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Abstract: [Objectives] Melatonin is an important neuroendocrine amine hormone that plays a critical role in
regulating gonadal function and germ cell development in seasonal breeding animals. However, the regulatory
pathway of melatonin affecting seasonal reproduction through hypothalamic-pituitary-gonadal (HPG) axis is
still unclear. [Methods] In the present study, Plateau Pika (Ochotona curzonia€), a representative long-day
animal, was used. Adult Pikas from reproductive and non-reproductive stages were captured in May and
November, respectively, and assigned to four groups: reproductive male, reproductive female, non-reproductive
male and non-reproductive female. Blood samples were collected from Plateau Pikas by posterior orbital
venous plexus approach every 2 h within 24 h, and serum melatonin concentrations were detected by enzyme
linked immunosorbent assay. Quantitative real-time PCR was used to determine relative expression levels of
Mtnrla and Mtnrlb with reference to Gapdh in hypothalamus, pituitary and gonad of Plateau Pika. The
expression and location of MTNR1A and MTNRI1B in pika’s gonad were confirmed by immunofluorescence
staining with a germ cell specific marker DDX4 and a DNA specific dye Hoechst 33342. The concentration of
melatonin and relative expression levels of Mtnrla and Mtnrlb were compared among groups by one-way
ANOVA. [Results] Results showed that serum melatonin concentration of non-reproductive male Pikas was
always higher than that of reproductive males (P < 0.05), and the two groups showed distinct diurnal dynamics.
Serum melatonin concentration of female pikas was lower than that of males all the time (P < 0.05), although
there was no significant difference in female pikas between reproductive and non-reproductive stages (Fig. 1).
The mRNA expressions of Mtnrla and Mtnrlb were detected with similar changing pattern. There were
significant seasonal differences in Mtnrla and Mtnr1b expressions in male hypothalami and pituitaries (P <
0.05), and seasonal differences were also found in Mtnrla and Mtnr1b expressions in female pituitaries and
ovaries (P < 0.05) (Fig. 3). Immunostaining indicated that the two receptors were widely distributed in germ
cells and Sertoli cells of testis. Nevertheless, MTNR1A was more extensively expressed in spermatogonia,
while more expression of MTNR1B was observed in advanced germ cells at reproductive stage. In the ovary,
MTNRIA was found in oocyte cytoplasm and granulosa cells preferentially. MTNRIB expression was
observed in both oocyte nucleus and cytoplasm as well as in granulosa cells. Strikingly, distinct high
expression of MTNRIB was found in theca cells of growing follicles (Fig. 4). [Conclusion] In conclusion,
melatonin showed gender difference effects on seasonal reproduction in Plateau Pikas, implying that its
control pattern is not limited to indirect regulation through HPG axis, but it also acts directly on melatonin
receptors in gonad to control the fate of germ cells and somatic cells.

Key words: Plateau Pika (Ochotona curzoniae); Hypothalamic-pituitary-gonadal axis; Seasonal reproduction;
MTNRI1A; MTNRI1B
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roborovskii ) (Zhang et al. 2015). & i %R

(Ochotona curzoniae) (Wang et al. 2019). 4&
4= (Bos grunniens) (Xu et al. 2020) K /K46
& (Mazama gouazoubira) (Tanaka et al. 2021)
S5 /NN R TS ety L 3 ) 2 AR i S R O e R
HH AN [R] PR 24 1 BB R AL

R R B R H (Lagomorpha) R %%

(Ochotonidae ), &7 il =1 Ji e A 1) /N BBy
RIGFLEIY), EEAGENFA 3 200 ~ 5 400 m
(S A X k. fEEFAYERE |, m R R AR
T MR ) H R ARRAE, B T 4 ~
6 H (S 2016). HETWIFRERY, mlEi R
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PR R, TR SR e i, 4k
PRI L7 (R AR o 1 B S T AR BOORE )
INTCIFURANMA . B4 S5 o B R 2= vh b e
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FUBRAS A3 b0 72 S5 LR AR 8 FH AR
TR PR LR BEAE 2z b Rl A it 2, F2th
LT (R>099) iHHBERSE.
13 & RNA EE 5B %XtEE PCR
(quantitativereal-time PCR, gRT-PCR)
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B E RNA RERLE. FH
Honor™ 1I 1st Strand cDNA Synthesis SuperMix
(I ARSIE, NHR0O04S) #f RNA 3% N
cDNA, fii ] 2 x RealStar Green Fast Mixture ( i
T4, A304) AT QRT-PCR. A4,
95 C 2min; 95 C 15s, 60 C 30s, 72 C
30's, 40 MEH; 95 C 155, 60 C 15s, 95 C
15 s. Pl Gapdh W Z, fEH 27 % kit
mRNA X RERE, 5IYMEENE L.

