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Abstract In order to investigate the expression patterns of TPH1 and TPHZ genes in different reproductive states of
sheep and the relationship between TPHZ2 gene polymorphism and litter size, real-time quantitative PCR was used to
detect their relative expression levels in 10 types of tissues including brain, cerebellum, hypothalamus, pineal gland,
pituitary gland, ovary, fallopian tube, uterus, kidney and adrenal gland of Sunite sheep (3 in short day/3 in long day)
and Small Tail Han sheep (3 in the follicular phase/3 in the luteal phase) ; Sequenom MassARRAY® SNP technique was
used to detect single-nucleotide polymorphic SNPs of TPH2 gene in perennial estrus sheep breeds (Small Tail Han
sheep, Hu sheep and Cele black sheep) and seasonal estrus sheep breeds (Tan sheep, Sunite sheep and Tibetan
sheep) and the correlations between gene polymorphism and Small Tail Han sheep litter size was analyzed. The results
showed that: TPHT gene expression in hypothalamus and pineal gland of Sunite sheep was extremely higher in short
day than that in long day (P<C0.01). The TPHT gene expression of Sunite sheep in pituitary was significantly higher
(P<C0.05) in short day than that in long day, and the TPHT gene expression of Small Tail Han sheep follicular phase in
pituitary and ovary was significantly lower than that in luteal phase (P<C0.05). The expression of TPH2 gene was
higher in pineal gland and kidney of Sunite sheep. The TPH2 gene expression of ovarian tissue of Sunite sheep in long
day was significantly higher than that in short day (P<C0.05). For Small Tail Han sheep, the TPH2 gene expression of
follicular phase in hypothalamic tissue was extremely higher than that in luteal phase (P<C0.01). Correlation analysis
between the two SNP loci and the litter size of TPH2 gene g. 107854166C>T and g. 1078541669C>T in Small Tail Han
sheep showed that there was no significant correlation between the two loci and the number of litter size and seasonal estrus in
Small Tail Han sheep 1, 2 and 3 (P>0.05).
suggesting that they are involved in the regulation of upstream genes in seasonal estrus. TPHZ gene may be involved in the

TPHI and TPHZ are differentially expressed by seasonal light rhythm,

regulation of hormone secretion and ovarian development in the hypothalamus of Small Tail Han sheep, but g. 107854166C>T

and g.1078541669C>>T are not key sites affecting the number of Small Tail Han sheep litter size and seasonal estrus.
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%% GenBank # 2£ TPHI f1 TPH2
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ENSOARG00000014686) f& 28 F SCHik & 2 09 51 ¥ {5
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Table 1 Primers used in this study

B4 3 (5'—>3") KB /bp B JREE /C
Gene name Sequence (5'—>3") Length Tm
TPHI F. TGGCTTCTCTTGGAGCTTCA 186 60

R: TGGGGTCAAAGGGCTTTACT
TPH? F. CGGCGGTTGTATTCTCCTTG 162 60
R. CCGTTTTCCCACACTCACAG
. F. ACCCAGCACGATGAAGATCA 97 60
BACTIN o A
R: GTAACGCAGCTAACAGTCCG

1.5 5 RNA 2EUK ¢cDNA &K
Yo% 45 19 1 40 RNA B Bt ) & 42 B g

RNA i cDNA e & pll it F & & F% 5% B RNA
K18 cDNA, KW &R :37 °C 15 min,85 C 5 s,



3 BAERAE

4 EIHMAN G 40 TPHI M TPH2 SERRIB AT o TPH2 36 Z2 8545 7 B8 L& 39

RAF cDNA S — 554, 5 EmBREX W5, H
BACTIN (qPCR 51 ¥y, W3 1) i 2 AL A 3 17
PCR Kz . i B & M 5 0 “C 877 LA & A& il 35 (X
mRNA ik,
1.6 KIXEEPCRERRIREMEETL

FHZ T PCR ALK M A 38 A AE S BLR &
R 3 W FACTIN AR NS LIS H, O
WA X, qPCR 2 AR 5 RSO Fi A G35 2
PR 56 ] A o i 6 ) A ST AR R AL TR O 1k 2 7% S
YA (2019) 45 TPH2 3K LK FACTIN H:H
AR v R S0 205 oS 1A T 945 Ak B R 40T
1.7 ERHE

