HE R b — 4 sk e 5 61 2

6.26 fEIE—A “BH” (“NHRCH) DNA SEE S —A “EH” (PN FRCH) DNA SEHATE R — AN EF] |
WgEH, ERMERARNIG AR E PR $ZERMERAMEE, KRG CsCl BEEDEL, FESTFHE
PESRIEFER?

6.27 TFHIMHEBRFIGEET —NEHI AR DNA MEEAR—4&4E E. WBEFIRMIEETFGHE N, Ei%
BAR A& B—%k RNA 5|47,

3'-...AGTAGATACGTCCAG...-5'

(a) WA 1% RNA 5|40 8 MEHBRA K, ©HIIEFIRA4?

(b) 7E5EHE M) RNA 5140, W— M HE R A — NI B R (—OH) & i ?

(c) 5514 5" im&E Bt F R B A4

(@) IR iZ3EAX DNA #0 R mEEHVE A T SEEAT ' 6, JHISR ML AT RN [0 EB5)?

6.28 Z-ERTF/E BUAR BT, 2314
E—#FP% DNA BHZ )5, B4 53 g
BRRREE. BEARTLELEEAPH
DNA XUZJEM DNA #. EIURE&QEfikm

e
o BUAR FFi2fifie, 7ikR: () WAREER BUGR
sMersziiarzazairziiiiaan: prid, KBLAE AL, (2) wREEREE BUIR
brid, REFEZRE.
6.29 THISTXUE DNA [KUIEMRLE R I
2 M. 5 R ARERAKG), Y
ARRMERE (C T T) »
(a) A+C=G+T

(b) A+G=T+C



% 63E DNA BFIMEAHMDTEYDE 191 -

(c)R=Y (A) (B)
6.30 FrHtEERE TR P B DNA FFAIR 42017 BIEAAREG) . &E(A), 4 FLILT
& (T) F%5.(C)

Preg R

AL B R A 22 0 B (AR R AEAFAE BUAR (01500 F 253 %6 DNA & il 5 W
3 B LRRE LY A5 5 DNA XU,?)?EH’J DNA % .

\F R — T SOEE AT RERAT AR S B BREAR

B K BUR ARicE i, Jidse: (1) R4 BUdR #x
id, KRB N setk; (2) iKY BUAR prid, fREFRE
LR
TE H 2 RERR P I B R AT — IR 2 4 MEBEEREIIZ4AE (4 B CDxabed) . 1E
DNA J:%%J B CHRILFEIL . 7E 200 NFHEP, RN TFRITSHTF AN Abed. abeD. AB
CDMabeD.
(@) % FRAHARETFHZ A4
(b) fE 75 FH B — S5t FLE AT e 2
(X (4, a)F(D, d)IXPXTENFEETT S, ZIUMERREBIHZE M ERE A
(d)—AEAbcD. abcd. ABCDH abcd 3R] LA AH R FOARRR L 2
PERERES 5ok EOHUREREFEE T — R R = AN E BRI 247 (his™ co” leu'xhis co leu) ffIDY
k. A TRERIHEMRCN 31 58, MBRNTER,
@QTEESF his 13 : 1 3B HTEEF, co-leu KT A PD>>NPD GE4) o
) FEEH co 13 1 B THED, his-leu XTI K PD=NPD (AN#4) .
()ERA lew 131 1 BT HEA, his-co ¥R A PD>>NPD GE) -

M _EiEfe

“W L3847 (GeNETics) £ 4 PR/ 4R 7E LRI b - R84 2705 JEL 110 R e g 7 (10 0 4 o B0 ) 00D sl o,
U 8] A (it 2. BRI RITEE R 434 (35 )\hR) Bt % [ Jones and Bartlett 24 7] f & ¥k s http://biology.jbpub.com/
book/genetics/8¢/

T R, RERB] —MRE A E R R . ARG, AR AW, K
B 5 R AR SR IR B




4575 Beaiar) s 148

B/ IMAEL 4E BT AR . [“Kenneth Edward/Photo Researchers, Inc.]

7.1 FEREAXNBR I C HiEE 7.9 ki T4

7.2 DNA B2 gk BR: JaREEHEEY

73 MEG AL MR« UG EMTTAIAR - EA S, 2000

7.4 HZEYGEARLEN 75 N BT 2k H i 2 7K A R br B2 ) 75

75 ZEREIK FEMRT2 e & & H

7.6 ERZAEYREFANERZERFS BEAR: sbi—45 R IR

77 HEBAEYERAN S —FHMER FEUR A& HMENETISE A3 A, 1987
52l VY FEE Py s O A i s A I LA A AR |

7.8 BLKIISr T E5H Y& —1 IR B

%3] BiR SRS A 3
Y (P I 40 T2 B S A B T 4R DL F R RE ) :

o i LR AN B 40 MR S0 A 4N L SE BRI 4 DNA [958 TR IR .
 BEAURILIMAIIGER, FERSRRE It 421 A RO P F A B R s, |
= f2[X 4> DNA IO EEEE . P ERFFIRA 75, HAMRE/ERA DNA & |
SRt 33K LS B AR L !
- REMERHAR LRI, HFAEMRA TR LR (RPN LRD) M5 R G |
A 225y BRSO B 4T o 1O !

* AEE/RIEAERHT DNA SHIIIXUEE DNA 37—, RERPRENTTAPIREERRANGE B

-
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fEARES, EREEEYERANEZEY RO D TEH . FREYN YRR
HARNRAL T RERE R TR A BAMAEY, FERAARNE, f &= REe(E S
—ANEZA DNA 7 TR ARSI ALE F A —> DNA 7 T4, BEA LAY
o, BERIFE R PN RSN T FRZ YA Rt AT & — A5 DU I DNA 21 Uit
B, ENEEELTRER. FERAEYERL L FRAELE AR DNA 207, EfLRsAEY5%
BRIZHANBTR A ZeR . FAZ A UE 7 RABORIIZE A, H&tt DNA 2 7B, SHRHERERE
B (HER) —EERRGEA, REARBEOSNMMET (BRI ERE, EEflEmigs
k) o LORARFIH-SRAA ) DNA 73 FHg3RR, LA s (OB %2225 16 T ERL

7.1 FERARPMBAEIRE: CEFHE

7.0 MEFE T EEA KD —ANDEER WA MS2 2R/ EZ —, BERA 4 PMEE,
fE—4% 5 3569 MEH MR BEE RNA 40T . BYRTF1 AE40 i SV40 i B 5 NEER
MFEREL, £ 5kb (5000 ML) FIFRAEE DNA 20 7. 5 2R MMEE AR s
A 21k 250 NMEE, DNA 201K/ 50~300kb. [ A% A W4E BRI i A/ K IERS N, 5 40 i
FERA [(Flan, 72 KFHEERE (Methanococcus jannaschii) 1 K /N—E S5 MEFE R A APl Lk
R AR 4] 2R DNA 4k, HAh K ERR DNA k. Flin, SEMHHE 15 R AR i iR
W€ ¥k (Borrelia burgdorferi) ) % 8.4k — A~ K47 910kb 4R DNA 4 F, 1 KM+ &
(Escherichia coli) K12 #RIIB a4 K —> 4600kb [IFIR DNA 43 1. S40 M EAZ AP B H 4
BOK, HZFRERERR PR EE (Saccharomyces cerevisiae) IRI1FE R4 K /A 13 000kb. 27836 K 4 K/
M E R RADE R W .

1. T Z (kilobase, kb) 10° MZA I Hf7

2. BAWE (megabase, Mb) 10° M1 H47

3. +{Z®Wi (gigabase, Gb) 10° MZEFER W ¥p7

PLX SR EREZ R, HEHEE 4@ E 100~1000kb, 40 HFEFE4E %7 1~10Mb, i £L
%A ) R 40 38 5 7E 100~ 1000Mb (B /) ) EAZ AE W SE BRI 41 2 0 10MD) &

®71 —LEARNREE, BEMEAZEVMHEEAKRN

EEA SRR EEE K/ (FAZERR) R

Wi

MS2 4

RNA

N e i g (HIV) 9 } e

pR¥ e At 29 IR AUk RNA

SV40 5 FRRPEE DNA; Wk i 78

PX174

A 50

A 152 AR DNA

T2, T4, T6 165

KACHE 267
A%

Methanococcus jannaschii (f& FC B 5T ER ) 1600 } -

Escherichia coli K12 (KIG#F# K12 #£) 4600 Fiskatk oA

Borrelia burgdorferi ({f1 FGH#i 82 iEA) 910 ARk DNA




« 194 » k. FERFSEEA T

gk
HEH IR E R E KN (FIZHER) X
HEAY) B E A E

Saccharomyces cerevisiae (BB FERE, BEEE) 1377 16
Caenorhabditis elegans (FRFFERH, Z&d) 977 6
Arabidopsis thaliana ($Fg3F, #3%IT) 1077 5
Drosophila melanogaster (SAJE 508, F68) 18 77 4
Takifugu rubripes (ZL 8§43 it , £a) 40 77 22
Homo sapiens (\) 300 77 23
Zea mays (F4) 450 71 10
Amphiuma means (Rt PS5, WHE4E) 9000 J7 14

[ Amaxrs  —sxioop Wi, £ MREZEY+, BH

FHE AU KB RIT A ' KT8
YRz, ZEERAKRNMNEFEEREK,
XFAHAHENRZR AN C EHIFHE
(C-value paradox) . XFpZFHFR
Ko RAFY 2 I FEFE BRI 4 K/ b2
A 5800 %, M2 6]k 250 £,
12 350 fiF, #EK 5000 fiF, mWOHFAE
P12k 1000 5 (B 7.1) - vE R 2 PIRG G5 1
FEA L ANKFERA K 30 15, H “4%
B X AMA EAFEIALT .
CHEHEFEARRANERHEES =
So BN, KBMEXRKZERE ERY
ME ) BEKBAER, HEKRER
MK 2.5Gb, 2yRKREEFEA (0.4Gb)
L W R, # 6 fif. EJLTFAMESEEDH,

BEMANEE RER, log,y) 2 ;

M s, BRI T SR R LR el

: i e il bl e DEE. X—FERERRR, Est
G, EAEPL NG R A o Tb S 2 B A 4.

o, BN e, S0 L

BRIF51 Z SMA DI fE R AESE 10 TP FEBIKARA) , HERKIKE D ¥ BER T/ 7.6 Tihitie
I H AR R A R FII AR

C {HIFH—B, HASK (L8847
iy , Takifugu rubripes) FIZEFZH RN
4 400Mb; Rk (Amphiuma
means) FIFEEIZH R 90 000Mb., J5#
HAHRTERE S, [Z5hMA : oKen
Lucas/Visuals Unlimited; £ i1/8
Ji: ©Phil Dotson/Photo Research, |

7.2 DNA Bk

KIGFFEEEE 4 R — K2 1500pm (3R DNA 43 F, IEZR#E — KA 2 2pum A4 1pum
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FIZIA . % DNA 4 FOUESE, BUAMASHEAT. R, SFREREERER, XL
Rl B BB 4 5% o iZ IR G AR 1K TR 40, 3090 /2 B T8 & BAR AERY (supercoiled) , & B /& XU DNA
B ERSE, ARG HEiEE e GBS . BR e i LA AR AT — N 8] B 1)
KAFRE (B 7.2) « HABR—ANLIRVEE DNA o F, EEH W, HRLEERN —NELRIIF.
WRER TR EHEEZ Ah, Boa HALEE (B 7.2A), XFILM S IORE DNA 2 FHHR A5
(relaxed) 73T FAGMIA B4 A E RRBETE OB & 04 F (IE) B hESEt, RIEBIEH 10 X
HRR. BRVIMTIAHIR i —2&4E, iLES%n —REMIT, e ciEN—E (360°), LUEXUE
FERRTT e HE M — e . AWTTF I ERNER G, 2R3 “BSA L7 KIIRIZRE. [Fh DNA
ST RAHFFIGE 10 X% HRR s HEIEHE T X FI5RZUI R , 2R T2 85 B AE H LA
TR TR —RMN: ()ERER “W@” Xk, 7Ed At (8 7.2B); () @4k
G R TT [ B R TT IR T . X PP R IR e L, B AR Tk fa
HBIREE (negatively supercoiled) 431 (& 7.2C) . #BIE e T HIH] 7w’ 7.2C F1& 7.2D iR, X
AP R EAS 2 I R AN RMOLIK, B FEAS R X P A FE B A XS —AMBHEA L (K4
T, B LOREON IR BRI AR R R e, R IR 5 X S AT .

B) REXMNRER (D) MM AR e TR
/ﬁi?ﬂ. g3} A
REGER L SR 5

§ o 70 S0 I P00 g T s DNA
§ WAE R A
RS S N o WRTRIEN |

72 EMFERFRRS. (A) B4 36 BIZIEMIERIENE Al M3, (B) RA 32 BUZHEMIZIER B it
M3, (C)B #oarHimT, HEF 4 kA, DIHREIERE. (D) BRI, 7~ PM2 WEE A1
FRFIEUENE DNA . VERETE C 340 P (O BREL . FEVEHCR, B 340 C A S FRAPRA . [D Z4ME
AP M TE T i R A L BRI BE B R A/R - BR% (K. Gopal Murti) (i, ]

KT AR 2 BCHC At 40 B8 LA BB IR TiE DN, 17 2K 25 2508 14 1 R L Al oy 400 1 R B0 A R L
H IEHBIRNE DNA, 7EIEBUIRIE DNA F, XURHEAHXT HIMR e id B, 762 € DNA Hf 4 i 2
[ 2CH . FAZAEY)F R IR IR R ERERINE? B YR AT ) DNA B NG AHAZH
REMRE R I, FLIX L DX 48R 5 S IE AR S R SR A B R

= RN RGBSR

KSR DNA 73 FI1iEIREL & DNA #h3PF4988 (topoisomerase) (1174 b, 5 —25B5FK L3R
et 1, HAERT 2358 DNA XUEACK DNA ek, #—4 DNA 5 E45 Fig—4
TR —RERTRY, = A — N EREED) O BN D B SR e B A B RS, TN R A (R I
WG, VIDEFEE, XUFENEE R it il [ arlisigiem &, MEAEmmE.

BRI MBI R XS TER TR, E— 20T, 584
DTEFBZAL, ER—ANREERO . DXF R, ARG Aik—/ DNA Sk 5
B — DR, BFIE—REEANIR DNA 2707, H2ER SRR B R 1 3 3 S Bl
TR E 7.3 From . BB 2 F A B mE <907, B A Bk 2B A (B 7.3A) .



+ 196 LA BEEFEEA 0

HL THD 49 I % B e e A — AN XUBE AR,
AT B %F e A 5 — AN RUEEAE (B
7.3B f1 C) . A4 ) DNA 43F
AE % 5¢ 38 Hb 27 1o B [ ) K 4 DNA
o, B RXUEER I, A
S A1 THD ) R 4 2 ot dik 11 (1] 7.3D
ME). FdZ)E, ROBBEE, B
AT (B 7.3E) .

TE B A 4 ¥ 8 W8 e 10 8] 3 R
i, HIRE DNA 4 FH iE—v1 0
AT R R E bR, BN
12 Bk S HE S8 5 1) AR X
#1155 (Lima) 548 H 9005 DNA S0 | 256 89554, DNA (B i IR B 0 & rh et i B, &
MBHE R — LR il . R LR, ZEaSHRE FEf 4 DNA P24 8 01 (kb 28,
— X A] PLFFE B HPIR S o AL s i) R [ AR B PR — g A g ST g -
4~ DNA 4 F5e & BUEMIR. #F¥, —4% DNA HEBUIN , ief g;ggfﬁ Eﬁ%gﬁg;gﬁ
HEFERE, REWANETFHIF, B DNA 4 F. [£ Macmillan ) =
Publishers Ltd #/FA] #E[l: C. D. Lima, J. C. Wang, and A. Mondragon, FXHRLERES (deoxyribonuclease,

Nature 367 (1994) : 138-146, http://www.nature.com/nature. | DNase) .

LW B SEANBEATEHRO

B 7.3 b I W— 4 DNA S iES — RS B 0, f#JF—%F DNA 2 FZ a4 . [
[ J. M. Berer, et al., Nature 379 (1996) :225-232.]