K1 FHAFAKGY
Tablel Primersused in thisstudy

FEF 4
Gene name

S1MF%) (53"

Primer sequence

P EE (bp)

Production size

Mtnrla F: CTCTGCTATGTGTTCCTGAT

R: TACTCTCCTTCTGACCTGAA 2
Mtnrlb F: ATTAACCGCTACTGCTACAT

R: GGAGGAGGAAGTGGATGA
Gapdh F: TGACATCAAGAAGGTGGTGAAGC

R: AAGGTGGAAGAGTGGGAGTTGCTG

229

14 HEFLLE
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SRR E S, H 3%\ E=E
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TR Z L BEPUR CRWAEY), RLT2726) B
MTNRIB %l 2 volE fis CEwBAY, RLT2727)
5520 FE A0 Ry S AR B 1 DDX4 BRI T [
Pk (Abcam, ab27591), 4 CHEH 14 h. fif
fR 22 pE VeSS, AN 101 000 R
CoraLite488 #ric % $i % 1gG (Proteintech,
SA00013-6) 5 CoraLite594 #ricH'#ifl IgG
(Proteintech, SA00013-7), iR & 1 h. H
DB VS, IMN4H % DNA = 1t e k)
Hoechst33342 4%, {FHHbE FHAEZR L
B N LS

15 HiESH

KH SPSS20.0 it i s 2 &
I3 N 2 B EL O B AT AT, 4 SRR DA
PEME + PaEIRITERER, P<0.05 B %

REE,
2 SR
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137 BELISA 455 RoR, B =i iR S ik
MR WK T MEYE o P B SR LI AR
S RSN (8548 £2.94) ~ (168.20 +
64.15) ng/L, TEAFEIEHN (278.60 £3.28) ~
(342.34+£9.52) ng/L, B MIHZEREE (P<
0.05), H AR HEP: B S L7
FREE A EIHI N (55.80£4.88) ~ (71.55+
9.09) ng/L, {EIREFEMIA (5598 + 4.54) ~
(72.03 +3.41)ng/L, HAfFAEHEZR (B 1),

—m— E5 3 Reproductive stage &
—e— 5] Q Reproductive stage P

400 - —0— A5 3 Non-reproductive stage &
—o— FEE 5 @ Non-reproductive stage Q
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175 %8 B ZE K F Serum melatonin level (ng/L)
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MmiFRRRTEEN

Fig. 1 Dynamics of serum melatonin in Plateau
Pikas within 24 hours at reproductive and
non-reproductive stages
PUANZH A AN BRI 8] 55 n =30 [ — I 8] ARV E AN R - B, Rl

)2 R BE (P<0.05),

n = 3 for all four groups at each timepoint. Different letters at the

same timepoint indicate significant difference (P < 0.05).
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22 RIERBEBRZGERREEZRIN

R RNA RS R, 8 & E
AR TERR RNA 1T Sed6 5 PCR ¥4, 974
PR BRI A, BTS H ISR
FEXI 5B SR (B 2),

Minrla Minrlb Gapdh
231 bp 229 bp 117 bp
bp M1 2 3 4 1 2 3 4M1 2 3 4
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Fig. 2 Amplified fragments of Mtnrla, Mtnrlb

and Gapdh in gonads of Plateau Pikas
M. 100 ~ 1 500 bp DNA 73T iA5iE; 1~ 4 7375 48 BHUHENE. E
FTHMIREYE . T IR 7 A B I R S R IR B R
By,
M. 100 - 1 500 bp DNA marker; 1 - 4: gene amplification products of

gonads from reproductive male, non-reproductive male, reproductive

female and non-reproductive female plateau pikas respectively.

qRT-PCR Z5F LK 3. Mtnrla 5 Mtnrlb
RN i, SRS ARE, HPRE
HERZHIEREF —HLA N R BB EHA—
H;. FEMRT, JEEEPHEER % Minrla 5
Mtnr 1b A% 2R IA 5 (25.84 £ 5.24 52.89 £0.27)
LT 254 (1.00 £ 0.73 5 1.00 + 0.55) ¥
BEFE (P < 0.05), MfEER%E Mtnrla 5
Mtnr1b fAEX KA AR I (1.80 = 1.11
50.99+0.07) 55 (571 +4.12 5 149+
0.32) 2R, Mk, A-STEIIME. #E
A Mtnrla 5 Mtnrlb AHX R A &M 17.49
+10.89 5 19.35+10.87, Wtk 72.22+19.61 5
932.94 +195.05) 31z = T A gt 1.00 +

0.29 5 1.00 + 0.07, HEPE 5.19 £0.39 5 3.16 +
0.37, ¥JP<0.05); 7EFZ5E M R A tE R
B, Mtnrla PR RIA &R (2.13 £ 0.28) &5
FE5E (1.00 £0.13, P <0.05), 1fj Mtnrlb
MIXTRIERE (223 + 1.12) 525 (1.00 +
0.09) Jo i35 2 s E A S0 S M AR A i
Hi, Mtnrla 5 Mtnrib AR IE & (1 160.34 +
97.66 5 1 490.68 + 164.96) ¥t T 54
(4431 £4.65 58.70+2.21, P<0.05).
23 RERARBERZGEAEERYTRE
(WASE. SV