%I TPH2 #*: g. 107854166 C > T i
g. 1078541669C>T 2 4~ SNP {v 5 15 A [\ 45 3 & A
i 47 4> B, % ] Sequenom MassARRAY® SNP
FOR R FRAE W B A BR 2> W) A6 50 ik 47 56 R Al
Rl . 43 BURE 2k 5 AR R S AR O JESE D

TPHIFER AN ik it

The relative expression of TPHI gene

TPHIFERARX kit

The relative expression of TPHI gene

RIS J ) AN = N A Rl O e R A L
R SRR o A3 BURE il g DNA CH 2 PUEE I 42
BO L BASFE G DNA 2 20 pL,DNA ¥R
40~80 ng/puL,
1.8 BEFRITRSH

S 290k T TP H IR 75 % 415
HORE 2238 O 1 5632 P SPSS 220 37
WK T2 0 0. H &/ B #EE R % (Least
significant difference, LSD) # 17 £ & %%,

2 HRE5SMH

2.1 TPHI #0 TPH2 EHE 7 %3 HPGA 10 #1H R
R RIE ST

FH qPCR H AR XS 2 A~ H K748 3 HPGA %

HA P Y 22 S AR AR O E AT B 00 . AR R

TPHI FHAE 2 MEFE RS HL T2 RKIB(E D

Kl 1Ca)rh, TPHI FEPTE T3 JER¢ F N i A

%5618 Short day
BE |<EI Long day

& 'y & 6
Fo s Fo Fe S
NS & R I G
& oS & \\@z&
S o

HZ Organ

G Y Follicular
B & R Luteal

214! Organ

* UK S B FE (P<0.05) 3 »+ AR E R EFE (P<0. 0D, T,
% indicates the difference is significant (P<C0. 05). %x indicates the difference is highly significant (P<C0.01). The same below.

1 TPHI EREFRHEF (a) NEEX(b)WEXNRIEE
Fig.1 Relative expression of levels TPHI gene in sunite sheep (a) and Small Tail Han sheep (b)
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The relative expression of TPH2 gene

FUNRFEFEM A CH A h R/ LM TPH2
FERTE I3 JE B 2 AN AR DL KB E b R A e,
B 1) EHA PRI T REIE R ES T
KGR (P<<0. 05) ;& 2(b)Hh TPH2 J K 75 /)N 2 58
N B v 25 2 rh B 36 1 4 e 8 A 2 v T R R
(P<<0.01),
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0 52 B Bl | A @@_
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MRS RS AN DN AR N
@0 & N &
& A
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w
T
<‘1-vw4—|—|

TR iiiiiiiitiiiii it iiiiiis
G4E88E84EeEReERtERt 838548

TPH2HE AN 3k
The relative expression of TPH2 gene
)
T

#H

G Follicular
B i/ Luteal

21 Organ

B2 TPH2 EREFRHF(a)FNEEF(D)HENRER
Fig. 2 Relative expression levels of TPHZ2 gene in sunite sheep (a) and Small Tail Han sheep (b)
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an i TPH2 B R gk 47 B K 3 A, O & 8 TPH2
2 > SNP i s 75 PR R0 PR RS M 2 25 W A K
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g. 1078541669C> T iy H& [A B Fi 45 fir K& [H] 43 6 22
S N 2 ML, TPH2 3 [H g. 107854166C>T 4%
V7 5 DR B 38 A 219 1 LR AT RN i R ] 225 R 0k B

