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Table 1 Biopsy of 5 testicular tissue and the outcome of ICSI
Samples Sperm count (per sperm/  Motile sperm (individual Vitality Age Outcome of ICSI
200xfield of vision) sperm /200xfield of vision)

NOA 0 -

OAl 0~1 -

0A2 2~5 0 30+2 No pregnancy

OA3 2~5 <1 NP No pregnancy

0A4 2~5 1~2 PR-NP Clinical pregnancy

NOA is non-instructive testicular tissue, OA1~OA4 are obstructive testicular tissue; NP: no forward motility sperm; PR-NP: having forward

motility sperm.
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Fig. 1 Venn diagram of gene expression during in vitro

pre—implantation development of yak crossbred embryos

Table 2 The mapped transcripts and novel transcripts

across testicular tissue of azoospermia

Samples Transcripts on the alignment New transcripts
NOA 28 640 1779
OAl 30411 1924
0OA2 30941 1920
OA3 30522 1929
OA4 30753 1907
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Fig. 2 Number of DE genes during testicular tissue of

azoospermia
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Table 3 A part of DE genes during testicular tissue of NOA vs. OA1 azoospermia

Genes Length of genes ~ The magnitude of The magnitude of log,Fold Up/Down P value
NOA gene expression OAl gene expression
GPX4 981 603.6 1827.58 1.60 Up 0
TUBB4B 1591 485.94 1088.21 1.16 Up 0
PHEF7 2280 345.37 1307.89 1.92 Up 0
ATPSIF1 572 294.76 656.55 1.16 Up 8.68x101"!
COX7A2 716 294.51 754.47 1.36 Up 0
YBXI1 3158 279.43 788.24 1.50 Up 0
UBE2S 1209 263.47 527.96 1.00 Up 0
TSACC 668 233.24 993.73 2.09 Up 0
ALKBH7 1159 231.01 761.69 1.72 Up 0
1ZUMO4 1016 227.28 839.2 1.88 Up 0
PTGDS 837 6135.86 2284.79 -1.43 Down 0
TMSB4X 657 1700.56 421.46 -2.01 Down 0
IGFBP7 1136 1301.83 417.47 -1.64 Down 0
LGALSI1 586 1206.06 394.8 -1.61 Down 0
APOE 1234 812.02 124.63 -2.70 Down 0
RPLI12 674 732.41 351.98 -1.06 Down 1.12x1072%7
MIF 561 716.11 349.94 -1.03 Down 3.68x1071%
MIR202HG 693 637.56 161.6 -1.98 Down 0
APOA1 955 625.31 249.16 -1.33 Down 0
RPS4X 956 614.54 304.1 -1.01 Down 6.26x1073

Table 4 A part of DE genes during testicular tissue of OA1 vs. OA2 azoospermia

Genes Length of genes  The magnitude of The magnitude of log,Fold Up/Down P value
OAL gene expression OA2 gene expression
PRM1 426 9875.78 24951.89 1.87 Up 0
TNP1 415 8580.38 1 6477.75 1.34 Up 0
PRM2 682 8030.86 1 8100.88 1.79 Up 0
RN7SL2 299 2487.83 4296.18 0.82 UP 1.17x107%
CST3 929 912.45 1602.11 0.48 UP 3.87x107168
LINCO01921 413 401.85 12135 1.49 Up 1.35%1072%3
PTGDS 837 2284.79 4217.17 0.95 Up 0
CLU 2017 1289.8 1984.39 0.49 Up 6.95x107%
CST3 929 912.45 1602.11 0.48 Up 3.87x107168
RNASEI 825 759.98 1375.07 0.28 Up 0.06997
SPANXALI 418 992.69 106.87 -2.06 Down 0
VCY 551 594.66 152.32 -2.00 Down 0
HLA-A 1592 411.53 182.19 -1.06 Down 0
HLA-B 1682 378.7 233.2 -1.02 Down 0
TEX101 1176 422.62 165.56 -1.23 Down 0
LOC105375920 523 453.5 99.71 -2.70 Down 0
CXorfS1A 438 477.99 48 -2.54 Down 4.42x107226
PRSS21 1158 378.53 140.79 -1.44 Down 0
BUD23 1268 346.88 175.69 -1.07 Down 1.37x107222

CT83 580 290.64 88.83 -1.39 Down 2.66x107104
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Table 5 A part of DE genes during testicular tissue of OA2 vs. OA3 azoospermia

Genes The magnitude of The magnitude of log,Fold Up/Down P value
Length of genes . .
OA2 gene expression OA3 gene expression

