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AWIER R EAERAE KT, WREBAAL T AT R ERMF AN RLZR, KA

W AE R T e . FRAIME. (B FTARAE . VAR AR M (B AL A b ) Fr B N R 48 e B AR 2

AR ERFERELERTHE, MRBLSREYSE T VRN EREETH. HRETHRERE
FEAMRETRFBEIRIFETRERES, AAREENERE T BBEESGEIAMX. Syce3,
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ZARERFAERARREA RPN ERME T AR B SR, RATHXIER, o
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(FOM 2RI AR BRI 24 B L A KR E I H3,
ENYE YR, AR, 5. W, 55 KR
FEde . AHF ARIER AT, BT 22RO m ) H
OB AR R F .

Pl PN A7 2 25 00 i 2 T VAN B LA T O =T
GE. EAE BRI AL S A 2 5 T, KRS B
DR NSRBI, By ARME b 4 3 A 4 WA B
93013 2 (follicle-stimulating hormone, FSH) % ik 4
MMAFAEZE S, s AR i # (luteinizing hormone,
LH) 41 i 5 28 AR e AR — 3%, Hofyi b LH, 52
Wi (testosterone, T)ZF 1 25 /K A1 28 ML 1F
WO R AR SR AL LR R I Fy A e A )
Ao ARG DAY AN HA S S 1 I A 3 9
DL S G JREARIOT X sk g 25 N VRIS v S NP
R, By A i 2 52 L 2H 2R A 25 20 A R 4 £ vk
b BBV 2 IR AR A B G (32 028 IR K B 4t Jif iR
) R AR ok 2 RS 40 B Br(1~3 - 399 5L S0TH
A B ) LA B SR A0 B E 22 55 A 41 s AR 2E ST T
i, 8 I e AR TS RO B o B, R SR
I R ARCCHE SR 1, 2, 27 SR AR, Y
et e G54 A7 AE 22 7 00 R T A5 N\ UASTR 5%
i 2= ) 6 2 52 45 48 (synaptonemal complex, SC)A L,
XA /D BORS BRI R & Qe AR BETE i SC 454, HIIL
=L RAFERE IS, X Y AR A Y
W EAT A,

i 2P HEVEAS B 2 T WL i Ak T2 B B,
HET, 3204 v [ 5 ORG 7 & AR AR G 1) 2D 1 ik e
DRl % 43 # G 5 5 A T) ) 2 ik 22 S O Blsik ORI
Qiu""% NAH AR A T MW A- B 2R L AL 741, A
AF 9 328 AR R ol 4 o 2 FFE A8 1 =2 Ll 2L, MKHE
Tlumina HiSeq™ 2000 /77 & 315 9 & 1 36 s AL 3
ST, B RN S R AR R S R
W R P RAE KA T S R = . i
WS A HE A B AL R 28 P OL 3085 558 W R
SRR ES LA,

1 MRSk

11 SeEzhY
FETTHEAE TR 7 AL 2 B R AT 228 IO At B S 41
Aoy BB 5 Sk, REESEAAL, MR E Ik

7, s = & .

1.2 ¥ RNA #5507

] RNeasy Plant Mini Kit iX 71 &5 (Qiagen, % [H)
SrERE 10 kAR S ALE RNA, Hil w44 4824 2
ANk RNA FEGL(EEAFER R 5 KA I 52 LA RNA §%
AU BE VR & T ); DNase [ v 6 BE & 77 ) DNA,
Agilent 2100 Bioanalyzer( 32 [E ) 5t ¥ & #% (Az60/A2s0
- 1.8~2.2, 28S/18S>1.0, ¥ J% =400 ng/uL, & &=
=20 pg, RIN(RNA integrity number){H =6.5); HiiiH
Oligo(dT) [ i R & 45 mRNA, NI, ZE1HiE
AP IE K mRNA ST B, LTS 1)
mRNA N, 6 TRFEPEHLS %) (random hexamers) A
514, F SuperScript™ Il RT X7 (Invitrogen, 7%
) R —5E cDNA; INAZEM . ANTPs. RNase H
1 DNA polymerase I (Invitrogen, 3 [H)& k2 — 5
cDNA; cDNA XU p i, #4214 Tlumina 2 &) (38 [E)
ARAE T, A R i ) e S A 4 4 R S
Agilent 2100 Bioanalyzer F! ABI Step One Plus Real-
time PCR System(3E [E) Ji# & # 5, M Illumina
HiSeq "™ 2000 ¥l /3> {3 (& &) HEA T I .

L3 JFHE IR

1 Hlumina HiSeq™ 2000 545 5 5 1) 5 4G
B4l (raw reads); FifiJE AT 2Bk N LB T
5%AUE R (R R Q<10 MIBEIEE S #E 4 read 1)
30% LA )P reads S5 s fE; Ry uE 1S 211
i (clean reads)Z: SOAPaligner/SOAP2* 1K L Lt i
FIG WA 10 2 2 S AL R 8 AR s 1 2 25 3R I
FI. LeAF B FEFERA clean reads T, HEDH 145
25 2 F [N ME— LU X} (unique match), WPKF 1% 5 2% L K]
& X R — A RIEFE .

1.4 BERZERIE 43
e [N 2 3K DL A B DR KR e A

RPKM(reads per kilobase of exon model per million
mapped reads){H ™ e i &, 54 ) DEGseq &
) MARS(MA-plot-based method with random
sampling model) B P14 &N LM ) RPKM fH. 4
RPKM fE KT 1000, A0 g ik Fe AL Gevt 2 A 1
RIXZ SR, B & FDR(false discovery rate)<0.001,
H[log, ELAE G A-/4E2E RPKM {H)|=1 ik H (1) 3 [A]
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WEMEAE: A AR 1 R A BRI 10 LA S T T

MR RRIEAEK. H GO(gene ontology)# ¥ [
X F Ik W 22 S B R EAT GO VERE, ARJE K HAian
WL 53« 53 T ShBe A A 4y i it 22 ) SR 201,

2 ZERE45H

2.1 DUPEER R

£ Illumina HiSeq™ 2000 ¥, {E4w2:. 4Ef52
FAZI S mRNA %3843 51519136 F1 53385024
4% clean reads. ¥ It 5 UCSC 3 B 4 ¥ 35
(http://genome.ucsc.edu/) 1385 i 4= 2 2 B K 4 DA J
WA NS E R LX), g5 R BIR, X225 5
DAL 4 18 77 20 K, 7 A R AR 2 S0 P A il
29532720 1 31038326 4k, AL 724
27983324 F1 29853309 4%, (i HPAIN 54.32%F1
55.92% (3K 1); LLxT 2022 5L reads i, 784k 21
VeS0T 2 A 18768216 FiT 23024575 4, e
— LRI RS 23 A 18000468 1 22504373 4%, 7
HEH) 34.94%F1 42.15% (3 2).

