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Figure 1 Chromosome cohesion regulated by the cell-cycle
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B ity BURE 25 #4935 (hinge domain), 73— i /& B A
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Figure 2 Mammalian mitotic and meiotic cohesin complexes
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e SE R K TN 4 B NDNAGDE 7 — A B BT
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BRI TR A RN RN, DLRBRE 45 M aE
55 SRS M3 EAE FH s, — RS, SCC2-
SCCAE AW = ZEAE Al 2l ik 25 ih &5 & K IR 1 7 K
A5 S B AV e 5 M T DA EL A TS sk
(I ATP /K fift41 T 54 45 K38 T SLYFDNAREA) 5
— RN, DNARIA AL T-SMC3-RAD21 () 5
Ab. fEIX A SCC2-SCCAE A it ik Sk 3 s
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Y SL PN Ea - RA 7/ L

1.3 Qe iRRa gL

IR e QR UNIEOE S ot VA SER N RS i
PEAE, (AR RUTERGtath 2 RS . et
A Bl A B B ST AR M T SMC3 3k ¥ 45 My 45 _EK 1050
K 1064t Z W2 11 2. 1Ak, 7F 2R FEREREH B SR F2 Bl
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B3 2 e R Mg 45 s s FE <. ESCO2R ik
HKFAEGUEAR, SIATHE, 2 584, MESCO1/E
NN I 3Rk R E AR SR SR
S —LEF SR, ESCOIMESCO2/ER & 2
Sz FE e B R AR Y E A A S
ESCO2TER & g v R IE T HEFIMER, THESCO1
Z 5315, DNAWUG 12 B MG BRI Y 55 HE
o™ R, AZEPESCO2MKThfER
PAEB 7 RESCO 1M, R NESCO28R [ 4 58— Fh ik
FRNZ RSB iE(Roberts syndrome, RBS)FZE WLk
T3, IR AR T AR RO MR, ESCO27
ANER ST IR AR RABE TN N BT IS A 4 0
(mouse embryonic fibroblasts, MEFs)PA K& ESCO24#k 5k
N8 B T B R AT R 2R A PO A b, T et
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XA sk R R AU N EE, MAAERA
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E B FPCNA, BRI FiAE A AT 5 8 gtk
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TEF 22k kk, Shugoshin 1(SGO1) KL A& EH
protein phosphatase 2A(PP2A)#5HT T SORORIN [ iR
1, MR B S EABEEY. SGOI#EE Lk 11
AL AT BUBT I 8 FTH2ARIBERR AL TR OE, 11
BUBI1 {4 5 L HL FMPS 1R 1L sl i 4h 2 & A
KNL1™. }t4h, SGO1-PP2A) 5 — AN S5 T A {4
SA2ABERERR fk, M AT 5 22 ki Ab B 55 & &R S T
SO0 B 1 2,

15 Gefafkas 20k XA & B A B

B2 2, YT G A1 o7 R TS TR
R B HE A B AR ERG, 45 R A 5 5
(spindle assembly checkpoint, SAC)Kif, 75 5 /5
# 52 Y)(anaphase promoting complex/cyclosome,
APC/C) 5 HWiE IR F-CDC2045 &Y, 12 AV IRIR )
Securin 5 Cyclin B. Securinf [% fift f5 ¥ 73 5 B (separ-
ase) V) E 5 2 R X 1B & R W HERAD21,  #fili i 4k
RN RN I B A D =Rt s
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AT RIEIRAS. B T R P P 1 4 B il i 12 1)
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KA E PR B Sh D EE 1, (8 H AT OE TR B K
fire A FH R 2 LI ANER T, A ARRABETE. T35k,
oy B B sh VI ENE MR A R L K s, B
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Hhe
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SRR, PR D A A e Y, X RS DN A
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52 B BE AR A 4 . I LBV (D) E 4 55 AR Bk
T, W] HAMEE &, Wik ds T BA R &%=y
JREE S, B, DNAXUEEK 2B E R
HWFh &4 [FY5 2 2H (homologous recombination, HR)
1A [F] Y5 K % 7% 2 (non-homologous end joining,
NHE)). {EfERErR, [FJRE 2 £ DNAXUEE I 245 2 1
FEHLE, 1 AE FIE A b B R . AR, TR
FLENYI R, R (R UR AR o 3 42 A8 55 K 4 1 XU W 2
DNA, 17 [ J5 54 3 BG40 43 ) ORI SE i 40 it
Ah, FRZ AN BIAE R X DNASUEE BT Z4), 8 G DNA
A s A AT AL, T A0 B A SR . SR
F. DNABEMFETESE. it i oh i b
HE P EVF 2B, BT . K B RS A G2E GhE.