7.3 IR E AR gy

EANH AL, DNA FIE4E—50 2B B iet, 582 ZH A5 DNA 4480 EA
Jii, fiff DNA 7> 7F4E%s. & haligi. fEiX—m3KFH 4 MEA K (HU 7574858, FIS fl [HF
FTTE A, HNS fsi kg B EE/EH, et ARBEARK 10%4A4. BAERE, K
AE B G AR il — A 4, BRI B R A s H14Z (nucleoid) . X T2 S, Rf
RN A BRI A Y, B MNEEAE R EARE X LR, EANREIERR A,
Ak, ZiE Cp) N . A0 PR B B (A R, DNA A ZUR— R PR (looped
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domain) (B 7.4) . A0 BG40+ 73 B HR AT, $UR% 5 DR
BOME A, XL FRPOA N R R IR G 1
Pl Ul 1 I 4a A5 AT (BB RS 3240 % IR SR 58, [
i, RTMABAEAPRE, AL

Bl 7.4 87 T KIAT w4t IR IE ) DNA #£3F.
AR A IR BRI AEIR, RAET B R DNase 1EHI 45
Ro R AEABIRTERE PR AR SAEER, Ut IX LEREIRLE SR
TR ERAM BRI, £ E—h R3], f£—1 DNA 4
T BRI — e I — IR BT T B TTE, AE
KT v ek rp AL I — DRI, S REVH BR BT A )
Jig. Wik DNase SRANER A #FIAAGE IR K, IHAE
SEERJE BN TR TR)REAT RO 2, T L2 B R e 1) v ok 2 A I
THER—REPR AR URNE, T AN BT PR o R R [ i v
B (B 7.5) o IXLEREIR 0 52 DASERP Iy AL L IR B, DABHE—
PR e AN e fe i o FABRERR o IR b ST 1 P R 45
& T DNA {8 F AR B R E TR hehei s 3.

FAHEX

ARiER

B 7.4 RMHFFAGY oA B i e
R ARG X & HH Y 22 B (7R
& 554 (Bruno Zimm) FIfE2 -
Y (Ruth Kavenoff) 2 . 28 i A
5 2% R 4y BT IR WA - 5F
(Georgianna Zimm) {/FA] ffif], |

- Ehm

L0, @RS,
“:Lﬁ%ﬁﬁkﬁﬁﬁgqm#ﬁ

ﬂﬁ&ﬁﬁﬂsﬁ%

R M
BREREE

B e 4 Bgﬁamkéﬁloo*l*#ﬂﬁﬁ. wirmaE | V) FIFTEURRER T T . [#% 1 N. J. Trun and
PAE—HE; BRI 4% T 50kbFIDNA J. F. Marko, ASM News 64(1998):276-283.]

B 75 X &Eige et rEs, s
6 THREFZ @)K DNA RPEFRGE E)F1

7.4 FEAZAEYIGOARGEH

FRAE YRR E 10— B RFIE R R G R 26 -

AR TR KA B s 4 AR

DN, R 23 FARREAG, BRKHIREETEK DNA 4 FKE AN 82mm
(8.2x10*um) . 8RifT, FE4 53R H I, i% DNA 4 THUES B — K 10pm K. EARE] 1um
MBS . A T SE 25 BRAFRE I e 0 1 TR 45 97 35 B B RE IS E I A2, JT LU A
EET7 o AN K 1 5 4tk (oK HI 4 ta4k) FR ) DNA 40 TR — R E 2K Imm K& B0 8 IH i
% CENHTSHE 25 B, AR SETd, XRmEemliir, 5708, HaH
N, BB AN 16 SR, 2 TR ERIAS AT, M2, MR EIJETT.



« 198 = IBfEe: FERIFNEEERIZH A

o RMEK: RERIGH B

i R EYREAK DNA MEAZHEARS T EBFET I HRARBR
(chromatin) (A . A FFHITEMA D . Geta JTrb i) — L8 B TR 8 Je o i 4 #) SR AE A iR 7 3 A
Wi IS5 B . HA RO R A RCPE R R AT R LR EE R

. ML BRE

B P e o T A T AR R EZ DA, R EAN RIS B, X%
BB FEAT. WX M7 B R gt it —Fi E 248 DNA MEAFRNRESR. T8
H—KE A EEER (histone), HAHEATEATPERNLEW. EILTFIEEZEYRIRE
R EAELE 5 B E 4 H—H1. H2A. H2B. H3 #1H4, HEERE S5 DNA KABHMH%. 4
BAELE/PHEAR(100~200 MEERR), AFAS5HMKEZHEEARNERET, EF
20%~30% 1) & IE R 2 I R FRS &R, X PR SE IR A0 HT 1E e Ay (IR (3 R B R L
NEDERBEREER) . XL ERAEHEAS FREE S DNA 446, FE2ETHHER
51715 DNA H-BRR F 5 b i o1 LT OB RR L 45 & W6 T E T bR BE IOV (W1 2mol/L
i) NaCl) LI B ER R 5| 1, £ SB4E A DNA s .. AE A B EFEMAA 44, DNA-
HEAGEMAEA-AEOLS S REREMMIER EE,

ARV E A S FHRILAHL, HH 1 Fi5. FHEE, RAZRBKPIDFE H3 5FH
BERF, JLF—H—FE. plin, F3amsiEyain 03 Fal, 7 135 MEERT R
HANEEMN. FrfEYr H4 O B AEFE AL FMBE K He, 7E 102 MEERT 2
BEMN. N—DPFES— Ak, BERFIZ R0/ DMEMBEARERDOH. XEYZ
V] R R AR S AR o /NI, FRIX AN 51 4 i BEAR ST (conserved) J751] . BUT&BALFE I LER:,
EAE A S PR A XFEE L AR,
ISR [ JRAE B AW A 1 25 41 27
PRIEEERZE BN

R TEME T, REFTEZRE R
51 R BR T B2k (B 7.6) o Beta i (1 BR
R EALFR A4 EK (nucleosome) . GLfa )i
%A A R 07 B 7.7A B . %
WA R A A4S, B8 H2A. H2B.
H3 1 H4 &5 F, —B4 200 S H R
B 7.6 PEFRME R T RMRA, RMEREKETK B DNA, DLER—14EH H1 44 F. H2A.
BERRGEM . XHERTAVEARZ N 100A, DRIEEKY  H2B. H3 Ml H4 BT E A4, In
ik BT (Ada L. Olins) FIFFYHE AT (Donald E. |35 DNA, FTEEA“BET”, £ F i DNA
Olins) E#] . FIAE A HI EBAETET 2 1.

LA DNase (11201, oK B 436 6608 45 BK B8 (TR A% R EE) JE i Ab BE e ta i, 774 %
{41 A DNA 21 A/ — S0 /NBoRE . IX S8 506: 0 (K DNA F BRI BEZ) R 200 M
FR X, B A AL LS (U)K /NBEYI R A AT AR 4k) o 3 S ik R Bk 22 18] ) 4 3k
DNA (linker DNA) Jv Bt Wi (145 5 (] 7.7B) . BEIRFEFE ] DNase b B S S HI AFAMEK,
PLA BRAERR T h 2 41 8 H IR (1) DNA Z M FTE DNA BT AL  IXFE15 2 1 25 /R 9 4% 00 Bks
(core particle) , K40 Z5H N 7.8 Fian, O BUkiflHE H2A (B5€8) . H2B (4 f8) . H3 (Jf)
A H4 (54€8) BPID T, BSRETH —BKY 145 MEEBEX ) DNA. S M AMEH— MO
WKL, AHABAZ LR 2 [H] 1453k DNA (W] A% BR BB VR FE v AL 2 B8) Fl— > HI 2 T4k, H1 5
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MEA/\RE KL DNA 46, FENECBURE ) P U 218 48 Sk A8 XOF BB ARIE )\ R4, =
ok DNA N BMAEMAEH . RRPFIIELKANAG 20~100 MELHBRXY, HEE
[R) o A= A RO AN ) 4 R 2R 2 v i A AR A GRS WA 3 RN 55 IMEHTIRYY) « XT3k DNA [
it R ARG RARRNESEAEDIR, Mz iD, AR KR R FE .

(A)

= N\\| H3\ H4 (ZHHT)

1 S
l«—noA

(B) “BFHF"REFE R
A ADER

DNA /iy B°F3
K #5200bp

|.__z —>|

- Bt ik

FMEOLTRK €
DNA f B3
#1145bp

(b

HAEAESKY 25% N EEIHHRAEED
|2 (histone tail) , ‘Ef10] LIFHELeEIE 1, X4
BT R () R MR S B AT B, Wl — Ak
A HE (—COCH;) « Fi 3k (—CH;) B8 i B8 2t
[—OP (=0) (OH) ;] INFIEHE I . XLHEH
LEALEE . RSB EE S BB, AT
PAHN A B 2 LA ES . 25 B AL Bl 2
FRALERIN#E

HEARBM, JTHEHERA H3 1 HE 1
Etfi, RAIREENEYZFEI. fln, AKE
FAFL 40%MEAHGATAEAREER
& PRDMO9 f¥] DNA 45517/, PRDM9 # 3 /M H
R (-CHy) #% % H3 HAEARKNE 4 fIEER
(AR L, rPHErEmY4E AL, H3K4me3 £

<

o 7.7 (A) ZAMER A
#HHHH2A. H2B. #41h.. DNA 4rFHlZE
AR /R (FR AL
k) 954% 1 3/4 P GniR
fA1E H1, E&5\RE
BRI Mk g G, S5
B, (B) LAHORE
AR B FRARCR . SRt
Sb RS V) Wi MAR 2 8]
B DNA, F=A54EH
H1 K7 200bp DNA %2
TE— A% LR . BT
RIS FE HI £
%, HH, BRT 508
EES AR 145bp
DNA Z4b, Fi&5 DNA #F

l&nmmm: Z:p e,

i

7.8 R/AMARZL ORI ST 45H, DNA BDUEA
Mg ESE . HEAPANEOSS . H2A, B,
H2B, £Ifa; H3, Wif; H4, 445, [Protein Data Bank
1AOL K. Luger, et al., Nature 389 (1997): 251-260.]

7~ (K ZRABARKITTS) . H3K4me3 FIFFZEMEIZX I DNA 2550 K AWK R, X4&H3)

BEHAMRHRBERTREZILRE (B 6 %) .

AEARKBIHN TRREHRBERE. ZBMMAEAEES DNA 455588 i,
WSRO E RS R A E R aRPES S, Bk THE M Bk 4A
THRE. AFEABMHEA N R LA REY (chromatin remodeling) [ EE4EAE, Yefa iEE R



200 + s FEPIRERA T

AR DA PR TR R, ORAESE 11 EEE L.

= YRREAZ P YR A

(A) (B)

EI5 20 0 A7 E I SRR BE T

Lo, 30 nm
b gy (300 A)
TR

LN AR X A S O NE K )
300~350A MK B4,

XA N30 AREBRLZ
(30-nm chromatin fiber) (& 7.9, A
TB4Y) o FETERR 30 9K 4L Jfi 22 1)
R, B MELTYETE R — I
BRI M AL E B H59),

Hep, MM E LT RE
B, 5 B 2k B ) T A 3k
DNA, HHAHLBHIZ MEER:. N
30 KLY TR AE F & (C 3

7.9 (A)/NRBEEME 30 PR AR F BB, B M 4, TTEREEESL DNA Y& 44

C) Yefa ffi22 i), Horp, DNA (K ) B2 M/ ME £ 22,
[A #4y, A KZFZBR OB EEHL - K% (Barbara A.

[f] ) AT RERIBR A . A B SR ET 4 dh

Hamkalo) 5. B #5, S(%i[ J. T. Finch and A. Klug, Proc. Narl, M SHABERE 1, #5k DNA M4 dE

Acad. Sci. USA 73 (1976) : 1897-1901.] .

ARG 0 T 22 4 H 2R mT FHIRARO 622 ) e AR
AR AL . B 7.10 7”334
%A 30 Gk G AR 2 v BN LRI B . IX sy
{5, )57 22 4l 4 B G €4 LA (chromatin loop) , A4
Gett TR DNA & 82009 100kb, By iFF gt
— A Gk Y 6, 73 (chromatin domain) , &4
7R DNA &840 IMb. &R aME S
Pa— ML e K IS (chromosome territory) ,
UARIMBIa R R, EHITHLSRNAMS,
MR R R GE AN e, BRI, 12
fEF—MEElHRER. A, ERRKE
i, DAKAEFRRA AR R B, %
RS A B AT REAN R o

EBEZ T, B 7.10 4 & 7
— AELIR, {HSEFR b gt JiR: DABE S i 45 1 7 5K
RO &M . ZEG IR R B XK
1h2EJ7 A A B SEIT ) DNA FBUASEE, RJE 5
B W, CLAImrRe g ta R R REE . 4R
T, [A] g0 5 LT IR 19 93 2 /B (fractal

WHILT-EAERER.
FEAE > A0 o 40 Az, 30

E 710 FE—EHELRABEMMEZEA, H 30 49K
Y e S 22T B Y AR SR H SR AR I [ 22
REFEPHARL TR B 2 v S B [ M AR R R R
KPP FEFHFEFE BT - #5747 (Tobias A. Knoch) #
. TA.Knoch@taknoch.org, |

globule) FIFE AT BRARA), FENTE/NERT, Gt 522 RIUHE ) BE A VPR HER LA i .
AKFMEER O T, L% 7 EEREPOE IS, XA TERRZESS, SR, [R5 5 5 3R 2k P 1%
B 5 Vi W) SR S TE . 53 T /NERBY FR) e e €8 O DX 3l B A T R Al 5 A X B AU X B B B

PSR T E B RERFAR.



B7E REAANSTHL - 201 -

Yefh phdl 5 B R B BEAR G . B AL AR LD I B (AR, AR T 40 M B G sk S % A
1 35k R A o = 1 4 € Ao A S 0 A ) o DX 3 Bl T, A 18 5 et ik R/ oA 85Mb)
HEEMMEAZ, MW 19 SHEECR/AY 67Mb) ZERAN F 5, EatzT, 18 SR EMAESEDE
LT A SN, T 19 SREMEEEEL T PO,

Yot g (1) 10 25 ) TG s — A0 P 2% ) i A i 4 ) LR o DK 42 T K812 AR S A
Fesk A RNA T2 FHLESEAT . AUEPERY], X885 Tl geahd™ #d i 2 4e 5.
B, M RNA I THGZA AR, DNA SHR AL DAESER I, XX IR
WA EE MBI R, THSRAER A DA RN BRI A, X TR REmr
MPTTA, DR R ORI AR S XM RNA TR0 s Fid B i R Tige, A
VFE EERIM IR MBE

= REIKESR

et 25 1 1)
EHEwE 7.1 By
7~. DNA FIEH
AR %, F
3 DNA KW/ K
Bk 1/7, TERSE
110A (11nm) ] 5 2
R T 4% (
7.11B), ERLH
B DNA 1 5 fi5
(B 7.11A) . Befa)i
) 45 4 B 5 94 B T
4k, % 110A 274
A 24 h R R A
AFFLE. FEIE4
f, 110A £F4EE%
BEEGER 30 Gk Y
Bz (| 7.110),
LA 8] 3 40 A %
e B A% 100kb [
Yuta R, Jeth i
WAZUR 1Mb I3
BTk, Jeta ke
G AR

TEREATH 2.5y
240 b, A
guta R A28 07 X
B —FhEREMA
L AR, Hep,
30 gKYLfa 22
)0 Al G RN

& 30nm e i 4

FRA”

N
K

D % il R e
42 4700nm

7

d
v
7
d
&
)
G

A'
uo’\sn‘

D BT

H#2%11nm

300nm# i
) %ot s

741 FEFERP YL A (F) (0 #2h , DNA (A) fidsfa )i (B 3| E) 4R RN
Bro R/NLIE AR IER/NEIR; 7E D~ F R AG5H 40 RARIRm .
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getr ik (B 7.11D) « Jetafh R 4e & — NP IFERELRE, HFR %R % A (condensin) 8 H
RAEKESR, BREEASKHINAHEIT —ERIEEH, ERKhSELAER. BEEOREH®HE
/D 5 PR RN, BIEPIZE SMC EH (SMC RaR P Ak L5 #4ERF, structural maintenance of
chromosome) , V)i, & SMC2 il SMC4. 42K [ H3 FBfRb th7E 4o 8 i R 45 RIEVER .
WA B LAERMBREED, Kbz —AFashbfXRERsE. RECHREEAEAH®
AR RS, (HY SR A SRR KRR B R AR %N, R H, WIEH RSk
iﬁ&@?ﬂ#ﬁ%ﬂno%*%éﬁﬂﬁﬁﬁm&ﬁ TG4

"5 " EZEBRAEAMP R AAR BT MR
B, 49 TR DNA 22— B LA
B, XEREERL TR N — M0 B3 B2
(B 7.12) . XFpGe a4k 2R (scaffold) HiF £ E
20 % [ Y 4 4k & 3 (nonhistone chromosomal
protein) 2 ik, L SMC2 FKikH—/ i, {H
SR EA DT RIMARE . X 2 53R
o R e Bk 40 1 T BB R R, X
VR e BAARTER, 30 KT 4EMEHES R —
HRAEIR, W2 EBRH K. A TERS
HEAE B AR AR, AR P AT 4 T A

B 7.12  DFfHE SUE HH & (Oncopeltus fasciatus)

2R ) FLAREA S A L R A, RAb T
SPEIEIARZ 30 WOKPETRRER ., (%51 B Insect
Ultrastructure, vol. 1, 1982, p. 222, “Morphological
Analysis of Transcription in Insect Embryo.” V. Voe, etal.,
©Plenum Publications Corporation, % Springer Science
and Business Media F7], [ R AR A=4EZF|
. - 4 (Victoria Foe) FIE/KHT - /K% (Charles Laird) ,

ST R, KRTIXEMATERNER.

