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Seasonal Changes of the Epididymal Tissue Structure and Gene Expression

Profile in Angora Rabbits
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Abstract: This study aimed to explore the differences in epididymal histological characteristics and
gene expression profiles of Angora rabbits in spring, summer and autumn. Twelve 1-year-old male
Angora rabbits with healthy body conditions and normal reproductive functions were chosen.
Epididymal tissues of 4 Angora rabbits were collected in spring (no heat stress) , summer (intense

heat stress) and autumn (no heat stress) , respectively. The histological differences of the epididymis
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in different seasons were compared through HE staining, and the transcriptome profiles of the
epididymis tissues in different seasons were analyzed using RNA-Seq technology. Histological
analysis revealed that, compared with spring, heat stress in summer resulted in atrophy of the
epididymal duct, disorganized arrangement of epithelial cells, and absence of sperm. In contrast, the
epididymal morphology recovered in autumn, resembling that of spring, and exhibited an abundance of
sperm. Transcriptome analysis revealed that a total of 1 133 differentially expressed genes (DEGs)
were detected in the epididymal tissue between spring and summer, 910 DEGs were detected between
summer and autumn, while only 36 DEGs were detected between autumn and spring. Among them,
the expression trends of 535 DEGs were opposite in spring/summer and summer/autumn groups , and
their expression levels recovered in autumn and were similar to those in spring, which were consistent
with the histological results of the epididymis. GO enrichment analysis revealed that the DEGs in
epididymal tissue between spring and summer were mainly enriched in biological processes including
immune response, response to external stimulus, sperm motility, flagellated sperm motility, epithelial
cell apoptotic process, and programmed cell death, and cytokine-cytokine receptor interaction
pathway. DEGs in the epididymis tissue from summer and autumn were significantly enriched in
biological processes including immune response, response to external stimuli, positive regulation of
flagellated sperm motility , sperm motility, and negative regulation of cell death, as well as TNF, Thl
and Th2 cell differentiation, Th17 cell differentiation, and cytokine-cytokine receptor interaction
pathways. Analysis of gene expression trends indicated that the highly-expressed genes in summer,
including 449 differentially expressed genes with opposite expression trends between spring/summer
and summer/autumn, mainly enriched in immune responses, response to external stimulus, regulation
of programmed cell death and regulation of apoptotic process. The low-expression genes in summer
are mainly enriched in collagen fibril organization and amino acid transport. In conclusion, heat stress
during summer damaged epididymis tissue structure and changed expression profiles of genes related
to reproduction, immunity and apoptosis in Angora rabbits, which recovered to normal levels in
autumn. This study provided an important theoretical basis for a in-depth understanding of the
molecular mechanism of“summer infertility ”in rabbits.
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B S 20 20 v B2 A RN, 2 JECUE B 3 58 4 4 2P
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Table 1 Primers for quantitative real-time PCR

N Z 3L, Fl F Primer Premier 5. 03 45 R 514
(1) KRHELEZ N E G PCR(RT-qPCR) # 17
RO, S AR FR AR FRCE 20 pl, Hodr cDNA AR
2 ul., 2X Top Green EX-Taq Mix 10 pL, - . F i
514 0.5 pl,ddH,O 7 uL. " #4F2E5 . 94 CHiAL
£ 30 5594 ‘CAEPE 55,61 Cil k 35 s, 72 °C 4 fi#
20 s, A0 MG ER s M5 M2 R 95 °C 105,65 °C 60 s,
97 °C 1 s,

M 31991 (5>3) K /b
Gene Primer sequence Product length
CD74 CACCACCGCCTACTTCCTAT; TCATGGGCTTGGCAGACTTG 119
AQP1 CTTGCCATCGGCTTTTCTGT; GAAGGACCGAGCAGGGTTAA 84
BSG GGACCAGGTCATCCAGAACG; AGGTCCAGGTCCTTGATGTG 90
FLNA GCTGGCAAAGGCAAACTAGA; AGGTGTTGTCGTGATGGTCG 94
MMP7 CCAGGAAACACACTGGCTCA; CCGTCGGTCCAGTGTTCATC 89
RARRES?2 CAATGGGAGGAAGCGGAAAT; CCTTCGGATCTGTGTCTGGA 103
GAPDH GTGATGCTGGTGCCGAGTAC; GGTTCACGCCCATCACAAAC 147
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AB. HEEMEZALHERER;C.D. REMEZ2HALHE RAKEF. AAEHE4 2 HE R GK, ED. M 24 ;Sc. B4 E;

TCC. BEER 40

A, B. HE-stained epididymis from spring; C, D. HE-stained epididymis from summer; E, F. HE-stained epididymis from

autumn. ED, Sc and TCC are epididymal duct, stereocilium and tall columnar cells, respectively