22 4w BB IASR LR RIA
Wl RS ARl 17784 A1 18529

R 1 AR FEEE LN S5 R AT RS

ANFRIBFEIN, 2 Bl b 3L RIA A 17120 /SFE A (9
IR 1), Govtim s RFE A 52 AL U AN [F) Rk
KT HCER, 45 R Bs (B 1), RPKM {E2 0~10
(¥ 5 DRI RSy 8 7SR 1) 52901 54%, KT 100 [F1 K]
BT 13%H1 12%, 1fi KT 10000 FRFER7EF  F6T
RS RIE 2 A 1AS, 4 Insl3(Leydig insulin-like
peptide), Cst9(Cystatin-9)F Ubc(Ubiquitin C).

Bt HEE S AL R R IA (RPKM {H KT
1000) (115 K 273 73047 103 F1 60 (18] 2, 1945 Ji bt 3%
2), dTICFE 0.58% K1 0.32%. {EF LI R IA
MDA 33 A, KL 23 SB35 = RIS FE N, HER
Ubc SMSAE I S2 A H RIE 25 R, ME— 7
A B A S v s R T R R DL AE Y SR T 8 2
RIS, TSR AL U B N I R RIS S A
Hmgb4(High mobility group protein B4), Tnp2(Nuclear
transition protein 2), Msy2(Y-box-binding protein 2),
Hspb9(Heat shock protein beta-9), H3.3(Histone H3.3),
Odf2(Outer dense fiber protein 2), CsdA(Cysteine
sulfinate desulfinase CsdA), DkklI(Dickkopf-like 1)F
Ubc %5 . M/~ 52 A 23 30k B 25 b ik R A
Eeflal(Elongation factor 1-alpha 1), Igfbp7(Insulin-like
growth factor-binding protein 7) 5% 52 AMZHEAA /N IE
2=

AEi Tt 2 et
ERES BRI 51519136 53385024
AR A 4636722240 4804652160

EU % 3115 2% 35k [K 4 10 P 37 4
R B 3 225 0k R A 1) 7 37 4
56 4z HOW ) 7 51 5
AL T 5 AEBCAL R R 5
ME— EL X 1R 511
2B X 51 8

29532720(57.32%)
21986416(42.68%)
18160128(35.25%)
11372592(22.07%)
27983324(54.32%)
1549396(3.01%)

31038326(58.14%)
22346698(41.86%)
22259392(41.70%)
87789341(6.44%)
29853309(55.92%)
1185017(2.22%)

R 2 AR RIE LN S R TR

ot i 2F LR
T 51 5 51519136 53385024
AT BR L 4636722240 4804652160
Ll Sk 21 2 2% 5L IR ) P 41 4 18768216(36.43%) 23024575(43.13%)

A B B2 25 5 K 51
564 HXH I 91 5
AL T 5 AEEBCAL R T 5
M X PR 7 51 4
%L 1 L X 1 R B B

32750920(63.57%)
13085807(25.40%)
5682409(11.03%)
18000468(34.94%)
767748(1.49%)

30360449(56.87%)
17997206(33.71%)
5027369(9.42%)
22504373(42.15%)
520202(0.97%)
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=&t e iRt

0~10 11~100

101~1000 1001~10000 >10001
RPKM{E

B 1w 2 A AR R RIE R
B3 i & RIS R R (70)

OREFBRIEERHE (27)
HOSREERH (30)

B2 %tSw;EAAAPEREERNL
to e SR RIL B B L RSB RAS T RL
&N, — RELEEER

23 RKirEREH GO 4573

LU 2 FDE 2 52 AL R I R IR 1S R L, FE T
P RIE R B KRR 225 5000 Al 4089
B 3, SRR 3), LA 7864 Mk GO ¢,
EBREIEAERRLERE 4), W2 HAFhREE
F b U IR 2 DR 4 M 2H A (cell, cell part). 4 g 4%
(organelle, organelle part). K4;F & & %) (macrom-
olecular complex). 454 (binding). #4615 PE (catalytic
activity). “E#1 5 (biological regulation). 4l fgid 2
(cellular process). & A i #£(development process). 1%
i 72 (metabolic process) % 4l ffd A= 4 i B (multic-
ellular organismal process). 4l g 41 7 41 23 (cellular
component organization). 42 Y{ 45 (pigmentation). &
{37 33 37 (establishment of localization). &7 (localiza-
tion) A1 W 34 S . (response to stimulus)28 ] T & ££
(>10%); F* & 2% T WM 5 KL 1E B B A
(membrane-enclosed lumen) 1 5% & 454 Fi (immune
system process)F il N1 & HE(>10%).

2.4 SEAURR A R A0 R E W AR 25 ot
ASHIE T3 M e 2 RE 2 52 AL 2P 2K A0 b

6000

m iRTEER A FIEERZE (5000)

B iR EERIA NEER (4089)
5000

4000

3000}

A

2000}

1000

0

B3 RS EALARAREZRRERLRE

B 2 R ARIA. K R 41 Ml (spermatogonial stem
cells, SSCs)H X% MM FriC N> I Foxol
(Forkhead box protein O1), Cd34(Hematopoietic
progenitor cell antigen CD34), Cd9, Thyl(Thy-1
membrane glycoprotein), Gfral(GDNF family receptor
alpha 1), Ptprc(Receptor-type tyrosine-protein
phosphatase C), Gpri25(Probable G-protein coupled
receptor 125), C-kit(Kit oncogene), ItgbI(Integrin
beta-1), Itga5(Integrin alpha 5)FI Itga6(integrin alpha-6)
AW SEAHR T, B Irgas Ab, HAtHE KA
YR ¥ G 3). 1€ Stra8(Stimulated by retinoic acid
gene 8 protein), Figla(Factor in the germline alpha),
Scp3(Synaptonemal complex protein 3), Usp26
(Ubiquitin carboxyl-terminal hydrolase 26), Ddx4
(Probable ATP-dependent RNA helicase DDX4), Tktll
(Transketolase-like protein 1), Stk31(Serine/threonine-
protein kinase 31), Nxf2(Nuclear RNA export factor 2),
Fthl17(Ferritin heavy polypeptide-like 17), Texi!
(Testis-expressed sequence 11 protein), Texi2(Testis-
expressed sequence 12 protein), TexI5(Testis-expressed
sequence 15 protein)Ffl Tdrdl(Tudor domain-cont-

