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SNP)FE7E DNA 5k RNA 7K1, S0 R R A2 58
M1 DNA P 2 &M MILE, CfRmER. &
Boo BERFFEN . SNP JEFE L A 00 % LI
R, HFF SR HEZ . /v iR
WAL, TIAg Y] (alternative splicing, AS) & 4&
K AR B 9] 77 643 mRNA J 44 7= 4= 2 Fp
MRNA BY ) SRR RE . AS A7 /LT BLA% A
Wb, B R RE R SRR RN B T 2 A ()
YER, AZEASIEER IR IE R 1) 95%8 . %
SNP AT AS IR AT TREAEHRE ., HEMH N5 T
IV AR TR AL BT B WL . Aok, RNA
B2 (RNA transcriptome sequencing, RNA-
Seq) HAPIE K, BT 0T DAL T BE DR ) R
LRGN, BT TR IRAE G D REEE DR, Tl
W oA, LR A BE BRI SNIP T AS 25001,
WAL WA . BEMRBES. X
AN R ANTIRE S N R IEAG AL, LB IR G
(RRIETE 45 SR BT NIRRT T (it — o (1 B
REAECAR SR . Hil, W70 C iR H RNA-Seq
FORTERE A Fg 25 iR & i zsto2y, - DL A
U 2 R i ¥ R 453 07 2223077 A T BT, 46
RSB IR R 2 B A TR Ji SNPRTAS K A2 T
FHNARAK,  AHIXEEHIETE I AN VR 7T i 1K) SNP A
AS AT LR T IRk, AHIF 7T 3% FHAE 2R BN R
A0 RAE AR T IR T IR IR AR AN IR, TR AL
A A BT B LA VR SR, FIH RNA-Seq
A BV R 0T i A 22 SNIP (148 H R 55
ATREAE, DA ASTIEH . R 2% iy
Fik K (differentially expressed genes, DEGs)ilk
AT LEA AT, LA R i 2 N IR 7A- 15 1 i A 56
5 IR ) RE 23 A1 A2 i e LA K s A B R
h 5638 NG 1R B A v R AR SR AN S % o

1 #R57%

1.1 ##l
111 PR 5 AMRR SOV ESRIETIUINAT
Dl PSS, R AA R RS W B D)1 K
R
1.1.2 XA {LOPI A i E (follicle-stimul ating
hormone, FSH)(Folltropin®-V) FI{i¢ 3544 2 (Iuteinizing