¥ DNA FIH 51 7 Fs 45 Rl 4 €6 5 2 o 28 FE 4
Ak, R EEMNAE T AR TSR
R EEYRNES . X TRemER
DNA 77, H R 6 44 (1 B o/l B R B
1/10%. fn R gtk B R4, R Akaa
WA, ABUEBRAE YT 4 B 2 7 40 M AL 72 op

BefBMAAFAR - 48 IR (Hugh Forrest) 200 ]

SHWEZRE.

7.5 ZH&GE4

PR A % 244K (polytene chromosome) []
BRI gefak, WLF S SR H AR XUH (RGH H )
B i e AR RN S L AR A 2 4E iz . X
Jeth AL E 4 1000 AN ) HE 51 1 58 42 AH 8] 1
DNA 43 ¥ . B&ZERE AR T KERBEETNE
128 LU A 38 R A B A 22 43 34 P B B AE R 5 AR K
ZAELAAh, EBA 1 TR AR (B 7.13) . X
PRt — N BFERS I FEERE A
DNA KREEH, Mk HlJE Gt it A 45 &
TERH . Zekgetafh A iR gefa ik, 7E40 K
CER” WHAHFTERR, XL LR G AR
PRTERR . BARE) R IX e B R A S R

713 BERIE 4 SELRYAEK, FETREYL
SYRATH B R A e ik, FBRAER T 4
SERP AR B, (B4R BT,
5| B C. Bridges, “Salivary chromosome maps...”, J.
Hered. 26 (1935) : 60-64.]

framik, EENEREBREEPRAAM, BES 8 EPiR.,
TE R SRR S AR B YIF 2 S A itz b, EARAE 2200 R X BR 5  f JRSR 4  S A 3L
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B He, oA gl (chromocenter) . Kl A H#
PRI A (2. 3 B eagk) BT
S Lo, e (A ) 7.14 T R O A
JRb o M B 5, 0 H R £ X B i (ZEMERE ) |
2 BRI 3 SR kR SR RIA R, DR — 4R K
tfk (4 SRk . M, JLTA bR R
SR Y Rtk A I E AL

LGB AR, LR 9 R
IA7 10 45 . e o 0 R i % 4 8 0 [ IR O
HEMIZE S, 7E 224 BRS04 210 7 01 6 1
W, T ORI T B K R Rk, B
Hiff) DNA B E LR GReh) KBkt . N B 714 RIBCRERL) dik IR SR G 1K
T SRR £ e T B R T A 5000 4oy, R ETLEERRRICR, P @ iRH A LRI
SR 1 2 M HE B L T T AR R £ F k. [©Andrew Syred/Photo Researcher, Inc.]
A BRAT TR T I 5, Akl S K 41 (9 4B B B (cytological map) o 25t 7 445
BAT RSB OB, RO R SRt 00 56 5 A — B AP 1R 10 X (18 7.14)

7.6 ERAEVERNANESZERTY

EMEIERAS, AR, FIRIEH R ZIE SN L2, EEZEY
FEAS, FELEHAMMIEHR S FREMERS . fl, B8 DNA MR- 3% 1
G+C, S5, KRTFMEFRAN G+C FEMELN 50%. G+C F BRI &2, BH
HAH YR FH R E R, FRERERNATPESZ AT AR, WRERSFIHRAITDE
DNA (satellite DNA) . 7E/NiH, T2 DNA 24 5EREZAM 10%. EEZEYRR A P IEFE
HAhEE F5 (repetitive sequence) . KA FEE DNA i £ AL —4—FE 71 4%,
HEHE DNA B IEES DNA FBRERGE M. @il EHE RO, kEaXEZF
KN B HEANE 2 P35 DB S B . R THI% %2 DNA B 1 E B .

* DNA E4shh %

E58 2 FErp g amid, IR T A DNA B8, ERCEE Tl irEs, EHR
PR FES T F— P RENEANTIREYRRE. RN R PSR TR, A REERK
T, #uzzhth XM ERIECN FLiE, MARESTR “riEHmE”. B2, wRNERF
BIE AR, I8k E 2 O BREE RO, AR B R NUEE D R S E R I, R TR
HIAEESY o BRIEBCN A — @ B A 1E M, (R BRI 22 /D B4 WUk 4 7 A2 LAV . ik
X HAM R 2 R B (A R M R A PR P IR . RO WIAR R LS B IR, BT
PAS M R bl DNA 3R E s in (B 7.15, A #4r) . X T Em—44E, DNA #EEFI4E
i, AN TR R 5 E 3.

DNA SR E R R EMBHERRN)—NMHEE, FHMEAEAEHRREE, ¥— DNA F5)
IR, RIS E RN DNA 1, AlRES 1% DNA JFHEf—4BERC X S8 H . i,
FRE— M N LA 10kb DNA XUFER, H—&Z R dA S — K2 K dU Bl 4k, #H S
—Z&AEBENAZE BRI F1) 10kb DA LLE . X T EMIWE, KH dA « dU DR B sg L
EEBENUF SIS BRI E . BERE, MK dA - dU SR S, dA B XS dU 14E
AT DX I sk, #RREMEECAT, DR PR ER R EAMEY, BTUAERS RO EE R . SR 1T, %F 10kb [HIBE
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VURFIT =, BT, RA—FEERS BN R AERGHER, 4 R BN .
B4 dA « dU WUEEA R PERR, B Ve A IBEHLR SR 5% .

TE60°C T f i ] E60°C F A [

B 7.15 (A)T7 WER1AR DNA f9 52 PERT [a] 0o BE RO i . #E 90°C— BEA ] A(ERE /B 2 J5, DNA #a8#1%
60°C, MXTIRWEIAF | B, P52, (B)T4 #1 T7 DNA IBSWMEN:, WA EHF. SME (B EER) 5
T4 MR RIS x SRy SALRIBERY HAE, 7544 DNA & T4 DNA Ff 5. B— R4k Fek,
HAEFEE 0 FFohdk, RO aELEmInasiigh, 53885 —LRantE ()

R 2 AR T . B, B 10kb BEHLFS1S 1000kb FIBEHLF. 10kb FF3I4
HHAA LR, FEAX T4 € ) DNA ZERRIKEE, 10kb 751 1$% UL £ H 1000kb J3751) (4% U1
¥, i, 10kb FHIMFEEA T RES AT RAE. FTLL, Ak 10kb BEHLFFIA W 1000kb
BEALRFI R A% 0 [ 76 52 B FR) S 50 ARl s AU AR RE RS 1 19 ol XU 43— T 28 s[RI B K/ Y
Moy, PHRENBEHER LMER. H FREHRAAERE, FAS FHREANY, ZHR
B R SR TR BE S —FE 11

B 7.15B LA—ADESERIE TR B P oI A& o L% B T7 F1 T4 WEH 4 DNA
SFREYINEELRE, XY FRALENZERTS, 5 FREBA—FE, T7 R4
KNy T4 FEBRAH) 1/4(T7 49 39.9kb, T4 4 168.9kb) o PEITH, L 54 vk B AR Ik (R 4 76 B 22
FHEW ) DNA 78 E0H F——F AL —8E, W T7 ME/RIRBERZh T4 1 4 f5. BIARX
PR R AL A AT AN, KA T7 MRS A T7 (HALEERSY, kA T4 MRk
B, FHh T7 FEERIRER K, Fibl T7 #SATFHENY, 2R E & 7.15B
o FESLHIH, FYEMEHPE AN BRANR: SHEEIRN T7 47 A1 E, SRS T4 4
THR B g A B W IRAE 260nm ZEWRIKAE (4a60) ZRALII—2F, RBP4
TR IEWE (UL ng DNA/ml &R, 5 Ay BIE L) ZAHF .

7 7.15 Pl B F N, AEEEREFIINS T, LML h RN BRAmk, HEH
HRED TR RE . EEEMETFEZIME, NS TR B~ EK. B
Ry NEARAERFIIIRSHE NKFIREY (BRED) , HIEUHLFEZINE, |
HEERFHIBE B, HEMAR—FoR R BRI, i, HE— S 50 000 4N
HXTHI2 T, H—F 500 AR I EE A 100 4SS5 AR, 05X essr Tt ok
INERZ ] 100 B B4 F BOKZ) 500 MR, R IXE BRI gs R — M,
B MR IXF 500 MEER KIS FRFE . MRENEFRACELANEEAFRNESR
FHIFKE, BHEMESE 2NN BE—8MESFH—AW B, %IRRT S H %0 AL

813N 715 0] DU — R 7 SR R TR R IR, UM R N IR — Bl N, PR A T
RPN TFRIWIARLEE . RS T, EREMFGZENE—NZ (), REFEHERE R AR
He il e F A H
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X il
C, [1+kCyt]

Hrh, C H¥5E DNA KREE, BAIBTREEREUT: Co MEIRIREE; k R—MHEH. RiEX
Cot BHFRA Cot, 1Ml C/Co X} Cot FTEIEFR A Cot #i%k (Cot curve) . Cot [ H47 J& DNA W B (&

IRIF, molL) SHHEl (B, s) HOR, gﬁi%- B2 ).
YEMSER—EN (=1, C/Co=1/2, BXBHEMRAR (), KFEEH
Cotip=1/k (2)

Vk BPMEER TSR0 44, BE—44F e 40T, ZESRHFH P T RERIER . X T8
SERRGWEE, FAK, BRI RN RERE (B 5 FED) . Rk —aTFH
JLFRF 751 (subsequence) 4, 4, FHEMFFIFHIN Cor AIFRFE—AH 1k 5 FER M L+
FIMMBE—D), BMEBFFINKERE . ZFR “KBE” BT : £ &8P 2R

(1

RS ) DNA 401, BEHEKJ¥ (repeating length) 4 1; ERVUZFFER...GACTGACT..., EHEKE
K 4; E&n MEHFBRNAEER DNA 40 F, H—KE (unique length) 4 n.
LR, BrRA

10 102 10° 104 10° 10°% 107 108 10° 10%
T T T T I 1 1

AT B W F
HREEREH N e
B, WA
BL— R 5 B 44
F A EES R
T B ITeME AT SRR
LBBHHBRE PR o) e
P 48 990 T 15 S BN

i%ﬁiﬁ;g — 10 1" ; ;:It 7 0-2 ‘ 1-1 ‘ . il 1 ! .v - 1 1oooo

ERtEE /R

59 5 51 41 AR c(5®)

AT BTI6 IR g6 KR DNA BRI Cot 4. 61 L1514 AR R OISR R
BRI, prmaa B ERMME SRR AR CEEIA, B Cup) o WS
FERXEE R M gEsBARERR SR HEE DNA, SR ERR SR DNA, T4
geeh, HRIA ML gy IS 7.5 0 y BBRER.

R K #F = 1

T4 WEEAR IR . 7RI THAEX AL MR Cot MHTHIFRMERLET, FEAEIE R Cotyn MY
FEFIKRE n (BRr Sy BREERT) Ho

13k B £ MIDNAFT o5 1 43 LK

n=(5x 105) Coti2

He, ¢ MBALRF, C MM RZHRE/F, 5x10° RbbrER &M EN— R
XA A, AT K E K Cot {H (Conp) MHERFIIMER KEKNMHIHEn. F
B Co N A& DNA BIREE, 127 A 25 9 56— %5 52 it B ) B PP B HOVR BE o e 49 381 7 5
B Cofll, TZEXS Cot MIERHEAT T MSRiE &b i Be i B (th £ B9 A B Be AR — ¢
FERBEH— R B —KFH) KB BT ARRIY T G R EEIITAS, W N SR
FIH) CofH, XEABB Cotp MAEBATRIE. REEREMESIRHEME, HEFFIN
KE. &5, WRXEFIIKENFIIER, BREMFIIRE LS. X RiFEdE
— AN TR B A -
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= S HFHITERAXNNEEFTSH

100 10° 105 10° 107 108 10° 107 7.17 REAZAEYFERAR B
S e SEAMHT AN — 4 Cot 1%k, &
v TS A 3 AMAREIRIMTBL: 50%1% DNA [
Fiuy Coti=10° (B ) ; 30%M Cot=10°=<1 K
pso% ) 20%M) Conp=107 (GRE5) . BT

A PR AW S KR B — a0 F I
Cot 7rthmifs, 5K 7.16 FHI—F. F
FIRANASGERRIE Cotyo WLIIAE B HeH5E
FATEZE AT, HTFLfIRE8
, Bl el e S NG PRI Co (#0251 & B
103 102 107 10° 10" 102 10 10° 10° DNA BKE. 814 Cotp HFLIH 5 R
CO,/(%- ») DNA (ILtetil, BEIFTHEN Conn RIEM

[ (P 0.50x10°, 0.30x1 F10.20x1072) . #
E 747 i%iqjﬁ*ﬁﬂq Cot Hﬁ%o Dﬁ%ﬂ@’fmﬂ—'ﬁ@ 7.16 EPB(J E@ 717 ]ﬁ%ﬂﬂgk’]‘ﬁﬁ; *EE‘ZB‘J}?;U

M. PR RIS TE. 1 DNA thF &8 oA, e kA AN e

F1x10° ML RN .

h T e RS REUGE LR, AR AR S SE. B e EERNFY, HiE
NG tp B, WIS Cotyp MAME CRAZIE(E) Bz te. B, WRZaarmanNss
BAFEF (3.0x10° MREEXD) BI—NEN, WA, BEHEKER 2.2x10° M HIFEFIR 10°
AN, HHEKER 1x10° MRIES FFFIR 10° MEN., FEER T, SAEEAPmEEs
BB TR

3.0x10%+ (10°%x2.2x10%) + (10°x1x10*) =6.2x 108 M E #e %

HZAY) DNA 5T RIARFE RIS, 7T O [EAE 5 0 e B A o 78 AN [R] I [ T B XL
i DNA #7008 FTAKER, RERWETEIE R ER ConpfE, KRG, HBER—RZ
FER TR T 5 HR IR 720 T, 38 % B0 — A 7e A BERR A5 45 fd R EEBEK
) B, %4 T IEREE S S XU DNA.

7.7 HAZAEYFERAR R ERF

B2 ERAEYRRANZERFFIAREHET DNA EHahhEoistir 758, 8K
RIZ, BEAZEYFESR DNA EREAS T SR L, UAEERFIIAFME L, BHFEE
ERXER. ERZHEEARAEYERL Y, DNA B 3 F = E4H 75k .

1. 2—J57%| (unique sequence) 2\ B8 01 /¥ %I (single-copy sequence) iX 2K ¥ 713l % & - %
Moy, ERZEEYS, WH G REAE DNA K 30%~75%.

2. SEES 57 (highly repetitive sequence) iX 34 73l % FE K 4 1) 5%~45%, MPF
M. XLFEH|ha R ffid ) L& DNA. EFFE WS ES BAAH 5~300 ML
B, SAEEAPAIELIE 100 ML

3. FEEE F% (middle-repetitive sequence) K41 /il % H EBEWREEAN 1%~
30%, ‘ERMHEENIEE L FE T R LL 10~1000 N IAELERFS

XA FE I 5 AT LLOETE DNA SHEsh h2Ek% e, i 4 nr OB E 4R, @it

100 =

8

&

50%

n
o

{5k B BEIDNA BT & (I 4 b
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7E Southern ENFZErf 7R R I 4 1 ¥ H RMEAT S 5E , 38T AR A 77 2ok 3 A2 - J e iy X
DNA SRR RAZRERE, V2 p BEEE S8 R R 751 2 6 i) 7 PR A R .

= B—FF5

REHHER I RERIEFTHOBEOZTRTS], SRR —PAAs . BT O
Gh (B, —ANEJLANEFFER), 788 R YR R 480 el S DR B4Rk, AREEZ T,
XA G R AR 2R AL 40% 247, 5 ALY 50%% —rt, 207 B R e
HRAR 70%.

» BEEEFY

WEEEES TSR T RECES TSI Beh, b 5 = SR 0 A A R .
HER B E R P HIFE R LS SINE F1 LINE R¥ESRFERETCIF, IR fi o S R To - A i e e R
H (B ANRERA) o] B N CE 14 %) . ERBUNEEERFSIT, KSHF5H
I EFELE, BNAN—NERARS AN ERATERAER: EARERAS S 6%, 7F
BRI KA D 5 18%, TTE D. virilis FUBFEFIL by 45%. — 5 ) 8 (0 T 5 551 5 5k
BILEA ) 25%, '€ H—MAIZAE L 3%H) G+C [¥] AT 2% 751 (... ATATATAT....) ¥4 5% 7E D. virilis
SRAF, R EEE R I B 2 3 FORFEASCHIE & AT 1 7 BRIEXS P31

5'-ACAAACT-3’
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5'-ATAAACT-3'

5'-ACAAATT-3'
JURFAEFERAT M PE (MEER) FHMX B, O d 84 oA n) 746 2458 Gin situ
hybridization) 3 | &7 . &I LA 7€ AL B EFHAL T#5 4 T & R (heterochromatin) ]
et XA, AT, XIS T R AR EE4E, AT R B R e g )
VFZ bR RlR Y (B 7.18), A, SR RERAN AT — BRI R . R ER
53 HE R4 () 8 & R (euchromatin) , {NAEH LRI AT W, K5 4o 6 5 X B4R 2200
BN X BAFAE T S (M8 I A O (Uibr) RO 2B 3 P i . FEVF 2R, JEse e fa fh—o
BRI LR Y Rad—REARAEIL TN L AL AT DN EBERE P
TARMEEERFY, RAFRLER, BHFFIEREAE L REHE BIEEH57.