aining protein 1)55 3 15 S5 41 M (1 b i 3 R pr 25371
Stra8, Usp26, Tktll, Tex11 F Stk31 ££ W Fp 2 rp ) R 1A
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B % % 5+, Figla, Scp3, Ddx4, Fthl17, Nxf2, TexI2,
Tex15 F Tdrdl {4 ;5 AP INRIL B T MEE 3).
Tenr(Adenosine deaminase domain-containing protein
1), Pgk2, Gapds(Glyceraldehyde-3-phosphate dehydr-
ogenase, testis-specific), Spef2(Sperm flagellar protein
2), Ldch(L-lactate dehydrogenase C chain), Tnp2,
CatSperl(Cation channel sperm-associated protein 1)F/1
Klhl10(Kelch-like protein 10)%5 07 %4 Jm W sl ks 1
R U (R S s 1 DR S g 2 52 A, v ) R A
IR w2 N GR 3).

ARG AR, B2 5 S & s,
Star(Steroidogenic acute regulatory protein), Hsd3b6
(3-beta-hydroxysteroid dehydrogenase VI), Cyplall
(Cytochrome P450, family 11, subfamily a, polypeptide
A Cypl7al(Cytochrome P450, family 17, subfamily
a, polypeptide 1)#h, [F] 540 B (1145 i 3 R 4>k 4
Lhcgr(Luteinizing hormone/choriogonadotropin recep-
tor), Hsd3bl(3-beta-hydroxysteroid dehydrogenase 1),
Insl3, Vcaml(Vascular cell adhesion protein 1) Fl
Thbs2(Thrombospondin 2) 4 ; 7F H 4* =2 A 4, Bk

10000

1000

100 ]

HAEH

10

A U BT S YT A0 T ) L L i

Veaml 1 Thbs2 JERAL, HpRIEEEZE FHGEE 3).
Vim(Vimentin), Shbg(Sex hormone binding globulin),
Amh(Anti-Miillerian hormone), Fshr(Follicle stimul-
ating hormone receptor), Wt1(Wilms tumor 1 homolog),
Trf(transferrin), Krtl8(Keratin 18), Srrm2(Serine/argi-
nine repetitive matrix protein 2), SOX9(Sry-box con-
taining gene 9), Testin, Gata-1(GATA binding protein 1)
M Claudin 11 %532 F5 AN AR RN Bk Shbg,
Gata-1, Sox9 F Testin 45, {EH4A 52 H R R IAY B2
EAER 3). Acta2(Actin alpha 2), Collagen 4-al Fl
Collagen 4-a2 %% 52 1,7 IURE 40 P AR Ao 32 DRSOV g
g RIA R B EIRGER 3).

2.5 A HEA SRSV TR A SR EEE R
g

fi A A R 3 BBk, B SSCs 1) F 3K
BB 5 A IRE RANORS IR K, AT B B2 Y
SRS R LR AR R B NI, ABFSE 0T T SSCs
K] 8 BB A s A SRR 1T A G2 (AT )
RIBZEFRDL. W] SSCs 7 B 2k SSCs H 31 5

1 B EE HEER
1 - OEETREER

12 3456 7 8 91011121314151617 181920 212223242526 27282930313233343536373839404142434445464748 49

/ YBALARY /

HERTNAS /

I /

B4 RFSBRFEEEZFREEFEN GO 42
1: Jabh; 20 g 3: BRIEE ML 40 G 50 KO- FREW; 6 AL 7: MUAMSS; 8 ANMIASHE4r; 9: SAMF Sy 10: A MEHSr; 11 Sl 12
WA 13 MO I 14: REHE; 15 AIRAS ALY 160 ST 17: BAI R, 18 R RGIRE; 19: NEUR; 20 240 APyt
B 21 S5RITERL; 22: W5 AT NI RS, 23: e i EEar; 24: Fib; 25: ARMD R, 26: EEZH; 27: T RE; 28: (R UUE; 29: i
Bl1;30: s8N 31 ARG 320 AUAULAE; 330 AHARIRAE; 34: AR 350 MEMLIRE; 36 Sk TEE; 37 BHNEE; 38 454 39: M Tk
T 40: SRBNEEIZ R 41 BUAKIEIE; 42: &SRR 43 BRI, 44: BIREINTIVRTE; 45 ORAE; 46 LIS L 47 #sci
AT 48: AEK SRR TGN 49: A FAHERESG . 1~11 ¥ AL, 12~34 3 B AEWF DIfE, 35~49 ¥ K4 FUIfg
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hEERE @R 20144 H44E Hol
3R BRI AR 2 R Rk
o RPKM {H — log K1 FF FDR {1
R T 40 23]
Foxol 70.92 21.59 1.72 AR 6.61x107'%
Cd34 52.84 17.42 1.60 R 3.84x107%
Ccd9 328.52 108.60 1.60 ki 0
Thyl 86.19 20.02 2.11 L 1.65x1077
Gfral 7.07 1.73 2.03 i 2.22x107'
Piprc 20.71 6.47 1.68 [ 1 1.72x107'%
Gpril25 35.23 9.42 1.90 L 1.53x1077
C-kit 36.28 8.99 2.01 AR 1.53x107%°
Itghl 176.27 66.47 1.41 i 0
Itgas 7.76 7.07 0.13 i 2.00x10™
Itgab 15.56 5.71 1.45 i 0
A IRDRS T 41 -7
Stra8 4.88 7.96 -0.71 T 5.85x107°
Figla 0.15 0.61 -2.00 T 2.53x10™
Scp3 7.50 21.44 -1.51 T 1.49x107%
Usp26 3.47 6.22 -0.84 i 2.34x1071°
Ddx4 19.67 89.88 -2.19 i 0
Tktll 190.01 138.39 0.46 AR 8.65x107%
Stk31 14.76 20.05 -0.44 K 4.08x107"2
Nxf2 7.91 19.78 -1.32 T 5.24x107*
Fthll7 3.02 7.57 -1.33 T 5.67x107°
TexIl 43.13 38.60 0.16 i 3.16x107
Texl2 2.09 7.76 -1.89 T 1.16x10°°
Texl5 7.76 19.79 -1.35 T 8.88x107'*
Tdrdl 11.64 54.17 -2.22 i 0
IR EL o> SRR o 45 A A AN R4
Tenr 4.06 197.47 -5.6 T 0
Pgk2 361.23 0.40 -9.82 T 0
Gapds 6.46 890.66 -7.11 ~ i 0
Spef2 0.49 17.71 -5.17 T 0
Ldch 99.49 2.52 -5.31 T 0
Tnp?2 0.69 3431.18 -12.27 i 0
CatSperl 0.18 37.97 -7.69 i 0
KIhl10 0.06 146.03 -11.23 T 0
VF1) J5 41 ffu 142!
Star 535.86 79.5 2.75 i 0
Insi3 25323.21 4496.26 2.49 I 0
Cypllal 131.05 13.62 3.27 i 0
Lhegr 51.04 6.97 2.87 i 0
Hsd3bl 70.86 11.40 2.64 k1 1.26x1072%
Hsd3b6 70.86 11.40 2.64 L 1.26x1072%
Cypl7al 158.46 13.19 3.59 i 0
Thbs2 3.36 6.91 -1.04 N 1.68x107"7
Veaml 2.65 2.12 0.32 1 1.28x107"
SRR k)
Vim 1031.27 213.25 2.27 i 0
Shbg 39.20 22.62 0.79 F i 3.03x107%
Amh 638.59 83.89 2.93 i 0
Fshr 67.47 18.26 1.89 AR 9.75x107%%
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(43 3)
— RPKM fA — logs HAi FIF FDR {1
Trf 195.29 51.18 1.93 i 0
Wil 141.74 46.16 1.62 i 1.20x107%%
Krtl8 33.99 7.47 2.19 ST 2.21x1071°
Claudin 11 626.85 238.06 1.40 i 0
Srrm2 7811.22 2511.45 1.64 AR 0
Sox9 9.86 11.07 -0.17 1 2.18x107"
Testin 13.51 189.12 -3.81 T 0
Gata-1 0.00 0.11 -6.75 T 2.25%107"
JURE 4 B0
Acta2 1088.23 243 .45 2.16 k1 0
Collagen 4-al 134.71 17.56 2.94 i 0
Collagen 4-a2 85.21 9.45 3.17 AR 0

