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TN ANEREYSR%EMES EREB SR 5]

[Rt%5%E4) (prokaryote): ZHBE A o iR €1 FE 20 Ao i Y A
), G4l (bacterium), HEZHE (cyano-bacterium) Zf.

g

cytoplasm,

d1l
1N
H

P
=
N
=
LT

Hiz5EY) (eukaryote): BixziEER
B, ORE REY. ENRHYE.

e A




£7-1 FERARSEZARMEERS

TR 4 L% A
KEFARA (1 ~ 10 pm) K EHEH (10 ~ 100 pm)
40 M ¥ TR, Fi o e AU EEA R
CCRURES
TEAR ok DNA 45F N Rk DNA 43 75 28 fi fk Fnof gk (4 A 350k DNA
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A T05(508 +308) BOS(60S +408)
RN W, A 19T A EA Wi EE YRR, M

2 ffuBY ACBOE EA R MRS W IREN MY AR A e
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BEREMSEZEYNEZEXFZE:

OEZEVNEEYIRONAS B E RS SRz /ME, 2R ERER
SER) RN, TRZEVIRIEE B ZONATIRNA, E 6 K 2 B4 fYDNATY,
RNA.,

QEZEIEEER—NRNEZE, BIEABZIRFREHEMABRMEZ. [Fix
TR ERTEERE %, XEBESH, ERIAZ.
QEMZEMEF EBZEF EMMpEs EFEHERL, #ZEFELH A2 HDNA
oF. MRS EEBEFEFGLAAEREBFMFRAEEZE, EF9IFIKDNA
oF. EARAREERRITEZIEX, REMZIMNEEHREER
MRS, [FAXEYIEELRAAIMADNASF, BERERS, AEARIAZ]
XK. B, BEZEYVIFRRONAEE N MAENE FEETIE2LEN.
DEZEYE R ELBEE—1ELNh, EHESHESTIEZEFH MY EE
, BizEYREhREELN, EHRESHIERNAS LIS ER, ™

ERESHTGSHHGHE gy




. AL 3 k2
O H 7 1 2 B MEREE S
(1) Cla=HE
— NI REARNEEARE REMETR 2 IPERER
Tz FHEIEFEE ( genome) o
EEEDNANFRERRIAEFEPMNESEEER
AR 4miEFS, T EEEREIERBEFS, BIEREZ(E
HFS. XEFFEFE R EIRELIES (genetic instruction).
Ak, EREAE (Miz) 2EELEERMEIHIDNAST FLUK
DNAZ FArEm I £ 2R (5154 .

genome : The complete set of sequences in the genetic material of an

organism. It includes the sequence of each chromosome plus any DNA 1in
organelles.( genes IX/X/Lewin’s Genes XI)

genome: the sum total of genetic information in a particular cell or

oreanism ene - from genes to genomes Sth
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> FHEEA]
NEHIMECEZE

> BEEMM EIER RN E)——
R AR (Mycoplasma)BICEAE]10bp

> —L BRI R TR CIEEN AT 21210 bp,

> HEI0AE.
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=RACE (C-value)
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Minimum genome size increases with the phylum
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=R, BEEEYIEHK,
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HHICEATER. B, l

HE. AEMZEE,

Genome size
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O

Bacteria

Mycoplasma
Amphibians
Mammals
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Flgure 3.6 The minimum genome size found in each phylum |
increases from prokaryotes to mammals. :
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Is DNA content related to morphological complexity

Flowering plants

Birds |
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Reptiles
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Bony fish
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Echinoderms
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Worms | |
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Figure 3.5 DNA content of the haploid genome is related to
the morphological complexity of lower eukaryotes, but varies
extensively among the higher eukaryotes. The range of DNA
values within a phylum is indicated by the shaded area.
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A, ML
H SR A0 A NI MIE L AL RS R 2t

B FE RS EI M K B, XN SR FR A CIEIFIE (C-value paradox)

C-value paradox:

the lack of direct relationship between the C-value and
phylogenetic complex.

AMIXCEIFEE LSRN T2 #ERE: SFEEREANTSHTTEME,
BERE, RAEFCMIMBERE. DNA EHIBEI. TNEITHRFDNAY 185,
PetrovEXRE—MERE: STEMEFEANANERTERASK
HAFA B Lk 1913 2 AVIESRAEDNABE R AVIR R A EIFTIE R4 5R, BIDNA




(2) NEFIE

N (number of genes) {E]FIE(N-value paradox)

I E R B SEMHNIZE

o

£H8

RISV, XWEIRZ A
N{E|FI2 (N-value paradox)
G{E1FIE (G-value paradox)
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EXTEERBNFFEREFTBRERNZR, Rig, 81
AR ANFHA XEHRRmEERE R B At TR
EE4n:
ARIEELE (3300Mb) : 26,000 AEHGHIEER;
2% (C elegans) FERFEZH (97Mb) :19, 000MNE A ;