hormone, LH)(L utropin®-V)Jli [ 1115k Bioniche
AT TR - BEE R NP4 i I E 3
[ Gibco A +; M - (B-estradiol). 440 fu ks
FE Medium 199(10 X )1 P B R4k 341 )y 13 26 [
Sigma Al FEWHRM(HYASE, 10 X). Ik
KW (SpermRinse™) . VKSR (G-1IVF™
PLUS). BHERMEIFFM(G-1™ PLUS) LK 57
W (G-2™ PLUS)¥I H #ii -+ Vitrolife 227 s 375
P AR F B (V T 101) A% 58 4k i R 77 &
(VT102) k H A Kitazato 23 7 7= fh o
12 A&
121 4R EIRGIRINAE G S RN
AP T 35 C A5 DPBS 22 i I i A
W, ke AR EE S, 2 h Ik seae s, 4k
SRR . PRIk E AN 3~8 mm (NI,
HREL UM, Phikah B 48 A4 3 J2 Uk 4 fife . 2%
H 20 Mo 34 51 (1 51 e O REAR B, & T 38.5 C
5% CO2 MHUUFINEJE M5 7540 h K5 9% 24 h, fli4E
L GREGH MO AA S % #4 (in vitro maturation, VM),
TR A 1 A O REAR B, DL 20 A%/ S T
TN G-IVE™ B, SR N © 3R BE 1 15 4
KT, BT 385 C. 7 5% CO, f190% N, H.
TR B 1K) =R IR A N R 97 22~24 h L5
IVF. F 0.2% i HH ST R i 25 b 528 BN - 11 ek 4
M, ¥BE G-1™ Rl E T = AR R P R R
72 h, BJAEBE G2™ RGN E T =R
R IR 48 h, 13 3R .
122 Haeplg EINE IVERE RiIFHARR
A1y 3 G A 0 R A R B b 20, A B4k
A URAR TR R0 L 4% et 2 9 6 B S B AT 3 B A VA TR
BelE . WEMAWA A3 d ), T3
AR AR AR R BRI, SRR 5 SE A S 5
RIFAL I 3 MU A VR AL BE AR R4 . H PBS
DN HOTE VE A TR, TR A P 1 4 M A
TR P A0 SR AR A b, AR R AF .
1.2.3 XEMBEEME  {EAHFRSER AT,
K H TRIzol V2193 7] 4 HUH 0 25 1725 il 20 v 2 5
IR E RNA, AR5 th 2 i s SRR (L)
B A TR Smarnt-SeqR J VB9 T LS4 . K
W=y oAt oL, Flw R, DL 20ng
cDNA AR AT ) 82 SCPE ) R .- H Bioruptor
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HE R R Y5 (LA Diagenode 23 1) 77 it )4 cDNA $1
Wik 200 bp A2 A /N B SR AT cDNA A
B B AL NPk PSS R 8P IR .
k=9, AT PCRY Y. ¥R~ 2% B
FRH B I FRLUK AT ), A CWBIO BB H I ik
FIEEIMIWT DNA, 58 4 SCEMM . 5 nfE
HiSeq™ 2500 iy~ & L iz 47 X il v 72 1
(PE100), X i 2 3 ff 5 IV 11 25 il 3 IS P A4 S
HEAT w8 = W .

1.2.4 FAEAESH SIS SO TR
WS IR, 32 F CASAVA BAERXS Huminaill
¥ BT AT () S e K s B R AT 23 B, 49 35U P
B ¥4, Bl Raw Reads. JyffiEfs B 20 #1508
() 0T B, 220 B 0 A b AT — R A A i Uk
LI, B 45%] Clean Reads, kAT 4Ly
Mo SR B IR o R 1 3 A R B B A 23
OF D7 B s 64T VEAY . 12 F TopHat 1418y il
Jrid € i 49 3 (1) Clean Reads 54642 % FL R4
(BosGru-v2.0)M g7 Lhxl 730 #71. K H DEGseq
v1.18.0 FRAFOHEAT FE PR 22 5 R IE I3 AT, S i
A 3 R R Rl 3 W — 5% SCPE 0] 1) DEGs. 4%
DEGs [i] GO(Gene Ontology) %4 2 (http://www.
geneontology.org/) %~ 4« H JEAT WL, DU IE
Ji P <<0.05 Xy Bife, fkii DEGsH W3 & 1
GO 4 H . #RJnilit 5 KEGG(Kyoto Encyclope-
dia of Genes and Genomes) ¥ i FEE4T LU}, 43
i DEGs W ) (115 = 1l % (Pathways) . X H
SAMtools-0.1.1914F1 ASprofile v1.0.4 # {1234}
TS PIREA L AT SNP HTAS 7347

125 MEpLERAOEZFRAZEZ PCREIE A
I 45 R HER T, SR SEI 2 e & PCR J7
ERIEEE R RO, o RENLIEEL 4 1~ DEGs,
FHLLH2A 1E NS . A Primer Premier 5
AT S, SIS K B R 1
iR, PCRUARMNAKZR A 10 pl, fdE b FFy]
)% 0.8 uL. cDNA it 0.5 uL. ddH.O 2.9 uL
H1 Sso Advanced™ SYBR® Green Super mix 5 uL .
PCR ¥ #4f2)¥: ¥4 95 CHIAZM 3 min; &
Ji95°CA 10 s, 60 CiEk 20 s, 72 ‘C4E
160 s, 30 MEH; He)ri 72 CHEAP S5 min,
I 4 CHRAF .

