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1.4 SRR MR B ARG
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PRI ME A% KB A% AR IR B 2 0 B T ACD Pt & 71

(0.48 gFTIIR+1.32 ghT ERIRIN+1.47 R &1 HE+100 mL
H,0) H BY 1 i 26 B A0 i 2, B4R i & S5 DAPI
L (Sangon Biotech)1: 17R A & &t Y 44 (41 5min, £
i 22020 pLJé e ad 98 4% 3 9 5 2R AT IR X 40 A
(CyFlow" Ploidy Analyser, Sysmex Partec)faill .
15 WWHEFERE

RIS IRTE A i BE 5 B TR SRR S M AR C I
ZLER I, AT AT DR 7 2140 B 53 A A5 0l o BRI
20 mg ARk A f% (Sigma) i T 14 mLIG /K ZBEH,
4°CHOGAHE, PVE LLIAE S RIC A 4 € AR (0.6 mg/
mLAFBLTE A % 0.01 mol/LESEREN. 0.65%id % 1k
HMA0% LT ) o 5F 26 I8 1R 4 10 VR I 1 AT 3BT e
15min, 285 A A4 208 U8 (Nikon C-DSS230)
KRS TR 2 48 (Nikon DXM1200)M 52, 1M
1.6 €H8EMSMELEHEXEFEIFRScDNA
RS

i F S RN A7 £(SV Total RNA Isola-
tion System, Promega)$i& HU 14447 #1114 #1185
RNA o A FH 3505 0 o Jz o vk A0 2 O ' B2 1
RNAZZEEME AT . LL500 ng S RNA AR, i
PrimeScript™ RT reagent Kit with gDNA Eraser
(TaKaRa) & licDNASE — %4k . M4 B 5 £ L [A]
scl(AF045432). gata-I(DRU18311). flk-I(AF180354).
N-cadherin(NM_131081) 14wt X {1 57 1> 1| Fl 4 1,
gsc(XM_026285620)4u 5 [X F& 51| ¥ it 51 #1(# 1), LA
Wi s R cDN A B #EATPCRY 1, % H )
B 4iqb 5, FH pEGM-T#H4 (Promega) AT
. 5 B AR H 5E o T AR W P 45 R 2 NC BT i
(https://www.ncbi.nlm.nih.gov) # BlastZh 5 7 171 &,
AN N & fiscl. gata-1+ flk-1. N-cadherinfll
gsc K7 cDNAJF I . fif3 & sl gata-1.
Slk-1F1N-cadherinff13 53 cDNAJF #1| £ 58 2 NCBI

x1 ARy ENEEER
Tab. 1 Goldfish genes amplified in this study

GenBank& 3¢5
GenBank
accession No.

CTCAATGGTGTTGCCAAGGAA KU612220*

A

GCAGCTGGAGTTGGGGCTTA

gata-1 GGTGTCCCCCGGTCTGCTCAG KT853026*
AATAAAGGCCGCAGGCGTTGC

kdrli/fli-1  GGAGCATTTGGAAAAGTTGTA KU573968*
GA
CGCCATCCACTTTAAGGGAA

N-cadherin TTTGTGGACTGTGGCAGAGGT FJ804168*
GTTCATCTTTGTCGGTCACG

gsc ATGCCAGCTGGGATGTTTA

TCACTTTTGCCCTCCTCGG

e * RN B IR AL R 7 A
Note: *indicates the gene sequence submitted in this study

H K Gene 5|41 ¥|Primer sequence (5'—3")

scl/ tall

XM_026285620
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A L RIS B R U RNATREE . EARIMR
N, AR 9S% AN AL . SR . 144K .
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FH % (Sangon Biotech)[&] %€ i &7, F T8 Ak J5i 47 4252
I3HT, BRI IS IR SCHR[23]

2 R

21 £BHEBRLAEREKERENTEREENTE
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<5z 0 1 2204 SR (N BERS 1 BG JE AT RASR
15 v Lo Bl R MR R A AR IR AR (K1 b—e), FE 1A

d \ % e &
i)