(OB S SR Gdnf(Glial cell line-derived neurotrophic
factor), Igfl(Insulin-like growth factor D)Fl Igf2(In-
sulin-like growth factor I1)%% 37 £F4H 53 wh 5k K DA K
R Ak )R R Al B R 9K 1) N-myc(N-myc proto-
oncogene protein), Taf4b(TATA-binding proteinassoci-
ated factor 4b) X Plzf(Promuelocytic leukemia zinc-
fmger protein)5, & Taf4b 4b, HARFEN LR 524
AL P RILH B EMEE 4). a4 49,
ScfiStem cell factor)Fl C-kir FLP ¥ FIE FifH, & M
P (retinoic acid, RA)MAHKAER & RA T if
[AI52551 41 Raldh2(Retinal dehydrogenase 2), Rdh5
(11-cis retinol dehydrogenase), Dmcl(Dosagesuppr-
essor of mckhomolog), Stra8(Stimulated by retinoic
acid gene 8 protein)fll Scp3 SEYKIL N, Stra8 Rik
(A 0 B 7 B Nanos2B9 F1 RA AR i iy 5E
Cyp26b1(Cytoch- rome P450 26B1)¥J3R ik W3 L i
(4, K 5).

PRI 2 52 5 PR 2 1l S ()58 G € B 21 1R R G B
D, B S A E B I NPT, n Sep3, Scp2,
Scpl, Syce3(Synaptonemal complex central element
protein 3)%F R4 52 A AP RIL WE N, S5H
PG AR AR FEAH S LR, W1 Spoll(Meiotic
recombination protein SPOL11), Dmcl, Rad50(DNA
repair protein Rad50), Rad51, Rad52, Rad54 1 Rdh54
%%, ¥ Rad50, Rad5l, Rad52, Rad54 ! Rdh54 4h,
Spoll 1 Dmcl (e 42 AP RIE N IHGER 4).

K1 KA ORI F, Tnpl(Spermatid nuclear

transition protein 1), Izumol(Izumo sperm-egg fusion
protein 1), Ace(Angiotensin-converting enzyme), Teskl

590

(Dual specificity testis-specific protein kinase 1), Tekt5
(Tektin-5), Pgk2(Phosphoglycerate kinase 2), Tnp2,
Tssk6(Testis-specific serine/threonine-protein kinase 6),
Adcyl0(Adenylate cyclase type 10), Prm3(Protamine-3),
Akap4(A-kinase anchor protein 4), Kcnul(Potassium
channel subfamily U member 1), Camk4(Calcium/
calmodulin-dependent protein kinase type IV), Pcsk4
(Proprotein convertase subtilisin/kexin type 4), Pgk2
(Phosphoglycerate kinase 2), Catsper3(Cation channel
sperm-associated protein 3), Catsper4(Cation channel
sperm-associated protein 4), Ldch F1 HIfnt(Testis-
specific H1 histone) %5 #4) 52 % 5% [N ¥ Crem i 17 &
BN 4y, A s RALLN, 25 S Crem %
I ) S LA ZURE 57 56 Act(Activator of CREM in
testis) & Crem NP LT 2 RIS, o,
Tnpl, Kcnul, Prm3, Pgk3 F1 Hlfnt SGEAFRIX sl EFTKIE.

2.6 b AR IUH MY TR R KA A3 B

FEM A BEAR AL, R TSR i ps3,
FasL, Fas, TNF-a(Tumor
Trail(Tumor necrosis factor ligand superfamily member
10), Bmp8b(Bone morphogenetic protein 8B), Bax,

necrosis factor-alpha),

Caspase-3, Caspase-6 Fl Caspase-7 25, B Caspase-3
FEPAI(FDR AE>0.001)4b, o Jk PR R4 A 52 AL ZH 21
WRIEEFH LG 4. mPrE TR Bel-2
survivin TEfAFE 2 AL P RIA Y W E T, Sof M
C-kit FePRIFRIL B 3% LHGER 4).