FIKE(P<C0. 05) , B H Al iy 3 PR 760 551 25 0 25 47 3

DU R B AT Tk B B 25 22 5K F . B CC i #h 2
PR C O PSS i S 1

&2 TPH2 EREAE SNP ML R EF T VE F L8 @y 5 F B 3 0 % 0 B R i 2

Table 2 Genotype and allele frequencies of different SNPs of TPH2 gene in
seasonal and non-seasonal reproduction sheep
PR KNG ) FWHENE  EHERN
’ WL ’ }
s ot v 2 1A b 0 1 K7 RE S PN Y e S TS|
LAY S
o5 i T e R Rk
. Genotype &
7 5, FE A #Y Genotype (P ) Allele Allele (P {8)
) frequency in A ) _
Locus Genotype  frequency in XZ test frequency  frequency in XZ test
non-seasonal Allele
seasonal ) (P in seasonal non-seasonal (P value)
reproduction
reproduction value) reproduction estrous
Breeds
breeds breeds breeds
CcC 0.98(199) 1.00(180) C 0.99 0. 89
0. 004
2. 107854166C>T CT 0.02(4) 0C0) 0.11 0.01 0.11
TT 0.00¢0) 0C0)
CcC 0.96(195) 0.91(164) C 0.99 0.94 0.0
.05
g.107854169C>T CT 0.04(9 0.09(16) 0.13 0.01 0. 06
TT 0C0) 0(0)

. P<0.05 fnEREHE.

Note; P<C0. 05 indicates the difference is significant.

Wt Gt TPH2 FEPUAR[R] SNP A7 5 78
AN [F) 40 2 o ol e 1 B A 35t 1% 2% (3R 3) mIHI, TPH2
FEPIAY g.107854166C>T HI g. 107854169C>T fif
RUPEMESE IR e Ao VR AL N IE SR WA DU
LR R 6 AR BRI ALE 28 (PIC<
0.25), i 4b. RO & A MR s R & .
g. 107854166C>T 1 £ 75 % 4 K 1% i B 20 8] 24 2y
B A2 R LA R S HE SRS L B TR R R
] g. 107854169C>T i s ¥ &b T 05 AQ AR 4% 1 iy
R (P>0.05),

I ANOVA 4 fiz i 56 DA AL 5 384 H/I
R BB AT RIS A SR 4 R, TPH2
FH g.107854166C>T Ml g. 107854169C>T fif i
AR EE R R 5 /N FESE 3 AR SR BOCHK 5 JC
EER,

3 it i
3.1 EF MU TPH & F R A

TPH1 Jj& MEL A= ¥4 sU35 1 A BRod iy » 78 Jir
A S ) 0 R SRR R AR R R R A i

th MEL 4= ¥ & Wi 2 0 R s i, Hik 4 T TPH
Y R4k R 5-HTP, 3 52 3] {6 40 ik ¥ L i 1
(TPHD R BRIV . AWF5E & TPHI 3L 7E 95
JeRRER A P 22 7 3RGA (B D B IE T ik
ZER EREVY R A sy h A ) TPHI
mRNA 2R HERE, R SENETER
TE S & 8 TPHI mRNA 76T B i FL 3k R
HI#% (Premammillary) 3635 , #0742 1) 5 28 Z2 95 &
U LARRESE TPHI mRNA 7895 Je 57 £ F Fr fili Al
R E A EREREEF R FRBB (P
0.0, Z B F4T VA S ZI M k% . 5 Kang 457
P AIF 5T 25 R — 3.

TPH2 BN 0S5 H# O 48k 2 W58 Uk B
KRR I HE O FRUR I A B (Syrian hamster) R It
ot H ) TP H2 e s AR b o H B 1) % ) 300 4 it
PEBR AL, SR, 75 528N i PMM ik
A KM E] TPH2 mRNA Fik1 . e e TPH2
RPN E DR SR BUE M2 R KB, R
Al RESE TPH2 mRNA FRIKTE 75 JE 7Bk b 275 4
WA S AR A
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3.2 EEEHERREX TPH-GnRH & B8 %10