M4 Cell count

T 5 € , i QG B SOk ) e 0 — 2D i g T LAk A
(B 10, AR RMEWEKI, 25% OVCHI 4 f
E A8 AR IR RG TF 44 S IO Bk, SR 5 0 AT W, i
WAEIE; 65% OVCHA {5 AR MG OBk 71, BP 3%
FE XU 1) 42 3= # ik (Common cardinal vein, CCV)H?
ST I G0 1) O 1= 1 R N 1 B2 N L
(B 1a). MEAZ K G B35 A4 VR G O 36 T 46 10 B )
FHR T E 28 5 PR IR it 6 29 4—6h, {HAS 5] ) F
A U I LA 24 HH B0 B IsF 1) 2 e AN —, 2 R K,
B B A R A B A B T R B R O Y
. 7£65% OVCHH, BAH R TER RAHE 2
LA [ R B 1 8 i B, FRATT T 4 40 A %52 21 11 1
TG IR 3R 0 B R R G KB 328 AR,
MR AEIARFEA IE %, DI REKE BRI, OBk
2(E 1b); BEMAG, MEIEHA R, IR &5 A i
WA, AR T — A CCV ] I8 2
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izoo I S 600 | R
900 | Diploid w00l Haploid
600 |
300 | 200 +
. T
25 50 75 100 25 50 75 100
DNA #H*} & 5

Relative DNA content

S
< 100
é g
E 8
=5 a
ng O
4o =
.S 40
- b
S 2 ¢ be
; otmlIL
& A B C#r:Death
LRI e
Haploid embryo category
K1
Fig. 1

MR BERIEIE AT RGR 8 S
Circulatory developmental defects of goldfish gynogenetic haploid embryos

a. 65% OVCH B &2 A5 TG ARG b—e. 65% OVCHIMER K F ARG IR, . 25% OVCIH & IR IEDNAMIXT £ Bl 5 v [
g. 65% OVCHI A ARG R B AT LB ST AD MR PR IE 3 MG EL91; BIY AR R AN RE NG Bt COMTE LA R IE AR EL 451
Pl b7 ()N S BREAS [ R A AE 25 P 22 57:(P<0.05); h. 60% OVCHIRRILTH 77 e e (0 19 32 A5 AR R R; i—1. 60% OVCHASRIKIH &
gL iR R B SRR AR . B MR R LA AL E, . KNE IR, HBIR: 500 pm

a. 65% OVC stage of inbred diploid living embryo; b—e. 65% OVC stage of gynogenetic haploid living embryo; f. Peak diagram of relative

DNA content in goldfish embryo; g. Proportion statistics of different phenotypes of haploid embryos at 65% OVC stage. A is the proportion

of embryos with normal circulation; B is the proportion of embryos with poor circulation; C is the proportion of embryos without circulation.

Columns marked with different lower-case letters are significantly different (P<0.05); h. O-dianisidine staining of inbred diploid embryo in

60% OVC stage; i—l. O-dianisidine staining of gynogenetic haploid embryo in 60% OVC stage. The arrows indicate the main distribution of

red blood cells; J and k are the same embryo. Scale bar: 500 um
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A 1d); CIEM AR, Jo B B nT WL ) M8 34, o0 i
EER L S MW EIN TR i) L Y N R4
I P HERL (] 1e)o A B fG P o LA BE 2
T ARFCHEE 1g). X4 MG M & [ kT
SRR TE A e e tr, 45 R I60% OVCH & 1 5
T AEARIE G 4 B 25 A 2 B G e X 38K Th
ik ), ARG BRI . KT K R i
(Posterior blood island, PBI); ##% & & A5 1R ASE
VR G A G e 4 L 5 R B B A A AR R 2R AL, R
Jem AL, s RS (B i 2k FraR); BRIE
I P % € IX ek 3= A7 T O B B 1 S — 0 J¢ PBI (] 1
T 1k F 2k B ); CHMR NG ) G4 6 X AL A Tk
PR (B 1R FTR) . X s 45 Ut i 4 fa
WMERZ R B A8 A R i v EL A AN TR B B4 I Y70 346
AN RS R 21 40 B A ESCER FE
22 SBERAEREREREERRELRE

