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Analysis of Ovary Histological Morphology and Differentially Expressed Genes in
Domestic Rabbit based on Synchronized Estrus Treatment

CHEN Zhuo, NIU Xiaoyan, LIU Chunxiao, WU Sujun, YAN Yibo,ZHAN Haijie
(College of Animal Sciences, Shanxi Agricultural University , Taiyuan 030032, China)

Abstract: To investigate the histological morphology changes, differential gene expression and functional gene
enrichment in the ovaries of rabbits in response to pregnant mare serum gonadotropin(PMSG), in this study, nine female
Japanese white rabbits aged 4-5 months were randomly and evenly divided into three groups(CK, T1, and T2). 50 ITU PMSG
was injected to the test groups at 10:00 am at the first experimental day , and the CK group was injected with an equal amount
of saline. The CK and T1 group were slaughtered 24 hours after injection, and the T2 group was slaughtered 72 hours after
injection. Both sides of ovaries were removed after dissection. The left ovary was fixed in 4% of paraformaldehyde solution for
sectioning and HE staining, and the right ovary was frozen for transcriptome sequencing. The results showed that after PMSG
treatment, the ovarian weight and ovarian index showed an increasing trend, but there was no significant difference among the

groups. There was no significant difference in the number of primary follicles and secondary follicles among the groups, and the
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number of mature follicles in the T2 group was significantly higher than that in the CK group and the T1 group. The total
number of reads obtained by transcriptome sequencing was 45,530,086 on average, the number of clean reads was 42,402,397
on average, the Q20 was 97.68% , the Q30 was 93.55%. The sequencing quality met the requirements of subsequent analysis.
The results of differential gene analysis showed that a total of 536 differentially expressed genes were identified in the CK group
compared to T1 group, 668 differentially expressed genes were identified in the CK group compared to T2 group, 407
differentially expressed genes were identified in the T1 group compared to T2 group. Among them, there were 13 common
differentially expressed genes appeared in the three groups, involving genes closely related to reproduction, such as the genes of
CA1l, FAT2 and RUNX2. KEGG pathway analysis enriched a series of pathways related to reproduction, including steroid
hormone synthesis, MAPK signaling pathway, oxytocin signaling pathway, folate biosynthesis and other processes.

Synchronized estrus of rabbit was successfully induced by PMSG 1n this study, and 13 common differentially expressed genes

were identified in 3 groups , which were closely related with a series of reproduction gene and pathways.
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Tab.1 Primers of differentially expressed genes for validation
AN IE 1 51 9 (5—3") JZ 1 51 #5 (5'—3") iR R /°C PR/ /bp
Gene Forward primer(5'-3") Reverse primer(5'-3") Annealing Temp.  Product length
CAI1l CACGCAGGTGGCAGGT AGGAAGTAGGCGTCGTTCTTG 57 96
FABP4 TGAAGTCACCGCAGATGACAG TTTCATGATGCATTCCACCACC 57 148
INHBB TTGCCGAGGCAGATGGC CTTCTCCAACACGTAGGGCA 57 136
INHBA TGTGACGGCAAGGTCAACAT GTTCTGGCCATCGTCGTAGT 57 121
NSDHL CACCCCCACCATCCAGTAAC TCACTGCCCTCAAAGACGAC 57 106
RUNX2 CGGTGCAAACTTTCTCCAGC GCAGCCTTAAATGACTCTGTTGG 57 148
GADPH GAGCACCAGAGGAGGACGA TGGGATGGAAACTGTGAAGAG 57 150
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Fig.1 Change of ovary morphology before and after PMSG treatment
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Tab.2 Ovary physical morphology indexes before and after PMSG treatments(mean=®SD)

B S it /g T 5P /A 1 5 A/l /mm? o
415 J& S AT /g Ovarian weight Hypertrophied follicle number Ovarian size IR ALEE L %6
Group  Slaughter weight - - - Ovarian index
£ Lelt # Right £ Lelt # Right £ Lelt # Right

CK 2675.03£106.07a 0.15%£0.04a 0.18£0.0la  0.00£0.00Aa 0.50%=0.71a 46.07E£2.82a 77.53+£3.53a 0.01240.001a
T1 2723.324+60.28a 0.33%£0.19a 0.35£0.19a 14.00£4.35Bb 14.30%=6.02b 124.76£73.67a 137.03437.02a 0.023£0.015a
T2 2610.03=80.00a 0.42£0.26a 0.49£0.25a 12.04=£7.21Bb 13.71+4.93b 123.61£58.14a 147.02447.58a 0.031=£0.005a

T [F AV EURE 5 A [ /NG - 38R Ak 21 R] 22 57 1855 (P<<0.05) s AN R K5 7 1 478 b L) 22 54 3% (P<<0.01) . K 3[A,
Note: The different lowercase letters after the same column of data indicated significant differences among the treatments(P<<0.05); The

different capital letters indicated extremely significant differences among the treatments(P<Z0.01). The same as Tab.3.
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C. Cortex; M. Medulla; TA. Tunica albuginea; F. Follicle; CL.. Corpus lutenum; PmF. Primitive follicle; PrF. Primary follicle; SF. Sec-
ondary follicle; GF. Mature follicle; FA. Follicular antrum; O. Oocyte; CO. Cumulus oophorus; TI. Theca interna; TE. Theca externa;