Rig (D. melanogaster) EREHFELERERTHEI120Mb : 13, 600
=& ;

ﬂﬂf@@%E(S cerevisiae)g X éﬂ(lZMb): 276 OOO/I\% Al ;
7KFE (0. sativa) EEZH (389Mb):37,544%E B R Zdmia & [X




FEHE, RERAELLZRERFRABX, #HLAEEZ
e, MmiEEERMmMEEZRD; ANERENIZEREH
B, AW RS, BREIERERBKEERELERN
%. BR, BERE—IUMELE. B, £K. EHE. 17
AFFHARR, NHEREANFINENGERENEEREH
o X L nlRi Y. AEXNEREBEHITERER, AMIKERERE
ARV 5 AN E [E 2 B 1 2 D RaR PR E RV T sE A K & 4918

R KRB A Z— &R B




(3) EfZE4EFEHDNAFFIRIE Z2 14

BHiZEMEFELBEDNA CEFMNEIFIEIN R &R E
DNARFFIREZE, AILLrEE S a1 ki B EA

DNAFFIMEZ . WHEBEEIDNARNZ Y (denaturation)
AMEM (renaturation) &NHIFNFIFITIZESFTITDNAFFIH]
MR, BTEMERBURT E4MIDNARFSIZ [8]RYREH
iliE, FTLADNAZMR— 1 NTFZRK M.




© é‘ii*{ ..... w D58 24 (sequence complexity)
E—XEMHPERARNEEEKR, HFEEHNET “%
& (excess)  DNAREMZER. “%R’ DNAERD, NMEREKX;
Rz, M. BB “Z4&” DNATEREEFY, EIXFDNA
FHEEREE R AT LB LE—P DL
ARIFFIMRKERARF 7§IJE%%¢$
§E: DNADFHRAEERENZE (HbpXREKR)
FEW: RKNEREEEFIINREESHEE
B (0) o HEHKH1600p, BREEHWE: AT
Tl FFHIEZME  x=2 (bp)
M (Tc)s0 FHIEZME  x=4(bp)
=— 1 "DNA% EA10%p, TEAREEINF

x=108(bp)
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S F5rV4E Rk AT B I DNAE (45 N F 4

DNAE 4 ST MEDNANAFEMEEREZTEMRAERR, AIE
FTE BB 73 Wk B A DR HEZE 4

EMHNLESEY.: BEBHIEIKRE;
mEEF (KFTm 20-25°C)
EMEEEE: BRIERA-RBER

SR B HEEDNATRAET, WMRRNXEATIAE MO, BITH
B— Wz DX, AR RE B AN X Ex i & 1 72 sk .

FiETIRER, BEAHE RREHNF

k
dS DNA.——— 2SS DNA
k -
L EEREFAETIARTR: d0dEke
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XE, CEERTEEDNANKE, kEZRRNEH.
FiRRAIAEHEA: -dC/C2=kdt

X ERFADEEIRES:  C/Cy = 1/(1+kC,t)

XEB C, =2 t=0 FIDNAKAIIR KR E

XNANFRA R M HEEDNAFT &8 77 8(C/Cy) /DNAMKE (Cy)[El ) RZET
[B](t)RFRHI R E, 1BERCtRFE,

E—MFERLE S, C,2EHM, CERILUNER, IC/C 3t
CHEE AT LUZEI T ERIEIZE, FRAC
HRZk(ILIELS - 4),

£ C/Cy=0.5 BN E M = M FE R — BT
(1) BICt FEEE XA Cotys

001 0.1
Cot /YR X 1 [R)




X o EEtrEE ) . i i
1w 1w et 10° y 10° o' w1

1w 1w 1w 1w 1w 01 I TR 1 Q00 10 000
mol-sL "
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Bl o= 3 AW SRR Co uthek

ERAANCY, _ HERABIIC,,
N A O A e
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Cot  ,WIKXK/NEDNAM S FEREZFMEX
(1) Cot MK, TREMEE S, DNAKDTFEHA
DNAS=E—ER, ERFBEBMEZ, FM4FEINFrI#E N Hm:
f5lan, DNARCIRE = 912pg, —MMEEFE2E X/ 790.004pg,
MEREMIRFES: 12/0.004=3000301, B—MHEZEYEFELE K

N\3pg, 12/3=4#D1, REMER C & =tHE=E12pe (FZEHEL
mol/L) . MEXE _FEESINFRRELLRIZEK T3000/4=750(1Z) -

E {1z B4 YR E R #E DL 1A 3000, M2 22 107502 HIDNA. [E
LAZEZEYIDNAE MR MEICt , EHEDNAR MC it ., BY750(5




. QEAGEESRIIHIERT.CHAES:

R IEEE, B 5 /i M 2R F

X =K 'Cyt,
A. AE—REFHTEREFR
B K 1)V 9400bp)
K’'=5 x 10

NA: X=15 x 105 Cyt,,

THY B 2%

1%5?. |

EEE:

2B HY K /)