2.7 W AR SRR R IF) 5T 40 R PRI SRR A
JATE 52 LA G P AT R 18 1) J5i 40 R A S RF A



hEERE @R 20144 H44E Hol
K4 WERESSAPSEERAREFNNERRZ
— RPMK {H o logs Hefi i FDR {1
R IE L
Hspb9 2379.57 1.41 -10.72 i 0
Msy2 2568.08 3.92 -9.35 N i 0
CsdA 2591.47 115.71 -4.49 i 0
odp2 1052.49 31.08 -5.08 T 3.42x107%
Hmgb4 1103.22 0.38 -11.50 ~ i 0
Dkkl1 1649.81 21.19 -6.28 T 0
Eeflal 1629.47 4727.90 1.54 i 0
Igfbp7 255.05 1691.00 2.73 i 0
SSCs H Tk B S 44113

Gdnf 0.66 2.14 1.70 i 1.23x107°
Plzf 5.94 25.78 2.12 AR 2.99x107'%
Taf4b 18.85 31.90 0.76 i 1.17x107%
N-myc 5.78 34.16 2.56 F i 1.73x10714°

Colla2 28.64 226.71 2.98 S 0

Tptl 240.59 878.06 1.87 i 0

NuMAI 44.98 102.82 1.19 i 0
Medl 63.26 26.12 -1.28 T 0.00
Cendl 6.94 23.72 1.77 AR 4.39%x107%
Scf 3.18 9.46 1.57 i 4.68x107"
Raldh?2 189.84 55.16 -1.78 T 0
Rdh5 0.09 0.00 -6.54 T 3.84x107"
Nanos2 0.21 2.80 3.71 3 5.43%x107°
G

Scp2 19.49 2.68 -2.86 T 1.35x107"®
Syce3 262.29 11.24 —4.54 i 0
Scpl 17.40 6.78 -1.36 N 1.83x107%
Fkbp6 436.64 40.08 -3.45 T 0
Spoll 3.12 0.73 -2.10 i 1.56x107°
Dmcl 25.43 3.00 -3.08 N 1.22x107%
Rad51 14.90 13.73 —-0.12 T 3.73x107"
Rad50 19.39 14.63 -0.41 T 1.18x107"
Rad52 43.85 29.72 -0.56 T 1.72x107"¢

Rad54B 6.63 5.40 -0.29 N 1.28x107

Rdh54 3.06 2.72 -0.17 T 6.17x10™"

Dmrt7 211.64 13.18 -4.01 ! 0
Crem 3% X1 J I ¥lff 3 [K] 58~60)

Act 49.32 0.32 -7.25 T 6.72x107!
Crem 301.95 6.49 -5.54 i 0
Tnpl 181.98 0.00 —17.47 N 1.99x107'7
Teskl 316.28 54.40 -2.54 i 0
Prm3 402.02 0.40 -9.96 T 0
Ace 39.58 0.58 -6.10 ! 0
Tekt5 40.66 0.23 ~7.49 N 0
Tssk6 253.76 0.90 -8.13 T 0

Izumol 12.83 0.05 -7.87 T 1.82x107"

Pgk2 361.23 0.40 -9.82 i 0

Adcyl0 8.69 0.11 -6.24 T 5.40x107*
Catsper3 33.28 0.42 -6.32 T 7.65%1072"2
Catsperd 3.04 0.25 -3.58 T 2.18x107'°
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(B 4)
RPMK {8 logs H A i FDR {fi
Hef it 2
Akap4 154.79 0.57 -8.09 i 0
Pcsk4 326.87 12.61 —-4.70 N 0
Kenul 9.85 0.00 -13.27 T 1.01x107""”
Camk4 24.33 3.60 -2.75 T 7.42x107"
Hlfnt 292.49 0.49 -9.21 N 0.00
0 YA T 53 [N 101
P53 16.27 70.44 2.11 [ 1 5.21x107"%°
FasL 0.53 1.33 1.32 i 2.05x1072
Bmp8b 2.85 9.58 1.75 i 5.13x107'
Caspase-3 1.18 2.02 0.77 ki 7.14x107*
Caspase-6 2.71 10.36 1.93 S 3.95x107%
Caspase-7 4.40 12.77 1.54 i 1.58x107'®
Bax 28.93 64.09 1.15 i 3.34x107%¢
Tnf-a 0.06 1.89 4.91 i 8.30x107
Trail 1.44 5.66 1.97 A 1.33x10™"
Bcl-2 0.14 0.00 -7.13 T 6.53x107"
Survivin 105.37 11.53 -3.19 T 7.21x107"%
SCREAN I 5 36
Srrml 0.62 1.91 1.63 i 1.97x107°
Srrm2 2511.45 7811.22 1.64 i 0
Igfl 2.84 7.78 1.46 i 2.94x107
Igf2 164.88 683.44 2.05 i 0
Tgfbl 21.93 56.69 1.37 i 6.92x107%
Tgfb2 3.01 12.08 2.01 F i 6.41x107¢
Inha 586.04 3143.19 2.42 i 0
Amh 83.89 638.59 2.93 i 0
& RET
i S\ BETEE M0 BN ERETER ‘@&%ﬁm@ B3

_>I1|> R

I [Tno1], [Kenutl, [Prm3], [Pgk2], [Hifnt|=

[N-myd, [Col7a3, [Cendd = [Cycpd, %
T / 1
miret-7 =L Ln28F— p=Amir-146=[MedT— rA =ix  ([Act

RL

B 5 feRARET RAERR
S LRSI PALE S RTE T e T IR e i

AT RV 2 B A R R R A R AR Srrm1(Serine/arginine repetitive matrix protein 1),
WA ThRE. TR BTN M0 =5 40 b S ] A e M 2%, AR Tgfbl(Transforming growth factor beta-1), Tgfb2
Fe I REMR A AP RIA D3 FIH. B Scf. ERE (Transforming growth factor beta-2), Mis(Mullerian
BEA KR T A6, S F 40 M 3 49 i %2 B 5620 inhibiting proteins) #1311 2 (Inhibin alpha, Inha)%%.
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TG Y A () S DAL G /1 52 LA A R TR Y
# LR 4).

