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Expression pattern of zebrafish mecmS5 and its role in somitogenesis
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[ Abstract]  Objective The cell cycle regulator MCM5 plays a critical role in the initiation of DNA replication and
also functions in transcriptional regulation. However, its role in embryonic development is largely unknown. The aims of
this study were to examine the expression pattern of mcm5 in early zebrafish embryos and investigate its function in
somitogenesis. Methods First, the expression pattern of memS5 was analyzed by whole-mount in situ hybridization in
zebrafish during early embryonic development. Then, antisense morpholinos (MOs) were injected into embryos to disturb
MemS5 protein expression and the associated defects of somitogenesis were examined. Results ~ MCMS5 is a maternal factor
that is ubiquitously expressed from the one-cell to early-somite stage. mcm5 transcripts are restricted to the tailbud, somite,
and head at later stages. These result indicate the possibility that mem5 is involved in somitogenesis. mcmS morphants
exhibit a shortened anterior-posterior axis and smaller eyes compared with control embryos. In situ experiments further
revealed that some genes crucial for somitogenesis are downregulated during somitogenesis when mem 5 is depleted.
Conclusions mcmS5 is involved in zebrafish somitogenesis.
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FEWRIG & T A2 K DI\ S 200 i 2] 56 3% AR i
St T MRHE Mg RK M LT SR, Ei
T v 4T LA A0 4 0% [) B A A is U
g G R 0 A RS = e VoS | o
B Gem fie AR AR THE th ol 2 LS 5 40 i
JE R DNA & il a7 B & B 525 T
2604 BRI MRS RE A R A R A O bk
UE B AE VR 2 40 B ] 401 R0 200 i 43 Ak rp ke 31 T R T B
REPERY X T R4 R I H T A S S
T A A A R A R 4 | TR A S — R 4 R
T2 5 TG ET WA Az g R, MCMS &
DNA & il 45 2 A b MCM2-7 5 & /M i) &3
N, 76 JLF B A 0 A 0 20 i v A7 e %0 b
DNA & il i 2 i A1 A A i 5 22 1 AE FH . MCMS
FEYHR AR O T, R B i o T A
fa[ % L F AR 4R DNA & il Fr e 450 X ARG R T
MCMS5 "] REHA Gem ML DIRE, 25 8] T 4 e iy
Bk e i A, B HiE R B MCMS 2
Tl A s P E AR E R T HX
SR 20 e T 52 L R B R T AR DG A
MCMS 1EREER T HIES S5 TIRRE AL 8T K
BRI

AR, MCMS TES A i P ERIESL S 5 T
FEDR B SR A5 IS8 MCMS 0] BE 231 g i 42 1A
THZES SRS AL TN ET B, A
0 [ e 8 FL VTS5 40 A B2 R IR A7 5 MCMS &2
BB OC R, & IR B R 4R 47 55 LA ST ) H
TEAEVEZ MCMS 854 M ge i o7 o512 Sk 8847 o5,
AIRES MCMS 256, IR JE G % 5, fE
S2 ZHML R MCMS 2 BEAR 95% Ji5 , IEH A fE A B
T S2 4 s DNA 52 il A1 48 i i) A a0 R AT R 32 5
i KB R MCMS A fEIR 2 5 31 3 R % S 9
H, AN e R BB AT S 4 A R g A e e
RILMCMS FLial 45 5 3L DR i s o 48 4 20
BEMESL T MCMS 5 HA MCM S5 8 52 8 % sk
MR A, B HIFL 255 HIFL #9%% 5%
YT LUE(E BRI MCMS S5 T 3R N 5
SR FIEHBIE R T AE G & B 1 MCM5 1] RE i
REERE N R NES S THALREN R E M
¥, MCMS DHBIRIES SRR B AL R EN L
LR EaIs Y2 S eall BRI LY/ R el o DR G S
MCM5 2786 S SO MG 7E IR pE =1 | fE3E 5
Rl AT K B 3 DR R AT R O A AR A S

IR AG K B R DL, X 0 A PR A58 MCMS
TENRIG & B i D Re s 4t T8 A

PSR U5 VS 0 T A 25 8] 0 i — 2 % B
By P2, 50 5% T IR JZ (presomite mesoderm )
20 i i 2o 30 2% 18] 78 53 240 i £ B Ak ( MET) LS JE ik
(AL P A AT] e S 4 T I L LR A L 2
T R AT AN TR A X 3 4 vh o3 7 D 42 B AT
—EMER HINEELE &, £ L8 A
AR R RS PR 2 I, R T
A%t DA 21 5 it 55 v R )23 48 B DL Y 30 1 14 JF B
AT [ P BT F il s 42 BR — 2 0 382 1) )5 2E
KAEAd, ARG PSM =221 KL & 44T,
VAR AT S 2B 1) A0 L K G R AL R A ] 4 el
FRETE 5 B A4 57 Noteh & Wt {5 538 B gt 2
TS S A ) TR SR B 5 T Fef 5538 #
PO TR R A ION . BRI E &
SEfR] R AT E R A