81 28 VR 6 5 U9 I Y0 A D i 40 i T O T
G 7 A A e . BT S R R )
RNARER G AL AL HORKE I [ JRIG LT RAMIK B
K FE K scl Flgata- 1154 H A8 A5 ARFIMERZ &
HHRAEEAF RIS, SGRER, FIEFHBERZ
FEARIEIG , sclk RIFE AT B 5 A BRI FF 46 4 S
Fe3k T AR #F IR J2 (Anterior lateral-plate meso-
derm, ALM)F1 5 | ¥ J£ JZ (Posterior lateral-plate
mesoderm, PLM)H1 (B4 ok i), B G & & 1Y
HEAT, sclif)ZIE W Sk AR w4 e, 72 14487531, 7T
DL %2 21 AR5 AN R iE sc I PLMZH il & 28 FF 46 1)
R AA AT # (K] 2a i Sk Tan); 20481530 2225%
OV, PLMIZ¥ £ 2 I8 O X - X 5 fi 5 T B
ICM (K 2i#i Sk F ] 2m B 5 FioR). TEMiZR & #
eI AG R, scl2ik DR AE A1 T i B T 46 3218
(E AR AR R, HH LR N K
S 2R R 1455, RiksclFIPLMA
) S A A 2R 32 A 32 B (] 2b—d), JF HPLM X 5§
scl{P IR VR fa 77 17 46 52 (B 26—h30 i Sk PR,
78%, n=>50); LE204K 7T, B AR IR G TS H sk
LRSS, HORFE IR ALK 27—, 62%, n=50),
A A PR AN )5 172 325 58 B2 A BT AS [A] (] 2k A
21); 7£25% OVCH, F A ARG IR+ X I scl3RiE
BE— B 55, ICM&E /I BH, 2 7R ECIR (B 2n—p,
72%, n=50).

B SR AT A A KM gata- 17 R R IE 145 R T
N, (EIEH B2 A5 R IG T+, gata- 1R NSRS
AT U6 e M 2 T I AR 7 I AT PLMI X 35k 7y (i
K EIR); 14K F)25% OVCH, W54 458Uk gata-
TR B R IEAE 5 AT SEE (] 3a), R —F

) A i 2R IR RV R Rl G (K 31T kTR, S B
W—%055, €A FICMX A (KB 3mE S FiR).
TEMERZ R B ARG T, gata- 1TT0R FIE IS [A]
5832 AR B BEE G R B BT, R
R I 2R . 140K, AR R
gata- 1 ZRIE AT 5 il 77 1m0 46 F (B 3F—hJi & Sk r
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IS HATIER AL T AR B, R BE 1T 2 AR TS 56
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— e AR A iR R AR R R — A B B i gata-13R3K
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WEAZ R B BAE RS B 2 R AR IR AR P i Rk 8 X
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iR G 3¢ 0L 440 R 21 400 i 5 k2
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SHoF ol 1 75 £4H i R 0L 2 PN R 400 P P B S B 1 S A ATk
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BIEO. BRI AR 25 IR, 25% OVCHAR H
A ARG Al THE AN L8 R R A RIB, 18
BRI S5 EEK. ST LA . ) i A A
FFBIMAE T35 AT WARIAE 5 (K 4afE 4D), HIRLG
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W oe #, b HE TR R A [ e (B 4 i Sk FTR); T
IF] B 4T P B35 A IR I P k- 14F 3% T Ak 32 55 ek 59
(&l 4b—e, 72.5%, n=40), 1§ E BNk 5 EH kS
AL BRI, A I S R i 2 1 EHES
(K anfi B 41), 3 HECERCD, 787 5 — 0 6ok
(B 4o) s AE IR T 15 8 78 A ik 2k (] 4d A 4e). X
dozk BRI 4 MR B BRI S B A AR
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MRl BEBHREEREEI, 5%
TARAR IR AR L, A AR IR iR AL I2 B 2 BH,
15 R 2 W SE IR 30min & 1h(67.5%, n=40); 3 H.H#.
5 VA W 1 10 817 IS A4l (] Sb—d b 87 Sk R0 = 1
From 6 BB B 4050 . SR A7 A58 R B, 5 H &
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TAERE AR AE B, 95%4M L, B R AT AR bR 18 AL (K] (K& 5f—h, 77.5%, n=40), ¥ B H B FH G [FE5;
gscTE FLAE PR B i vh () 3R 0 X 35k 8 in S 0T AE 0 A 2RI, #0 WK T 3 R N-cadherinfE B A5 4K IR