FY AR S EMIEW T

X FHERER, fTREERTPREEEERD.
HABEANED, BREF S KB RGO RER e b L REATEMER, BISZIhREN.
HE L, FERAY, FROFXBAEETUSEER. R, ERRE, TASEKUREMR.

7.18 (A) M5 K& Bl (dmmosper-  (A)

mophilus harrisii) PR, Yufs ws P ow o
R A RO o R LR B Y 5 o

Yol X (AT @M Sk) RO it | f Yan Vs
RIEMRROER REfk). ®) | ¢ f o
WL DRI C. Bl | 7 3 M
W, AR LR - My
Y07 (Sen Pathak) -+ AT #i . ] ":' _ ’:\ :‘

" 1

- FEEEFT

HEER R G BRI EEE AR 12%, §ARKIABE YR AR 40%FEL .
IXUFE R ERE MBAMAEFER AP E FEFEXR. ENEEFZFIIMEXHERE, B L
FFEEBE. Fl, ERASEEZEYERAS, FEAPIF RNA Z2NEF LT R —X R E
FEEFESRMRN . EAEZEYRIERAS, WD RNA 51 HEEE R Ynid 4 5 [ 1) 5
FERZEE K. tRNA FEDEFI# DUREER), T4 8 05 % DR BKE R R . §
M EAREEGHSNIERAPERL 10 kK, EMILEFL 20 K, EREFL 100 &, T
FEHE LU B P2 R 223k 600 K

R R A P R BB EER TS R FAm R 14 ¥) . WEETAHE
50 NS R 2R H AU Py hobo. copia. jockey. Helena. roo. 412 297 il mdg &——
BAFKIEA 10~50 N5 UL, TESEAFE A 7 EAR K 73 6.

7.8 FHLRII T 458

FHLARREGAEVGAERR— MR, HAERG RS Ed R — ML .
B (kinetochore) [FIAZ L Al sr, BhRLE DNA FUE A RKE S, gids 52 %8, LMEE
LSRN E R PBoREA. skt Y2 %5 2 4 (N SBOREA R FRES) .
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M BB T B, fEREAY)—WEREREE—, 535 20k g TUE L1 2 S 4k U
‘A%, REHHMAEYH 2512 55 2R X OER .

EANEYF, FLRRILE BEMLEEMEL . — 2B LR EK (holocentric
chromosome) , A A KH A H LK F5 DE T 1E BI/REGE 22 5L (diffuse centromere) ] . 75 N B3
FF&k Bt (Caenorhabditis elegans) HLA 4235 ki getofk, fEArigetifhrd, ST aRYLE Rk
K S HERE. WRH X SHE&EeE 2R EmTR A B, 8 BERIE — M RL N
BEURNGENL, TR MBI LAEE B3 EXSVREEE 2000 T RaEE A R, AEE—Sitie.

LA 2R 2T B R ERE 24 KL (localized centromere) , i, T4 5 YL b4 M) B —X 5,
(Bhkr) EEH:. REELR D HMAE: mFE LK (point centromere) Fl [X 1 % £2 i (regional
centromere) » fi A 2200 TR 2 AR KL CASEREERERE) &, 3t DNA S8iS, S11E%
BN, HALEZAEY), BFEREEZAEY, BEEHE kb DNA X EHE LR, X3 2k
X & HEKE DNA /771, X4 DNA Uitz /ME, CL&3E bR A0 H3 45 [ A RFE .

R 9 P B 22 0 ) G 8 0 R B
BA PR &5 0, RILIN 52 AR
DNase [FI/ER, S B%EE, B2
—Fp 220~250 AMEEIRN I H
JA-DNA H&1k, CARmMIERNTH 1
R LR %/ MARIE R DNA 751 .
KEFEHIH LA S A A 719 @
Fi7s. Brf RS 2 b # R 5 B
7~f) CDEl. CDE2 Fl CDE3 [X ¥
AL 51, {H CDE4 X [R5 4EA
FEHELR A ER. HEERN
72,2 RZAH 90% MR E T 2 A-T XF .
FLK DNA BE T—Mma h%E
22 R #% O $ KL (centromeric core
particle) FI 5, 14514 L JLAY (1)
Pt B A% /AR R O R K, BT &
DNA b it 54 4% /5 A 4% 0 JS0RE o (1)
160 XIEEHRZ . L4 RH LK
DNA iiif % DNase [fJJ5F . 47824
IWhEES ER &R (- 7.19) .

H 2 B B 1) 3 22 R0 1) /)N 1 )
B, EEEEYT, BMELRXA

TGTTT;TGNTTTCCGAAANNNAAAAA

78 ~ 86 HRIEXT
#1 90% AT

100 ~ 135bp

RTCACRTG GBS 27

CDE2  CDE3

F AR
220bp, 15~20nm

CDE4

g

/ 160bp, 1lnm

(B)
7.19 PEREEEEEE—NE kL. (A) FHLZHRL DNA RER, ~FT

E—H AN BE L, R Y
/52 ERE. B 720 mA%K2
B YLt R B A 22 kX H DNA J751
AR, X —HL 7 R 2
WAETF, ER— DNA FIIHHHE
SEK, HR B AN R B AR H G fh
(A EE A X 35 il o 3 AN A X N

A 2RI 1) £ E X (CDEL ~ CDE4) . 78 R REIEE
BERG (A B8 G) , T8 N RN EBEHIR, 763 KPR mER R
BUARk#FR . TEARE LR, CDE4 XiF5IHE K. (B)
FE DNA F3& 20000 XA/ IMARI AL E . DNA /M 41
HESE, EELNZOHTEMARMBES KA. [M%E K. S.
Bloom, M. Fitzgerald-Hayes, and J. Carbon, Cold Spring Harb.
Symp. Quant. Biol. 47(1982): 1175.]

BUREEHPEEAE K, ([EXMERMRAERMIGEIE 6~7 K. 2 5REARKIEEZ 4biE
f£F, EHES DNA FIHBIRK. 720 MR (BT 4 hiAk) H—/> DNA JF 5 KK 5



« 210« iBEAEYE: FERIFNEEERIZH 047

- o iy e Re—
AN e alphoi » EFHFIIX: S 7B B R
B A F R ok i R Rt 3 5160 5 . ST A
DNA) [ #H 5% i 170bp FXMEEEE EEREEER :
DNA #Ik. KZH AL
Jea AR 415 100~1000 4 | B
#11 oDNA (I 7.21) . N\ senenEn | Re RERERA eReien |
YR 22 T 75 1 DNA AR LY i1 5 1 ) B I R X

IPINBAHE a BRITHNL g 000 ) oo phiairts bbb A WEAFFIR., PR KA
P IFH o EEIFIIARS 500 (w4 X She, etal, Nature 430 (2004) : 857- 864.]
R EB FREEZ

LA P .

B 721 AEHHIgEA(LR) S o TE DNA

2432, A XIS S5HRiC DNA 24384558, o B
BRSNS TA 46 RYOIRERE2RIX—

B, [REET DTS5 i ehr - #

¥ (Paula Coelho) FIFL 553 B - FRFL/R - KF]H

7 (Claudio E. Sunkel Cariola) 2, ]

7.9 kLI > T 45

ZROR Y0 AR I A — i Bl — R N iR HI (telomere) FEF 2R DNA-E 3 )5 45 KK R« 1804427 Jt
BHMERLTRE, WDy TREARBREEZLAT DK . #/R2 « 5% (Hermann J. Muller)
K, FERegH, Gl X LA B R AR 5, B ARG A A REE B IR E AR .
BB « # 3MRFG 5 (Barbara McClintock) W22 2, fEF K, Wiy aiknt o tbis, ©
RCEA 7 G —— i R AN R 4R g g ik, IEWES 6 EHhEHRFEIN, DNA
REH H AR DNA 6 1 12T E— RNA 59 fEGE A K, —4 DNA 51 5' 3
PASIEE R, X555\, EEAMER 3" A — B R (8~12 MEHR) Hsks i,
% AR A S N BR B A . G SR AL R K R PR AR B AR o, R IR I & il
AR ] DNA 43 FAER AR — e B SEARLE—FhoR sk S IHLE],  ZEIX P HI SR B ) 53 22 41
th, EFBRERIPE N REARnFHEASTE, HAERE, BRERE, USRI

PR G H DNA 73 A RN T —FPEE,  FRYimAiEE (telomerase) . 12 fX1/F 2
MRS R RE S FH N E DNA 80 3" . XFREERE AL B R A Sh i DY g
(Tetrahymena) TR . fEDURE R, RRFEEFFIA 5'-TTGGGG-3'; 7E AR MY
t, RPN 5 -TTAGGG-3" (BIffi7E A, Rt 2 SR, HArge @bt LA RLr
JE LTR ¥exe ooty MAZRPERFY) . RPN EKRESRFY, SHXEAR &,
P pesL . 2 H 8 AR B AR (R %, DNA B il &2 B BE Al — SR BO X E A Bk,
BRI, DAPURE A R, A fa]— 4% DU s e 8 A i Ry s PP 31 2 oA i R i DNA XUBE(A




B1E ROKKLSTFHR -211-

5. . TTGGGGTTGGGGTTGGGGTTGGGGTTGGGGTTGGGG-3'
3'...AACCCCAACCCCAACCCC-5'

XA~ DNA XUBEALE 3/ sy —/NMPBE oS o, 1% 58 H o o] Bl Bt — 2P . SmbiBRE
A& DNA Z#|+ F/ERWE 7.22 . A #537m— 5G4 XU DNA, Sihl) 741 LA (6 5
e I DNA ZHIAGEREMHN 37 5P ah, FrUAZE B S0, M4 THEM 57 o bb B 81 E il
BREE TR A — L8 . Il P 51 A T (1) 30 00 25 B WAL PR PR A . 945 THETN 3" ot L — A4
5T R, R R 3 — it e A SR B v R A 4 B S i BELARISR IR o BRAEREAS 37 i P 45 L ) S i
LB, i 8 L P I o 2 PR B —— X DU R T 5, 2 5-TTTGGGG-3' —H4E
A 3" iy ST REP IR T IR dh R AR AR S ——FE R AR — i, 76 3/ i LA 4L
BRI ER AL, 755 mAABRDRER AL,

SRDNAE 5 /75 (A) FARZAAFHDNA FEDNA

e

(B) Kfil/FFIDNA

7.22 SRCERAYNRE. (A) Befafk DNA Wik, fREEMR N —Hah EEFSISHR, Hili FaikE
il E SRR RSS2, REAREERY 3 B, (B) 7EMAR R\ DNA SERE KR S, B 7L DNA 8 4T
3" SRR S P AR TEREER, 5' Ykt tREE R YR SREERBIEHIN 3 WS SRR L. (O fE
ST R T8 DNA XUE (AR, A0t 3 SR ARAS i ks B P SIS M . oL RERN 37 58 H R AL
BRI R T HAFAERPRES o
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AEXF /D i dhr BE AT SR 5 DU, S R S AN ISR 24 UL B b e ANl 2D . P 3
W, Sk S — R AR RNA 431, #RO43ES RNA (guide RNA) , E5H Sk ER
J7 5 B AN B, A b i R B R SE R B AR . Bl G, PORR AR R RNA &5
5'-AACCCCAAC-
3'. 755 RNA 5
b E R 75 34T
BREEACT, HEHN
MR, LA SiRLE
EARMEZWE
A T I (E
7.23) o kL) B AR
DNA #tig —
ARG DNA &l § &
RNABUR REBEARFE A (BB 6

7.23 DU g
TRk Wb S —ANWTEE
RNA, % RNA BA Sk
BEHFHEAIF. %

RNA 53R S PR ) RSB
BRIERCAT, FEAEAETRIEE G AR ) B b
R . BBk DNA X, BHERumE

B DNA B&74 .
P SFAIZ T, B

BKMPEESR DNA 751 TEAFRAEDT, ERERMEDHARRERS, XEFFEER.
IR DGR S A MBI R R X RIEME A, XA LT (telomeric silencing) -

RAT A PRGE SR BE? FERERED, XUk TSI BEMI, —FFKk Rapl EERS T
e BmKFS L, HE| Rapl 50 FEFHMBIRL 174> ShA, SbEKL L, XATaERR
79 Rapl A B T s b A ARE R, AR5 HAR S F 0 (B —L55 DNA B85 A XE AR A
ZEEEIF SRR RIS & . FAEA Rapl 415 K4 18 Mkl 454, fiitiet
AL 17x18=306 AMALXS, X5 EIFIEAH L. Rapl &AEH I ABIES R B
Rapl FEHRAE, XA F A () Rapl RS IKLFHIL &, ERES, A0
BERN KRR (R S L1 o
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£ — L5 4 v R BRI i L 31 DL 3R %72 % DNA B35

7.2, TR 72 . BARRIFFIBIEN R - po

3RIEERAL. B, WRAMAT ——

B C4A»/T2Gy» IR A - P CuAs/T:Gs
3-AACCCC-5' IR C3§A2T28Gs
5-TTGGGG-3'—~ SRR CTAA/T:TAGs

Hep, fiskFTarphnmbiBEEh (5& 7.23 Heh CiTAY/T:AG;

XD o R, BFHES) Wikl i) X T A Hea LAl ATLAGS

CsTAY/TAGs, 3K - o)

S C3TAYTAGs
3-AATCCC-5' R 45 2 Ci5T/AG5
5-“TTAGGG-3'— HE

EUZEDS, MEERFIINKESY w8 CasACAL/TiGTGas

k. Biltn, Cs WEBE, MN—AES IR ACAGA;GA,GT,AGACATC,GT/ACG,AT

e o GTCTA,CT,CT,G,TGT
HINR F—ANERHE N, BIEE LA b
PR C1.6Go.1To.1GTA | 2/T12ACA,.1Co.1Gi6

SEIANACHEZESANC. TEHFEMNE L i okl o
R H R RF RN, BB E e BT
T B/ NFEERIN . BakF4R st GC,TAYT,AG,C

. iﬁﬁ%g BE*‘]?EH@{%% )k& Fix, —HAhE & C,TAY/T:AG:

ez C;TAYT,AG;
45 50 FHy, L - dg oA i
(Leonard Hayflick) & H.[R1 3 &, FiFRi K CiTAYTAG,
EEANLY R ETHRREM R RIS CsTAYTSAG;
JER S IER. XL iAREE, R i C:AT/A24TGs

WHEER, (EENIPHIESE N DNA EHl HeUA: 4% V. A. Zakian, Science 270 (1995): 1601-1607, %5 AAAS
S #, MMIAREHABE T RIMGLHH, ITHE
ZEIZERFURTREE, B4R AR FATA R, 155 40 M0 o] G R il 4 34 .