F 1 EIRAEE PCRIIMER
Table1l Primersfor real-time fluorescence quantitative
PCR

_ FE2d P ]

A 5 —3) bp

HSP110 F: AGAAAACCCAGATGCCGAGA 257

R: TCCCTAACTGCCAGACCAAG

F: GGGCACTCAAAGAAATCCGG 108

R: CATTCCTGATCCCTTTGGCC

REXL F: TCAGGCCAGACAACGAGATT 132
R: CGGTGTCTGAGCTGAACATG

BAD  F: AAGAGACGGAGGAGGAGGAT 119
R: GTGAAACTCGTCGCTCATCC

H2A  F: GCCGTATTCATCGACACCTG 172
R: TGCAAGTGACGAGGGGTAAT

RPL31

7 HSP110 #5221 110; RPL3L A AZ A a1

L31; REX1 (reduced expression 1) X Zfp-42, j&— P4

BEER R 1 ; BAD /& B kL4 ISR X T+ -2(Bl-2)#H 5% fa 56
T H2A RS 3L

2 #HR

21 MFEFE4%it

WTEETE RN R AVEE 20 )73 311952 641 524
%<1 56 521 104 4 Raw Reads, idJ&)54) 55k43
51 099 116 4% #/1 54 192 358 4% Clean Reads, 74l
7 Raw Reads (1] 97.07% £/ 95.88%. Q30 nJ T
S5 RIS ST 7K, oA (Q) i e AR
AR (R 8N o AR IR 0 VS 2 R il
JZEI ¥ Q30 T 43 Lty 5l 4y 92.02% #i1 91.91%,
R e K, SCER R SE RS, mTadk
A7 I B s 3 T
2.2 MNFRFAE S HFAREALE S #7

WiE 1A A 1B Fros, HEdE 4% 10%.
20%......100% LG AT, H-Ge v Aoy
B TR R R R IA T MR SR 3Rk
AN, WEEF IS 4NEY, Gt AR E
TSR AR I o B AR AR R AN TR 1) Kl
i, PARBR DL IR T UEM G vh Rk & ) BE A
TT 3 Lo i A B 0 20 TSR 4 Rk 38 RS 79 R A G 0 3]
(14 35 DR 50 b o 0 gl e 1 3 22 T e, N
i L BIIA ) 30% B, T S H IR o
VW, WK OB TP, RTEILE
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JP i D B AT 56 B 40 B Rk R AR A R,
J- 45 1 ]

I 25 SR BE AL (38— ) D A e o A 00 &5 7
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FERHKEE S A, I DORE SR A0 2 1 X313
K3 1 100 AN 1, Gevk B 2R & TR
JE~P384E . Wil 1C A 1D s, PFEATIT
WBEHLPE (R — 1) R 4F, Reads 1 3EF 555/ 1)
O AR ST, AN ) TR BRI IR R e X e,
AT N R SRS € T
2.3 MFERLEIT

12 FH TopHat #R A4 et 2 0 2 IV AN 75 Rl 3 i
PIFEAL) Clean Reads 546422 5L R4 ) Reads 1k
A7 LEXE, AR I DC R S £ Lk 451 43 73]k 80.00% #i1
80.19%, ULWHIZFE i IC AN PG G o
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Hr (B 2). fEBPZrH, 40 it #2001 4
B {E CC Ok, AMMIH B s 4
;s AEMF R, AR E SRS .
25 DEGsHIKEGG @5

X i 2 3B 0 28 JU M 5 R 4 R 1Y) DEGs B 4T
KEGG {7 5l /04, 4iREW, Jtf 123154
DEGsER 2] 318 4517 w it % . 23 & HE 11T 5 4%
JH#(Top 5 pathways) i 2 fr~, HAgy4ik
TH I 1) 5 AR B, LB AV Rl 2 R AH LU BT i
IR KER 5> DEGs Rk /K ¥ L,
26 EETZEHH