—f%{k Diploid B A Haploid

14¢A7H]
14-somite stage

200544
20-somite stage

25% OVCHj]
25% OVC stage

K2 &b H S MR E B AG R Tsclif 22 7308

Fig. 2 Differential expression of sc/ in gynogenetic haploid and inbred diploid goldfish embryos

aflle. 1447 HI B A2 AR, b—dfIf—h. 14475 IR K & SRR IRRG . &7 ka1 T 2 78 BIPLMAN A 587 k48 msc i iR
B J5 7 17 (R 2B V0 [ 1. 20445 3 B S8 AR AR j—1. 204K T AL R B AR AR AR m. 25% OVCHI B &2 AR IENS; n—p.
25% OVCHAMER K B SRS . & k488 IETERR& FIPLM; £S48 /RICM; e—h AL, ¥ F84; KRR AT TN, K
1 k. R 500 pm

a and e. 14-somite stage of inbred diploid embryo; b—d and f—h. 14-somite stage of gynogenetic haploid embryo. The arrow indicates PLM
cells migrating to the midline; the arrowheads indicate the expression range of sc/ along embryo anterior-posterior axis; i. 20-somite stage of
inbred diploid embryo; j—I1. 20-somite stage of gynogenetic haploid embryo; m. 25% OVC stage of inbred diploid embryo; n—p. 25% OVC
stage of gynogenetic haploid embryo. The arrow indicates the fusing portion of PLM; the asterisk indicates the ICM; e—h are lateral view
with back to right; all other embryos are dorsal view with head to upward. Scale bar: 500 pm
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Ji H 2k [X 3k B Y 9 (B Si—13 XL Sk 48 X g BLARAIE B M A% K B A A W B AE AR R
N, 717.8%, n=36), Ui B IEJIG 15 & K G IEH LK BB .
%1%k Diploid %A Haploid

14T
14-somite stage

~

R e

200474
20-somite stage

b

Emaliics i o

25% OVCHj]
25% OVC stage

K3 @R AR SRR E BRI gara- 1) 2 73RS
Fig. 3 Differential expression of gata-1 in gynogenetic haploid and inbred diploid goldfish embryos

aflle. 144875 1 B 238 (51 ERR; b—dRIf—h 144 T IR R & A ERIRRG . 085 k48 7R gata- 1T IR BRI 5 i 75 19] F) 2 35 1
i 200K HH B 22 AR AR AR, j—1. 20067 BARER R B S RIERR; m. 25% OVCHA B 22 A5 IEAR; n—p. 25% OVCHAMER K & A i
W #i kB IEFERE G BIPLM; 25 HRICM; e—ho AT, &G HARMAGH A E TN, S35 B, HER: 500 pm