BRAE R 1E 5 40 M5 188 R A PR U B0RR 4 78 36 F1 e AR PR (Hayflick limit) . 53R ARZ0 M, 7E
S5HNHYHESET, EFEIESRZATTHITRKY 70 ka3 . B UE LSRRI RE, B2
B AR K . IE 5 40 MU A2 RERS AR 40 i A B h RAE M H MM E AR, S 10T ik 3
AN o B 14 E 5 (checkpoint) H i —A™, {40 M 8 8345 1k, B RIDIREREASBEALIE, S40 i
HEB KB E30. DNA FIXEMR A ERERTGMEZ —. EEFHRS, HKEERRK
®AFES kA, 18R AR 5 R b Re R B RO KR, XS8R [ A S80S -
BE, AAREZHAMHmABEHEEARK, U, SRR, WSS TE—An. 4
Ui BE 4 08 21 K 2 Skb B GERAE K4 800 M5 Tkl R 751 5'-TTAGGG-3') , HHIXL
BEWTRI ) A T S . BE S R A S A M R R AR . SRR R (S SR D ST,
ABL - 2 7E S BL A A% ANE I 4 B 3 HA 58 20 AL E BRI Ehn RIS R (B4 h
H4K20me2 I E H) 4R

FEREENF, K2 HO M B R A S A 34 D80 LR, st et DNA XU 3K
B S PHA . DB i —FR A 3E B8 (progenitor cell) ——7E#PHMF 2 BT AT H#EAT K2 70 43
(G IR TERIR) « 76 70 IR 3R £ 2K Skb Skl DNA, 12448440 i 3 £ % K4 70bp. 7E
PR o> 2R A0 L, ZERES A0 M R B rh B 3 ik DNA. 7ZE4I R3PSk B/ IKAH 40 i
SRR EL R BT EANE, KREPEARPRKRELEKBEENNZ . XFHOREENZE
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BRSO RRE NI A AR KA ]

A Pl AN S i IR St BR PR A 41 . — ol /2 BERG T4 B (embryonic stem cell) , IX7F+ 41 g
FET RIS, BRARERmRRETE. XSRS TF 2 RNARI R, e
VFE AN FIFH AR A A0 M o X LR PERRRE T AT A NATT— BN I T A 40 A 6 AR R %R
RAEMEHGT M HET R CAE—LEX 5 1R TIEME EREYE. 5 —Fh 5o iR T 3R] 52 1% PR it 40 A =
A AR LRIROIE, RhTeMNEaemiismiitrrRE, UK
A ECH X 40 20 2R B IE % 2 (4 DNA XUBEMT 24 75 0 SRR . JAE R AEFUR JR 943 F L
BIRER, AOURHARDHIRERL, BP0 AR 7 A 153 FATTRE R 213 52 40 f J&1 39 o £
EFMRE. BES 15 ThitmEaix e,

AEHE

o REHAYEA H—EE XU DNA 2 TR R FE R 4 . 7EFLAZ AW, 4% DNA 437 5 R 2R .
BEFRZEYT, L% DNA 4 FEFIRE, HAaR2R. LRk DNA fiH-24k DNA t 034K . 2R DNA
T B R BIBIES T -

o EARREDZ I, ANEEEEGXAMENEYZ 1, RERARPNEUEK. EREEHYH, =W
FERA K5 H A s B Atk 2 AR FAAEM G, IXFR A C fHTEEE,

* DNA B> U SE &M EIPREFAE, MRARUERI TS, RO HEMER. FEHE , R A
DNA 5ESEAFRLES, HiTEK—MEZ RS B LML EREALSEH, ol

o MEAHEZAEYROHERASRKKEA DNA 4F, &0 TE5EARSESHRREF. oL
BT R AMERZ DR ——— AN S8 — BOWE DNA (418 B /B4,

o REBEZADERA, BEELITHERL “H—" DNA FA24, EEEREERMFEEERN
DNA J#%1.

o HLRLR PRI DNA 458, HAERRAEA R ERE O,

o Uik T — R IY) DNA 254, I8 e Yt h AR m IR, (8 o iAok i 4 T 5] DNA (1938 i 2k 1
Y% -

A G

o fFAR “CHEEFE” ? WAL EREFE?

o FEAFIRIEGE DNA 2 TR AGBIRIED T, BHamE?

o REAYMEEAEYEBEYRAR LN EEERZMHA?

o HEA RN IR G 2T, TS5 AR @ 2> FHEAR, SAEAHEEERNRNEE
EKRIRHA?

o B/MER A MG E TR IFEA AL, EfREMERN, FREEaE “AEa/)\ BB . “N\E
&7 —RARELEILL? HHEA.

» fFARFEEESR DNA? /£ DNA ¥R, REER DNA B KIEER#E, #HUHEE.

o IRHERAHRMBPREOFHER. RRREFASTIAEERE, EMG? MREEER.

o WBAEAIIAT S, A0 H E A R P 25 2 G A T S 2 A ?

o fFaRimhi? EEAMBANT, SmhCR WA REM K ? RiSsh KRR FS A4 ?

fRRAYE R

SRR 1 LAUEHALSEE R I &I K4 DNA, FER—Fp IR AR, %
TER e P AT SR DNA 19— N84 DU g — MR 5 . FiZ
¥ ULE 3 hi [ 5\ 4T 3E4T Southern ENiZE. {EA%TH, VIE/5 ) DNA £ & A
F—ANHRERAS, CANZRE S R — R E AR A TS Y. 455 Tt
BB BT 7R o fRRE R A1 2 A 38 BUR A 77 2 116 4t i T EL S BB 4B, T
LR FIRET 7= A5 1 & e ASOR FL7E 26 — e RO R/NVE L

S

E-F 3
WP A A, B S RFIIRFTA B, ARIERSMBOE PRSI S UI% N Ytttk DNA 4>

DA P A2
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FHIF=AR, Fifn, AL Bk N ERHE. ok rsr= vk ilniskcts, fEAMIER A BN S, R

— ARG SRS FR, S—dm ARSI R, A — NI S — AN, SRR KESR ER .
SIRE 2 G-C WFET4 DNA XU i EtE btk A-T Bt 2, AUERENENTE PN ER, &

B R AT AR B HE AR A 008 o TR A AE DR R F , BT AR BT 7 IR BEAN L & b G-C & 38 nima 71

mHAbES T i&ES: G-C A BIIKES I & . m P a——
(a) EZRIBA DNA 20F (1 1 2), W—ANOBED BEEERAR? A AGTTGCGACCATGA g

Uy | AVIARBARANLARRARAR. .
(b) MRS, MR FRMIT DNA IKRIE? WRAE. .
. AT
(@) tht, G-C AERIKERERE. 5T 2 54K G-C HE, T AACCEEEECTTATAGAL
ELRBEABNES. FHi, T 1 H5%5 BRI o SAMRERRRARMABARARA: -

(b) R KT TE . BREE, EEMERET, ERMRENT AT, 7554 T LR
SIE 3 BENAFTRIEEY DNA Co k. & x4y 3 E 44 5 725 DNA F3l—&
00t w0t 10f 107 w0 we BFRHIFAEESR () 5.
; ; (a) EHFFIFTE &1 DNA (5% Ktk ?

(b) 35— H| BT & 1) DNA 545 kKt ?

(o) RAEFAN AT IEE A B — 5 L — ML, 4N
EERAFEEFIE L ONHEN?

@BEEBEFIMHFHFIKEHTFRAH:
n=(5x10%) Cot1p» HRFFHIKITHFIIKERZD?

EE

(a) M y B2t 4048, Bl DNA EH A E M2 T DNA &
DE, WEZAN BHER THHEEE DNA BE 2. CotinfEM x
il TR A S B R R A AR . BRIE, 100-50=50%
HH DNA ¥Rk, 3 Cotyp 9 1%1072%,

(b) T Cot BHEEULRA R PFREEIFS, T S0%AERFF, FTLle FHI S0%E T8, H Conp b 1107,

(c) BFHFHIHIAX EBE S BN Cotip EIREE, FEMHI, FERFF DNA F# 73 DNA (AR R h
1/(1x102)=100 F1 1/(1x109)=0.01. RGN B EHEEA P B —FH| RGN EN, Ba, SR GREHLSD
EEFHIME—FHIFAEX R 10 000 : 1.

(d) EHFF - FEHFIKE R n=(5x10°) (1x1072)=5x10> I X, T8 — 55 1 5F 5 55 K B A
n=(5x10°) (1x10%)=5x10" BRIEEXT, X KR th o] LURSE TR L fObR REEAT i3t .

SSRA

7.1 A%kl DNA ASREH IE % ) DNA & il HL & ) ?

7.2 WERRMSRE A 7E BB T W getafh, (HERIT4M%, DNA St akett S SRR, 40
P DNA — & & L@ R GRS AE?

73 fRHZAMERMZAMEZ ORI ZESR, BIISEMHAEARS T? & HK DNA KERLD?

74 WA —BAZEME/IMERINEE DNA, #Z/AMEZ[AIEESL DNA J 55bp. 7E 1kb KB, filitaf%
A /INME? FE 50kb X B IR ?

7.5  WSRIGRIEEG BAE, TSI SN 2R, A kA R A L ?

7.6 FEKIAFF B Gt A A b el g 2

7.7 [EMZ—TF, DNA Hft4R2$s S-NN-3' R LR, HH NN BESHZTER. AZiik DNA
HERFF 5’ -TTAGGG-3' K XUEE R BHIAR, LA 5'-TTAGGG-3' EE [FHIMIEY 3/ 8 Him g . R AL
A8, FELAFERD 3/ —5' SMZRRRE AL, IXFhEEREAR R SE tim . 7E980 T RXUEESR. DNA &, BEAEH
LERA? A AR L D7

7.8 WIS Rapl HEGM, ARESmAILE, TG kS A A5 ?

7.9 RAASHTZEREEFHLM? TLEYEEASHITHHG?

7.10 SRR 2 YLt AA 1) Sty X SRR £ G IOL R R R L R R ? R R

{50 8% 1) DNA BT 5 E 4 Ee
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7.1 B SRR LR Y A RIEL S000 DA . WY E AR KD R 120x10° BRFERT, L7 15 000
AR, B2 B DNA B 1] LLZBE AT

(a) B4 03 DNA R ZE/D?

(b) F &AM PR E SRR L ?

712  BEARFTREI DNA 447, B— 0T B K E R e ?

(a) 5'-ACTGTCATAGAT-3'

3'-TGACAGTATCTA-5’'

(b) 5" -GTCACGGCTAGC-3'

3'-CAGTGCCGATCG-5'

713 ERATAE ATATAT ERFFI DNA R B, HAHHEHSERS AL T BEHLFFIR DNA B, &
HERB L,

7.14 REEXUEE DNA IR SFEAIBOK 50 JifE. 4, ERERSZK lmm, BIAECY & AH 40 H 0 E
2o WRK—/> DNA 2 FBOK 50 it fa, e R i S hr b b 3R Bk i BE (4 42km) , B4, i% DNA
ST HISERRKERE D2

715 UEHBERFEFNSHE X RMEEFY. X8R HEE RIS TaERR RS S
fH e ?

7.6 FEUE X G AR A X SR ARSI 1 HIR DR f M A 0 A 7 e DRI DR B AT T . AHESRORL A B ok,
{EL %L PR A S A R A B R wi R B o R D — AN MR A0 s b LB & e L A ) 265 e R 7 4
B AR MR ERFFFIA) , ZREED LSRR, REESLPHAPEE. A, HIFE AR,
X RAEE R w' B R EIIRRE R w R, MBI A ZERNAERRZ D, HIEH w RBHAR.

717 G RIESFE(HWEE DNA M 3'35, ZEMRS~E—A 3R lid. EFMESIYR, 3 b FE
5'-TTAGGG-3' FFZ BRI WA k. TEFMHEIMN—&Rakd, Wimi 3 BEREETLHF—EER
T8 3o ek FE T o T DU 4 F 2

718 EREREKET, WmPEEFHW TR

5' -TTAGGGTTAGGGTTAGGG-3'

3'-AATCCCAATCCC-5'

TEANLKERT, 2 SHAERBEEAR AR SROE S AR A TR . XFRESEE T AR
¥ 6 RERELFY, U HRERA EREHEREK. 5HAZ 2 546 Ak =5 B AR SR,
HEREELPILE A N b E RS .

7.19 AU ERES S1 AT LAUIMTELE DNA, EARETIBIXEELR DNA. Aid, S1 7] LAY)#I#8i2jE DNA,
BHEPZE—ARETIO. A4S HBLXFER?

720 RAE—KAZIR DNA 47, Hep—inxt T 5 —InfEMBER 77 1 _Ehgs: 4 .

(a) WR¥G PIERE R, MRFFZS FRARAERE, A ORI SHATH?

(b) ISR Z B HEA 15 F I IR e, B /DM

721 UL N FRCOIFE A 19 DNA, FEEHBENUBT AT B L PN SRCFE B (9 DNA, 43 3L REAL IR
B, Wil DNA LUAHFERER G E M, RIGTE CsCl HE LB PHRA. S DNA BEE 5% hEE®
JEo X DMYIFRERA HIREE T 5 & 22 20 L) 2

7.22  RUEE DNA B i — 2 OB EEXT 28 1 I 3 BERR O Al 55 U ¥ (melting temperature) , 84 To ZEAR SR
AL TS E N, T, 5 GHC WEXIE At (RS ¢ BR) KBELM LK. B4 g=22% G+C [ DNA,
T,=78C; g=73% G+C [f] DNA, T,=98.9°C. #F T, #l g Z [AHIEILX R,

7.23  F 7.22 B 2R SRR 2 40 18 3 R KSR AR BRI RS -

(a) B & A+T(70% A-T) »

(b) B MR EL A ) A+T F1 G+C BREEXS 4L A%

(c) & G+C(70% G-C) »

7.24 F 722 BHEIKFRK GHC T &:

(a) ARERHA, 1,=84.7C.

(b) KFEEHEA, 7,-87.0C.

725 TEARERIRMERMT, 2B TFIHE n=(5x10°) Cotyp, o, n ATLBEEFSIE 2R —
TURE. FERRMERMET, BUEXNNT FASMREEELAR Con, 2?7 ATUMBRX SR EHAE S ELF.
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(a) BRI EE, FEELIANN Skb.

(b) B dE, HEFEZIKNA 35kb.

(c) fasHmdE, FEFZ KA 230kb.

7.26 BRERHEAT MRS TR A WEE 14 DNA EHESE, WEFH Cop=10", H4TF 50kb 1558 A4
fE. SRIGHAREKISEES, {2 DNA WREEIMfE . Fiff Cotip R /D? ZE B DNA NFFIERERZ/D? X
PN FFIR A EEA R ? R,

7.27 KB REERAT I TR EE FH R ER TS, (A HRIERNERFH, (B)HaRRNERF.
R BOX L EH 5 AT AT A ES .. AP i e R 2t 4 ()

(a) P3N IE [ EHE TP

) FFF1h R M EE 5.

LR RBERIERRIER.

7.28 —ARARLEILMN I EFFIR DNA 0 F, B IR 2R 1. — D EA MR
DFEE T, FE—AI0, KT 08— 48k R E T U O M BE LU &7 [ seisih g — 1, EEoa,
WG5S -

(a) ZBEHE A B HEA B R B HEL BE?

(b) %45 T HEAT BB e LARR I ) 1 2

(c) HRUEHE Hy IE I J2 A 472

729 —NEABBEERILM AR DNA 27 BA 10 SR M. WRiLE SR RiBE, &
5 TR PR EE RO 0 75 2 2 /D iR iR e ?

730 EAIHFIEEFEA DNA B4R 30%A9ESE DNA, Cotn b 107 30% TS DNA, Cotyph 107
40%FFE DNA, Cotyp 8 107, L8R BTG RS >0 3 sh BT TR Cor 2GR R 1
218541

PEEREEA e A DNA 4 TR, B TAEE 3000 MR . EAT TR RS ERINEE T,
WiZRERSAEA/\RERE. R, AZBRECHEREAER, FHHAAURE. ZBRATA, SH
B, LA%5E DNA s E . RIUS A BRMEALE, FH, EmFvRe—8E, U552 18 E fE K
Y0 200 M. R)E, ERIZER, RAh—4: EMALAES))BEZAT, 75 DNA FERhmA—FfE
AT DNA 48MEER. FFE, BRERNEER, HFUEREEEN. ElERy, RIS R
7y 200 ML, (B AL TRIEFSIME FREME. MR, Y186 S0UE 2~3 MEnEk. R
i, AV A AT, KRAIEHIEREFFIP, #aifi, sFRAEDEN 2~3 Mk
XL, SAXIREEARKTY . BREXHANLR FER.

PEERE2 )\ R BB EEE T LLZFES R, 5 DNA RARRBE RS —
BIATRE RN, HIf3EBO R DNA. )5, 7EJRAIAE S+, itk DNA %REHS MEFE 10 H 5 E
R LY BN RAAS. BN BB ER, BEHHEY RS A FEER A P KL 20 M7k, BEESHRRE
AT ARRMALA . XTHRA T BEESR DNA F5, X— W8 RUl T4

PSS s RO Cot %k,

IR SRR EE M. BRI, BN R
10?107 10t BEPRAFEEEASHTY (58 )\AR) AL Jones and Bartlett 2 )AL ik
#ihttp://biology.jbpub.com/ book/genetics/8e/ .
EZH AP, RERB—MEEIFFIOE SRR G KBAGE, AT ANy, K
E5EIEMXNER.

|
{

190 T (a) e FFULILFT 5 I DNA 5 D Lo ? TESLFHIAL i
2 EENENSEERREN ) DNA % E O
z " N e (b) I RAE R HAFIE B Lo e FE B U — L, 417
ia HIFFUERA AR B2
z B LRt
§ 20 — {— “P_Li#4% %% (GeNETics) £ AR AHTE B | - $Rig4% ¢
R
8

o === .
10 10 102 107 10° 10"
Cot



458 AR

—PLEAR R R AL
ANEREH, s
Fu YR B PR
ok, FREIER
2 3P —FE; B
fE 6 FUBPRHIE, X B
FN Y Jefa it B EoR
T PSR fa B R ) —
%. [*Mark M. Miller/
Photo Researchers, Inc.]