PTGDS 837 4217.17 15238.32 1.85 Up 0
IGFBP7 1136 648.36 1744.95 1.43 Up 0
RPS28 401 565.98 1503.69 1.41 Up 6.32x1072"!
TMSB4X 657 509.32 1436.78 1.50 Up 0
APOE 1234 455.13 1116.26 1.29 Up 0
RPL12 674 355.62 767.01 1.11 Up 7.32x107!
IFITM3 677 331.04 725.51 1.13 Up 2.15x1072%
VIM 1878 265.08 593.72 1.16 Up 0
FTL 891 237.67 905.91 1.93 Up 0
TIMP1 934 233.96 613.02 1.39 Up 0
TUBA3E 1554 349.16 2.21 -7.30 Down 0
CLDNI11 2712 161.82 78.76 -1.04 Down 1.63x10728!
GGTLC2 951 90.92 6.67 =3.77 Down 2.40x1072%
GAGEI12H 564 80.31 0.01 -12.97 Down 1.79%x10713
SLC7AS 4349 75.48 31.03 -1.28 Down 0
CYBS5R1 1675 68.86 27.72 -1.31 Down 1.14x1077
GATM 2616 66.11 28.42 -1.22 Down 7.93x107137
GPRCS5B 2935 63 30.18 -1.06 Down 9.63x107120
TMEM130 2963 61.2 18.88 -1.70 Down 2.36x107247
NPIPB15 1582 58.69 10.56 -2.47 Down 3.47x107132

Table 6 A part of DE genes during testicular tissue of OA3 vs. OA4 azoospermia

Genes Length of genes ~ The magnitude of The magnitude of log,Fold Up/Down P value
OA3 gene expression OA4 gene expression
BANF2 585 114.52 243.17 1.08 Up 1.54x107%°
TUBA3E 1554 221 223.44 6.65 Up 0
TEX35 959 89.02 206.31 1.21 Up 5.19x1071%
OXCT2 1824 56.85 169.72 1.57 Up 0
PRHI-PRR4 963 65.22 163.01 1.32 Up 1.38x10714
ACTL10 2028 73.56 162.67 1.14 Up 3.79x10723¢
CCDC169 978 80.49 161.92 1.00 Up 7.30x10°%
AZIN1-AS1 833 54.93 159.46 1.53 Up 4.78x10713
PSD3 1285 60.22 147.13 1.28 Up 5.06x1076
SLFNL1 2277 53.41 131.53 1.30 Up 1.61x1073
PTGDS 837 15238.32 4 400.81 -1.79 Down 0
IGFBP7 1136 1744.95 482.28 -1.85 Down 0
RPS28 401 1503.69 415.12 -1.85 Down 0
TMSB4X 657 1436.78 348.49 -2.04 Down 0
JUNB 1832 1314.61 298.11 -2.14 Down 0
APOE 1234 1116.26 398.28 -1.48 Down 0
INSL3 834 1 088.02 292.07 -1.89 Down 0
RPL21 582 942.39 465.41 -1.01 Down 1.49x10721
FTL 891 905.91 252.25 -1.84 Down 0

IFITM3 677 725.51 212.47 -1.77 Down 0
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Fig.3 Mfuzz map of gene cluster expression in testicular tissues of 5 groups
The X-axis represents five time points (4: NOA; B: OAl; C: OA2; D: OA3; E: OA4), and the Y-axis represents the value of expression

after homogenization.
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Fig. 4 Broken line diagram of gene expression in 5 groups of testicular tissues in gene cluster 1
(a)-(d) The similar value of genes expression. The X-axis represents five samples (4: NOA; B: OAl; C: OA2; D: OA3; E: OA4), and

the Y-axis represents the value of genes expression (FPKM).
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Fig. 5 GO analysis of differentially expressed genes
(a) NOAvs. OA1, (b) OAl vs. 0A2, (c) OA2vs. OA3, (d) OA3 vs. OA4. Biological processes (/: cellular process; 2: bioregulation; 3:
metabolic process; 4: bioregulation process; 5—28: stress response ~ biological stage); Cellular components (29: cells; 30: cell portion;
31: organelle; 32: organelle portion; 33-47: cell membrane ~ nucleoid) ; Molecular function (48: binding; 49: catalytic activity; 50:

molecular function regulation; 51: transcriptional regulation activity; 52-60: transport regulation activity protein labeling) .
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Fe 8 s il o KE T IE B AL 40 2= 7 A
KEGG, NOA/OA!1 #1 Topl0 i % 3= % & 4 7F RNA
R fe 3l 4% (RNA degradation) . & JiS 41 Bt J83 i 2%

(basal cell carcinoma) . J# i# #% (pathways in

cancer) . B0 AE M (melanogenesis) . I8 7
T4 il 2 fig PE 9 15 5 38 % (signaling pathways
regulating pluripotency of stem cells) . F| JIif J& 18 1%
(breast cancer) . 1 &5 {5 5 3# % (hippo signaling