7G. Zona granulose; ZP. Zona pellucida
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Fig.2 Histological morphology of ovaries and follicles of all levels before and after PMSG treatment
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TR G B 6 0 R 2 B Y6 AR E ) 9% B I B X Y
ZTF2HREA, AERARE REMBWEE
T2H B Z A& L) 25 5 3, s 20 Oyt 0 ot
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Tab.3 Comparison of follicle numbers of all levels in different groups before

and after PMSG treatment(mean=®SD) A~
BRIk 6 Y TNEE S S B 3 R R LB RIOR 6 UL AT R
20 5 . 4159 .
R No. primary fol-  No. secondary fol-  No. mature fol- . No. primary fol-  No. secondary fol-  No. mature fol-
Group . . . Group . . .
licle licle licle licle licle licle
CK 51.02+£29.70a 5.53+2.12a 1.01x=1.41a T2 34.31+£10.50a 10.3344.93a 6.342=2.08b
Tl 42.73+31.67a 5.761+3.51a 2.30%1.52a

2.3 RNA-Seq#E iz

XF 9 A KRR HLEL i (raw data) 19 reads %% 23
M BEAT GE Tt I %Al 42 Sk KB B Y reads #E 4T 2
E A X FE AR A B GC & /3 (GCY) #7484,

ZER AN FE 4PN F ) reads O 45 530 086 2%
3 clean reads ¥ 42 402 397 &5, F 3 Q20 K
97.68% ,F#1 Q304 93.55% ,clean reads /i & reads
A 2 H R 93.1200 P GC &4 52.78 % ¢

x4 THHEZITRRESESR

Tab.4 Statistics of raw data and quality control results

GBHS I3 K reads $/ %% Q20/% Q30/% 1 JB 5 reads 25 %L J‘i?IEE‘&TH:/%_ GCEH/%

1D Group  Total reads number Clean reads number Clean reads proportion ~ GC content
1.2056 CK 43 485 386 97.90 94.37 40 642 790 93.46 53.09
1.2065 CK 48 514 426 97.38 93.30 44 974 763 92.70 51.87
1.2078 CK 43 825 482 97.80 93.32 40 461 378 92.32 53.26
L2053 T1 39405 954 97.60 93.84 36 698 311 93.13 52.88
L2075 T1 38 387 486 97.86 93.26 35721462 93.05 52.90
1.2090 T1 46 114 312 97.46 93.04 42913 635 93.06 53.50
1.2030 T2 49 316 792 97.75 93.74 46 053 097 93.38 53.19
1.2035 T2 46 207 058 97.68 93.52 43177 360 93.46 52.18
1.2087 T2 54 513 874 97.70 93.54 50978 777 93.52 52.13
FHME Average 45530 086 97.68 93.55 42402 397 93.12 52.78

24 BSEERALLIT S

52 U8 J5 1Y clean reads 5 K RS 7% B N 41
17 He X, 31883 mapped reads 7E15 i 2 % FE N 4 A
[] X35 (A0 7 L P 7 A TR DO (8 H &5
W5 P, Hoxd 2040 B X 3k R 4% B S Bl R

7.21%~9.95% , Lo 2 N & F X SR R 4% H A
 8.82%~13.33% , L X 2 KL A ] X9 3 X 4% H
TEIE R 77.99 % ~84.26 % , Ui B 5 3 R 4 H AL
AR R AT R

00
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Tab.5 Alignment results of clean reads and domestic rabbit genome sequence %%

RES il He Xt reads &% b X ) N B F XY read s B HUX B AM - DX read s B bW I 5 IR [] XA reads £K

1D Group  Mapped reads number Mapped to intron Mapped to exon Mapped to intergene
1.2056 CK 40 642 790 4901 520(12.06 % ) 3861 065(9.95% ) 31697 311(77.99%)
L2065 CK 44 974 763 5455 438(12.13%) 3683 433(8.19%) 35835 891(79.68%)
L2078 CK 40 461 378 3661 754(9.05%) 2917 265(7.21%) 33 882 357(83.74%)
1.2053 Tl 36 698 311 4121 220(11.23%) 2737 694(7.46%) 29 839 396(81.31%)
1.2075 T1 35721 462 4218 705(11.81%) 2932 732(8.21%) 28 570 025(79.98%)
1.2090 Tl 42 913 635 3518 918(8.82%) 2969 624(6.92%) 36 159 029(84.26 %)
1.2030 T2 46 053 097 4536 230(9.85%) 3343 455(7.26 %) 38173 412(82.89%)
1.2035 T2 43177 360 5755 542(13.33%) 3652 804(8.46%) 33769 013(78.21%)
1.2087 T2 50 978 777 5434 338(10.66% ) 4175 162(8.19%) 41369 277(81.15%)