ARG 38 R A 4238 Je MO R H AR
KB MCMS 25 TR SRR

1 #RF7E*

1.1 SEIFY

AR RIBEE 00l AB i &R, HZ IR 3R TR & B
PSR Kl IS B BOR | B 5 fa AEpR ffE SR I 45 1 T
YE R AL FR (28°C ;pH =7.2)
1.2 EF=ZEiEHF

PCR purification Kit ( D6492-01, Qiagen ) ; Re-
verse Transcription ( # K1622, Thermo ) ; mMESSAGE
mMACHINE ( AM1340, Ambion ) ; Morpholino 11 H
Gene Tools 2% @] ( mem5MO : 5-ATAGTTTCGATAAGT
GCTGTCGATG-3;p53MO ;5-GCGCCATTGCTTTGCAA
GAATTG-3) ; T4 & B I Invitrogen 23 7 ; Q5 &
TR B FRAIEN DI 3 NEB 28 A5 A7 24 52 A
KR = 1 Roche A ],
1.3 EWHZE
13,1 ARG

memSMO HHAETEST - MO M - 80CUKF & i 5
i PRI, A 65°CEIR NI 5 min JETTTE R,
B, MRS MO AR R TAEHEEE (300 umol/ 1),
FERRAG 1 ~ 4 A0ARAS A IEA T R AG T 4

EGFP mRNA {151 5] #4789 mRNA 734,
153 H RNase free 7K 84 30 ng/ul & H . iR
TE 1 ~4 AR TE S 6 B0 B
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1.3.2 BERJRAI AL

R R K 2 T 7 B 4], 4% PRA [ 22 24 h J5 #1
JIEE 3k i 30 TE K R EE K, F - 20°C fRAFRE T, R
7 A8 H HR B R kb AT
1.3.3  EGFP mRNA [44SR 2% 28 RNA R4
RS 999

B s P VDR BOB. DNA £ P4k, ) 2 1%
FH DNA e 4fi £k [0 g it 7] & [l e 26 1 fb DNA A
M2, FH mMessagemMachine & 77 & 1K 4) 7 5% & Wl
mRNA ; 2R J5 1 & 07 il 4 B mRNA | 5 9 L
JE, DE mRNA VRS Sr 80P E T - 80°C I 17
R

fdi [} DIG RNA Labeling Kit( SP6/T7 ) i #] & 14
AN S B R SERR I I SR 2438 RNA 595 385
i RNA alifbial) S alifh s, & vk 3T - 20°C
TRAERE

2 R

2.1 mem5 EWMSEKRREZ T RHNRIEEX

FEWFIE memS5 TEWMR G & & iy BARAE R AT, &
Seiz HEA 52 J7 A I A BB IR G vh i) K3k
B, WK I memS JEBRIRERIE A 7 TEIR R
KB 2 S 128 MRS 2= Rk (K 1A,B) 1
iz g Je LRTAE IR G b 2 ) iz PR Gk (] 1A-
C) o MRS A R IF i 2238 ) BLARR =, A 10
PRI FIR memS TE3H A MR R )2 BOR B 1R
T(EER) M ERR(E 1D-F) , 7558 4 K, mem5
Bl R IAE i i A b 4 3k (B 1G, Bk TR ) .
DL EEAE R memS fERIG R B REITRES 5 T 1K
R A
2.2 mcem5 MO K& T K I gE 3G iE

FAGE mem5 TEBEH R IG & B HEN, A&
PR A B memSMO LR S 119 BEL W7 IR i PN D

28 hpf

1 : A-C . ¥E 10hpf( hours post fertilization) §if memS | ¥Z 23k TG i A0 ; D-F . FEKTT & A1, memS 16
S R B AT AL R R R 5 G RN 4 R Fas th S IR R E A (J3k) o
1 mem5 TEBE S £0 5 7 FH 19 28 =

Note. A-C: memS is expressed in all the cells before 10 hpf. memS5 is restricted in head. D-F; Tailbud and new

formed somite. G: In day4, the expression of mem5 partially overlappeswith that of thymocyte (arrow head) .