1 AEZEHHEARANHERFE

Fig.1 Morphological characteristics of epididymis in different seasons
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Table 2 Quality evaluation of RNA sequencing data
A JRA6R 7 51 o 51 ) 41 ST/ Y ME— LbXF 32/ % Q30/ %
Sample Raw reads Clean reads Total mapped Unique mapped !
El 40 091 476 39875028 (99.46%) 35607 049 (89.70%) 33412403 (84.17%) 94.84
E2 40 276 538 39926 878 (99.13%) 35287 462 (88.77%) 33203 505 (83.53%) 93. 65
E3 39 811 790 39 585254 (99.43%) 35502 534 (89.94%) 33291877 (84.34%) 94.83
E4 36 443 336 36 168 900 (99.25%) 32181932 (89.35%) 30 164 704 (83.74%) 94.70
E5 39 770 124 39567 112 (99.49%) 35477 765 (90.02%) 33197 668 (84.23%) 95.03
E6 37 760 954 37574 226 (99.51%) 33561483 (89.70%) 31568 967 (84.37%) 94.67
E7 36 779 672 36530422 (99.32%) 33210860 (91.23%) 33210860 (91.23%) 94.61
E8 38 022 586 37 740 070 (99.26%) 33967 178 (90.47%) 31766 277 (84.61%) 94.57
E09 40 639 760 40 426 016 (99.47%) 37101 715 (92.04%) 35039 761 (86.92%) 94.90
E10 37 757 860 37583892 (99.54%) 34 050 627 (91.34%) 32201 641 (86.38%) 94.65
Ell 37472518 37 244 424 (99.39%) 32753724 (91.58%) 30 978 644 (86.62%) 94.91
E12 38494 454 38290 200 (99.47%) 34190 892 (91.59%) 32 385268 (86.76%) 94.77
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Fig.2 PCA of DEGs in epididymides from spring, summer, and autumn
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A. The number of DEGs of epididymides in different seasons; B. Cluster analysis of DEGs. The red color indicates increased
expression, and the green color indicates decreased expression; C. Venn diagram analysis of differentially expressed genes in
different comparison groups. E1-4 represent epididymides in spring, E5-8 represent epididymides in summer, and E09-12
represent epididymides in autumn. CE, XE, and QE represent the epididymidis tissues from spring, summer, and autumn,

respectively
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Fig. 3 Difference analyses of epididymis genes in spring, summer, and autumn
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A. GO enrichment analysis of DEGs in epididymal tissues from spring and summer; B. GO enrichment analysis of DEGs in
epididymal tissues from summer and autumn
B4 AEETHEAAERREZERGOEES

Fig. 4 GO enrichment analyses of DEGs in epididymal tissues in different seasons
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A. KEGG enrichment analysis of DEGs in epididymal tissues from spring and summer; B. GO enrichment analysis of DEGs in
epididymal tissues from summer and autumn; C. KEGG enrichment analysis of DEGs in epididymal tissues from autumn and
spring

5 TRAETHEHAERRIEEREKEGG EENH

Fig. 5 KEGG enrichment analyses of DEGs in epididymal tissues in different seasons
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Fig. 6 Genes expression pattern analyses in epididymal tissues during spring, summer, and autumn
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Table 3 Significantly enriched GO terms related to reproduction and heat stress

JL P4 5 Profile 5 FEH 4 2 Profile 2 FE[H 4 6 Profile 6
GO%H HEEHH GO%H HEEHH GOKH HEEH
GO term Gene GO term Gene GO term Gene
number number number

o 95 L 185 JBE SRR 4 20 Collagen fibril 6 i S 910 R 1 OF 16
Immune response organization ] 17

Positive regulation

of cell cycle process
i 152 Wi 5 240 A S 03 A A 22
Defense response Reverse transcription Cell cycle phase

transition
Xt A1 o A S 206 AR 7 A7 2253 240 1L A ) 27
Response to external stimulus Transposition Mitotic cell cycle
A 40 A T A 95 KA RNA 1 DNA A4 & it 8 24 D J 90 Sy R 4 28
Regulation of programmed cell £ RNA-dependent DNA Regulation of cell
death biosynthetic process cycle
P8 T AR AR 93 L 2 H R %12 L-amino acid 7 UK 53 % 240 it ) 3 13
Regulation of apoptotic process transport Meiotic cell cycle
HF e st 12 L5 =0 3 3 R B gE AL L-lysine 2 i I8 1k 22
Sperm motility import across plasma membrane Gamete generation
BN T2 8) 11 [ i 19 KT hEsh 6

Flagellated sperm motility Anion transport

Sperm motility

535>k [ A B FILELRK

FF 52 Ll X AT 14 2 S B I
535 DEGs from CE vs. XE
and XE vs. QE

7 BRESEEEMEUMENARREZEBZHARERNFTEESH

Fig.7 Venn diagram analysis of genes in profile 5 and genes with opposite expression trends between spring/summer and
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