& 790.18 mol/L,
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B. ZEAEFRES TR E A KT EDNAE AFRAENERFIDNARNE L E -
Cotys (HMERAIDNA) _ ST CRRSPEBIAIDNA)

Cot,,, K7 HDNA) 4.2x10°bp

Q)EBEEINFNEMH ER—1ME % L& HFHTHICLE . HA
EE R HRY K /MR, M2 SDNAFFIRE S SRR
REL: City, (1) : Cit,, (2) =f£(2): (1)
X (D) 1 Q) RRENMAERsIHFEE?, (KREFEEMER (FENH)
JRAZ AV E R HRIC i 28 2 s — ST #h 28

’E'I‘iﬁﬂﬁ%‘—ﬁﬁﬁ%ﬁﬂ{iﬁimgzﬁa@cotuﬂz)%%zswz%, i
HTA (—f&2—34) STEINE RBGH BEZE .
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100

EZRMMZENEEMER?
BF: ERE: 7.8 x 108bp
A: 25%  Cot gayp = 0.0013
B: 30%  Ct gp = 1.9

C: 45% C()t (C)1/2 = 630

U EHERNE MR NFEZ
EFES.

(EE%?{S;'E gﬁ juii,}?«g\_ﬁ)ﬁ) Ly Igloéﬁ K 4 |
FHIMKE 'y

> . f = — = Y E;}.\“pr
W NS E K syt

(FEAE LS’ Bh 2 N N8 LK D
Bl5-6 DNAZEMWshHEMEBEZEYREHAN =FHn(FLKX)

] ot of 5 3k 35 93 4550 401 53 69 C e 1 {f
ukﬂﬁ*:l:ﬁg(jot %j\j*,’ﬁ/ﬁﬁﬂ'ﬁ B ] Cot
E.coil DNA C,t,,

B IRE L DNAE 22 =4.2x1




|
Y 11 1 ) DNA S 2t — 4.2 106 ST HDNA Coty,

EFdamnsH-Cc)

E.coil DNA C,t,,
KE—S N NFEEFE:
Cot(C)’ ), = 630 x 45%=283
C DNAE Zt 4= 4.2 x 106 x 283/4.0

— 3.0 x 108 (bp) 9
Cot(B),l/z — 19 X 30% :057 o7 107 101 107
B DNAE Z414=4.2 x 106 x 0.57/4.0
=6 x 10° (bp)
COt(A),I/z - 00013 % 25% B 5-6 DNAE’f&ﬁ)ﬁf?’ﬁmﬂiﬁﬁiwﬁﬁléﬂ%Eﬁlfﬂ%(%?ﬁ[%)
— 0000325 5 Sk 8 A 4 414 Cor LE
A DNAE Z~M=4.2 x 106 x 0.000325 /4.0
—340(bp)

e
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RIEBUFEREMERIERES IR

B L ZFHKE =7.0 x 108 x 30%=2.1x108 (bp)

B E1/1F K E=6 X 105(bp)

f(B)=2.1 x 108/6 x 105=350
ALFEAKE=7.0 X 108X 25%

A B NEFEKE= 340

f(A)=7.0 X 108 X 25% /340 =5 x 105

RILAT I, EEZEMHEMRNERAESE—ESEEEFT,
EMRNRXZNETEEEFY, EMtRNRIEHERNZE—FIIUR
EEFEA S HI2 -3 I — L 51,
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genetic recombination) mDNAXZhE|E]AYI=E
Eiéﬂ, NI et

B FIHETIIRF, <

P TR IRRIE AR .

MﬁgﬁTﬂkiﬁﬁﬁﬁﬁﬁ“‘ﬁm,ﬁﬂﬁﬁi
EeFEZEINTMpEEL3diE . FERERE. 5k
RERES N AEEEE S ZEEEFA.

I=EEHE T H:

[Ei/RE2H (homologous recombination) .

EE—MELXL (site-specific recombination)




[Elil5 E B R KT RSEERY
DNARLREFFEELS, FLHATLL
AFEEBSERBEAIA LS B, a0
[E]7-4 o- PG R MAESBE IR E
B & RE Y& 7] ge iR T & & F 5
BRELENFRX#. Fa, (HbA,)
Ao, (HbA,) HREBERERIRMER
BRIEFS (UXIEFZIERR)

, R IIER, AEEIRE .
BiRz BRI L EIEFF 2 (8158 7 -4 o ERAR (LI Y [ R 5 T4
ﬂﬁ%ﬂﬁ@ﬂﬁﬁ'ﬁﬁiilﬁﬁX%ﬁﬁ (a) MEHELFHREN XHE (b)) FEHES FTHRBCE Z
, NMSHIAEBERNWREFNEE, LTILXMAFRESANEIEIREXHE
[E7-4 (a) ]|, BRXEEMNELEZIE[E7-4 (b) |, FEREE—KREIREE
EERFT—PoBZJBER, MB—FEEREE LB IEEBEE.