Figure 1 Expression pattern of memS in early zebrafish development
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ATCATCGACAGCACTTATCGAAACTATHTCTTATTATTAGTTTATAACAAGGTGTACATTCCTGAATATTTGCAAGAATGTCGGGA
4 ! + 1 1l 1 1 N N N ! 1

A

A\l T T L T T T T T T
TAGTAGCTGTCGTGAATAGCTTTGATAPAGAATAATAATCAAATATTGTTCCACATGTAAGGACTTATAAACGTTCTTACAGCCCT

] |_exonl
If MO |}

y MR ML
4 N
7/ N
V4 A

ATAGTTTCGATAAGTGCTGTCGATG ‘

EGFP mRNA design

[ cDS start
[start codon

EGFP mRNA

EGFP mRNA

TE AP TZR N memS CDs K0 57 i A-4E BIPE 751 K MO 3211751, B-C:memSMO HIRESIE, 7€ EGFP JF4 LR Il — B 5 memSMO
TORVCHE AR TR I B AN A TEe 5] pCS2 + dA b (B) Il 45 EGFP mRNA, EGFP mRNA ¥t 7E S EGFP. C:mRNA 5 memSMO 33

FEE R memSMO BEARAF IS EGFP mRNA W1,

2 memSMO iR TT 2 DIRERIE

Note. Note. A: Part of the 5" UTR upstream of memS5 CDs and the mem5 MO sequence are shown. B, C: Examining the efficiency of memS MO. An

mem5 MO matched sequence was added before the EGFP codon sequence, and the whole region was cloned into the vector pCS2 + (B) ; then, EGFP

mRNA was prepared in vitro. C:; EGFP was examined for its expression in the embryos injected with EGFP mRNA; the expression was greatly

downregulated in embryos co-injected with EGFP mRNA and memS5 MO, which indicated that mem5 MO worked well.

Figure 2 memS MO design and efficiency evaluation

memS mRNA /) #8135 (K 2A) , [H B 8 T 0F 5%
memSMO J& & T A, NS SR E R AR A NP N
EGFP mRNA #8844 (151 2B) , 7EIZH AT EGFP
XY EIERIN T 5 mem5SMO 58 4 VD i) DNA
JPA KRR T IR S0 % S T 4R 15 19 EGFP mRNA
AR S memSMO 254 (1 2B) , BE sk
mem5SMO T AE R 47K 247 50 3] EGFP 1% #1173
PETT A B memSMO 7814 PN BE AR 4 1 00 41 P U8
P memS mRNA BB, 45 R R, 24 5ol i3 5
EGFP mRNA B, 7E IR % B 2156 36 /NSHTESA A 55
=i EGFP {71 5 1 78 2L 7 4F memSMO Fl EGFP
mRNA IR IG R EGFP /Y & B B B (& 2C) ., [F]
AR A % B0, memS B 4 R SR AW I B
B (E 20), LS5 a2k RSN 5
memSMO BEREF BN N TEYE memSmNA B ERE
2.3 mem5 25 THEBFEZERNRAE

T MCM5 J& DNA &2 il 85 2845 K, MCM5
TIfie g B T A 25 T 8040 M 08 T & AR, DA 2 e
MCMS5 DI RE ;M A A ML . AAFSE MCMS TR
i [ S IR R S e B AL A 7E IR i S 1

mem5 MO J p53MO DL MCMS B Yiie, 28 5 43
FrRRG 2R A, 25 3 & 90, 46 IR G 4L i 49 pS3MO J¢
memSMO J5 J5, IR G A Bl A2 F8 H R i AR /N
3AB) [HIEIG I AN 22 55 (| 3A) , E—
HArHTE memS BRS 5 T 0N A5 LTI,
S5 L RIIFE memS T RE R J& O NERINL A /) & & T8
W R BFE (] 3D-E) . AKHE memSMO )8 Rl % 1)
R M1 275 memS mRNA 7] LR memS MO
TS T S O IR IS A8 /N Al 5 i S UL R B, 25
R memS mRNA BREAT 19 171K memS MO 1 5
FIT S IR B A J | IR AR /i e 80 (18 3C) , R B
memS MO FEE AR

T memS mRNA FEARTY A& A F 3l 255 o ik )2
Ko AERT R E R (1), B 7R memS W25
TRAT KA R WE RIS R BT memS D) RE
it ok Bkt R R =22 18], R T W JC B B I 52
ZR(E4A) . NiHE—EHT memS BHSEH TR
R TE MCMS Y fg b i IR 6 % & 21 10 1A
LA AR A 32 DAL 2% 38 19 7 15 43 ARG A Ay
KAEMIEIEN A FRE (K 3B-E), SXTEAMILL,