K SAMtools-0.1.19 B A HEA T 4k PR AR S Al
GERONT, AR, AR 5 N R Rl
PIREA > K 3] 116 681 Fil 224 750 /> SNP fv.
AL, 6668 F1 10 729 MdEA g (InDel) iy s, i
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Figure1l Sequencing saturation (A and B) and randomness (C and D) analysis
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Figure2 GO functional classifications of differentially expressed genes (DEGS)
R 2 ERFEEF(DEGY) EEHT 51IHI KEGG i@
Table2 Top 5 of enriched KEGG pathways of differentially expressed genes (DEGS)
KEGG fri '/l % R IRCEES HE % DEGs Qi
YR A 52 14 Prp4, Prp19 356 X 107
ZH#EN T AW 51 23 UBEL, UBLE1A, UBE2A, UBE2F 5.71 X 10%
I A 3 97 17 CaM (CAMK?2), PKA 5.71 X 105
P B A 0 T 59 38 HSP70, HSP40, HSP90, Bax 3.21 X 10*
T BRI i 300 23 14 CCL2, CCL3, CCR2 557 X 10°

JAE AT SNPA AR InDel {7 R 43 W 2 2 T35

fif 2 R A AN

MR PR 477 AANE], SNP A R0 73 ki
74 (transition) A1 7Y (transversion) . AR 4 i 2F
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Figure 3 Mutation frequency of single nucleotide polymor phism (SNP)
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AIT. CIG. GIT){L 541 dy 28%, %% e Fl i ¥
M LE @I (TsITV) Ky 2.57. (EEBIEK S, K&
R B e [0 S B ¥ R SNIP A 0, 2 o T 5 8
1) 71%, MR SNP AL 4 dy 29%, 4 Fi
A (1) LU A9 2 2,45 718 06F 3 U A AR 117 4 f 7Y
SNPH, C/IT KM EIKZ T AIG KA E &
HAEVREA R RFEA S, AIG RAVK NG Z T C/
T RAS R, REAT CIT 885 AIG 8T
b7 L E R 7 S, HUmd A SNP H AYT B
i L ) 8 2D o
2.7 EEBASHH

AST ZAAET EAZED T, RUATHREE
IEFNE R 2 FEE M EENLE . AS A EZE0)
H AR TR RN G U B T BRER . 9 B T R R
ZENGTH™E. TS5 5wk 3" Wiy,

SRR UG X I8 AT 27 8] (alternative splicing of transcrip-
tion start sites, TSS). % x%&hd Xtk n] 45 84 1)
(alternative splicing of transcription termination sites,
TTS)I 5 FhRALA([E 4A).

1 ASprofile B AE I3 AT - FEACEE RN 1K) AS A
(1 4B) o A\t 2 ff S JvR 1 R 2 A v 3
th 49 388 #1165 241 > AS Fiff. FEM M FEAKT N
F AS R, TSS el 284, 3
WERENE T TSS $8 ok 22 9624, (i AS Fift 11
46.5%; LM TSS &N 28 6524,
A AS 1) 43.9%. HOE TTS KA, Hrif 5
b TTSH R4 22 0481, 7 A AS (1) 44.6%:
PRENEIA T TTS$8 0k 27 196 4, R AS Jiff:
1 41.7%. Joit NRBOL R R RARE, Wt
RUEIR () AS S35 2 T 25 B e B2 ik
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Lk P

a A TERER(ZE) MGl W TBRER (47); br 3 TR (Z) M2 A TR (), ¢ A8 57 el 37 i sy b); d: 4%
SRR X B R AL BV (TSS); e Bk 25 R X B n[ AL BIY)(TTS). FRB: i/ B EEJEE; VTB: i/ VRl IR, SKIP: HAh il T8k
Bk MSKIP: 240 Wt TBEER; IR B3 TR MIR: 20 TR AE: Al42 57 w37 38y ), TSS: H st 4f DX ] 42 5
PI; TTS: e 8 RIX Sl n] AR By )] X SIP: 3 S 1 AR b T-BkER; XMSKIP: 12 S0 1 22 A1 1 T-BRER; XIR: 12 SR L
W TR, XMIR: USRI 2 5 TR XAE: A5 B AL 5° w37 sidibl.