B S B3 5 AERR M (Rhesus macaques)™ A ]
M (Rhesus monkey) ™ FIA L i A vE 5 EL 45
BRI R, TPH2 mRNA 550, 164
HE &P S 8y B 5-HT #ig oo TPH mRNA
A TPH 8 5020 MoK #8257 & . UE B E Wi
T 5-HT Moo () PR fil ER #F 11 2 5 8 £ 5-
HT K 4, 2 W] TPH (JL H TPH2) ] #8532 %
HPGA iy E s B . 76~ B A P9 00 40 A
X (Medial preoptic area) Hp 5-HT #1205 H % 2
GnRH #1450, i 14 4% 1 ¥ GnRH 19 50 -, 7
MEME R B GnRH #h oo A KR 5-HT 32
R Hh HTR2 25 W HEOR . JF /v & 5-HT [ &
BE E S LH 4w, ik T GnRH 52 %
5-HT/HTR2 5% m™", #F 58 % 8 K B b 77 78
TPH/5-HT/5-HT 5% {& 2 (5-Hydroxytryptamine
receptor 2)/GnRH i i 845 M B il i 2 50 i

ABEFE PCR A i 25 2R W5 7 /N 8 7€ £ K Fe il
TPH %355 B M 1E B0 R 7 S5t 52 . 48
FRAE BN TN S, 2R v B 2T B L A R Y R
FABE % A6 HE IR AT COP i B R D) 34T LH
WA E 0, E K& 20 Wi, ] DLE o 7 & st 7E
TR AR NRIEL NI E R
YEJH T HPGA. #8795 GnRH F1 LH B i 48 w2,
25 TR TS5 & AW 5T (B 2) th TPH2 K& AE /)
FEFEETT Frfivi 25 21 O v 30 ) R Ak AR 3 e T
PRI (P<<0. 01) By BIF 5% 25 5 . #E DU 45 2 T Fe 1 7 [
MA@ E/TPH2/5-HT/HTR2/GnRH i@ .
A FE /1N e 98 2F O 16 1 41 2% 7F O 30 5K B i KA R
RE LA IE b F Ml 3R 0 E K 2 Wb, I IR
T el 5-HT #2chy TPH2, {33k & 1,
B3 S-HT 43 2, Jf o 5-HT #f 48 0 K o %
HAEHF GnRH #2450, W 4E GnRH 4334,
3.3 TPH EEMKPHIER

CA BRI MmN PE 5S-HT KF 23 LH
SR GIER] TPH AT L 5-HT 84 LH
KA. A ES S-HT M5 R IR 5-HT #h &t
JEAERB R KB H 5-HT & pixt LH 430 (1%
PEHEFE . A 2 #OR B = i SN R 5-HT
Jei > LH B0 i) ikt A i 5 450 1 4 B i it
5-H'T X e #1 K B LH AKCF i #m i /8 = . ARBESE
RI TPHI e/ e 9 3 3 A R0 51 5 v 5 3f 0 () 2%
IR F B AR (P<0. 05) 5 2 5 13k /N B iy ifF 52 3

AR,
3.4 TPH2 ERSSMHERFEFEHZEANER
TPH2 3 iy g 107854166C > T A
g. 107854169C>T i s 7F ¥ 3 . 5 JE& ¢ 3 L B Jgt Al
i N IESE B DL KOR BB 6 AR R R
ML 225 (PIC<<0. 25), 328 2 M 5 7E 6 A4
4E R R R 2R D . W B 2R AR R
% A 2 A8 AU, AT 58 R T 58 48 30K 8 28 748 ALE
PE2ZSEBET. K 2 AKX 2 M 54T
PERNG TC O DI HE T X 2 > 67 B AS J2 52 T 4 =F 2
Tk R B S A A . 5N IE A PR SR RO A AT
L, g 57842893C>T fi i 5/NBFEEY 1.2
DA 3 7= 2a 503 6 1 3% R Bk (P>0. 05) , N &
SR /)N 8 FE S 7 G AR T

4 & B

AR K, TPHI f TPH2 KK 75 245 2 B0
FHOCH Zrh B vh 55 B K58 fE HPGA B4 2 i
AFINBEARE S, EHRJEREE T TPHI W2
TOGRAREMET R R B T RS SR FER RN
P45 R A ARG e, TPH2 3L K 0l R /N % 2F
T M Z 3] E R . 25 R I S
TPH2 3:[H g 107854166C>T Hl g. 107854169C>T
LA IR ZE TR R A f AR S H/NRIEF
FEEROR
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