12 P BE 2R 2 s 2018 4F 10 A 5E 28 #2435 10 3] Chin J Comp Med, October 2018, Vol. 28. No. 10

A Cont B

mipmo C M+PMO

+mRNA

45/45 Tg(flk1:GFP)

47/52 Tg(flk1:GFP)

HA-ComemS WHE T RIS RAAK R T . SXTIRAM L, 7235 memSMO JE IR ANAS 46 (B) BRI AE/N(C, Bk i) o ST memS
mRNA [ T mem5SMO FES T SEIERL(C) o D-E: mem5SMO 5 3K S B0 MERANNLE & B 9B (20 @57 35 0 8 ; A a8k o

i)

B3 memS TIRERE A IR RG2S 5 M R B AE /N

Note. A-C: memS is involved in body length and eye development. Compared with the control, the embryos injected with memS MO displayed shorter

body length (B) and smaller eyes (C, arrow). Injection of mem5 mRNA successfully rescued the phenotype created by injection with mem5 MO (C).

D, E;: mem5 downregulation did not result in heart and vascular developmental defects (red arrow shows blood vessel; white arrow shows heart ).

Figure 3 Downregulation of memS led to shorter body length and smaller eyes

Notch 155l BEHCAK delta D, delta C 23k W] i FEAK
(B 4B-C) ,H HEC LI BRI o, delta C B3
Rt B WA (R 4C LRI S ), KW
MCMS5 Al fgidid Noteh {55 E{ S 5K KL, N
PE—2 BN memS FEARN KA IVERT, 76 mem5 1)
AR T IR B LA herl AR H M FE A mespb
FRIN, SXTRAIAR L, BAR herl MYFRIKFEAL, H
HARG Fb IR Z 25 (] 4D) 5 {H bk 3
mespb 21k B W RFAG , kWi s (K 4E) , LA
L EER I MCMS DHREFEIRF:20 T Notch 15 51 P
REE AT R A A M e

3 itig

MCMS J& DNA il FIT 201 4 240 16 J8 10 18 7, B
PPN E I A1, MCMS B & IR 7E 22 Fh i g o v 32
ik, B AR KA AR ic 36 R, (H& MCMS #£
RHE & & v 0y R A HE A B9 B AR
memS TEBE D o b i) Rk A0, & A & B 1

memS TR Jh55 4 IR )2 FOf A R i 23k, Hem)
HATRES 5 TR LA, dE—2 0o LB,
FE MCMS5 DIREREAR)E B AR AT AU JC B S 6B
{HRARTFRICHEIE P deltaD 25323532 B0, HAK %
PEIED mespb MNP AT H ) 2 45748 R 1 F%, R W]
MCM5 25 T kAR TR .

Notch {5538 B J2& A& & 2B 1 3 2R 45 N 7,
M2 Notch 5 53l I/ F 2748 HE B TR B
KL deltaC herl 55120 FRIABAZEAL, R B (75
TR R ARG . 7E MCMS DREFEAR I, A {80 2H i
SR K P Notch 15 58 I deltaD FikFEAL, HIE IR
R IR HE R 78 5 3 AR AR A X W s AR AR T
KAt R R Y RS R A AR 2
Notch {551 B E ¥ , [RIBHIL U] Notch 553 1%
PEELRRAC S — 2 B A ] A B G B B 5 &
AR, HAR MCMS ZThREFRAC G 2% ik K 52
iR ISR 32 5 ) BT A P L TR mespb 235
BERARA, A memS LA —Fh# &2 2% 14 7 20
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AL ST RARIGAR L, memS F1 p53 DIHE R A AR R Al A 4, IR A5 /)
FER KA, Notch {55 H BEFLIA deltaD FekFEAK(B) , PR HE P deltaC T herl FIKFEAL(C,

D) ARFTARETE R mespb M5

SER—%(E),

/No B-E AR KA

B4 memS S 5K KA AR B PR

Note. A: Compared with the control embryos, the AP axis was shorter and the eyes were smaller in mem5

and p53 double morphants. B-E: The expression of genes related to somitogenesis. deltaD, the Notch

signaling ligand, was downregulated (B) , while the oscillators deltaC and herl were also downregulated

in memS and pS3 double morphants (C, D). Only one stripe of mespb was maintained in morphants,

while there were two stripes in control embryos (E).

Figure 4 mcm5 is involved in regulating somite-related genes
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21 Notch 155 38 6 1% P S AR50, A Redk— 20
e
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WARE TS S T RE SRS AT, KW
W memS FEARTY B A e HAMEH 28 5 K B /e
FALHA TRt — L5
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