R E—MEHRKBT/INCE

A

ERFIIRERS, ™

HEABRRTAEX—IEEA. MEEFRRABITER

HNESSYIEERANMURE—4E

B 2f,

ENZEIE,

F e EANZTE MR TDNAFFIEIRELRME, %%
BEEFNRBEFN— ML BB Z—AUE, SN —FRER

HREER—FREME, X5REFFT

L FEFE B X ER{E R T 11T,

X

IEj I_JI}— li%?&; / \ﬁ'ﬁ
Itb 1% FE 2R X FR A E

=20 (replicative recombination) , 1¥ME13E,




@ AR 722 EIREEMHE

(1) [ElRELE %% TR 7 HATH
ELEEHANREREMEEL ( generalized recombination) , EMAE
X TERRXIEERDNARIEREFRSINES
BERZEYINE R ELR &+ TR 7 XA EIR S & B ESh iR
BEkZzE, MAREBRIZEDNA 57 F 2 BHEEAZEXTZFIZR
=R S IREFINAEEHIBESTEMEFS,

HEYIHRBERSEMESR, WFRREREEMMIXERD %
HEH.

ELREEXEREXAKEZEK:

E.coli yEREZR & /D EK20~ 40 bp[aliRF 5
IEL R E BRI EH Z K IR FF7E150 bpld £
ERXBCH AR TREIRELWL

AEZEYH, TEDNAS FIEE R EH TR 57 R FHhY,
m BEREHLEF AR TRAE (El6 —12)
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(2) FEEERS THER
@ Holliday #&% (ZEF|iatas))

X RIREEHETIEE ADNAG FRAEE —EE
g| e EFE R RIEIE

&

ElEEHEBRT XA (crossing over)
B AEFEDNARIRFFZ 8]
19645, R.HollidayiZ?8 T —"1M&E, FAXRMBERIREE

‘B, Z2EIFZHET LRIZK:

Holliday model for reciprocal genetic recombination




1, [ERZE IR B FEC XS HEF

2, MEZHEREEINAUEHHHRHFBERAN ()

3. EEV1ER(Eac a0 skZE R A Holliday = (8]

4, 1%L (Branch migration) #2p% 558 Mk
DNA (Heteroduplex DNA)

5. #iEWHEDNA¥TS, HIXHiKHollidayH 8%

6. HRVIESTEIK 75 A E 5 75 [E1Y] H Holliday

R [B] {5

7\ FETIEIBRRY DR LE

8. EBHU/ERIERREREE R




A U B [ 4 ] Branch migration
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Gaps of crosse the right and a 4-arm
(a) A W@%_ﬁ%éiﬁ;ﬂﬂ b strands sealed by structure follows when
AWK DNA 4T fiEd: 1807 enzymes to form chromosome ends are
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Ll / d i m m
= ¥ =
A £ GY B b a b @ .,-f b
= (2 Y /
S =——
b m E & Internal Heteroduplex
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Meselson-Radding 28! (EEEAEE)

HIEEARE, H%, DNADFHRI—FRELERE, f
BEN—FBEERRRAZF—FEONATDTH. %5, DNAR
SEMETHRORITIEE(ELZK). EFH—RKONATTFHEEN
HUBEPERE, MM RintKER(WETK). Fia, FaFIRNEEH
FHEEARR) DNAD T, IR FER—IDNAT T LE~=E R —
PARENEE. FEHllidayfR B —1F, FHALEMARMNBIDNASF
EH, BUXMER, RENEETRERTONALD FHRIY—

ferk. PAlE—BHollidayZERRR2ak, SHEXHEEER—TDNA

BT EFERBENGE. XPHERE T ATDNAL T FiIR 290

(LpAA- R
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- 3
(a) # Endonuclease
(b) + Chain displacement
_""'7 =
(c) ,L Strand invasion
s A A S A - —_ L
(d) ¢ Chain removal
— - - - — >
(e) Ligation )‘/ Branch
= migration
e ——r > ————— - o
(") 4, Resolution 4,

Horizontal

or

o

e Vertical

Figure 20-11 The Meselson-Radding model. (a) A duplex is cut on
one chain. (b) DINA polymerase displaces one chain. (c) The resulting
single chain displaces its counterpart in the homolog. (d) This dis-
placed chain is enzymatically digested. (e) Ligation completes the for-
mation of a Holliday junction, which is genertically asymmetric in that
only one of the two duplexes has a region of potentially heteroduplex
DINA. If the junction migrates, heteroduplex IDINA can arise on both
duplexes. (f ) Resolution of the junction occurs as in the Holliday
model. (From F. W. Sthal, “"The Holliday Junction on Its Thirtieth An-
niversary, Genetics 138, 1994, 241 —246.)
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G Wikt E2HEA! (Double-strand breaks initiate recombination)

Holliday 22! F1MeselsonFlRaddingtR B st —LE M ELHIN SR, AAE
El4£#%(gene conversion)s BE1R &F i F%