& 4 ATEEYIEHER(A)FSHSHITE(B)
Figure4 Thetypes (A) and analysis statistics (B) of the alter native splicing (AS)
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28 MFERMEFRIESE PCRIIE

BEMLZEEL HSP110. RPL31. REX1 1 BAD
3L 44~ DEGs, KH LN 52t & PCR J7 VA%
XECELPRI A 0L, R A Plaffl 23 1 44
FEEPIFEAR R AN RIS R . 45 RRN, SLHf
98 7 f: PCR Al RNA-Seq i Fl 7 15 v 545 3111 2
SEAEBIEA—F (K 5). PCR K E Ui X RNA-
Seq & FALGH T 5.

10.000

ORNA-seq BqRT-PCR

8.000
6.000
4.000
2.000
RPL31 REX1
0.000

BAD HSP110
-2.000
-4.000

-6.000

JEPI I Ak it

25t RIKIEN

RNA-Seq: RNA 3 415; qRT-PCR: SE 926 5
i PCR. BAD /& B k41 H % K T~ -2(Bel-2) K i3 8l T
HSP110 A #RTT K (1 110; RPL31 A FE K 1 L 31,
REX1 (reduced expression 1) X # Zfp-42, /& —FRiR k4
Rt E .
5 LAY EE PCR I8HE RNA-Seq #ail] By 2= R Rk

ERH(DEGS)
Figure5 qRT-PCR to verify the differentially expressed

genes (DEGs) detected by RNA-Seq

3 it

ATFFTR H SAMtools-0.1.19 % B 2 57 fof 3 i
IR R U 79 A 4l 1EA TSNP ASL I 23- 4
45 J 0 7 2P VR R A RE A SNPAY S £50RT InDel
P BRI 2 2 T A B AR A, B S
SR T, FLEE R SR R R 1 S K
i £ T 0 30 JUA R 7 R JUR 7 R A B 48 1Y SNIP L
WA e TR A, Ts/Tv LRAE 2 1)k 2.57 Fi
245, TS/Tv BB LLIE A 0.5, MAWFLH Ts/Tv
LU 2 KT R {E, X5 Kraus Z24H1 Aslam
ST HA FLAh A R TS AR, X — I
G2 AR e 25 X R L (1)
A2, TTREAE RO PR B AR IR iR, AR
TORFER A IR 45, DA 3 AR TR

REZ2o2 A NINhy, WA I E 1) 45 14 AR
AR N TERFE R, A BUR e 22 1) 7= 2R 1280
AT, WA R A CIT 28R
Z T AIG KM, IXJEN k) DNA H (1) 5- AL fa s
¢ (5-methylcytosine, 5mC) A 4 i 6 5 28 58 A% b
i R g (thymine, T), BrPL—87E SNPH C/T
2RI ol LU gt iy 29300 SR 1T i 24 4 R JUR e A
OAIG RRECENE 2 T CIT B8, X 5ik1E55
SR F e T8 U AR AN [ T A i 5
I HEAT S 2 PR T IR 285 AR ABL, 4D T R
JEFEAH S GC &SRB S ITE. 2 AR
BAEG, AL SNP I InDel A7 S50 i £,
W2 R AR 7, HPE NI FL Bl ) I G 22 R A
A TR IRAT Jr SR ] 3K, A SRR R4
VRFEFE A SR 45107, SNP 78 JVR G 35 58 Ak v VR L
O R AR .