TE 355 5 e AR T S AS [R] 56 R 21 IX I reads 5 8 reads 24 HE A1

Note: The number in parentheses represented the proportions of reads that mapped to different genome regions.
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Fig.3 Volcano plot and Venn plot of differentially expressed genes of ovaries in each group

before and after PMSG treatment
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TIZHA X T T2 43 A E KW 1624, 3 M HILAH
B 134,045 CBLN3 . FAT2 .CDHI15.CA8 %
B F£6FH T CKAX T T141F CK A X} F
T2HFEE SR B ENI0NHER,
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Tab.6 Top 10 differentially expressed genes in CK vs T1 group and CK vs T2 group

CKHIXT Tl CKusTl CKAX T T2 CKwvs T2

i Fe ik 2 AT : e Feik 2 S A ]

Gene Jrin P J5 1] Gene Ik 22 A P S|
logz‘ fold change‘ Direction log2| fold change‘ Direction

F5 5.797 1.7x10* 1A FABP4 6.639 5.0%10°* 1A
LOCI100343607 5.647 1.9X10°° ! GPRSS 6.063 1.9x10° 19
PDILT 3.693 1.9x10° I3 SNCG 5.779 6.7X107° 134
ABCA4 3.191 3.7X10° | KCNH3 5.495 2.8X10° i
SLCI3A4 3.099 2.1X10? i SMIM43 5.125 2.8%107 i
CBLN3 -7.613 4.2x10M T CBLN3 -7.099 2.2X107% B!
FAT?2 -6.345 7.4X10° T FAT?2 -6.613 2.1x10° T
CDH15 -4.902 3.9x10° T CBLN1 -6.015 1.5X10° T
CAS8 -4.713 3.5%x10° | CDH15 -5.121 1.2x10° T
GRID2IP -3.747 1.3%X10° T CAS8 -4.532 9.8X107°? T
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X CKAIXF T14H .CKAAXF T24HM T14H
AHXEF T2 453 M #EAT GO & £ 00, K 4-A~C N
322 S 2k FE A 23 ) o 4 B AR g 72 (Biological
process, BP) . 40 i 4 43 (Cellular component, CC)
143 F P 88 (Molecular function, MF) #% i 2 A9 7
1044 H . CKAM T T1413 8 % & 45 3684
GO 2% H (P<<0.05) , M 2.3 & 4 3 811 GO & H
(P<<0.01) o Hov, % % S DA f 4 75 20 M0 ot 4 73
(Obsolete cytoplasmic part, 30 4~) (4L 7 P (Cata-
lytic activity, 16 4~ ) F1 4fi ffd 57 #& 2 (Cytoplasmic
vesicle, 124>) FF i fE 5% H i (81 4-A) . CKAAX T
T2 4k B & H£ 5 6001 GO 4 H (P<0.05) , )
BFEFEES 1214 GO &K H (P<0.01) . g
ZF A EEA ATP 454 (ATP binding, 79) .40
Jitd 5t ( Cytoplasm , 112 /4> ) 4 £k 1 14 ( Catalytic ac-
tivity, 234 ) SF D) RE 4 H A (K 4-B) . T1 4 AH XS
F T2 413k 2 & £ 5 508 4~ GO %4 H (P<<0.05) ,
W 35w E B 654 GO & H (P<<0.01) , b %

Z 5N & T4 B F 45 A (Metal ion binding,
49 4~) .GTP [ B36 7 3% P (G TPase activator ac-
tivity, 12 4> ) Fi i 4k 36 P (Catalytic activity, 20 4>)
FURe & H T (E4-0),

KEGG 43 B 45 2R R, CKAR XS T T1 4 4k i
F AR AE 35 44 fF Sl i P (P<<0.05) R B
£ 15 % {5 5 i % v (P<<0.01) ; CK A X F T2 41
W TR T3 AR S b (P<<0.05) , 1) 2 3%
B AEAE 42 (5 50 % (P<<0.01) s TLALMI X T
T2 23t 35 W R AF 18 A {5 7l % f (P<<0.05) ,
e fib 2 W B AE 7 kAR S aE g (P<<0.01)

FTIEIME SRR EE D FNAT 10 4
B CNRTATDED, ZER AR EE £HEE
1. 41 B & ( Hematopoietic cell lineage ) | 2 [# M
H W) A B (Steroid biosynthesis)  MAPK 15 5 i
# (MAPK signaling pathway) i /= & 5 5 8
(Oxytocin signaling pathway) | i fig & i (Folate
biosynthesis) % 5 538 i, L1 5 29 1201 2 55
TR EH
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Fig.4 GO enrichment analysis of differentially expressed genes of ovaries in each group before and after PMSG treatment
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Tab.7 KEGG enrichment analysis of differentially expressed genes of ovaries in each

group before and after PMSG treatment

38 5 1D

Pathway 1D

W 44 i
Pathway

WAL T
Z5EHEA
Enriched DEG

number

Py

P value

AR 25 5 K 44 R
DEG name

IR 1%
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naling pathway
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MAPK signaling
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Oxytocin signaling
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