a and e. 14-somite stage of inbred diploid embryo; b—d and f—h. 14-somite stage of gynogenetic haploid embryo. The arrowheads indicate
the expression range of gata-1 along embryo anterior-posterior axis; i. 20-somite stage of inbred diploid embryo; j—I. 20-somite stage of
gynogenetic haploid embryo; m. 25% OVC stage of inbred diploid embryo; n—p. 25% OVC stage of gynogenetic haploid embryo. The
arrow indicates the fusing portion of PLM; the asterisk indicates the ICM; e—h are lateral view with back to right; all other embryos are
dorsal view with head to upward. Scale bar: 500 um
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Fig. 4 Differential expression of fIk-1 in gynogenetic haploid and inbred diploid goldfish embryos
a. flg. 25% OVCHI A& 5 AfR; b—e. hAlli. 25% OVCHAMEIZ R & ARG . a—e AT TR, ke I, £ AT, EAR
A g AN ORI FERG K A0 R AR ON T 0, BB /S M Bon s E3hik, B 6N BIRJE Bk, & kxR . e R 500 pm
a, fand g. 25% OVC stage of inbred diploid embryo; b—e, h and i. 25% OVC stage of gynogenetic haploid embryo. a—e are dorsal view
with head to upward; f—i are lateral view with tail to right; g and I are enlarged lateral view of the embryonic trunk and tail; the black
hexagonal star indicates the dorsal aorta; the white hexagonal arrow indicates the posterior cardinal vein; the arrowhead indicates the

intersegmental vessel. Scale bar: 500 pm
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Fig. 5 Comparison of convergence and extension movement between gynogenetic haploid and inbred diploid goldfish embryos

a. R M B AHRIERIER; b—d. B MM B SRR . a—dAMERRIITI, 1530804, &7 kR m A 2 e, =AA
TEAR R W IEE B G0 . HBIR: 100 pmy; e. JRAL 2SR 95% S I B 52 A5 IR RS P gsc IR L £—h. JRAL A SEAT 95% 41 (0,
%R B BASARIERG T gscHIZ I 1. JRAL A8 S 2445 1 B 58 AR IR AR T N-cadherin B35 j—1. JRAL A ATk 2441 IMERZ R B
HAEAIEAR P N-cadherin(f ik . e—h ARG, B 53845 i—UDAIRRG TS T, Sk&FEA b 1 G L8R KI5 LG [
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a. Bud stage of inbred diploid living embryo; b—d. Bud stage of gynogenetic haploid living embryo; a—d are lateral view with back to right;
the arrow indicates the front end of the endoderm, and the triangle indicates the last end of the endoderm. Scale bar: 100 um; e. Detection of
gsc expression in 95%-epiboly stage inbred diploid embryos by whole-mount in situ hybridization; f—h. Detection of gsc expression in
95%-epiboly stage gynogenetic haploid embryos by whole-mount in situ hybridization; i. Detection of N-cadherin expression in 2-somite
stage inbred diploid embryos by whole-mount in situ hybridization; j—I. Detection of N-cadherin expression in 2-somite stage gynogenetic
haploid embryos by whole embryo in situ hybridization. e—h are lateral view with back to right; i—1 are dorsal view with head to upward;
the white double arrow indicates the distance between the edges of the expression signal. Scale bar: 500 pm
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PRELIMINARY STUDIES ON THE MECHANISM OF BLOOD CIRCULATION
DISTEMPEREDNESS IN GYNOGENETIC HAPLOID EMBRYOS
OF GOLDFISH, CARASSIUS AURATUS

ZHANG Qiong-Yu', TANG Jia-Hui’, PENG Juan', TANG Peng-Cheng' and SUN Yuan-Dong’