e i KA B (I E DN ASUUEE W 2445 52 8 25 1)
WIThREIC AR RN, 2R RE T, B A3 LR 1
Bk SRR TG R OmEE R, Rtk
FhaE A RA SIS S DNAXUEE W R T 1. SR T,
EATR BN A R E I DNA XU W 2445 2 1A
B, TE N, SRS RSN T, RADSIA ASTE
i) . DN A XUHE B 25 T e T i, B n & 2T
RADS5I7EDNA FHIRERRLFERD. B340, iEE
W52 R N SA LTEAR AT DL A 2R R i) LI DN A%
), TIPDS5BXID-45# A msE 0 /g,
PDS5B{ it D-# I A HAMDNA FAE [1)IR K, PDS5B
AR 4E A IR EARZ O R FBRCA2, PALB2AN
RAD51%, 5 BIPDS5BS: 5 1 [ Y5 5 41 fr) 5 2.

BB RIEDNABG AL I8 AU btk 4% B 2 1)
fe. fERELLAMES IIFEH, ATM(ataxia telangiectasia
mutated) B2 1L SMC11#)Ser957F196647 55, L& SMC3
fK1Ser1083f7 i, #HZMRE11-RAD50-NBS1E &)
FINBS1IEFE. BEAh, SMCIFRERR 1L T BRCALFIHE
SEE B K], SMC1EESMC3 a1k W 5 ELDNA 1
1515 S IS HIR B0 s kbl Bl TR BoR, Ba R
X T LLAME S A G2/M I DN A 15 475 K6 56 i s th 25 56
HEL SR AR 2 5 R FEIX — T8 R 52 4 W .
SMC U B A AT 15 TSRS 5 M 3 B AR A A 2 11
KA, SMCUBBRIAL 55 R AT A KA1
BN, B3 T 53BP 1%k & A X CHK2 A
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22 RARFAERBFEEERNKE

CHARY, G RAEVZ RN SR 2
GO T TR, 0 TR B R A 2 R 2H B A 22 57
FEDR FaA AR Y X YL 5 A AR I K
CCCTC-454 K 7(CCCTC-binding factor, CTCF)# i
(1IB% B ¥ (insulator)fE FH, REMGHMHI IG5 & 1, PHIE
G 05 X S DL S R A 1 5 R B 1 B BLAE.
MRAE DU M2, S50 56 A4 A B T BU A I,
F 50 N SR I G 60 o e 5 L U TE &5 5 e il B R
(chromatin immunoprecipitation followed by high-
throughput sequencing, ChIP-seq)7#7 &N, 7EWFL3)
P4 f L K £925000~120000 4 4 3 45 A fir
A1 B PR 20 R RS 0%~70% A B 5 2 £ 4 5 CTCF
SdiafiRES. BARETZCTCFA SN YR
MR FIRR RS 1 Ihfe, (HMARK—MoRE R
HIEACTCE, 12 5 40 M 4 57 41 1 2 53¢ PRl o el B
B, BAIAFAEDNAF A EFrE, 5558 1 HE L
ANy e RIS R S A, FE BB A 1 4
A0 BRI, AE R RS E B AR T R T
(Tl 42 5 PR s e,

FE /N AN 2140 1 % B- 3k 2 H (B-globin) Az A%,
WA CTCF B bR 1 7~ HH ELAE AR 45 CT CF 18 5%
F-E B FH AR A A7 fi4%8 X (locus control
region, LCR)HJZ it 55 145 & K B N %Ry 7 1 Bk iR
HIEH, T EAIRIAERE S AL,
NIPBL 5 & & 2 7E Je (o o i o iR S 5, I
FE— R SR 2 T B0 & A BLAE RIS 58 1 5 3 T
FHEAEF L FIES, (HCTCFHkA H 5200 g 251 IE
FA B, BB A R T AECTCR 2 BRAIRB-BRE 1 1
R, BIRIZLEHT UL H SRR & R SR G
AR BAE RSB R A 4% R OB E A, HE G
RIS IR L AR F A8 AR R NG 2E.

WAk, ZbA 2R T LU o BE W o 410 | R R ) 2R
ik, an, SR R cur ki DRI L 30 1 40 i b R TG F2-
HI9M 52 Y, B & RiEw kR e in G
IFERTER. Rwid, 254 2= FINipped-B(NIPBLIY) [F]
B ¢E & Blsplitfinvected-engrailed3E K 38 58 1 I,
5 E AH3K27 = H 34 (H3K27me3) He e £, )
polycombyL 2Rid %), B 2 Bk FEOX LLIE R LA
L B, B R S Swie(R R E A
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1[E]J54, heterochromatin binding protein 1, HP1)#{ 3t
M %, R AH3K9me 45 A WV 3 f 7 G 6857 [X 35
(subtelomeric heterochromatin regions), 77 2& AT
2RO NG b RIS, FiE R SHPLy
WA B3 3 ook S Ge (o A X, HgR R S LA
FEGE R,