8.1 AEZA BTN « 36, 1961

8.2 AEEIRPHIGELRE /N B (Mus musculus L.) X G844 o ) 5
8.3 RAARERAMER Bl 1

8.4 YtaRfBIfT B L2 BER: PR e i N R 4490
8.5 HtafkGfi ARG « 3w, HIREF « KAFBEMESH
8.6 A4 Ak BRI Rk AL BN o« F5F, 1959

8.7 HEMBELH B2 51 9 AN IRLR A IE 4 T 1 A4 40 B 4 (AR B
8.8 RAFRFIHEF 4 1k (3L A 30

B&E: X ROEESL

' %3] IR SR 3
fEA T, HEI AR RREKTY, SEREABRIER, Rk, B, |
TBIRLAI S BL AL T . FRARIKACERE, 4 A0 HARITE RS R WOl 19 S o AR AL ORI R,
AELEA R 7] 125 RS LSRR KB DL RIS RE S 5
o SR IE B AR PR, R F 45 1 0 00 A 14 1 5 A8 (L G 4 ) R |
IR S 5
o SRR SIS P X Y R R X, 26— AT 7R KT B SR )
BAMERGIT, MR R T — SRR AR X Y R IR !
o BRI A RS A B 5 !
o TBUAE R P 50 0 T B B R P R AR AT e 4 i
v IS BTG, R A MR BT RE ST A AR T

7
’
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ERZHYMD, L —REERRD>—FROENMEEESERE LSRR 5 7
o XL ARG b R VU (IR M s b as R fEaLEEY+, alF Mg
AR, EXEHRERL. FHROEREEE R BATRESR. ER. JrsiE, =
H—&ARMRERER. XEEHFEEAARRRER L. Eh5Eh, BRARROAA,
PARAENRBH AT BRI E R OMAR R th BRI ERRR AT SRR, shPtiE
YA Z R AR . RS E RN, JUHREMEYT, REBISI N —BERAKRA—E
HE. EHLSHEYERCOERA Y FRES, B REAANNE B2 P EEIRK.

8.1 A 2K &% #Y

8.1 " — AR B A L5 R b B0 ) I R kg, XEegeE et it — Mo R ek
&% (chromosome painting) FIHARBEATHRIC, o, it Shric TA R P C4kRHE DNA $5448,
BARMEIE w7 &R EA L. BB HRANREAXFERBERERAER, NEM
fi## 2 J5 LA PCR 21T DNA §739) : AR5, HZOCYIbRic g A% 71K DNA Fdh. IREFTA S
kb, S5EEBIEEERIEA Erh IR aAZAT, b9 S Rt i i B AMESAZ . BB
I EARIATH DNA, LR A BMBRERA, SEINIOLES, Hipnl g Gt
R BB RE S HEBR U Y RANT L, PRl Al 7E B AN A P T 7= A B — DO A R «

8.1 AKYefafkipye, Hep, &34
Yo e (AE i 5 R Rl 9 IR E Z4 38 T
Hitric. (A) FI3M, RER
Qe R FEHLHES . (B) Y, K
ERET 4, HA B RIFHES

1~20 S G £ {A4ie A F /S i85 HE
g, BEAMHBREREE, 21 S5 adkHE
fE 22 SYEEZRT, BR 21 SHE
&t 22 SN, RIEESER
KA e W - BB A% (Johannes
Wienberg) & 3 [#] [E 37 B4 9% B 6
T}l - B1{# (Thomas Ried) BM4, ] (A)

= PR

e ta AR VR G RE 05 AR ARVE LR 1 H BOn) B R YR Ge i fd .  8.1A Fras &2 — N - A
(metaphase spread) , HH, BEARNHETS WM ER AP RHES—F . —FEDE LKRILE
X —FRVE4LEL (karyotype) , WIE 8.1B fzx. FEAZALT, whHAS» 344 o il Yo 8 (A bl 35 07 HE
B, F&RFF WA —XHERI B  —X), FF 1 (i) 2 22 #7495 . fEMeplh, P
ABRAEA T . IRBE, X Jtafmf Y R fhffa —4&. IEWARLHEER, B 22 6
getafhz 4b, A/ —XF X Beafk, AR K X F—5K Y. BORY54E N4 M8t 1522 b AR
LA, B RIME R 5 2% ) G 044 5 HF b B S b A Bl 2

82 RA—MEAFEAENT M REEEZE . BT, POARS—FIRLER
5 (Giemsa) (P4 AL EE, FHBEE 4Ok R HE (G #, G-band), 45} [ ¥5 4L B Ak
AR R o XA R EAE RE/N R BRE R . G TFEE S WA B S 5,
FEFEMENTEZ, mEs FRAh R W) 7E S HRMES, EEMENESE.

XL AR R 7 4, LLFRE A~G Ros (X Rk S 7E C 419, Y etk G 4ih) .




£ 220+ MR FERREERIZL A

XA R A T VEIR T G A A G AR TR G T, AISI (5 R R FEOK /RN 2200 (o B 0 e f
AT R,

 E82 IEWAEKBE
A A E PR I 4
Mg e,
| ABERRAH, (A) BEIRET
- E—AN R R
k. (B) Qe fhr R
L PRk, ISR

Ve RefaiRERT, FRERIR

| VLT X g S
- EMRFEE - HESA
iy G L b S | Bt (Patricia A. Jacobs)
(A) HIR R . ]

8.3 MARR G HE KM 2L, W, BEROAZ TROETFRIRILTER4. X
TRFEREOME, DB p ZoRnmE, p AR /) (petite) ”; LFE g R-KE, ¢ RE “AEp”.
FEREET, NXETHS. BT HKRK, WEFLRIR I SRESER S, 8 R,
B LB RIS T — BV, 3R LRI AR [ SRS o B, 1p34 RoR 1 S Y4k

3(A)

p1m1 13
P11y
q i
113 q1 a3
17 (E) 18 (E) 19 (F) 20 (F}

X I

B 83 AFEEpHRE K. &
RetathZ THIFRRILFTRIA (A~G) o

q 21 q1
22

21(G) 22 (G) Xxic
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FE . 34 X o AL/ NXRTARSE E AT R (e MR P gy, R IE S T, KR

FIAEER G — NI Z ERER, B, 1p36.2 Fw 1p36 R — 4.

EANFRIER

A, —2 WBHEARES : Rh(Rhesus, fEIE) M AL RE, 4 1p34 Al 1p36.2 Z [H] X
B: ABO MZBIEERIEE, 7T 9q34; A ZFBERE, 7T Xq28; Y Jeafk b5 de kA,

FRA SRY (HERIREX, Y), 7T Ypll.3.

& 8.4 7~ 2 R A NS Y a2 i Yt A v
gu, Bon T X FYRE ek i —4%, LR X efafk
MY Qetafh, FAGEAAE T A ZRAEAS K DNA
& (MDb) « ZEF Bl v E0E R4 R 47104 ) B am el
) R o R TR R 5 e 4 K/ B0 R R PR AR %
P, ARIBEAATTHRKEIRN . PIgki/MIG k(19
5022 5) BRI B A e (43 2B Mb 27 MR 23 AN EE
F); BigkmRRRalk4 55 5), FE%EER/D
25 (4 B4 Mb 8 AN F1 9 NEEA) .

NETZH, BATKRE NGk e NI YL fa ik
Fe e A SRS T 3R 8.1 . 54 ter FIK
TN “AKim”, B pter 1 qter 4 546568 A B AR
Uil gy . +5 RSB H Bk 5K i Gt AR A T .
BTRAARKS AN, ENRrsBLRanza; iR
EREATTS 2GR, BATRIRR G AR —H 5. B,
21 RRFAAE 21 SREMARKN—NEME T (F R&GA1E
MIHFAE) , T 21q22ter+RANAFLEM q22 7 — F 2EH 3] i
FIX IR 21 SHEARKBINE L. mos RAREREIK

8.4 [P NISRENR, RE
FY R DNA $it | BEE A5 E
RRBHFEHETE ., MFERak, (U8
X ARG R i — 2. RISk
H International Human Genome Sequencing
Consortium, Nature 409 (2001) : 860-921, 5%
J. C. Venter, et al., Science 291 (2001) : 1304-
1351. B ik R ARf& PR BERERFE A
AR PE 7R - #iIk 5 (Michael R.
Speicher) Hi% . ]

(mosaic) ——HH PR it 5 A B4 RAG BRI AME . 3R 8.1 M ARIEAR F B 7E

AES, HEHEDITHE LR AR,

F 8.1 ALBEZFEAZEFKS
A~G REESHE
1~22 YRR
X.Y PG A4 TR
P Yo A
q Yefa R
ter ARGn#Bsr: pter TR H ARSI qter FHHE BIAR IS
+ BTk, Ronnialk G 220k ; REAKZE, Fonizaik @) HIEFR
- BT RAAELTRAT, FniZdeaih Gm) Bk ; BERRZE, Fonizye ik ) IEF i/
mos VSR
/ Srimin A AP A F SRR, Bilin, 47, XXX/45, X
dup EH
dir dup [AlmER
inv dup FfER
del (/S
inv {E:lva
t S
rcp HE G
rob 425037 2 A
r PR Y a4

i SR T AR (P ZRAR R R TR 220k, SRR AY I X e flk)




« 222« R FEREFIFEEEILA ST

Yufa fh
vam&ém

B 8.5 miFLN (RIEGHTR) AL EIER G RE
AR R 3 FTTRERIIES .

» ELRSREBRENE

EAJ VT I EAZAEY—FE, R ALY A
B SR AR, ¥ R NG 2ok (fB /R AT I,
RGeafhk, RERYL O AumbL i W R R BBy
) . EEMT, SPRYE AL B, H2
BLEAHRH B R T G ks (B 8.5) , i
NATH 845G LR AR XL B SR AT 2R B 22 hr
Yt AAHE T2 LR K AIE IR IR g EaA
rhE Lok K (metacentric chromosome) , P
HHE KRB, e AN PR AR “V”
TE: A RANRE b, 2GR E
L4 B 4K (submetacentric chromosome) , 7F)5
WA TP AR “T7 B, Bk SEn
—ufgetalk, ZEEHNE ‘17 ., EoABEN

KEEALE, KPR A iinE R &K (acrocentric chromosome) .

g% n] SEH MR Ak i 2 T R4 B AR AUt s E R Bl E A REL
Fge Ak, RN, Yie TR R OARNE LR, Pk EHkG sk,
/D LR G B A k) T e R BB 4K (acentric chromosome) . TEi{%E b, TTHE LK REARRN
FER), FATEA RS RERETENEEIEE#S), #fmER. HRSHEIEEHNELBL
Petbfh, FRWME LR BIK (dicentric chromosome) . fEiEE |, XNE LR QL0 At R AR E
(), PRI CAANErFiol i 77 A6 . e Ml 3l ferh, UBANE LR 05 i R s, X
AR EREE SN ER, ERERT, REEERNE, ERTFARZ FERFEF. X
A AT REA AT — DT A M S, BCEMR, &RETN THMRBESE R REHA.
BT B IR, HF 218 T BN 2200 4% 6 AR T 3 22 0L 42 (AR 1) — Fh L1 o

BARKZHNE LGt R fEmife LRATRER, HumEmINELPREGLWIE, BNg
ARG W R AL, MNIMATHEE R Ed. EAR 2 SREAKSH LT, ZRFEIEY EE,
EEERKES, BBEBEMNLIAEAELEMN G Wi ERMA 23 Mgk, HEREERE
AN 2 SRk (E R AL ER) FH 2R REREA. A, EEEEHEARLTA
HRELRI A rp K Tp &5 KNI A 22 L g ok, XAMEME R B 8.6 Fian. G Hrr R,
B 86 A%
HERA 24
Xy A, T
g2 23 Xt
EANLEEF
20 1 A
B, B
Yty A 22 B Yu
ik,
HEANK2 5
ik,

v P U A I
S B A £ R 3
TR L, T, AR
TARm G

3T RE SR H i
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N 2 5 Yt AR I AL I A L S (0 AR 2 TR PR SR 5 T PR, AE TR, XA AR R
AR R R R k. KRG A AN LRI P AR U L R A,
XEFR a0 RH R E T, A RRAEERTEARE RS . SRAKK 2 SHREMN
HEANEDREMELR, ZROARESHAKERNOROASE N 48— KR RBHEE RE
B, RBEENERE) K IE—b 2 46.

= X EGEE R FIEAME

STEA XX-XY WHRERFTA AN S, fFAE— X Bt B a w8, KoM R
Bz miNgE I, mdEtE RE—ANE UL O Y BRI SR, BA Y Rk
RGO R, B IEEEA YD) E R EY, b — R E%ME (dosage compensation)
U], Hr, 7ZEPIMERARSERRE, s X PR R iE T, B I D
X Rt ASEREEN, BURIE. BIRWEFIZS R d Uil T R EAMERT R

o TEMEMEREEM S, H-MREEAH(CELEE PN RED) $5ES X Rafk L,
XA E AR A X Gk R, A AT RS I XA B HA PN E IR
LA IE o 1X 5 BUHEPE P B 4% X YR €8 440 P 2 S MR /K ST 388 0 S 1 v 9 2% X e (AR SR T
89 S AR

o (EMEMEFWRAF LR, —FMEAREAEESEES X ok b, F55 X REARE
T B IR —F . XFBUEMFEE X ROEEFATRRIK, B X EEEDRER
W, SRR R B AR B IR T —

Wi 7L 288 o 751 B PR B 1 AL B
B, ERAGFEEIEY, £ 64~
128 NI B, BN4H ALk
FH—KBE—% X PEEIEEE
EARFREYE, %40 M ] R AR BT
FHAL X REFEHELZT X KiEX 3
inactivation) i F2 . 75K —FF & A4 i |
o SRS BT X G, 7R %40 i B / \ / \ / \ / \
B Eh RS (B 8.7), B, X
oo A ) SR TR A T A A4 i 1%
SRR AN

X KiEEBREREERAHERE €
% X etk A g, SIEIER
B XX Mt RIEIEREA — M Al
B R, BT —/FRA XIC (R

“X RiEH "7, X-inactivation center) R
BIBL S, S EEKE FSEinE %k 8.7 IEH YRR E R, Rt X SR E Ak
) Xql11.2 #1 Xq21.1 Z[8. 74002 Ak, Pi% X REKDOEMEGRR, AIEMHR X LRERY

4 H
AR X RIER—AE LR RIE

K. Xql11.2-Xq21.1 RBAFET A SRR X Fadkd, X—RKIMB XX EAE X K&
R FEEARTNREI—4RAEYE, EABDZX S FHE X REEAS K, N5,
FmMERE . 55— FIEHER, XIC BE—NMEH Xist(RAR “X RiFFEFHEZY”,
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X-inactivation-specific transcript) (4 #55% X 3k . Xist ()RR TE X R0E HHoLER 1) (1) & 7 K 4
I H. Xist f& EANME—— M RIE X Gt el . ERERRE, BIEER Xist XY A
S AR P EEHE . LT R EFELW RNA IThAe, JEH, BEE Xist HROAWHET,
BUREJE I XIC A1, B0 o RIS I X Retafh. HJE, HALK S T2 RIER
X Qe Rt AT, XL AL H 5 EE K UTER (gene silencing) H 6, BIFELE 57 HFSIX (1) 5 FE MU
mENE I REAL . 4R B SRR IR, DL SR S8 TR R Y DNA 458 8 R . 1 Xist
KD IR BN RGN X RIE, XU Xist X T RIG R UDAR D .

X POERIEEWANGER B ©FEGUEAM:E, (AT X EBEER A TS
DUHARSS . EARMEMEA 4 X e pATmEre G —4%, (EEAMEMERAMAG i —4% X Qe k
i, PR S B A AR R AT X AR o K X RIS EAMENLE], BRI - 3
& (Mary Lyon) $&H2K11), HIAERR N BETE M X LB KJFIE (single-active-X principle) .

X PRGN G R, IEH R XOEME R —Fik &k, i, 840k
MR A RIE— 5 X Qb (3L, N HB] S — AN, 7Estfe EREHER X etk
ANTE] o IXFPHR A BB FTAERS Tk s SERN R O A [F) T X (A BURT B 2Y) B XOEBN S 36 R A 24 A 10
LY EREWEER]: RS X R B A E A — A R R, W2 ek R
PRI A B, MR B B EXN TR BURZ AR X EBRR R AL
PEH, A EERE RN SR IX LA LRI RHA BRI B2 ik O 2 7 ik Bk IR T IE 8 X
G AR ORI 1 1T S X AR T P JVR 1 440 ) AR KBl = v iR 940 2 Jok: (G 42 57 ik FRR R T TE 6 X 4
AR RIE T RAR X Gt AR ORERIE M ARG 40 1)

IR MEVET FLISEA A X G R TG SRIEAT R R AME, (IR — 4% et R R TE R B
SEBENLI . TEAIRFLEY) (B WARAEFILRAR) T, JRIG I X Ge i i 2 AR TTMR i
M. AR, MEMEA LA R ACYFAERE X EBEEE M ik &k, MMEERRREENEEE
BAETF R X EPHER .
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o oo TERRANG B, YRR TR R i — 4 X R . I RS IE S Eﬁﬁlﬁmﬂﬁﬁé
ﬁﬁ'ﬁ'&., T4, RYEEBRAELE A WHTHBIERAZY, FUTERALG DR BLRE RS . HE
B PR A RE R B ERE GRS, AR AKX FU. : e A

= =TEH

R LRI, MEMEPBEYL X RIS A N AT EINB R PR —Mol T2
MR B AN =87 BE. T, £ X REf EAEERNSEREBARSAER: —
%ﬂ%l%ﬁ%ﬁ%@(ﬁﬁ%ﬁiﬁé) s
FNEFEFBEAEA. FOVBHERAE & X 3
Bk, BrUlEW MR R AR AR, A
FREASMNER. MHEIBEMEARAE,
WRXAERE, BEAEN “=18" — Az
tBERPREE. BEMREAAHE X Pkl
TG R . EHTRE OSSR X BeE ks
Mg R, i RESAEER X Rkl - =
BHiEt, RMERIRE, FEFEASAEE E88 XAMIKATMEZA (Ginger) . BR—HH
(X Rtk SyE Mt &b, EAEM X W, REMROEAFCRRALRE, BRHA
kR SRR R LT (H 8s)., 0 PCHRERBRRIGNE "=E" ER.