3 it
3.1 RTREFAEER

P A R 2 52 A 2H 2R e 3R 1 DR AN
SCHEN 0.68%, X LI R 75 AR 4 A 5t ke 5 K AE A
Y iE, Eeflal, Tptl(Tumor protein, translationally-
controlled 1) & NuMA1(Nuclear mitotic apparatus
protein 1) AEWLHEFE SSCs (1122 fe L% SRkl i 4>
WAR) IGF-1 2 W] BT 40 i B AR e 2293 28 1, 08
BRR. H52R045 5t IGFBPT %, Aefedk i gl
Ja 3 19!, Hmgb4 8 (170 AL 22 RS BRI M T 4 R IA
TFHRSE 2 TR RS 1 4f M S0, A7 T 4 i i AR 1)
e (R FEM)O7. 52 A T A R — M (R T0A ) 1) HLfint
HAZHQOURS . BERIIRE, Sk RN 140
A B K ] AR M 2 A 77 6 71, Tnp2 A1 Tnpl
Y Gy R AR IS, RN RS, ARG
21 o B T R 40 7, S 54 E AR E A
AR SR FE N, T1 Msy2, csdA il H3.3 ZEREfE A4
PRAZ w5 P R 446 ATURS 7 4 a4 K 17>-74. DKkl A1 Odf2 43
52 5 TR T RORHE B 41 R R S U0 BT
W N TE R, ALz 2 T IR R A B
5z B, SBHRSZE A NIMAT. AUFURY, 11
P s A AP ROA B2 IR s RA R N S
EjYekE SSCs Z ReE [a) Jot 40 Jit 1 5 1A 10 o 1A%
RIS, T RIE W N PR ) R AR S N E S
5T, B Az kds . TR s, $EEB T LA
M2 AR M A fEd S LR, odf2 Rk
225 M, Tnp2 T Hmgb4 LT AKIE, RPN
KPR SE TR ABIFTTIN A e 24 1 22K 40 i e 2% AL g
AL RS 7 AN B 45 1. Tnp2 2535 N 2 5
SEIF Crem F1 miRNA-469 %5343, GRTH/DDX25
(DEAD(Asp-Glu-Ala-Asp) box polypeptide 25)(AHF 57
log, WWAH H-4.30)Z 5ii#/N3 114 RNA(siRNA)
A miRNA S4B 22 B, w5 /D BU(Mus musculus)
1 52 AL LU miRNA-469 &3 FiH7. Juvan 25 NP7,
Dai 25 NS F1 Gueti 25 N "VHF 9% & B, Crem,
GRTH/DDX25 HEPEtk K1) 4% 3 BOKS 1 ¢ A2 BRI A 5
TEAN M. AREFNA, WK T KBNS Crem

1 GRTH/DDX2S5 ¥R F I 75 A R (K 5).

3.2 RTIRE FBAER A R SR R AR A

FSH, LH A T SE#a AR 7R B f 1
FIBY Qamar 25 A\ BUS25F 57 £ W], ARR19(Androgen
receptor corepressor of 19 kD)l i #ll il Nur77(Nuclear
receptor subfamily 4 group A member 1)3RIA KA T
AR, HAR) T4 b ) 2k A3 LH/CAMP 55
[¥] Gata-1 ¥, BBEARCIHFILRM, /b g+ T &
HAUNREA 2 5. AR BN, it 2 A
W Js s DR ek (2 2% i L S2 il 1) A 45 S A
W Gata-1 w2 N WRIE, A A= 52 i 55 D 1)
W TR Gata-1 {5 5 BHLITAT ¢, Narula 55 A1)
W FTR MY, 52N S S Wb i 22 2 (R A0 SRR Al i
bR 11 i SR W 12k i o L I ) ey el 1
W FSH, X LH (4 BN 70l JLF- A0, O’ Donnell
S NBHR IR, FSH B Z 1, Ap(A pairea) K J5 41 HI 18 5 52
BH\ A —B AL W25 FRAG. B 2K J5L 40 i FORS 1 40
N Bepd /b, FSH Bz RERI TRy 40 i {56709 Shbg.
A7 SCHER™ R IE, Shbg -5 2 w55 A1 T 45 4 K 4 KF
ML 00K I A e KT TR S R YORS R A e
EHLH Inha T Shbg FE K 4y 9] i 2% LR AN G 8 3% 22 57
Fik, 5P NP, Wi FSH 41
S H MMV T 5 8 A 4 2F AR 2 0] G 2 3% 22 7 Al
AN - S N TR E VN IS A S e k=S el ]
JRAN L T 43 WA HE A%, FSH 23vb 5, HhamkseE -+ T
W PSE DR ALS,  EDi 2F oty 08 A5 o 0 B3R A i R A
Z RN TR R R .

SEALZH 2 AR 4 AT SRR A0 i 1) 5T 4 i LA
KURESN 045, Boyer 25 NP2 45 AR B, 3%
i Wnt/B-catenin 15 5 HE & F S KF 40 i 9 5E, W
C-myc(Myc proto-oncogene protein)&. Hi2f 52 4 H1 57
FFA0 0 TR) B 40 R AR id JE R C-mye K38 W2 i
(AT log, LLAE N 2.28), AILAIA N i35 225 A1)
R EI A SR 4 TR 8] 5T 4 i 25 2 1Y 22 1) 4 R
FAAE . KB G B B A4 DK /0N 7 11 356 DT A 2 52 0
HErhRIE W B, A5 SRR i N TR] 5T 4 i
TGRS WG ERAR DG, SeAl, WURE AN B i A e g
A 2R S AL Rk 3 L, SR ELE AT
it 2 S TS LRE 40 B 2 0 B S, B SR O A AR AR
— T PRI A AR AL 1) 4 SRAR T
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3.3 XT SSCs ARHEHT Kok

KR AR 7k A FTB B B RME I A Y
R R AN SSCs, RN Agnge(A) TR IR 41y, IL
Boa AR 0.003%. A, RS IR 40 i REEAT E
T, e 2T R 2 ARG IR A0 ) A, AR
N Apuirea(Ap) K IR AN, LA TERK 4, 8, 16 /MK IR 41
NEFE HOAR, FRA Adignea(Aa) Kl LA L. Agy UK IXTE
AL, A2, A3, A4, In F1 B BUKS 540, 17 B 2K 5
A W 1t — 20 o0 A TE ) RS BEAR L. A F SR B,
Gdnf XF SSC A5 AN 11 3 5 7t 45 4 i 8591,
WL FUFBGE FE IR N-myc E4EFF SSC H F 5B 1) ¢
P AT TP Meng 25 NCESTRIL, Gdnf B2 4
545 =2 R0 R I ARG B 2 4 SOk 1 B B Wb, AR
SH, R ISR AL E AR R RS SR A . SRR
0 A W, T Tgfl, Tgf2 2%, K SSCs 1 £k
Y, 40 Plzf, Taf4b 535 HA{EHE SSCs HAHLFN [ 3
BT 224 ACHIF 50 v S R 40 i 2 A ) B 3L Ui
WY, SSCs MIbR I HE K e 2 2 0 rh 3 RIA 2
2 FR, O OR R L AR G ) A N R R
5, AHZE ) SSCs R BB 0 1 oAk A1 ™
SZBH, X ] fig iR M RA/Stra8 R4 1% SSCs [
BB A WL A AE 7 5 k.

