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Abstract: Objective To investigate the association between single nucleotide polymorphisms (SNPs) in the SPOCK1
and TMEM38B genes and early age at menarche (AAM) in girls from the Sunan region of Gansu Province, so as to provide
evidence for the prevention of early AAM. Methods From January to July 2023, 159 menstruated girls aged 9 - 18 from
Yugur Autonomous County, Zhangye City, Gansu Province were recruited. Participants were divided into an early AAM
group (AAM<C12. 8 years, n=75) and a normal AAM group (n=284) based on the 25th percentile(12. 8 years old)of their
AAM. TagSNPs for the candidate genes SPOCK1 and TMEM38B were selected from public NCBI and the shared resources
of the 1 000 Genomes Project. Haploview software was used to screen out loci with a minimum allele frequency (MAF)

of >0.05, and linkage disequilibrium analysis was performed to finalize the TagSNP. Multivariate logistic regression was
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used to analyze the association between SNPs and the risk of early AAM under different genetic models.  Results  After
adjusting for confounders, significant associations with early AAM risk were found for SPOCK1 gene SNPs rs1859345
(overdominant model; TC vs. TT+CC, OR=2.10, 95%CI;: 1.01 - 4.42, P=0.046) and rs7701979 (overdominant
model;: GT ws. GG+TT, OR=2.18, 95%CI: 1.02 - 4. 65, P=0.040). Significant associations were also identified for
TMEM38B gene SNPs rs10453225 (codominant model: GT wvs. GG, OR=2.83, 95% CI. 1.29 - 6.20, P =0.024;
dominant model: GT+TT ws. GG, OR=2.38, 95%CI; 1.13 - 4. 98, P=0.020; overdominant model: GT vs. GG+ TT,
OR=2.30, 95%CI: 1.21 - 4.40, P=0.011), rs4452860 (recessive model: AA vs. GG+GA, OR=0.43, 95%CI: 0.20 -
0.94, P=0.033; overdominant model: GA vs. GG+AA, OR=2.13, 95%CI; 1.12 - 4.07, P=0.021), and rs12684013
(overdominant model: CT ws. TT+CC, OR=1.96, 95%CI: 1.04 - 3. 73, P=0.037). Conclusion The rs1859345 and
rs7701979 loci of SPOCK gene, and the rs10453225 locus, rs4452860 locus and rs12684013 locus of TMEM38B gene are

all correlated with AAM in girls in Sunan region, suggesting these genes may play a role in the genetic regulation of

menarche and providing potential genetic markers for the early screening of early AAM.
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Fig. 1 Linkage disequilibrium map of SPOCK
and TMEM38B genes
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Tab. 1 Comparison of clinical data between girls with
premature menstruation and girls with normal

menstruation (x £s)

MR R HHTH (1=75) HHL=80D t/y* i Pl
AAM(#) 10. 4841. 04 13.96+1.02 21,212 <0.001
B (em) 156. 48+8. 23 162. 70+5. 50 5,664 <C0.001
i (ke) 49.53+11. 27 54.554+8.53  3.19%  0.002
% [l (cm) 71.1549. 27 74.3246.94 2,464 0.015
1 FEJRE (em) 2.1640. 83 2.2440.74  0.60%  0.552
i i & (mL) 2 107.04-443.13 2 140.99+367.89  0.53*  0.599
MR AW (g/L)  159.49+£14.65  157.024+14.34  1.07¢  0.285
BMI[kg/m? , (%) ]

<18 21(28.00) 11(13.10) 5.52"  0.063

18~25 49(65. 33) 67(79.76)

>25 5(6.67) 6(7.14)

Wt iy H.

® 2 AAMRFH Y EW AL MR E S LW, %0
Tab. 2 Comparison of the developmental stages of female
sexual characteristics between the premature menstruation

group and normal menstruation group(n, %)
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By X @ % 3 COR = 2.10, P = 0.046),
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rs13357391, rs12653349, rs17779700 {if &5 75 48
P A 2 P 25 A A5 2 S P 8 A% A5 R Bk st
FERLCTT 2% 36 PR [R) b3, AAM 2 11 & A= 1 XUBS:
EZR LG HFE X (P>0.05), L#E3,
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Tab. 3 Association analysis of six candidate SNPs on SPOCK gene with the risk of early AAM(n, %)