ERZBREITFZEYPEEFEE, RPEEBSRERPHAIN. B
FRIETERET, BEERBTHEBRBANETFHTFE. BRUWEFER—
BEAAANEHEMERE, FEEFEATNMMFERNE—ERE, B21M8EF
TMB—EREE. BERSBIIGSN, BlxXH2: 289950t FI83: 1EEHIER
K. XMHMERWFEIRAERER, H—MFUEREAETAS—WHFLEER
iz, RESEERB D ZATHA,

B SR TR EASREP L ENEREREY, 1

JERBEERORER, MEREITNED FRTERR, B2 BiEER—
BEERO AR 2R OB EIEIRE H—NEE D T .




g Double-strand break made in rec:plent

m
W

Break is enlarged to gap wsth 3' ends

s R

.' Dlsplaced strand mlgrates to other duplex

DNA synthesis occurs from other 3' end

B N N e MW SN gSE gmD ) U e L =

[Gap replaced by donor sequence:

Rec:procal migration generates double crossover

(b)

(c)

(d)

ic)

()

(gl

5!
3!
ji
3r

5!
3r
5r
3r

ﬁ!
3|’
5r
3r

5r
3!
ﬁ\'

5r
3r
ﬁr
3!

. L

—‘--
T111 =

P —

7 -6

J_J
5 o ph A
¥ o
5]

3.’

5 R
3¢ BT 3
5+ BEfRYE O

:.I_.'

S i
3 AT,
5 JEM D 3%

3.'

5' P 3T aWAE
3¢ 40 B T
5 (fih—fH

'1.'

¥ fiEM DR
3 Ly
3 Al

3 BkmH—
5 7 I
3 TN A
5]

¥ 4 A0 E)
5 e T
¥ AR
S AT

AL T B TR (I ) Lewin 2011)




r’l L b "
{E’E;‘E? 5’1' 'i % ’? A Model of Recombination at the Molecular Level

Vwuhan wWniversity

Step 1 Double-strand break formation. During meiotic prophase, Spo11 protein makes a double-strand break on one of the chromaz .o
by cleaving the phosphodiester bonds between adjacent nuclectides on both strands of the DNA. (Note that only the two nonsister ches
matids undergoing recombination are shown.)

Nonsister
chromatids
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Step 3 First strand invasion. The protein Dmc1 (orange ovals) collaborates with other proteins (not shown) to help one of the tails toinvage
and open up the other chromatid’s double helix. Dmc1 then moves along the double helix, prying it open. The invading strand scans the ba
seguence it passes in the momentarily unwound stretches of DNA duplex. As soon as it finds a complementary sequence of sufficient lengis.
theinvading strand becomes immobilized by dozens of hydrogenbonds and forms a stable heteroduplex. The strand displaced by the inve+
ing tail forms a D-Hoop (for displacement loop), which is stabilized by binding of replication protein A (RPA) (vellow ovals). D-loops have bees

observed in electron micrographs of recombining DNA.

Dme1 protein —— — Invading strand

X 'INI‘NP'“ Tl /' a,' XD

D hmp

T

ey

_'— RPA protein

DX I.;';Hﬂ

Crossover Noncrossover
Pathway Pathway
(Steps 4, 5 (Steps 4'
and 6) and 5')
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ssover Pathway

4 Formation of a double Holliday junction. New DNA added to the invading 3’ tail (blue dots at the top) enlarges the D-loop until
=ngle-stranded baseson the displaced strand can form complementary base pairs with the 3' tail on the nonsisterchromatid. New DNA
ped to this latter tail (blue dots at the bottom) re-creates the DNA duplex on the bottom chromatid. At each side of the original break, the
#=d of the newly synthesized DNA is connected to a 5' end left after resection, and DNA ligase forms phosphodiester bonds to rejoin
strands without the loss or gain of nucleotides. The resulting X-shaped structures are called Holliday junctions after Robin Holliday,
scientist who first proposed the existence of junctions between four strands of DNA.

Invading strand
I_ g

{’...|||V/|||||Ib/|1

D- . D-oop

/ Holliday junction
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5 Branch migration. The two invading strands tend to “zip up”by base pairing with the complementary strands of the parental
2 helixes they invade. The DNA double helixes unwind in front of this double zippering action, moving in the direction of the
in the figure, and two newly created heteroduplex molecules rewind behind it. Branch migration thus lengthens the heterodu-
i segion of both DNA molecules from tens of base pairs to hundreds or thousands.

Heteroduplex

Heteroduplex
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Step 6 Resolution of the Holliday junction. The two interlocked nonsister chromatids must disengage. Separation is achieved by
breakage of two DNA strands at each Holliday junction by an enzyme called resolvase (not shown]; the strands are subsequently
rejoined by DNA ligase (not shown). At each junction, there are two options: The blue and red strands indicated by green arrows, or the
blue and red strands indicated by yellow arrows, may be cut and rejoined so that red DNA connects to blue DNA and vice versa. The two
Holliday junctions are usually resolved by pathways of different calors (one yellow and the other green). Crossing-over results because each
of the four strands is cut once and rejoined. Note that recombination events will always produce short heteroduplex regions.