Plant fll Marshall>'iF 5% % 1], FSH fEfl35 A,, K
SR AR o4k, AE B UK JSU AN M3 n. SCREAN i 4y vk
) Scf 5 C-kit 454, Aeldis Ras/Erk Al PI3K/Akt 15
5 I K 1T SSCs HTH A4k, R ilaE AN Al~A4 UK
JEANHD. A SRR, Stra8 He D8 R L 5 4 o 8 7 24
(S U VA T R A% SRRV E D7), Stra8 i /N B
SR R O WP SRR A S S vl T B e 4
KRG RN M5 B 4E DNA ZHIR B, bk T
N IRE BEAN M, [RI I A Bl I 2 55 . et pR 3R i
GRS, BARTRE TR Stra8 FEH 1 RA
PG RIE, RA EREINT mir-146 33K A o 1l
Lin28 &5 R IEN FALMF mir-ler-7 ik, W HERFL R
I3JE RA SZARFKIS W R JE K Medl F1 SSCs 14
VAR CHE, U0 N-mye, Colla2 1 CendI®*?. RA i
EIR SR &y Ay P Scp3, Dmcl J C-kit %
R ZRIADHS) RA A0 i 20 400 i 184 It 2l 5 0 ik R
AT Y, 1E Cyp26bl B/ 5 N 4 M. Nanos2
& Stra8 FIK (A LMHIR 70 P2k S A
C-kit Fl Scf FeNRIE B M, 1 RA MRM{ES )L
P2 W, AR SEAL SSCs 434k BH iy = 22

594

5 RA G #8532 FHAT R (B 5). AT — 3252, it
LHHALY) LS Chung 28 ANMOWFSY 4E4: 5 A B
Z SEMI G —5, W A2~A4, In F1 B RS R 41
JH o I &t 2 T SRS B 40 J A PR REGH R RRS 41 iR
AV i 7 T A RS NE B I, HAE SR AR RS N
A SCFFANML . > A1 TR [ 40 J R0 41 26 7 300 1 4
REH .

34 SRT4mAFAE A U R

WEAY 24 T L RErp, 1A V0 22085 4N 1) 0 41 o &5
FATE BORT— ARG Al i P 25 0F, fn SC 3%, [RIV8
Pt R F M SC RS T PR EE
BEVEH, QiR AR IEMEC XS . BUEEWTE ., &
LAy g SO SC B 1 i Tk Ao 24 T i
(RN 2300, T4 2 T e ). SC = i A7 T M g 2 4B
BRBUR B0 17y 20 43 (lateral element, LE)/ il 1) 41 43
(axial element, AE). A F 9 [H] [f) H 2 21 ) (central
element, CE) & & 2 ‘& 11 i K& 1) 41 £ (transverse
filament, TF)4 i%. Scp3 /& LE (k%0 4y, 3L Scp2
LLMEAMLS S, 35S DNA &4, kG
R A B R EA S AEY i Yuan
2 NSRRI, Scp3 BN ICIE % SC, #14%
R BEAN B B A AE B R T IR A F .
Syce3 sEAL T CE, Hul{gdkH 4 CE 4177344, Syce3
R /N BRI B A 1 R A2 B L F A P 52 3 B S S
WEREANA LA B T R M2, Sepl 2K /& TF ) E 25,
5y, H C, N K4 mliE#H: T LE # CE, & SC JE )
F gy U0 Sepl b5 Fkbp6 P i) W #IpE 2 it
T2 R o o ) 9 e e 1A 251 Crackower 25 APV
R, Fkbp6 i o e B RE 28 J0DRS BE 40 it oK S (0 A
MASE . R VR Yo 44 B4 8 o e i 8 7 4l
Spoll £ A4k FE B BUsE Wi 24 (double strand break,
DSB), .k Rad50 554MD)JE L 3'-ssDNA 412,
HEM#F Dmcl, Rad51, Rad52, Rad54 Al Rdh54 2545
YER T NAR [RIYR e tafhs, 4R 5 dsifi 1) DNA R
IR, Hoh, Dmel 3N 5848 sl 2 /N 5L ik
O3 S0 M A R R F A R A AA, S e B o 4 i
AR RBEGE R, Scp3, Scp2, Scpl FENAE
it 2= T IR Ak BT R R S a0 A TR D 4 AR e )
NENE R L2, 18 Syce3 Ml Fkbp6 25 5 IR 2%
T, ISR GORE REA i SC AL H A
K. Dmrt7 SEPRIAERL SRR REAN I b sy 08, HLAE A
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Tk P T XY Qe i Mg b, v g
WIS i A, e S2 AR, Dmre7 JEDIR
FERIE T, IG5 AL =N - S R
(Y Yot miAy s s 5, I 5 NI R Bk
Gt AR 1) A WX 254 oW il (R 6 AT A A5 45 R —
B ARGt AR T A OCEE K, Spoll R Dmcl 14w
AU AL TN, RGO BRI B
¥ DSB B /b HL[RIJSE 5 K5