23 REAReEBRERARRAESH
Hi-C(high-through chromosome conformation cap-
ture) FEARAE Ay —Ff i M 1) G AL A SR T 7 Yk,
T LK I % ) 5 R 4L 4 € BRORA LA R TY, R
WA IR T Y AR A8 (A8 T 1 Y 0 5 e e 45 M
HEIEMEM. — T2 PR HI-CHE (49 HER N )L Tkb)
KIL, 1ENFEEEFHFZHF 100007 K/ 40 kbF|
3 Mb(H AL BRI 185 kb) ANZE I /NER,  £EIX LeFf
KZ190% 13 & (loop peaks)5CTCFHEFF#alH, H5%h
A ZWHRAD2IFISMC3H . BERFFREY, Fid
EZ 5B AR EE WA, BaRFEREN
et ST B SR A, A KR AR T (auxin-
inducible degron)dXz)) [FJRAD21 FEMEH R T E A kbR
ANHIER, FFAEAE KR RS B R IR 5T, KA
Hh, FENIPBLGR K A+, /N ERFEF 2 E ¥ TADs(to-
pologically associated domains)FIAHF<UE{E SR L9
A, I HE G EARME R e m ETY MR, fEWAPL
BRI, Ao RO bR, CTCRS
ARSI H S EE IR SRR T Bk, AT
HEMIWAPLE I 75 556 2 202 DLBR ) G 65 3 1K
JIN, M 24 7338 24 i CTCF 45 7 R0 e € 5 30 1) 285
P RIS A G 2 3 (b i & R RIS AP 3647
WIFARE A SAIESA2) LT T A F et
JREER. SAIL Y 5CTCF—i 2 51 TADsI#L 5,
TS A2AMK T CTCFAE 12 21 g 24 R A e 4 1) 184 -
TS, BEENBRAIUER TR RE
BT R, T LI 5 g 2 DR 4 4 [X % 4 (compart-
ments). X Z W N5 FF AT R FH(BAY) G ()5 44
RITER B TIMETT FE Bk B A RIS, R
I XL T RE AR S R 7Y, LS, NIPBLIY
BRI T XM, ;A TR IX =, IR sk
W, 5iEMEARICH3K27 2Bk . H3K4 = F 4L
DNaseitf f s NG ¢ R 745 G 3 VIO, RFQE
JH R R RAE R Z B & 2 B LT AU TR g A%
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bt MR, WAPLBRTEIR T 41 X = 4077,
XL IR, R R A B A ] Bed R R A
T T A 35 R 2L X 3 A0 A e 4 4

B AN IX BEHI-CHF FLUE SE T 3 & R AL T IR 45 13
e, I H AR A FE DR A 5 IR Bl 75 1, (B LIS LEHL
il W ANIE 2. PR et — PRl BEIHLE, (H RS B
FEQUESE R HIAEE et G AR R A B 1R sl —
A FH AR B I (A H-CRIF FUAE S, B & BRI 2R
SRR TE TR EEATP, (BT B2 ke = fd X
7R T 8 A R ATPaseid A2 i3t 1 25 45 7 380 1) %
O SR AN, R B L AT 4 R e T B
RI, FhEREMEREIR B TADFES MR, TEA]
TEFE A R -CTCFAL SR il 50 B B I35 50 3 AT 1)
A FEIXFIE IR, JETADSE MIAE R AT 15 8 Ao 1o 13
(population-averaged contact map)' i35yl 2. Rk
15 B B0 R BOR K e S VR R L id K R A R AE
DNA EIEhAs, #Engetmghia o m iy gL o &
iR ESER A

3 Qe fRRh A BRI A A A AR A S
Kb T

5 2 2, DU R — FRR R I AH L 43
2973, AT — X DNA S il F P 0% B2 1 e A 43 15
B — R BERN 28 — DBy 3. 1058 — IR
oyEerR, [FR G R oy B AR AH Ik G 8 B R AT SR TE —
B IR 25 W, TR G o AR A B 2 18, A
TERR I C 7 rh e B H il 0 I R kA o 24
ST RENHEG T U AEAREMME A RZZED.
T FR R VR IR T 3 & R E SRR T RE,
YEF TV 2 B0 ZEAH e I e A S A, et Ak Ty
MR RIVEIBE 2 . IR R E A sk R A&l
TEMFL A A A i b, B T I8 A i kleisin i 2
RAD214F, &4 PANEE 2455 7 Bkleisin V. FRECS
FIRAD2IL™™) geah, B 2538 FIF 5 SMC1aflISAL/
SA2H 2B A 7> 24 - IFISMC 1B FISA3/STAG3 AT HL
ARl TR AT — MR 2 R OB S R
o PR ARG R NI FEAE, Bk —
MNYEARTE A T AR G Bk B ) 2 R R
R EERIME RSN BIRIERS BEAN M R 2 2t
R 2 — /N B G R IEH W SMClafISA2, {HE