AHIE TN i 2 3 0 38 U R 7 B U 1 A A
43 IR Y 49 388 FIAT 65 241 4> AS Hift:, i)
THTHERKEMASKER . SLAh, B ST
AR R AS R AR AE 22 5, R BT
e 22 1) IR 4 VR RO 95 S5 A SR IR B (1 A8 4k
AS PR M RIEAAR et BHUR, BT A
FIREE N ASAEESERRE S oh, AR &
i 3032 K AN TR 4 2 B3 A A AL AS i PRI S
Montelli ZEBURETUR L, M AEDAb T AR & & I
WIS AEA R S, AS BEA RO IESE R %
K IhE S G5 o IR EEEEPR (1) AS 8RR
Fw, HardLSam 12 #hsm, ALl TSS,
TTS. A2 TBRERA G200 BT BRER . 07 1o
MAZENS THH. 12257 smok 37 iGeyl)
MK . ABIRIM B AS KR, TSSIE
il fpe ey, AT 2T O VR rh R A2 2y 46.5%, i
VRN IA R R AR Ny 44.6%; HRETTS,
A7 0 T VR R R TV (1) A 203 il A 43.9%
M4L7%. 1X 55 1) R EOH ) RNA-Seq B
FeA4 WVF IR R B # S Ak i 26 R — 5, H
&, S A E R AR M AR 2R R
e LN R, AT B A R AR R
(40%), HUGEAME TBRERFHF(23%) . e
SCHRFE B, RO 5 I X O ST o Py 5 T B
PR AR AR . BWIE NN, W& Th 3
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LS R AEFAR, MIAEARY) i DL, X L
IR, EAREY . AFRKERHED, A
[ ZH N R A1) AS R BAE AR 2 e, KT
REAE IHAEAN [ AW AR ZH ZURNAN ] A R 8 I
LA AR I R RUR B 1 o 2 e B T 3 3

] it 4 B 0 0 JVR 2 il 2 JU I A AS (1) DEGs
AT KEGG M ER /0T R I, B4 % SRR
dpeie, WHE— RN T R IR 2B AR v R DR AT I
RAET K& AS FHF. 71 B 41438 6 Hh g A 1R Rl
PR bR Ik b5k 35T DEGs &2 LA mRNA i {4
B132[A 1~ (pre-mRNA processing factor, Prp)4 il
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Single Nucleotide Polymor phism and Alternative Splicing Analysis between
Fresh and Vitrified-thawed Crossbred Blastocysts of Yak via RNA-Seq

ZHENG Jie!t, ZHANG Guozhongt, HU Yanmei!, WU Xueyi!, YANG Zongfu?, ZI Xiangdong?
(1. Center for Reproductive Medicine, Panzhihua Maternity and Child Health Care Hospital,
Panzhihua 617000, China; 2. Key Laboratory of Animal Science of State Ethnic Affairs
Commission, Southwest Minzu University, Chengdu 610041, China)

[Abstract] Objective To compare and analyze single nucleotide polymorphism (SNP) and
aternative splicing (AS) between the fresh and vitrified-thawed crossbred blastocysts of the yak.
Methods The crossbred blastocysts were derived from yak oocytes in vitro fertilized with Jersey
cattle spermatozoa. Total RNA was extracted from these fresh blastocysts (FRB) and vitrified-thawed
blastocysts (VTB), and then amplified and sequenced via the Smart-Seg2 method to construct RNA
libraries. SNP and AS were analyzed by SAMtools-0.1.19 and A Sprofile software, respectively.
Results A total of 51 099 116 and 54 192 358 clean reads were obtained from the FRB and VTB,
respectively. The SNP numbers of FRB and VTB were 116 681 and 224 750, the number of C/T type
was dlightly higher than that of A/G type for the FRB transition types of SNP (Ts). However, the
number of A/G type was slightly higher than that of C/T type for the VTB Ts, and the number of
A/T type was the least for all transversion types of SNP (Tv). The value of TSTv in FRB and VTB
were 2.57 and 2.45, respectively. TheAS eventsin FRB and VTB were 49 388 and 65 241, respectively.
It mainly had five patterns of AS, of which the two largest proportions were transcription start site
and transcription terminal site. Conclusion  The results of comparison and analysis of SNPand AS
between the fresh and vitrified-thawed crossbred blastocysts of the yak provide valid data and theo-
retical basis for the following related gene function analysis and mining.

[Key words| Crossbred yak; Blastocyst; Vitrification; RNA-Seq; Single nucleotide polymorphism;

Alternative splicing
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