Holliday junction 1 Holliday junction 2

Crossover

Break all 4
strands each
once
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Noncrossover Pathway

Step 4’ Strand displacement and annealing. The invading
strand (arrow) was extended by DNA synthesis (blue dots) using
the nonsister chromatid (blue) as a template (see Step 4). An
anticrossover helicase enzyme (not shown) has disenta ngled
the invading strand and the nonsister chromatid.

JOODOVODOVC

Heteroduplex region
| b Ii
3
& a? i 5

a3t o8
R

t

Invading strand

Step 5' DNA synthesis and ligation. The remaining gap in the
double-stranded DNA sequence is filled by DNA synthesis
(red dots) and DNA ligase forms phosphodiester bonds to rejoin
the DNA strands. The result is no crossover, but a heteroduplex
region remains nonetheless,
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Ascomycetes tetrads have ordered spores

No recombination ﬂ'
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Hybrid DNA
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3.5 postmeiotic
segregation

el

L 1 1
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are converted

to red #

26 gene
conversion

L2 1 117

.
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Figure 1518 Spore formation in the dscomyceres allows determination of the
genetic constitution of each of the DNA strands uw-:-l'»'ed In melosis.
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TAEMFNER, XMHINRIRAERGFET
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7.3.2 EEEETSHYAE

EHEEFETHREI SN
@ Fta B {KEETT (chromatid conversion) , BRI 7 ZBV4NN 7
WP BE—N T ARE T EREET, HI
6gt :2g— T2gt: 6g~ RBIFYFE. [E7-8 (a)
@ F e BREET ( half-chromatid conversion) , EE# 43
4=, BIPMAIRN—F BN IR & —F HIERE
W5, EMAAKS: 35K3: SFAFE44E03:1: 3: 1 KBIMFE, £E

AN

BT R MENRLBRAT B ERELREERE RGN B2
P, FAUNTRABREGETE ( postmeiotic segregation) o
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AT REARMBETIRIZERENGER S ZXEZE
MAZHRAVI N — 3, ESXEERETHER, BEHEHIIC
B (FE&E#H) KT1, XFrALBTFH (negative
interference) , BJ—XIBRYAIRG|FEIPILXIEF—IXAZ
RINEIE AV IR -

AEXWLERFIR, RAF—FNFELRERFETH
EIRTEFERMIEEARICEIEZE, ™ “GTF5 EABRE

ZAREERE LT RIER F A FREAMNIEEPRICRIELS.
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ERETEABUTILR:
(1) EFEZTEERM (polarity)

—PNEERNBAEL SN EREZ TR —MEE (gradient) ZHER
4, EAE—ImNETINERILEE ZnNERETHNES, X2H TN
FEFIENEEDNAR A SEECER 9y, RIERGEDNAH AR S F7EHolliday
SN R E, FIiERAEHH ST,

||
m, +

Polarity ——»

5 o Diagram of chromatids involved in a cross. The ar-
row indicates the polarity of gene conversion in the m locus, pointing
toward the end with lower conversion frequency.
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(2) ERZETESEMWERRBER:

R FEERAXRTMNUSI—N, MELEREET
HUAB SRR B EBIR L

+ m,
+ m,
+ +

n,

Observed ascus
pattern Interpretation

Figure 20-16 A specific ascus pattern can be explained by both
crossover and a chromatid conversion. In this case, a conversion of
> + & 'a‘Fcomplished by a crossover in the region between a
and m. . s

=%




m,

Figure 20-17 An explanation of the ascus in Figure 20-16 in terms
of the heteroduplex DNA model. Arrows represent the direction of
correction of the heteroduplex DNA.
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(3) HX#TT (coconversion) /ILiEHa
HE—ERANNERERRZE, EREFER

AILERL ML R ER & 4525

m; + X + m,

m, + m, + m, + m, +
m, + + o+ m, + + m,
+ m, + m, m, + + M,
+ m, + m, + m, + M,
No coversion single  oconversion coconversion

conversion
(+-m; (m—+

+—m
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7.4.1 RARERRIRES BEEL

WEME ( Aspergillus nidulan) B9 5 fF = B #Z%EY,
BRI PEEFREEERIFENDERTFRERSIEM
aEXIEFENRA, TSR LLENEREEER. HTX
R AR ERMOSBREBMARNAEZ, EIHFRAFiZ
{&K ( heterokaryon) o

FizE: ER—1HERP S BAFHE S A EEREE
HIZHREFZ BV ZHAE . F8F 2214,

AEAREFRZDNEFREEERRTS, BEL0HBEHE
MAEtxE & A 9 — E R ARz &K ( synkaryon) o
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FREERMOEES, RHRAEAIETFHEE—TEMER,
2N BIREEE R TR EN MRS ARIN, XIERSFEIARRZE +
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Z5< ( mitotic chromosome loss) , MMBSFERBEW TS [E7-10 (¢
) 1 o