Table 7 KEGG pathway of 5 testicular tissues

Samples Top10 Pathways DE genes QO value 1D

NOA vs. OAl 1 RNA degradation 553 (13.2%) 9.25x107170 ko03018
2 Basal cell carcinoma 463 (11.06%) 7.06x1071%2 ko05217

3 Pathways in cancer 693 (16.55%) 6.66x10714! k005200

4 Melanogenesis 480 (11.46%) 1.43x107138 ko04916

5 Signaling pathways regulating pluripotency of stem cells 479 (11.44%) 8.41x10713¢ ko04550

6 Breast cancer 482 (11.51%) 1.52x10°13! ko05224

7 Hippo signaling pathway 490 (11.7%) 4.93x1071%7 k004390

8 mTOR signaling pathway 483 (11.53%) 5.23x10°1% ko04150

9 Wnt signaling pathway 468 (11.17%) 1.41x107°115 ko04310

10 HTLV-I infection 522 (12.46%) 2.22x10714 ko05166

OA1 vs. OA2 1 Basal cell carcinoma 216 (12.86%) 1.77x107% ko05217
2 Pathways in cancer 315 (18.75%) 1.41x1077 k005200

3 RNA degradation 234 (13.93%) 2.20x1077 ko03018

4 Signaling pathways regulating 223 (13.27%) 2.05x10°7 ko04550

pluripotency of stem cells

5 Melanogenesis 221 (13.15%) 3.95x10°7 ko04916

6 Breast cancer 225 (13.39%) 4.93x10772 k005224

7 Hippo signaling pathway 229 (13.63%) 276x107 k004390

8 mTOR signaling pathway 224 (13.33%) 4.87x1076 ko04150

9 Proteoglycans in cancer 244 (14.52%) 6.51x107%¢ k005205

10 HTLV-I infection 243 (14.46%) 2.18x107¢4 ko05166

OA2 vs. OA3 1 Pathways in cancer 224 (18.14%) 1.57x10-° k005200
2 Basal cell carcinoma 137 (11.09%) 3.13x1074 ko05217

3 Toxoplasmosis 104 (8.42%) 2.21x1074 ko05145

4 Melanogenesis 146 (11.82%) 2.21x1074 ko04916

5 Signaling pathways regulating pluripotency of stem cells 147 (11.9%) 2.21x1074 ko04550

6 RNA degradation 152 (12.31%) 1.59%x10~4! ko03018

7 HTLV-I infection 167 (13.52%) 4.10x10740 ko05166

8 Hippo signaling pathway 147 (11.9%) 6.07x10738 ko04390

9 Breast cancer 142 (11.5%) 1.08x107%7 k005224

10 mTOR signaling pathway 145 (11.74%) 1.76x107%7 ko04150

OA3 vs. OA4 1 Basal cell carcinoma 160 (10.82%) 6.41x107% ko05217
2 Pathways in cancer 246 (16.63%) 8.27x107% k005200

3 HTLV-I infection 192 (12.98%) 2.66x1074 ko05166

4 Melanogenesis 163 (11.02%) 2.66x10™ ko04916

5 Signaling pathways regulating pluripotency of stem cells 164 (11.09%) 2.66x1074 ko04550

6 Breast cancer 167 (11.29%) 3.69x1074 ko05224

7 Hippo signaling pathway 172 (11.63%) 4.99x104 ko04390

8 Proteoglycans in cancer 187 (12.64%) 1.59x104 k005205

9 mTOR signaling pathway 165 (11.16%) 8.77x10740 ko04150

10 RNA degradation 163 (11.02%) 1.17x10738 ko03018
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pathway) . mTOR {5 5 i % (mTOR signaling
pathway) . Wnt {5 % i@ #§ (Wnt signaling
pathway) . HTLV-I B4 58 % (HTLV-I infection) .
734k, FINOA/OA1 AR & OA2/OA3 2 Top10
£ S B RN  (toxoplasmosis) . OA3/
OA4 #] Topl0 id #% & 4 & H £ Wi i il B
(proteoglycans in cancer) (527) .
2.6 BEEE

P 6 J2: /s TLAHAEAR B SRAS F R o0 SR IR A 24 2%
e MR b gm G &, Hh XY Q@ idok
RO B Gl DY . — el G N S TS R
ZEIE SR . PAICS-SRP72 fl 53408 (IEEW A4 4

B -5 S PUNBORL AR 11 72 55 ) 7E OA1~0A4
HEE L, NRM-MDC1 (778 7 5& K -DNA i 47
K5 13N 7ENOA~OA3 ., A i55 RNA %5
HEMAKN CIRBP 7 S AR Rl G, 2 &g
SRR MUMI H TE OA1~OA3 W, A% RS IF 4
1 TMEMI120A 1 PLAE OA2~OA4 H . —BUEh 45 KL
BAEL PR, W Y-box 45 4R 11 H K YBX1.
2R 1 4 JE K SEPT4 . B AE AL CLU 45 i
@G . 5340, HH B NOA g El & L N A 45
O H A 7 % MLV 32 2 3 K] GSTM2 i ffg i Ak B-10
L TMSB10 S 54 RifR LS (8) .