SNP-1D 155 7 J A AY BT A OR fH(95%CD P i
rs1859345 B TRS TT 56(75. 68) 51(62. 20) 1. 00
TC 14(18.92) 27(32.93) 2.12(1. 00~4. 48) 0.130
CcC 4(5.40) 4(4.88) 1.10€0. 26~4. 62)
Bk TT 56(75. 68) 51(62. 20) 1. 00
TCH+CC 18(24. 32) 31(37. 80) 1. 89(0. 94~3.78) 0. 069
58S TT+CT 70(94.59) 78(95.12) 1. 00
cC 4(5.41) 4(4.88) 0.90(0. 22~3.72) 0. 130
8 M TT+CC 60(81.08) 55(67.07) 1. 00
TC 14(18.92) 27(32.93) 2.10(1. 01~4. 42) 0. 046
i - - — 1. 49(0. 85~2. 61) 0. 160
rs7701979 J g GG 59(79.73) 54(65. 85) 1. 00
GT 13(17.57) 26(31. 71 2.19(1. 02~4. 68) 0. 120
TT 2(2.70) 2(2.44) 1. 09¢0. 15~8. 03)
B GG 59(79.73) 54(65. 85) 1. 00
GT+TT 15(20. 27) 28(34.15) 2.04(0. 99~4. 22) 0. 051
[ GG+GT 72(97. 30) 80(97.56) 1. 00
TT 2(2.70) 2(2. 44) 0.90(0. 12~6. 56) 0. 920
A GG+TT 61(82.43) 56(68.29) 1. 00
GT 13(17.57) 26(31. 71 2.18(1. 02~4. 65) 0. 040
Jnk - - — 1. 71€0. 90~3. 26) 0. 094
rs10054991 I @ AA 52(71.23) 55(66.27) 1. 00
AG 20(27. 40) 25(30. 12) 1.18(0. 59~2. 38) 0.059
GG 1(1.3D) 3(3.61) 2. 84(0. 29~28. 14)
Bk AA 52(71.23) 55(66. 27) 1. 00
AG+GG 21(28.77) 28(33.73) 1. 26(0. 64~2. 49) 0.501
583 GG+GT 72(98. 63) 80(96. 39) 1. 00
TT 1(1.37) 3(3.61) 2.7000. 27~26.54) 0. 360
8 M GG+TT 53(72.60) 58(69. 88) 1. 00
GT 20(27. 40) 25(30. 12) 1. 14€0.57~2.29) 0. 710
Jnk - — — 1. 30€0. 71~2. 39) 0. 390
rs13357391 It i vk TT 56(74.67) 51(61.45) 1. 00
CT 15(20.0) 28(33.73) 2.05(0. 98~4. 27) 0. 150
cC 4(5.33) 4(4.82) 2. 84(0. 26~4. 62)
LR TT 56(74.67) 51(61.45) 1. 00
CTH+CC 19(25. 33) 32(38.55) 1. 85(0. 93~3. 66) 0. 075
583 TT+CT 71(94.67) 79(95.18) 1. 00
cC 4(5.33) 4(4.82) 0.90(0. 22~3.73) 0. 881
e TT+CC 60(80. 00) 55(66.27) 1. 00
CT 15(20. 00) 28(33.73) 2.04(0. 99~4. 21) 0. 051
ik — — — 1.47(0. 85~2.57) 0.172
rs12653349 It i AA 52(72.22) 55 (67.90) 1. 00
AG 19(26. 39) 24 (29.63) 1.19 (0.59~2.43) 0. 790
GG 1(1.39) 2 (2.47) 1.89 (0.17~21.48)
Bk AA 52(72.22) 55 (67.90) 1. 00
AG+GG 20(27.78) 26 (32.10) 1.23 (0. 61~2.46) 0. 560
[ e AA+AG 71(98.61) 79 (97.53) 1. 00
GG 1(1.39) 2 (2.47) 1.80 (0.16~20. 25) 0. 630
e AA+GG 53(73.61) 57 (70.37) 1. 00
AG 19(26.39) 24 (29.63) 1.17 (0.58~2.39) 0. 660
Jin — — — 1. 24(0. 66~2. 32) 0.510
rs17779700 Gk AA 53 (71.62) 56 (66.67) 1. 00
GA 20 (27.03) 26 (30. 95) 1.23 (0. 61~2.46)
GG 1 (1.35) 2 (2.38) 1.89 (0.17~21.49) 0. 750
B AA 53 (71.62) 56 (66.67) 1. 00
GA-GG 21 (28.38) 28 (33.33) 1. 26 (0. 64~2.49) 0.501
[ e AA-GA 73 (98.65) 82 (97.62) 1. 00
GG 1 (1.35) 2 (2.38) 1. 78 (0.16~20.05) 0. 630
B e AA-GG 54 (72.97) 58 (69.05) 1. 00
GA 20 (27.03) 26 (30.95) 1.21 (0. 61~2.42) 0. 590

ik - - — 1. 26(0. 68~2. 35) 0. 460
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AAM £ A/ B9 KB & 2 B K (OR = 0.43, P =
0.033), 7EMBHBAEHRELT, SHEHEA GG+ AA
AL BRI GA ) 2o A AAM S i % XU Sk 2% 3
JM(OR=2.13,P=0.021), rsl2684013 {ii & : 7F {8