HERAEFTEEARMNERE. DERIERNEH AR — N EREAER S, %
FEFREH AR 40 f i R P RHIE A R TE . A RIE A4 S%@Eﬁﬁbﬂﬂﬂﬁ%?*ﬁﬁ,
AEH b4 Mt R PRIk, AiEH SSHLLAEN Ss MEEZHAMG. B 8.8 hE&AiX R
HAiE ) SS.

» BREREKEE

BEE X 1Y REEAK S ElrHEEREaAER, LAY REATFIHRERLHSER
HIThRE, FELIEME X tatkrp, EFREFUIRRES . Fifi, ELiEE X Rt dd i3EE ks
AP BN R DRI BB (R U AEVE T, ITAETCIE M X P A S R AP T ER . — Sk i X
KIEMIZERFETE Y Ptk LR R FRIVERER, mdlAb iR E S .

£ X QKB RAEE Rm R AN X RIEHRELXE, XEAXEREE Y 360
A A58 B A Th e [R5 2 BT AR DX 8o 3K 46 [R] YR X Sl X QLR Y YL ERqERs &k A fE
RS IR, FFRAE IR, BXPHEALROMEEE—E, DR EIIEE 1 SEfEIER 55,
HA X-Y [FEME R X8 A R E R &KX (pseudoautosomal region, PAR): PARp 7E 58 K
ﬁ“ﬁﬂ@—/l\ 2.7Mb WX, PARg RAEKRE RKimf)—/> 0.3Mb XK. K AIS4E PARp F—E %

T, FTUATE PARp PR TRRA M EH S 2 DB E ek 5 20 5.
ﬁ%%@.ﬁ‘l:%lﬂi{% gt R, S RaARENBEETARTER M. RHE
2, TEREREARX N HRBEMIEFE A LTS X EBN, WARTES Y EBK, AR
P RX NEH, FI7E X PEAaR Y etk BRI ). RILHH GO AREERBHE T R,
853 FHIF 53R AR TR e B X 9 B3R, st it A2 R B OR (B Y2 (2 /438 4% (pseudoautosomal

inheritance) .
s FCYKRIET X RBRIRERTENEER

fE “RIE” X BT, BREHEREAKKX PARp Fl PARg FIFER Z 41, WA HAb— L&
P FeskistE. RAME, —I A X etk b 624 NMERHFKFITIFRERYN, 4 15%
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BR R ER B X JEBSE R MR R B T k%6 . R, “5k
T X7 FAREETIER. B 8.9 /8 X Yetalk FHAH
S E MRS AL B . SRS R WAL T
P LR ) mum i 2 KX B, X —HX
R, B X KIE AT B B Xise (R EE BAR %

KEHOR ARG, HEFKF A TR
X Yt phorb U 82 21 ) [RIRE R R SR /K S 15%~50% s
BRIk, XMEMEACERIBIRR .. BEliTE4s X RIEAIFER
$H, URENEEFKT, B aT AR 525 H fdre
CUFIRS: BRItk A7EMRRRIE e = 57
FEMA A 22K X EBRAE Aot h rE52s
S 1E X PEAEH RERAMEZ R REA 7.

Y REAHEERSESHE

Ll 35 41 A 18t £ %% (comparative cytogenetic) Fl14) 1
WERER, 7RI LR SRS FREEH, X G
EARFTY BB R T a5 2 DA — % 8 5 Y B AR T A7
8.9 FERWM X REOUTBBIERFR  ZE1G. SAT7E 300~350 FHJT4E (MY) BT, KAEMIL
DUBRBYZY 1SV AN XOREIE LI e ih il R 5 S RMBHL R R BTN, FER
T, DHORR & o and 1 B WAl 2 DNA PRARUEEIE B RS, AN SRR,

' : TEMEZ AT, JR X (proto-X) B 4AFJE Y (proto-Y) Yethy
ML B R EA AR ZE DUIE R /K RAER, HHENRERSERMFIK.

TEMAF N R A S, Y b s K 26 Matd AR E AR, HAir2iRENT
BHMAEFTBEZE. Y REARBRBREZELTFY, ARAEFK, XLEFFH| ] H#THERE
e, EBIFYEREAMAMER. Y Rk B — AR R TE Yp11.3 A28 E K 322 5k
FEFHEE SRY. SRY BP9 tth— e sk 1 8 0 ——=2 IR E B F (testis-determining factor,
TDF) , ‘B3R WG ATE (R RE AZR, RSBk BEAE. 3
ER] 7 A TRl P L 8 R DR e S PR B L o

2 SRY A AR ENLEIZ G, Y REATF U 7E DNA P8 S X Jetatkiass, 3 H,
AR AE X-Y FEAH A X 32 A 3 SR R T bl X 4 . AR X-Y AR XA, Y efa ik b3k
(R 5% |5 4L () 1% 8 He /7 (selection pressure) , EAFIX LI R 28 RAVIBIL LT ERES . KR Y
ARG G R, XM Y J kSN AR R BRAZ A ERE, HARE
W EHRE R FREN Y JEAOYLS. Bk, S Y EBER, WRLhfEEE
BT, AR EH’H R TR A, I, X X Yt b ) R R 7 B b
EAFEERRIE ). &%, RAREMEN X ﬁ%A%DAﬁﬁﬁyJﬁb

B, HEFX P LU 7 M X-Y EH X LRt %858 19 FiEE S T3 8.10
o ZEIA PR R IRAR X G R AR A Xp11 X Bk ) — S 8 (R m AL RS . T
XEEEERAEIAR Y B AR &G FEF5, WAMBTR. X RY [R¥5GL4k 2 8] i 51 54
BRI —MEFERIRR: GYG2-AMELX FEH1E %48 1 () [5] X A7 B (synonymous positions)
ERIFFFEESE A 0.07~0.11 ([F] AL B2 0] A A A% 7 1 B 4 1T A o028 B i ) B L IR A B, [
XALBERFHIES KA LT Bl X f Y [RIVR B4R 2 (81 25 5 A0 1R OB 45 A Lol Sk )
TBAX-UTX } 0.23~0.36; SMCX 4 0.52; T fi7n X2 S HABIER KT 0.94. B4 7E LK
SR ) SCAL b, A% R B A 2 CL RN, T LART LUAI T, 533 5 S5 7K S %o o
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HFEEA K GYG2-AMELX, 30~50 H 4 (MY); TBAX-UTX, 80~130MY; SMCX, 130~
170MY; X2 A HABIE R, 300~350MY . ] B Al Re 2, X 4 i ik ] 2 i ] (X
Yo g A EHE N X-Y B4 X AR E] . X B a A EmHRMEIAL, fE Y Bk
B — AR, BRI T R . B Y Rt thkh AR AL E B DA R MAERAANESR
DNA FHIZ [ RIVFEA, wRAXPERIEIR, XFHLEGAE 8.4 W rh i ig., XA 2
T RIVRE A=A, e ok e A () W BRI R AR I, MR AN . A, 1K
PrrfasE kAT, B 8.10 sk R I, 130~170MY IR W3 S 58 UTY, 80~ 130MY
FIBIA7 W34 sS 58I AMELY, 1f1 30~50MY [EIAL i3 s Sein 4 RAERE ERE R EadX. X4
XA EBELR Y YetikhE e, BN X-Y EAX P EBRHANAIERK R, FrUFE X
Y ISR B RS R . WX s B ge i Y Reta ki A EHE,
BT Y Gt A b5 ERIGUR ) A ) — e VR L .

B 8.10 fRiE B RX-YE4R
DNA JF5I%dE
Wy, BT Y r -

e £ 44 ob Y 2]
i, WP
X-Y B g
1A IX il & B[]
7% 1T Z W 40
B Hi kAR EK
T B e 5
A X i 48] 432 )
37 3 (B 5 3 i
RLE) BT ss

[¥ikH B. T.
Lahn and D. C.
Page, Science
286 (1999):

964-967.] BRxRa%k HRYREHE fElfr fBifr B RRY RS
(300~350MY) (130~170MY) (80~130MY)  (30~50MY)

8.2 ARMEYRT RO H

ANEA AR A YR (recognized pregnancy) 14 15% L B K =21k, TfifE4#8 B &~
HKIRA—F, ILEAENREATE. T 8.2 MH T4 )L/ KIS+ IRAT R
SRR o e fE R 8 I HE B . =4 (trisomy) XA AE R IRE A5 A6 R A gk
I—ANESNE IUIAEY . KEHB KA HIRILAE—FFREER=/4. B 3 EBRE4 R
¥R 69 %) =5 AR RS 4 BREA (BECH 92 &) MU A, ELTFARR™ . =%k
FUY 544 2 BE AR UK (euploid) IRGLHIB 7, BRI A ARATT A ARG BE PRI 70 e 5 — A5 A eh B WL ROAR TR o A
b2 F, E=ARP A R A ATEL, BT =gt fh EFRRA 3 AN UL, T A 4
ek EREERE B ANE I AP G R A FR  JERE 54K (aneuploid) . HARTER 8.2
MBIEAHE, BERSHEEY D, BEEREHRIN —REHIERGETEE. £8.2
FHIARTE “FESAL” RIE—FEAAEMRG, JERUEREAT S B8, EHHE KO E6ELE;
ARE “AEFEHAL” Rd—FpAER AR, FERA AT EK . T 5 ALK
K, LR AR AR E — R AR T N EHEE .
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£82 AEGHAHARAEROREERY SR EYE T ARGl B SRR RSB
e MBI, APIRSURRY S (monosomy)
e me TERBECEMI, BT R (SBURE) KR i
= R (B B, A, EXR 82 MWAKR
! 0 FEAET, A ERE . ENRRZ T EH
2 i A AR 55— M R
: H — ARk — 5 TR ) PR
LA R P38 — 45 L (=48) A
FEANREHENS, RATRE LR A& THH b
SHETEE, BEBERTIRPRMREGA
B, DEEEPRRIRAEEYR, FrLIfER 8.2 M
B )L ASE k. AR 5 A R R B ok B 2%
AR LB 0K, WA 2R 2 R R
AT AW s i a2 N RRBIBAE M
PR, KREZFFAA, KATHIRET S8

5 0
6-12 561

13 128
D: 14 275
15 318

—
o O O ©O N © o c o o <o

16 1229

18 223
19-20 52

—
(=T "

- 21 w0 RERIEHE, BRI E . 4
2 24 0 RR, XEELEHEAAMLTE, (B 0%~

HEREIE 0% I T, BIREA KA, SRR 5
B YN B AR, S TR 82 WM E R
- s o RGOSR IOMRIKE, RAT A L R
XXX 21 w RS HEHREATE, EEENGK, X
S SO B A AE RO O LSRG, R R4 T A
it 4 a6 M, WERGEENTEENRGERE, o
”;:f 225 T AT IR E LA E SRR L.

=fik 1275
LRSI 450
Hofth (A ik, %) 280 49
Bit
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» ERGSEMEMEATFEN=K

* 82 KW, EHAREREMANPAR=ANGEAE. BE 3 M5 13 =4, 18 =1k
21 =4 AR RFEATERE R ERHFERER, B)LRRRAEEREEE.

21 =AREI E K& A E (Down syndrome EX Down’s syndrome) , &4 44 1/750 357752 ). H
FEARREE NS, EHRaAESMSRREE, WONRE. BLEEHRILER AT S %/,
WK DR T, ERAFEERTES A Hadal, BHEAR 50 . A, dF—Fr=Emr ek
RENE, XEEREEEMN, HHEZHUE REGEMER) LREBIRIT H 5 AL

JE REAE R LB # R E A VE B S ——M A K EE . SeEADufE. RRBRAS, JFHEN—
A VB B TS . BEE TR SRSk, KEBASHMBEERI, fhi18a.
ATER R, — A E S, HABASARRFUINEE, SHEA PR EA B ABE. mEIHAEN AR, A
A1 Y. DUSoERE, (EMfIEE —RAKEZ, fEEfEFE. | HRGEIEE)LEAR
B, {EOHBATTAEREE . XA R N 3T TANICAt AR SRR B AN mh, IR AE R BUR. (5] E D. W. Smith
and A. A. Wilson. The Child with Down’s Syndrome. (Philadelphia: Saunders,
1973.)]

KL HUE KA TEREI R B S, FOBMEERE, 7R
$oor Bk IR AR A AT, W 4 SFMRRRIOIAE. 21 B4tk
KA BRI, —AMRT 4 21 SREKIBIME T, 75—
FAE RS, WRAARANE XA TS 528, Wik
B 21 SHET. A ETBEANEMEThTS 5%, |
21 $AKI S T E A R R AR BOR B SR . 29 3/4 19 21 =
PG LB 2] [ R (6 8.2) « WIRAXFES, Fifiit 21 = =
PG JLERE R AL, MR R AE R R R ST 11250, Z050hs  HRGA RS ML
WEE RN 3 45 | BUA [cPhotoCreate/ Shutter-

21 Bk — AN, FTTHRE KR EAk, fh  Stcknc
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100 &

pow
o o

-
o

GEERER
EERE S

|

25 30 35

BESRER/ S

B 8.11 FHERSGAMERIRAETR G 100 RIEHrF
¥ SEEEAERBAE . ZEET 1968 ~ 1970 AR Fi gt
i) 438 > LR AEHT A L (FE BT 330,859 N4 )L
) . [¥dESE A E. B. Hook and A. Lindsjo, Am. J. Hum.
Genet. 30 (1978):19-27.]

IR KL R B RIAE) 3 £

40

AR g 5 A IR B 4 AT M o FEASHL I — M 4
A I e LAHER B AR IER b, BEOA B
MGEEE—RIIRE X, B ARG B R XS 54
. #ESEFRKEEMENATEFGS, 4
40% K E T IXFE I AEAS e — M 44

BT AREMRE, 2R F RAEF AR TR
AR A AR 21 SYEARRIAS S, FI,
B R EEAE P I R H Tl O DR . T HL,
BE BEEER RN, 21 S 4 dA B R
K mie ok, SBUE 45 % U ERRESEAE
I BR JL A G 25 B AE 1Y Rk R ik 6% (B
8.11) . HE Tk, FEZEAEERFEXEIL
AHEATAI, DAMELEF=RTARIE KERAIE. X
AI7ES R JE 15~16 J4, FZFAREFRIK (amnio-
centesis) 2], fEMFARF, H—RApERZFT
ERE, HEAEGUG) LK IREE (amnion) Y, HX4S
RE TG LM, SEEE2RE 10~11 F,
FH —Fh B Sk 98 6 i 9% 6 BUFF: (chorionic villus
sampling, CVS) FIFARMATHE], fEHTFARApr
FARIA0ME, >k B -5 A EAHE I S2RE N P G
(BB . RE WA, H CVS 5lREHR™

FEFTE R RGAERBIT, 298 3% ARE LR REASE, TREA G EARa LR

W EXEHHIF, EMEHAENET
W, RS IE IR R AR RS R
A2 IEH AL 20%. X FhE R
HNGEZ — R ARG, TR
frrp, 21 S Y ERNTR, IS5 50 —%%
EARER:. XMIEHAE 8.5 THitie.

» SRS E

E=REYT, BB R
Ry BT EL, A =R am
ANECHT S, AR —. R T
e i AR AT g BT ) e 6 AR B X
B, DA [RIR G 6 AR 2 [a) T B )
RN fERLEAF, X 3 FREAEE
B— N E MK (trivalent) , E=14kH,
— PRI RS, 9l 74
L EE AR RV /e (B 8.12, A #F
4y) . FEHRI, XFP=AMERRE R, EE
WA EZRIR N —, H—MELK
Rn—W. GRE, ERBIRER

(»)

B 8.12 ={A4EH MBI R, (A TER—=Mk,
(B) FER— M A — A . PIRIECR RS B i 7

SEREKKENEIL, 5—WET & =R AR —MEL,
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B, —XERF& =R EEIRANEL, B—XNEFRASTEMEN. 353, Z =R ERER—
AME AR —/N B K (univalent) , WK 8.12B fion. ZE/G#I 1, “MERIER 70, i
W AAE H A LS B — AR — W o B AR TG AN = R Y AR 5 UL IR 24,
PSS = ARGt i DL IR 274 b 7 ORI AN ) . B R4 e tafk 3 N5 L
(n C C O FI=EY =ML T4, —EREAPHANMEINC O, —ERERE— IO .
Ek, RS —ANYEARIERRMERSE, Tt =EANMMEAS D1 1 B4 =R F AR RIE S &
o X—HRTUHLELR AV RN FRER TIESE, 7ELRAEY+, Eid =AAMMERAC LS LAIE
S FEAE, RIFKGEMEEE AT FABAZ G H RSN R ERLH 50%.