Fig. 6 The fusion gene of testicular tissue of azoospermia

The outer circle represents the chromosome information, the middle line indicates the fusion gene, the red line is the fusion gene between
chromosomes, the green line is the fusion gene in the chromosome, the position of the fusion gene on the chromosome, the M is the mitochondrial

transcriptome, and the 1 to Y is the 24 chromosome transcriptome.
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Table 8 A part of fusion genes from NOA to OA4
Groups NOA OAl 0A2 OA3 0OA4 Chromosome

1 - PAICS-SRP72 PAICS-SRP72 PAICS-SRP72 PAICS-SRP72 4-4

2 NRM-MDC1 NRM-MDC1 NRM-MDC1 NRM-MDC1 6-6-M

3 CIRBP CIRBP CIRBP CIRBP CIRBP 19-19

4 MUMI1 MUMI1 MUMI1 19-19-M

5 TMEMI120A TMEMI120A TMEMI120A 7-7

6 YBX1 YBX1 YBX1 YBX1 1-1

7 SEPT4 SEPT4 17-17

8 CLU CLU CLU 8-M

9 GSTM2 1-M

10 TMSB10 2-M

the M is the mitochondrial transcriptome, and the 1 to Y is the 24 chromosome transcriptome.
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Comparative Transcriptome Regulation Analysis of Testicular Tissue in
Azoospermia Patients Via RNA-Seq"

LUO Bin", LU Zi-1i", SHAN Xu-Dong", ZHAO Qing-Mei",
DU Zhen-Zhen", ZHANG Xia", LI Jun-Jun?, LIANG Xin""

(YCenter of Reproductive Medicine, School of medical and life sciences/Reproduction & Women—Children Hospital Chengdu University of Traditional
Chinese Medicine, Chengdu 610041, China;
DAndrology Department, School of medical and life sciences/Reproduction & Women—Children Hospital Chengdu University of Traditional Chinese
Medicine, Chengdu 610041, China)

Abstract This study focuses on investigating the transcriptome differences of testicular tissues in varying
degrees of azoospermia patients through analyzing the differences of differentially expressed genes (DEGs) on
levels of function, classification and metabolic pathways. One testicular tissue of non-obstructive azoospermia
(NOA) and four testicular tissues of obstructive azoospermia(OA) (without sperm to having sperms by biopsies)
were selected for RNA extractions, library constructions and sequencings by Illumina HiSeq™ 2500, following
with analyses including differential expression gene GO annotation and KEGG analysis. As a result, about
94.38% genome database were covered in the human reference genome and 2 242 transcripts were detected as
predicted new protein-coding genes. Compared with NOA, 8 045 DEGs were up-regulated and 1 150 were down-
regulated in OA1. For OA1 and OA2, there were 1 538 and 420 DEGs for down-regulation and up-regulation. For
OA2 and OA3, there were 1 275 for up-regulation and 1 690 for down-regulation. The numbers of up-regulated
(1 834) and down-regulated (1 853) DEGs between OA3 and OA4 were similar. KEGG enrichment analysis
indicated that DEGs were mainly enriched in RNA degradation pathway, basal cell carcinoma pathway, cancer
pathway, melanogenesis pathway and signaling pathways regulating pluripotency of stem cells. The expressions
of PRM1, PRM2, TNP1, UBXN6, CXCL16, NUPR2, CCDC136 and CRISP2 genes showed an increasing trend
with time-sequence specificity. In addition, different extents of gene fusions were found in 5 cases of azoospermia
testicular tissue expressed genes. In summary, the number of DEGs and their function, classification and
metabolic pathways were obtained with different degrees of azoospermia. The DEGs such as spermatogenesis and
sperm motility were screened out, which enriched transcriptome information for azoospermia and laid a
foundation for the research of testicular tissue related genes. It may provide theoretical basis for revealing the
molecular mechanisms of spermatogenesis in azoospermia patients and promoting the development of male

infertility research. Notably, gene fusion may be associated with azoospermia.

Key words azoospermia, testicular tissues, transcriptome sequencing, assisted reproduction, differentially
expressed gene
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