(1. Department of Basic Medical Science, Yongzhou Vocational Technical College, Yongzhou 425100, China; 2. Affiliated Hospital,
Hunan Academy of Traditional Chinese Medicine, Changsha 410006, China; 3. College of Life Science,
Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract: Haploidy refers to the presence of only one set of chromosomes in a cell. In vertebrates, haploid cells can be
cultivated in vitro and proliferate continuously, but artificially induced fish and amphibian haploid embryos show le-
thal “haploid syndrome”, and its mechanisms remain incompletely understood. The developmental defect of the circula-
tory system is the common morphological features in haploid fish embryos. Gynogenetic haploid embryos were pro-
duced when eggs were fertilized by UV-irradiated sperm of common carp. Live analysis of embryonic development
showed that the blood circulation of goldfish gynogenetic haploid embryos had different phenotypes at the 65% otic
vesicle closure (OVC) stage. We sort embryos into three categories: A embryos have normal blood circulation; B em-
bryos have poor blood circulation; and C embryos have no blood circulation. The proportion of B embryos was signifi-
cantly higher than that of the other two categories. The results of o-dianisidine staining showed that all goldfish gyno-
genetic haploid embryos contained hemoglobin, but the staining area and intensity of hemoglobin were lower than those
of diploid embryos in the same period. These results suggested that goldfish gynogenetic haploid embryos had diffe-
rent degrees of blood circulation distemperedness and erythropoiesis defects. In order to further study the molecular
mechanism of developmental defects in circulatory system of goldfish gynogenetic haploid embryos, the expression
patterns of sc/ (stem cell leukemia), gata-1 (gata binding protein-1) and fIk-1 (fetal liver kinase-1) during goldfish em-
bryogenesis were compared in gynogenetic haploid and inbred diploid embryos by antisense RNA whole-mount in situ
hybridization. Like inbred diploid embryos, the expression of sc/ and gata-1, the key regulatory genes required for
primitive hematopoiesis, could be detected in the posterior lateral-plate mesoderm (PLM) of gynogenetic haploid em-
bryos during segmentation stages. However, at the 14-somite stage, sc/ and gata-1 expression in PLM shortened along
the anterior-posterior axis of haploid embryos. From the 20-somite stage to the 25% OVC stage, sc/ and gata-1 expres-
sion in haploid embryos was reduced in the trunk domain and absent from the midline, which indicated that sc/ and
gata-1 expressing PLM cells failed to migrate towards the midline and the formation of ICM was interfered. At 25%
OVC stage, the expression pattern of vascular endothelial marker gene fIk-1 was also different between gynogenetic
haploid and inbred diploid embryos. In haploid embryos. expression of flk-/ was reduced in the trunk domain, the
dorsal aorta and the posterior cardinal vein were structurally disordered and indistinguishable, the intersegmental ves-
sels were arranged vertically with the primitive axis vessels and decreased in number, which could be lost on one side
of the trunk domain or completely in the trunk domain. These results suggested that severe developmental defects of
ICM and primitive trunk axial vessels caused by PLM abnormal migration to the midline, the decrease of erythrocyte
differentiation and peripheral vascular dysplasia may be important reasons for poor blood circulation in goldfish gyno-
genetic haploid embryos. In addition, live analysis of embryonic development showed that haploid embryos had a range
of gastrulation defects. Compared with diploid embryos, initiation and progression of epiboly were delayed in goldfish
gynogenetic haploid embryos, which reached bud stage with a 30min-1h delay and had a comparatively shorter body
axis. RNA in situ analysis showed that there were severe defects of convergence and extension movement in goldfish
gynogenetic haploid embryos. Compared with diploid embryos, the expression region of prechordal plate marker gene
gsc (Goosecoid) in haploid embryos was closer to the plant pole at 95%-epiboly stage, and the expression domains of
N-cadherin (Neural cadherin) representing the neural plate and mesoderm on the dorsal of the haploid embryos was sig-
nificantly wider at the 2-somite stage. These results showed that there were severe cell movement defects in gastrula-
tion of goldfish gynogenetic haploid embryos. Combined with the aberrant migration of PLM cells to the midline dur-
ing segmentation stages, we speculated that extensive abnormal cell movement and migration during embryogenesis
may be an important reason for developmental malformations in goldfish gynogenesis haploid embryos.

Key words: Gynogenesis; Haploid syndrome; Blood circulation distemperedness; scl; gata-1; flk-1; Cell migration;
Goldfish