TR YIE A i A 52 22 BT SMC1afe ik 20 7%
¥ (axis element formation) R [R5 Y o R 2= Fhm] LA
ASMCI1B, SMC1BIITE Gk Fris 53 R G% t AR 1 i FiL 56
ap b BAT AR AT SMC1BEERR /N B IR
B, Yy R R 2 I, kSRR ek B2y 24 ok A
FH#E, RICARAIThRE R, BeaBhiE. ki A 2 A
J 4 5 448 (synaptonemal complexes, SCs)Fl1%H 57
(axial elements, AEs) K FE4ii4H 5% ™). #E 5 JRECS
PN, PIEEREAE R, RN EafES,
FEREA MR B IE R A 2 BRI, ke EA
SYCP 1 75 40 ok Gt B A 2 1] T AN A2 7 [R) Y e (A 2 [a]
PR RAD21LAR I (45 BEAH AN BE IE 4 T R e £
REECSy, [FVR AR BT R, SERTFES
% W1 A PR DL R R /N RS E Y. RECSFIRAD21L
R 53 R BT B ik = il sl FN B 2= R G AR, 7EAHZR
W= bk B0, 7ESTAG3R IR A B At R T T 254
IR, KRR = AR AR R R R 2 . BRS R I
KL R AL WHOR G SRR A B, AT 5]
AR B B HIE T RECS5 STAG3 Mk /N i
B TT, 1%L /N BR RS B AL S0 o 22 R A
FEa s ANl Rl 2 2 2 ik, R4 S REC8HMIRAD2 1L
Rk BEAR A AR Ak, ESCO2% A PR T
FIFE AR DA AT 2D . TR S8 — VRO o T I,
BRI P ESCO2 B IR T i ik 2, idk— 2l
55 7 HER AR B S, TR B D G i AR,
WA RS X SRR S, RIS
R, EARFER R A S EA R, B
SRRILH S EEIhRE, (HRB MR EREE AT
R, R\REGERGW I TTE TR TR
HREFZH TAREY) ISR, B 2440 i 4
B EEARNE AR TR — PR T

4 BetIRFh A 8 EEMEE AR S AN R A )
e LRI
41  RAKFEERHSZRLON T RE

UL O BRA O AE HE LI S AT DNAKE I, 7]
LI 1AL B A 3R 2 5 (R B A (R R
B ST AR A B 50 07 R R
RIS IACIA TR 2, DR B3 1 325 3 7T
SBHIRA . T, A E S T X
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AP H3 FARS ERN BR  IF B, RECSAE 134>
H 22 8 /N BROON BEAH B A G i A b 1R e B A DU
B8 5 — R g AR AR S I SMC R 19 Sk ¢
(condensin) £ 4 52 F1 22 % /)N B O BE4H A o 4T 5 0 2
1 WAGRGERR, 7E3~9 H R 1/ BN R4 o,
RECS8# [ B\ A4k, HE 6k FFRECSEIR
WD . 405 E N BELH R, RECSAHI
SMCIBIZK-FAH L2044 1] 29855, (HSMC3, RAD21
FISMC1aff K35 A AN i T% 8 58 H A A %
(germinal vesicle, GV UF RFZH A BEA TR, 155 58
CIE R AN E St SN E e A
T AE /) BR GF BR 0 B AR AE 70 oA I ) A 28— s B o0 3R
LR EET SRR, X RE FEAAUN R SLER
iRl —E LR, B R EIR, 18~34% 2tk
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Figure 3 Unique functions of the chromosome cohesion proteins ESCO1, ESCO2, and WAPL during oocyte meiotic maturation
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Functional diversity of chromosome cohesion proteins

LU YaJuan, ZHOU ChangYin & XIONG Bo

College of Animal Science and Technology, Nanjing Agricultural University, Nanjing 210095, China

Chromosome cohesion is a cellular process in which sister chromatids are held together by a ring-shaped complex cohesin during cell
division. Cohesin and its accessory factors consist of chromosome cohesion family proteins that play pivotal roles in cohesion
establishment, maintenance, and dissolution. Also, cohesion proteins are involved in DNA damage repair, gene expression, and high-
order chromatin organization. To date, the mitotic functions and regulatory mechanisms of chromosome proteins have been
extensively studied; however, during meiosis, they are not yet fully understood, especially during the meiosis I stage. In this review,
we summarize the diverse functions of chromosome cohesion proteins in various biological events. In particular, during germ cell
meiosis, we elucidate their non-canonical roles and discuss the future avenues for research in this field.
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