» EREKRE

R LT, vk RAL 21 =HE L R 8.2) . AftAaGE Gk =1kMLL, MY
AR 2 RANAN R, JREA —: 55, BAIEME X PO RE S EEAMA R —4%&
X Rt s T X Btk B RZHM XOEPIEFERTTER; R, Y R b S ishREIE R 24D .

VO F e i LR A R W T R RTIR . B DUME G T RN, B E e8I et ik g, 4k
ZUFERIER AR, B, 7547 XXX ENEFRF, T 47 2R aE08, 1 XXX &R
HWAF 3 % X Getifk,

o 47 XXX ZHIE IR X =4 (trisomy-X) . B 47,XXX ZRE AN otk XEER &t
LR ) JERIEE , ARIAI X G AR FEAT I BRAT A FE1E 32 BE Y ) ks v] EL7E 46,XX
ZHEFRHEZ .

* 47 XYY %R HFR AT Y (double-Y) #%5 . XE A\ B, @SB FHKE, BRik
2, RENEH . ANT—BAR 47,XYY BHERAE ARSI IR M &R, XFE
BETERNUFEEHEP RN 47XYY. H—PHEIFRERN, £ BABT 47,XYY HEERT
BT ZEC T . #B5 47,XYY BHEARFRME IS . BRMIIMLERS TER Bk, 6
FER/MDMEZ EMAERSIIGE. K 47.XYY BHAERE ERK# EIEY, SHEES
LA, TMEds. :

* 47, XXY %I FR A 52 K LE A {E (Klinefelter syndrome) . B B, AR, ARE
IEH R, ARFLEHA. W IR R .

o 45X L) X Qo iik, FREFNLESIE (Turner syndrome) . 8 LAY, (HE
AN, WEMRR. BH—BREEFTEN. EEER 8.2 % 99%LL L1 45X i )L¥E B K i
o REHXMMAERE LEFRAEENAERN. & 8.2 hERMW, X etk itk =14
HE, WTERaAkE L2 ut, RETER R YR 6= ik,

» MEX RS BRI

BUAKH > AR A & TR BUA, S BURA SR B (B0 IR e, FTLL,
5 7€ AT e Dl B B IR R AE R KA FRNEE . BLO i IR N T a R
W KIS D RGBS AEE Y. TSR, RZGSE . RO BN, HUBOE 1R
A, ARSI, #0R T 5 A 3R G aHg) IRNIRYE . 25 8 347 7E BRI 2%
LRI PRI (estrogen, MEWER) FRBIMEBEN /T EHZBIMEE. B TIX— 5, HauEKk
BEANK By AL—Fhw LB R S, TMARIE N 2,2- (4,4- R BEBERMY) ke ] 76/ R
AR AT AR B R A I R 8 R, BRI AR T .

XU A AR TN 2 R A AT L SR BRR R MRt A B A N PR AT . ARSI XU
A FSERTEE, (ERATT SRR IR RS k. XU A FIRNLR 7/ B A ERE A (AT 7T o 18
R E DRI RERE S, PIREERED], — RS SR A GE IE HHEF B 4 11 AR
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EHURE Y AN R A R SAR AN . SIEEIR, AR A TN BRI A A M 1.4% N E] 11.6%.

RN ST B S, 5 B R TE R T — ik 210 ot 1 s P R ik SRk PR i B
R AbATIPREELEHR T F B A AR IX LB RLE] B, TRUNE A BAARAT G5
SRy, UERH T XUE A KRR AR B . BARIX R SR EMENE /N R P AT, EESA
AR > UL A RARAN, IXEMRRE. BELE— rORE, ZHFFN LG ] ek indE
BAERAER, Rl A AMSEAEERIRERE TR TE .

8.3 HfRFIEARMER

BAERNDF R IHe R A A s e X . A2 b, Retathm ¥ RyI_2Ed
ENTRBRE RN PRI, BREYEANR, (HEAHEg, e SMRse U EE
ZERWAR I LA R ER AR B BRI S —— A SRR B A R

= BRK

REF—FBIRG AL, FRIELA —ERK (deletion 5L deficiency) . 5K IH H WA H,
— R, SRR, BIFEOK. AR RRGRERE RBOEN, BIERA —&KIER REKK
FRET. PHBER, JEMNSSH EEFERFEREREEZRERN, EEEUFEERN, EYIER
1) [FIUR G (AR SR AL T A A7 06 5 A LR =4 o SR T , BB /N RO R S th 5 5 R Al & BB ) Gt 2 13t
24— [ G €0 AR B 1 A i 3 455 T 1 R SR )

TERER A 7T R EEZA A . —FpREd et R E R . JeaANiRE DNA XU
MRS R . R iR AR HIFFRIRE, ErE A8 S8 DNA XUEERTRE) X &
FEALEYIE T R — R P OB ERI ALK R, A LRI AL 0 7 A D i
& MRS AT LR B E K, BarAd—Mk. 5—Mi@Eid 77T DNA
EAFMAMES DNA P ZE K FEEEHL>4E, ZLERKAY R A ELH (ectopic
recombination) . B 8.13 ] A #i53 A —fl. FEMHIF, LIFFREGRSESR DNA F5FENE
Do VERL, FEPIANEE DLrR, Wi AR HR 2 N Ze B B H AR IR, IXR7-P 1~ H DNA JF51#8 J17E DNA
T AR, XA BIRR 4 B [ & S (direct repeat) . 11 [R] [ 58 551 & AR ic X A R
B, GRER M ESFFI A DNA 8k, Boh&IXEB DNA R EE LR D BEER.

(A) RfrEs (B) AKYREBIHERAZF X 813 [{

7 R g — DNA 4

o [ e E AL
Fr 31 2Z [&] 1
FIEH T
} st HEH ¥ 5
Z[a]f) DNA

B . .%b Bk, (W
DNA 43F7K

& A g
. B)RA
%Y Rk
i | R EAS

— N RHGIF .
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8.13B 7 AR Y Jetathrh R EA FEE K MIHT . ZETLN Y Bk X6 & LB
KESFF, WAUHEER. AEMNEAHERRRRELSF, MEAHETRRREE
S F7% (inverted repeat) —EEJFFI 7 A . AR MERFIEEN BHEFRAORE
BEERA . AERAT KD EAMMEE, AEEFFHNKEEN 229kb, XHANEEFHZ 61
X4 3.5Mb. WE TR, AEEIFHPHFREEASHEHEBEEET HERE NSHEK.
27 1/4000 M1 B B A XMEL, XSHEEAE. BEERFHNELAFRBEREL, HEd—
HAEF HEREMPGEK, JNVNBEM. BRERXEEFRAEGFEEEAE, B0 7R AE R
59, Ak, 29 1% 5 HBA W IXMERR Y Bk,

T R SR ) G B AR A8 Tl T R O R O BT AR R AR R R, A FHIX — 3, WIAESER AW
HATBRAR BRI . B, 7ERES, F— M Noteh IFEEH, ERVFZ LS SEEZ
WL, IXEERIF R LA BRI ) 1 AR 2 R ) B A S5 B A éﬁ%@%%i%ﬁﬁi*ﬂ%‘%
LSRR w B A B SR R i
[ 45 ¥4 1E H 1) 3
a2 REN, K
KR WAL
ERAABHEAET
k27 Notch Get8,
L, RiEEHFA
AR o 1% B P S5 A 2
Bl X R 5E
(uncovering) #*
B, EHR I EAE
i BY A4 BY & fr
Hb gk, —
BEE T —A 6k
%, FR/ANEAT B — -
MR X Esad A TR, B Fy e A T I A Bl SR R
PR AL RS M R A KR, WRIARR S A R AR bk B
Yoz k BEE, fEEME TR, X— 7k wnE 8.14 Fos.

= BRKIEE

1) FH SR e 5 AR P B S A S AR e B A, AT O R At Gt AR AR BEA T SEAARF AT . T,
FTE I Notch SR FH 4> 3 300 IR G B AR IHRE 8 s B0 o B T B i AL A0 9T T M AN JE 5 LA
Ab, KHERIGHATYIERAE B, R OR] S A6 ) el AR G £ A R R R B X I

B 8.15 /R 7E R MR HIE 4 X Jeto fhrh X B F AT HEAE E . TR B gk, ULk
ERF KW IM T R BERPOEWES RS HIX X BEALE 1~20 X), SRS K
WX, L A~F frfh. 8 — A MEXF, #RF&itms, Fik, fn 3A6, @ 3
X A EXHISE 6 54 (B 8.15) . P 5, M—4&H KZA& 20kb DNA, {HA[FE &4 2 [A]7E DNA
HEFEHSEKNER.

fEE 8.15 1, A5 [ ~VIFRAZRR X Rk RAHE, FEAROABRKKEIULAERR.
XUEHR R T Rk L — X, Horp— et N AR E . B, e b g ik
HEAELE, T RS A T MRk T P EE R RN R X IR, 5 3A3 . XA MET,
HEBRK 1T MK I AE zeste (2) REDE, BTk, WMETEHTR, z R B ELE 3A3 HH . FRE,
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- s 28 LA Bt BOIERZE w2 $EVIZ A AT

®H z w2 w st N HERPTERE, Fit, zw2 HEE—
SELE 3A9 . BE—Hl, wR
AR SR A 11« TRV 5 5%, PRk
w SR ELE 3C2 WM. rst (BRI
JICHHDRS) F0 N (10 %) R oK
PeAT A ok B 5%, XN EE R 2K
BLA) B B ik 2R A3 #r B AL T 3C5~
3C10 X1k,

» B8

AL G AR R — XA Y
IR, 1X/ZEEE (duplication) .

HESEHENE RN,
zeste zw2 white WJ tl[], %Hl%EFEI"J Bar Eﬁa IZEZEX
3L 3 Yokl s 16A1~16A7 4. 21
i Mb i~ KERE . BHEE

815 MIBLAMEREIRAMET M5 X @K, BE—~MR  (andem duplication) 2T FELLL
b 6 MBS (1 ~ VD BT BBk BRI — MR e s e

- s o . ! FHIRI T 1) B AR e IE (X 45k
SUAR, A TFERKBRGEINZA. WA e

SRS R T A= BRRR 1) T

W —ANFRVEARZE 3 $E (unequal crossing over) (Kt 2, HECE 8 A ™ A48 3 £ 10 5 8 X 45,
B, AP BRI EA . B 8.16A RIEFEWRE S M PR Ak, ZED
SEE— R EE G EXE) haids, W 8.16B fin, MiXM&REAEITHEN, BT
ARG MM, fEERFFINER TS TR H (B 8.16C), &F=4—4&Mi 3 MNEEHRALM
gega gk, LUK —NEREE TV B4 (reciprocal product) (7€ 8.16D by “Hifg Il ” )
Yot B4K) . Xt Bar XI5, —EESMIRE S /DOFREEHRNEREZELR, FimnELlils.

(A) EHEX (B) A (C) R (D) HMILER

G ICT o ——

8.16 HRRKEE (5FE) HAFLHRFE N REAKA BB I BN, (A)BA— I BREZNREEE
Wik, (B)HRL, T ARG AL E R A5 b AR AR (A 220 B SRR . (C) fEARILI AL
AT ACHE, RAAE . (D) AELHMEER . —RPOERSEEXRME—IEIN, H—REaEKS
EAEERN, BASSHRINPEREERFRAEL,

I H L BN R A A R D (CEAF Ii58) « —MUER, fRis R ER B K
i . A, RUKRDPRISRREEHETERE.

* ARIZRBEPHFAFLHR
ANRHR A AR A HEA AR () 3 FOtBEREAN . KEARGRE SRR

lml
s

l“\|
b
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(thodopsin) #H3%, FULELLHILTHATAIMLA, B S0 FIRSE. WHEE ., LOMSOERUK.
X 3 A R BRATRAL S a2 AT AN A4l . BATVRBE BRI BT HAb B EOR IR | 40, SR A .
SIS (U B B IR T 7q22-qter GRUBEM 7922 FoR ) HPEAL; Tigwidsl gz
IREERIZE X Yetafh B Xq28 Ab, PIASEREIAREEAZE] S5eM (£ SMb DNA) o R ZL ARG o 38 5
R T —H Se e R AR EE TN, FrLlel ERIERITH UG 96%AH(F], IXBANFEE
FEALF L AR AT AN AT . XA ANEAT W AT RS R A (B (AR LR

JUFEANNHSBARLT 4R E (red-green color blindness) , &2 NKEH WABEERL —. 4
5% BB EMERANASeE. BHEEL, RSB E N X Enfk, XORIE
FRUFSE (4.4 7)) « BUBEAERILFIER, LWUAEEWE; #HE LJLITAERILT 50%HEE
L)L 50% AT .

SEhr B, HILMARMASGEES . 2O ERSMHE, B854 EA 5 (protanopia) ZN

EIRRANLL D, AL 655 (protanomaly) ——BRANZL (4 I RE J) 5240 . FERGNSR (LSRRI, 43
PR K -8 F (deuteranopia) FZx 155 (deuteranomaly) -
we ARG AaARERP S E, DA ENE
1E R €8 40 0 A i e 72 €0 00 08 N B HP 1 4 2R 45 4 (X F
7, CAEHERMsE “BE” M “E5s” Bz,
WEH T A ABEREERMNN S EGEL.

B 8.17A R EH EFME M B afaeaRZEmla  ®
B REFRMHREN. BTPERZ, HY 5
FIEH X kPN = et 5K, & 8.18B
INEAN BB AL 1), atfaREERALE
B RE R EECR, REAEX P ANRE R 2 ] § [R5 X 8
E—IRA . GRR2, —&KREAK B aZERNT
BER AR — Ytk b agfh o R R Mk .

TR S A YR A 8.18 . 7L/ 8.18A
R, BTGt 2 ATAEE 8.17B H RISkt fh,
FERERBRMGER, BHIXFE—& X LAahy) BrEBse
B, SRR ERRNLEERERNSEEIERY gy (0= READ X Rkl
W, PSRRI RE AR XHMEEZRRH a2 nmise s Z Egas L,
A RRS EE (chimeric gene) , XE—MEAERE: —1 B) @i AL 4E LG 06 ZLHE,
a5 57— RN 0%, E 8.18A 1Y
kAT Sk (0 R EER R 5" Al o B R BRI 3" il fEAE
—id. WIRAHe i tBEEIE S v (B AR —14) , WIF=4ERY
RS LRI L 1, A ZREAFEREOE.
B2, BRATH s bSR3 v (B P A ) —id) . EREats
FHRFEPIRE R, 2RO SHRETS.

e A HBEAR DS I Gt A an ] 8.18B FTzR . XMk
FERBAELZWAHE =Y, F g amsisiid. FErEn T,
MREEERH 5 L BRI R A 3 un SR 6 (R IE R 4 AR
B RN LR 5, MM o R AR AR

P TN, T FEFRER, SGREAMEE. KB 8.18B FHRAH B — &b iith 2
st (KR (R, WRSCHAEIE 38, WA G E R
iy FEHRFEEH, SRR OF.,

Ll
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» BABAEMFHS RAEHEERER CNV

ABEFAERT LT ANAFRL R EEFES DNA B, XLEFEFIIEFE AR, e
R AR I RES AT EA . AP R R RO AR, AR R IR
&K EENIERSKAEME, MAHERNERFIIREFMELAN, REKFER™ET .

819 RIEM —  mar x-mmEaxsmm @ £5

oL, fEREAE B

HES DNA Fhzairssy EIFS X Y Z Ii{'—?ﬁﬂ

T =

Y YRz ey e EETLOEET. ‘

BARIITAL. S iz

2 51 ) 51 4 IE L ®) \

%, (E{B/RE B 5 -

B~ ARREBCAT, IXFE R

M KAERNFEZH (K

mgEL, NERBE (o /\

G a8 I +
?%%U_‘/I\ﬁ;ﬁ?)(\ Y*[]Z X, Y, ZRHESR X, Y. ZERG K
MEERET, U&— SERRTEMN lsmm%ﬁm
PMREHEFFRAL T O

(B 8.19C) . oxiefip 7 — R e

o E ki A G E SERTS i BT I ST

K P2 xent, —Ka X, Y. ZEHEEZ3INEN

X, Y. ZEESHRF 1408 0N

FHINMENK X, Y ZER, fiH—KETFRE 1 MBI X, Y Z 5H (& 8.19D) . iXFh
ANEA R = HEFE R LB 5 (CNV) I —FibLl . IEM7ESE 2 B prishie s, EALRERAH,
KZH CNV HHEFER, HEMINFRIRE. FHENEEL S KL 54 CNV.,

Z CNV RARE LRI, HHF—8F. KONV EIEE, S