3.5 RPMwASEAAA P HE T

AP AR SR AL R T MG e A
BOHEEAER]. TR UERS 7 I IE R R B RS, YERE
T 0 N A A, DR SR AL R R T AR B
EN20-1221 Beumer 25 NU'PWFFT W], p53 46 KRS 1
AN T AN P AT Sk, S AR T A0 T
JEBHAT 5%, Shetty 5 NUHIERA, A 1 B 20K J50 41 e (1)
P T p53 1M lF Fas-FasL &G 1. i diib o4 i
7, Fas FEZW TG BRI, 177 FasL X&) BT SCHR4H
JHGL A K 40 M A S 5 X311 BT . SR A x
ARG AN M P T 45 5 Fas-FasL /v $ 47 <", Bel-2/
Bax ZKH U A RAA TP A0 3R C R
KA 2 ihe, HAHE 2 KK (1) HltE
FIBt, 45 Bel-2, Bel-xL &¢; (i) RMTHEAR, &
5 Bax, Bak 251281 B9y R W, p53 J& Bel-2 4%
DA Bax (09 1E 4% U270 78 52 000k 8 10 L 30 A
PERCGAIH, Bel-2 5 K3 50l 7 RS /N v ORI kG
REAR L LA 2% 20 40 i = 0k, 23l 2 5 00
RS /N T TR T BSCRN 00 )] RO RE 4 g B 3L B
Ja BT AN R A T, Bax ik LS R AR
MM B ARMERT:, Z 58 TR, RUEENE
Fic - f J A6 A e vE U0 TNF OB TNF-afil
Trail ) #8526 T 2 4K 45 & W0 Caspase-3,
Caspase-6, Caspase-7 NERAAMABF T 155, &

%3k

% S A M T2, survivin AT AR AT P U
BT Caspase [P D RE T H0HI 40 MO T2, AHFST
i, Caspase-3 SENTEM 2P RIEZERALE
(FDR {£>0.001), p53, TNF-a, Trail, Bax, Caspase-6 Fll
Caspase-7 JENFIE ) W2 B, 1 survivin F1 Bel-2
WE T ARFOAR, AR R p53 N 1E
5O T S LA R AR Ak AR T, H
Bel-2 SR 315 PR EEAEH. LSt BmpSh 3%
ik bR S A BN i A L DAJS - 28 A B 40 )
T2, {H SSCs FF 51 Scf/C-kit 155 A~ G401 p53 %5
SSCs KB T-113213,

4 45

AHEFCSY AIAEAR A B2 52 LA RSP v 5
17784 I 18529 /MBI R I 71 7 52 AL 4 21
(1) v 21K HE DR K 22 2 15 900 93 284 T 3 R A A RS 4 g
WG R B A O B, T2 R AR R i DRI R
KB RIS . HR AT T 5 AL 4 TR S b ik DR A
PHSCPE R IR A 22 5, S5 R, M2 AL 2 xg
JEAT- A0 SRR TR 5T 40 JH R IUARE 48 i 25 1 b ad
FERFRIE B, T 2 AR TR A0 I A S S AR R 4
JH PR B 0 A ik B A A L & L AN R IA . IR L A
IR PR AT BESZ BWER A R RS BRI 1 B4k
ST U o) SRR AN M 9 T A I R AT DGR R AR A N B
Soma. kDo, FWIB RS 5 A AR B AT e EH
F O3 WA RAT EAN JE  RA A5 5 A Sl 2 ] Je Syce3,
Fkbp6, Dmrt7, Spoll, Dmcl, survivin 1 Bel-2 255X
FIA NFEFTEL. GRTH/DDX2S5, Crem F Crem Fifiif
P 5L DR ) b 3 3RO TR R B 2 J kT I Bl AN R
LT RE S EOCRESE T Fy A 25 ARG 4 e L g e 2
[ % 40 Mo 3. I e 2 AT By Tk — 20 1 fif s A4 P
ANE IHLELFIRG 1 A AE AL
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30 KME, EENE, FSAZ. R B4R WA 0 A i ) e A AT ST, TR E SRR, 1994, 1: 34-36
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Comparative Transcriptome Analysis of Spermatogenesis Arrest in Cattle-Yak
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The male infertility of cattle-yak, which is the hybrid offspring of cattle and yak, is a difficult problem for
cross-breeding and improvement of yak. In this study, we used high-throughput sequencing technology to obtain the
transcriptomes of the testicular tissues of both cattle-yak and yak, and investigated the expression profiles of the genes
regulating hormones, spermatogenesis and apoptosis. The results showed that, there were 17784 and 18529 genes
expressed in cattle-yak and yak testicular tissues respectively, and statistical analysis revealed 5000 genes with
increased mRNA levels and 4089 with reduced levels in cattle-yak testicular tissue as compared with those in yak.
The genes involved in testosterone synthesis and inhibin alpha chain have a high level of expression in cattle-yak
testicular tissue. The former genes with increased expression may induce the secretion of intratesticular testosterone
which can be up-regulated expression of the latter. Inhibin alpha chain with increased mRNA levels possible restrain
the secretion of follicle-stimulating hormone of the pituitary gland, but not of luteinizing hormone. This may cause
imbalance or deficiency of hormones in cattle-yak which lead to male infertility. By comparing the expression of the
testicular marker genes between the two species, we showed that expressions of the marker genes of spermatogonial
stem cell, sertoli cell, Leydig cell and myoid cell (fibrosis of testis) are increased, whereas those of differentiation of
SSCs (especially those expressed at late stage of spermatid formation) are reduced. The abnormality of self-renewal
and differentiation of SSCs, which may be tightly associated with the disorder of retinoic acid signaling pathway,
might lead to spermatogenesis dysfunction in cattle-yak. Syce3, Fkbp6 and Dmrt7 are down-regulated significantly in
cattle-yak testicular tissue, which may be related with the formation of synaptonemal complex between homologous
chromosomes, especially between sex chromosomes. Spol/l and Dmcl are involved in double strand break and
homologous repair process respectively, and are down-regulated in cattle-yak resulting in reduced numbers of
synaptonemal complex and impaired homologous repair respectively. Tnp2, Hmgb4 and Hlfnt that are involved in
formation of concentrated nucleus are hardly transcriptionally active, which confirmed the finding that germocyte of
cattle-yak arrest at round-spermatid stage. This may be caused by suppressed expression of Crem, GRTH/DDX25 in
cattle-yak. Proapoptosis genes, such as p53, TNF-a, Trail, Bmp8b, Bax, Caspase-3, Caspase-6 and Caspase-7 are
up-regulated, and apoptosis genes, such as survivin, Bcl-2 are down-regulated, suggesting increased cell death occurs
in cattle-yak testicular tissue. Together, our analysis of transcriptomes of the testicular tissues of cattle-yak and yak
moves a step toward revealing the mechanism of cattle-yak male infertility and provides the theoretical basis for
cross-breeding and improvement of yak.

cattle-yak, yak, testis, transcriptome, spermatogenesis
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