2 B e R B 3K S A R Rk R R R
P, i e RO G A I 1 R
PEPE IR F PRI Z R A At . HEE
MTNRIA F1 MTNRI1B 7E 45 5 40 ff A1 57 540 g
WIHRIE, ZHEAELEAR AT
E5, (HAEZHEY MTNRIA 24 h T
JEZ B IRAIA A, 1 MTNRIB Ut ) 76
ElE N R R . M\ T, MTNRIA
5 MTNRIB [WFiA K H NI R 2R
LI MTNRIA 7E U BEAR AR A () FRIA S T
MO, (EE ORISR 4 i R A fE T
MTNRI1B MI7E G BEAHR A% . SR 93 50 A7
R T AERURL A P AR LE AL, 7 ORI R i b
SWHMFFR mRE . JFEEH MTINRIA 5
MTNRIB R IETEF LA A EA R, (5
MTNRIB FIRIEH AHHE (F4).
3 i

B B ZAE N — b 2 W LS s Rk
EMEREER, 57 BRTHERE. 2%
REWNT . P N S5E 2 AR B, HAES)
YV ETE IR ) SR E R 2 B T R
(Cipolla-Neto et al. 2022, Jiang et al. 2021, Li
et al. 2021, Markus et al. 2021) . SEREIHFFEIE
S5, HREFIEE A 30 IE T R TR AR
e Jir B PR SR 2 B oA, 3T e L B )
e (ELZES 20200 o AWFFRFE—H KL, H
Tofe v 5 B, B A P R B 2R A3 AR T L AR A 1
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T EfiiMtnrla mRNAFIXT 25 R
Minrla mRNA abundance in hypothalamus
T B JgiMinr1b mRNAAH % &
Minrlb mRNA abundance in hypothalamus
(=)

24

TRk Mtmrla mRNAIRT AR
Mtnrla mRNA abundance in pituitary
o

TE{RMinr1b mRNAFEN o35 5
Minr1b mRNA abundance in pituitary
2

1300 a 1700 -

c f
g B
% £ 900 @ £ 11501
% g % k=
< 8 500f 2 8 600f
z4 £ 5
% 2 10l b % 2 sl
3 <3
12 B s
33 22
3 § 20 sl § 4+ be
0 d = 0 :
d Q é ? 3 ? g Q
M I3 ik g8 [ yice]
Reproductive stage Non-reproductive stage Reproductive stage Non-reproductive stage

B3 EEPMEEESEEERATEM. BA5%EES Mtnrla 5 Mtnrlb AR RIEE
Fig. 3 Relative expression of Mtnrla and Mtnrlb in hypothalamus, pituitary and gonad of Plateau Pikas at
reproductive and non-reproductive stages

a~c. Mtnrla ) mRNA A RIER: a. FIEM (n=3); b. Tk (n=4); c. PR (HEPEn=3. Witk n=4). d~f Mtorlb (¥ mRNA
WRIER: d FEM (n=3); e Flk (n=4); £ IR (fEtEn=3. #itk n=4). WSHEREN Gapdh. [F—EPiFEARTE, FoR
Al EREFE (P<0.05).

a - ¢. Mtnrla mRNA abundance: a. hypothalamus (n = 3); b. pituitary (n = 4); c. gonad (n = 3 for males and n = 4 for females). d - f. Mtnrlb
mRNA abundance: d. hypothalamus (n = 3); e. pituitary (n = 4); f. gonad (n = 3 for males and n = 4 for females). Reference gene is Gapdh.

Different letters in the same column chart indicate significant difference (P < 0.05).
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B4 ZHEHMIEEESEERRERT MTNRIA () 5 MTNRIB (b) HGBEREHE
Fig.4 Fluorescence staining of MTNR1A (a) and MTNR1B (b) in gonads of Plateau

Pikas at reproductive and non-reproductive stages

MTNRIA A1 MTNRIB #3145 MEHUARARIC A4k 0 DDX4. ¥pRFIAEA YA DDX4 FAEHMMARIC ALt MERGE. £kt0y
MTNRIA (a) 8 MTNRIB (b), ZLEARICNAETHANM, #6918 Hoechst33342 FRid Nl 1) DNA; 7R, 50 pm.

MTNRIA and MTNRIB are labelled as green by specific antibodies; DDX4. Germ cell is labelled as red by antibody of specific expression
protein DDX4; MERGE. MTNRI1A (a) or MTNRIB (b) is labelled as green, germ cell is labelled as red, DNA is labelled as blue by Hoechst

33342; Bar. 50 um.
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HE R I, $E N S RE BERZAHSGAK 3 (rfamide-
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i i3k N BR 4 B R A, 3 T DA T 2 TR T TR T
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P BI7 11 51 5 P S5 4E BRI Y 2 2K (Berlinguer et al.
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W A R A R PR R 2 AR AN R ) o A 5 3R A
B S 78 7 HR R FO0 B S T Re I B R R R
TEH .
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