DHBERERT, 5EREM TT+HCC R, EH M
CT W& AAM 20 59 KU B2 36 fim (OR = 1. 96,
P=0.037), W 4,

F 4 TMEM38B M I+ 3 4~k SNP 5 AAM 2 [ KUK 1) & 156 43 1 (1)L 26
Tab. 4 Association analysis of three candidate SNPs on TMEM38B gene with the risk of early AAM(n, %)
SNP-ID s Jik R 7Y b T 20 EHA OR {8 (95%CD P
rs10453225 Ik 6 GG 25(34.72) 15(18. 29) 1. 00
GT 30(41.67) 51(62.20) 2. 83(1. 29~6. 20) 0. 024
TT 17(23.61) 16(19.51) 1.57(0. 62~4. 00)
P GG 25(34.72) 15(18.29) 1. 00
GT+TT 47(65. 28) 67(81.71) 2.38(1.13~4.98) 0. 020
(583 GG+GT 55(76.39) 66(80.49) 1. 00
TT 17(23.61) 16(19.51) 0. 78€0. 36~1. 70) 0. 540
A GG+TT 42(58. 33) 31(37. 80) 1. 00
GT 30(41. 67) 51(62.61) 2.30(1. 21~4. 40) 0.011
ik - - - 1. 30€0. 82~2.07) 0. 270
rs4452860 3@ GG 19(26. 39) 18(22.22) 1. 00
GA 31(43.06) 50(61.73) 1.70€0. 78~3.73) 0. 042
AA 22(30. 56) 13(16.05) 0. 62(0. 24~1. 60)
B GG 19(26. 39) 18(22.22) 1. 00
GA+AA 53(73.61) 63(77.78) 1. 25(0. 60~2. 63) 0. 550
Fet GG+GA 50(69. 44) 68(83.95) 1. 00
AA 22(30. 56) 13(16. 05) 0. 43(0. 20~0. 94) 0. 033
8 GG+AA 41(56. 94) 31(38.27) 1. 00
GA 31(43.06) 50(61.73) 2.13(1. 12~4.07) 0.021
I — — — 0. 80(0. 50~1. 28) 0. 350
rs12684013 @ TT 25(33.78) 23(27.71) 1. 00
CT 27(36.49) 44(53.01) 1.77(0. 84~3.72) 0. 099
cC 22(29.73) 16(19. 28) 0.79€0. 34~1. 86)
[TRn TT 25(33.78) 23(27.71) 1. 00
CTH+CC 49(66. 22) 60(72.29) 1.33(0. 67~2.63) 0. 410
o TT+CT 52(70.27) 67(80.72) 1. 00
cC 22(29.73) 16(19. 28) 0.56(0.27~1.18) 0.130
FeiR s TT+CC 47(63.51) 39(46.99) 1. 00
CT 27(36.49) 44(53.01) 1.96(1. 04~3.73) 0. 037
ik - — — 0.92(0. 60~1.41) 0.710
5 W o® 3.2 SPOCK % SNP 4 5 5 AAM & % B
SPOCK & —Fp 7 b 5 | Jifi #1'5F JIE 55 rh vy 3K 38 19 48
3.1 AAM xf vk ey Fon  BESE KB, AAM  MEAME B 2T, RE I 3 R 4 )8 R G -2

TR E QA AAM GEHERT 1 4R SE TR
B 2. 4205 0 AAM 4R HTW 5 & i 7 10 19 R IR
PUATEAR A AAM B0 Y 2o 1 A6 4 Uk 3004 DR
(i R B Y AAML BRI e A N R R K
T e LB o B SRR R R I A R B R
PO S R e | I K B B AR N AAM
SRR A 2R 4 e i v o 1 A Y BT 2R L AT B A 4K
IS5 e HT A L5 i R g R B AAM 2 i X
2P A B A R

(matrix metalloproteinase-2, MMP-2) # 7§58,
MMP-2 J& 4 5 J& ¥ 7 50 N BB VR 9 o6 B
R EEARBIILGR MW SPOCK W] A i i 40
fil MMP-2 & # 8 % AAM (41 . 5 B % B,
AAM 5 SPOCK f{J rs1859345,rs7701979 % SNP
i BoA W #F B . SPOCK 1) M 4 SNP
(rs1859345,rs7701979) fii T N % + 3 5 F X 3k,
rs7701979 Kby G—T" 45 fk 7T g 3 B 5 Sk 1 v-
Myb (4540 5 226, T rs1859345 kb iy “ T—C 78
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