@ Ait»+ 74

wuhan University

RE BN ARZRESETBETHE _MER:
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2432 ( mitotic crossing over) o

M EMESNRMERE
paba (REZRFER)
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(1) B22573L&E2H (Mitotic recombination)
19364 Curt Stern & 5t M 22 2] Mitotic crossing-over
g MEHFRMRTERE y (FEF, yellow body color, y)
Sn (EEMIJZE, Short twisty bristles, singed, Sn)
y+Sn/y+Sn X ySnt//
(GG ik, £ENIE)] (EiF, EENE)
F EsE K 22 E BRI
FER: y+ Sn/y Snt =B R, IEENIE
BRELIERIBERI (patches)
{ Single yellow spot I

Single singed spot £ENIFEDHEER 7-12
twin spots XU BE [ =T
== [X]|
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(2 ) 'l% QQ ﬁj\g—J A HLER Mechanism of Mitotic crossing-over

BRI ERGE S MapFHITHR

El(gpl181f6.10)R—RIZAIZE FHAE, EREXHNERLTNH—IT
EliREEAE EREANERN S ERN, FAHMBAFKAmARINE
EAEFE A,

BT EEEXRMN TR EUZLMEE (Four-strand) .
GP181, 6.11r~5Ee6.10EREAMpaALR, EERE I BLETHL S
5'] z s-}ﬁ

MBARMMNRXAETEMRPEEBEEE —ER K — 1 B &
(tetrad) , XEUT RS HOEEME, EREXNAEALER . K
e, ML REAPEHMITIBEIERLE, S TRMEGE:

LA (a) ERELSH, FEBRN_EGMm1IF2, FRApE1 24
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(3) ?ﬂlﬂﬂ%éﬁﬂ@@ Retinoblastoma

LR B BRI = A KB —HIRE, FTRE R B L REHS .

MR EHAE R — M) LEREE (ep183f6. 12) ENTHEZEISIL
B, BLAUEE, 0% L ENZ A GTiRES, RILURERME. B
Fi2 2X B B AL P A 2 B9 -

— MR KELR “BAE” MMEEHAEIE (sporadic retinoblastoma,
nonhereditary) (60%BY®GI) , BASE, KELIZHASE . 20 HE
(unilateral tumor) BlIfffE R B INAE— R EREE .

S—fE “SKixE” (hereditary) FAMEEEIZMAEEE (40%HIFRG)) , XF
FEERTERZ M (susceptibility) 2IRER. BE~S SFENARAZFHERE
(bilateral tumors) . LEEIABIRASRER T, XMREF, EETLFBHEE
MFEEEHINEFLR A BE.
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A 400 W B B} 2 R JEE
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ZHBERB/RBY) , B IR A RE RS LN S513P gl &4

TBLp R, BT —ITREFMUNEANAST:

(a) Hereditary retinoblastoma

Egg  Sperm —

Rb - RD :
Sﬂmatlc Cells of the retina
mutation A
: \ . \)‘}J.l-
Lozl T) j Ro*/Rb™ cells

Somatic retinal Homozygous cell gives
cell rise to tumors in retina

Ro™/Rbcell

(b} Sporadic retinoblastorna s l

Rb*/Rb~
First Second

*| = (Rb -\ === [Rby Rb f;ar]c:eppmne %ﬁjf Rb~/Rbcells
somatic somatic Iﬁd!UIdUﬂ| ¥

mutation mutation Tumor of the retina

Somatic retinal Homozygous Figure 17.20 Individuals who inherit one copy of the Rb™

cell cell gives rise to : ; ’ ;
tumors in retina [ allele are prone to cancer of the retina. During the proliferation

T e G of retinal cells the Rb™ allele is lost or mutated and cancers grow out of
-7 Role of spontaneous somatic mutation in i heeo .
retinoblastoma, a childhood disease marked by retinal the Ro™/Rb ™ clone of cell _
P T

Sy il
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¢ Malignant
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Figure 17.21 Cancer is thought to arise by successive
mutations in a clone of proliferating cells.
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Figure 18.2 The yeast life cycle proceeds through mating of
MATa and MAT @ haploids to give heterozygous diploids that
sporulate to generate haploid spores.
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There are silent cassettes for mating type

Silent cassette Active cassette Silent cassette

HML MAT HMR
o a a
i Frequent &
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occurs when o cassette

l Change of mating type
replaces a cassette

o o a

« Frequent ;

YpeeEEmEmn®
Change of mating type
occurs when a cassette
replaces o cassette

a a a

Rare

No change of mating
type occurs when
cassette of same type
replaces active cassette

I
—HMIAI MATar  HMRa |

Mot ats
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Figure 18.7 Changes of mating type occur when silent HMLo MATa HRe .
cassettes replace active cassettes of opposite genotype; when i ™ ) "
transpositions occur between cassettes of the same type, the |f‘f‘[ 716 %Hg}u ﬂ%ﬁ(‘:ﬂ !‘J=_| Krebs <55 2014 )

mating type remains unaltered.
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Mating-type switching is controlled
by recombination of DNA cassettes

ML 1ha...

Silent Active Sillent

l

a mating type

(b) HML« is copied into the MAT locus

b s s

HMLa. MAT
s M A e N WA AR AL A A e &

o fating type

MAa,,.,

(c) HMRa is copied into the MAT locus

T T

HMLa

ROV IR MR T

Silent l

a mating type

Figure 13-22 S. cerevisiae chromosome Il encodes three mating-type loci, but only
the genes at the MAT locus are expressed. HML encodes a silent cassette of the o genes,

HMR B HML
B |

3 [ |

i

. fiE{f DNA &
(b)

and HMR encodes a silent cassette of the a genes. Copying of a silent cassette and insertion IR MATA SRR R RS IET

through recombination at the MAT locus switches mating type.
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AAAGTCGAAAGGCG  TTGTOATAT.

HO endonuclease cleaves MAT just to the
right of the Y region, which generates sticky ends with a
4-base overhang.

Synthesis of new DNA

X\

Recipient DNA has changed mating type

Donor DNA is unchanged

Cassette substitution is initiated by a dou-
ble-strand break in the recipient (MAT) locus, and may
involve pairing on either side of the Y region with the
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Production of the twin spot and of the single yellow spot shown in Figure 6.8 by
Crossing-over.

Wild-type diploid
heterozygous for
v and sn

Mitotic crossing over Mitotic crossing over
between centromere between sn and y loci
and sn locus

Segregation of chromatids

1 and 3 into one progeny nucleus
and chromatids 2 and 4

into the other progeny nucleus

— Yellow
- .
(P 1 : @ \ Progeny cells

= | . =
! T give rise to
\mh 5o E — 3/\ single yellow spot

— ¥ " Progeny cells
T give rise
_—~" Singed —_ totwin spots
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=n A=
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*, = a4 /
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mutant KB was inherited through the germline.

=) Sporadic =) Hereditary
retinoblastorma retinoblastorma

Retimna call
at birth

REB¥*/ RB+ —normal cell HREB/AREBY —normal cell

3 [
First
mutation

T wwo E E_.n? ti
mutations i e LS
REB/RBEY—normal cell

Sacond
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RE/fRRB—tumor cell RE/MB—rtumor cell
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Eve tumor Eve tumor




Human cells, Mouse cells,
TEK* and HGPRT- THK- armd HGPRT*

Agmiinopterin addead
o inhibit grovwth of
THE— and HGPRT — cell=

Only mouse-human hyvbrid calils
{(TEK*/TK and HGPRT*YH GPRT—}
proliferate.
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Trisomy-21 (Down syndrome): (a) Karyotype; (b) Individual




~  FIGURE 6.6

a) No crossover

Mature ascus
(last mitotic division
Ascus initial cell Developing ascus not considered) First-division
= segregation

g patterns of genes
1st meiotic e 2nd meiotic
division c - division

2:2
(actually 4:4)

Second-division
segregation
patterns of genes

1=1:1:0
(actually 2:2:2:2)

1:1:1:1

M:2:1
(actually 2:4:2)

129

2N zygote nucleus
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Body surface phenotype segregation in a Drosophila strain
y* sn/ysn*. The sn allele causes short, twisted (singed)
bristles, and the y allele results in a yellow body coloration:
a) Single yellow spot in normal-body color background;
b) Twin spot of yellow color and singed bristles; (c) Single
singed-bristle spot in normal-bristle phenotype background.

a) Single b) Twin spot c) Single
yellow spot singed spot
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Parent 2N cell with one
pair of homologous
chromosomes: wild-
type phenotype

Cell enters
mitosis

After chromosome
replication,
chromatids migrate
to opposite poles

Completion
of mitosis

il
s

Progeny 2N cells, both
with wild-type phenotype
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Nucleic —

acids
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De novo

HAT 1537 5 i it
H, dsmd; A, SRR T, e

(Hypoxanthine guznine phosphoribosyl transferase)
# kR 5k g # 5% (HGPRT)

H ENER(EERE
antifolates

VY = A e l
BEeS BN ONA .
REEER(EEERE)

S B R (BRI E)
T

Maesds(TK)
(Thymidine kinase)

se)

Bi#EHE: HGPRT®, {pﬂ“' —
ERiE4E: HGPRT, TK = XET

Salvage pathways




Parental ZN cell with
wild-type phenotype

Chromosome replication
and rare formation
of a mitotic tetrad

Crossover occurs
between ¢ and d loci

Recombinant
chromatids
result from
crossover

b)

Pairs separate and
orient in one of two
possible ways

l Mitosis is completed l
Wild-type Wild-type
phenotype phenotype
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Wild-type
phenotype
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