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4 =RIMFHAR (PacBio SMRT ¥ &), Hi/MNR KNS/ NAHEBENZFENE . FloKF AR BAE R 45
A, B, PMSG W RIGE S BRRREKER GRIT 47.5%). FERBT, PMSG B#
PE KA AT RIS 51, IKE) Alpha ZFREMERE FTH: EE T HABENRBE R ER, WkkEsE
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B, BRI IEA S TAE S ETHE 61.11%, N T UBFATHE (Lactobacillus intestinalis)
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W3E; TEFKFE L, PMSG Bl EE /4% O B FPRI B 3, a050 8 BB (Erysipelatoclostridium ramosum)
FEXTFE TS 90%; WEFEAK T /NG BEM A G, 20 BRI MAHDAER RO 3T (53.85%). 451,
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into PMSG-treated (5 IU) and control groups (the same volume of sterile normal saline). Following 3-d

intervention, we isolated the dominant strain Escherichia sp. GMJ-1 for in vitro growth curve modeling

(Gompertz equation), performed full-length 16S rRNA sequencing (PacBio SMRT) of large intestine and

small intestine contents, calculated a-diversity indexes (Shannon/Richness/Evenness) and f-diversity index

(Unweighted UniFrac PCoA) via QIIME2 with species-level annotation, constructed bacterial networks (|r| >

0.6, P < 0.05) and core bacterial networks (|r| > 0.9, P < 0.01), and analyzed topology parameters. Statistical

validation was conducted by f-test, one-way ANOVA (Tukey’s HSD), and PERMANOVA. [Results] The

intestinal strain GMJ-1 showed significantly increased maximum growth rate under PMSG treatment (Fig. 1).

In the large intestine, PMSG significantly increased the evenness of bacterial community (Fig. 2¢) and drove a

significant increase in alpha diversity (Fig. 2a). Even though PCoA demonstrated that intestinal segments

exerted stronger influence on bacterial community structure than PMSG intervention (Fig. 3, PERMANOVA),

PMSG induced the significant increase of Bacteroidetes and decrease of Proteobacteria at the phylum level

(Fig. 4a) in the large intestine. Meanwhile, PMSG caused the enrichment of strains with potential metabolic

benefits (Fig. 4b) in the large intestine, such as Eisenbergiella uncultured organism with the relative

abundance increasing by 196 times. Network analysis revealed PMSG enhanced the complexity (nodes + 24%,

edges + 41%) (Figs. 5a, b, Table 1) and the cohesion index (Fig. 6b) of the bacterial network in the large

intestine. In addition, PMSG raised the proportion of positive correlation interactions among core bacterial

species to 61.11%, increasing the positive relationship with Lactobacillus intestinalis and L. johnsonii as

nodes (Figs. 7a, b). In the small intestine, the overall effects of PMSG on the diversity (Figs. 2a ~ ¢) and

composition of the bacterial community at the phylum level (Fig. 4a) in the small intestine were not

significant. At the species level, PMSG caused sharp fluctuations in some core bacterial species in the small

intestine (Figs. 4c). For example, the relative abundance of Erysipelatoclostridium ramosum decreased by

90%. The robustness of the bacterial network in the small intestine was significantly reduced by PMSG (Fig.

6a), and the negative correlation interaction of the core bacterial species became dominant (53.85%) (Figs. 7c,

d). [Conclusion] PMSG might drive the intestinal bacterial community to exhibit a segmental differentiated

response of “being optimized in the large intestine - becoming fragile in the small intestine” through both

direct promotion and indirect regulation mechanisms. This finding provides a theoretical basis for the

development of scientific PMSG medication strategies tailored to animal intestinal segments.

Key words: Pregnant mare serum gonadotropin (PMSG); Animal gut microbiome; Heterogeneous modulation

of intestinal segments; Bacterial network interaction

JYr T8 R AR A Eh I 58 R
A LLIE G AR = A He . e 1 AN R R R
WL, SZma s . AR SR AR R T
fit (Round et al. 2009, Sommer et al. 2017, 1
HE 2023, Maetal 2024) o TR, AR
a5 B i A 25 B AR B R 3 It 7 7
Mo CHUERRY, MEEER. BRSO
b A A A B R R A B B 2 ) 42

40 L 3 TR B 45 #4) (Bui et al. 2015, Chinda
etal. 2022, FHEHESE 2023, Tang etal. 2023,
TRISFESE 2024) . SR, ARBEEE g iz A8
FH )42 5y 1 3 {2 P iR (pregnant mare serum
gonadotropin, PMSG) [l 18 [ #¥ 5 M 5 1
FENLHI T AR RGERHT -

PMSG HA {2 R (follicle-stimulating
hormone, FSH) Ml &4 i & (luteinizing
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hormone, LH) [XUEEM, 73 &S 4
PRI, PMSG )iz BT 5 HRON . L
HEYP  Csuperovulation) A [F] # & 1% & H R
(Murphy 1991) . 7ESEFRAEH1, PMSG I
R DR SR . A A = B i e
FEFRISSE (ZERSE 2015)  [EAERMNAZ, B
BTN R PR 224 78 B, #:%%2 PMSG AT 1)
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TEAEZAF# (He et al. 2021, Nagesh et al.
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SR UIMSE (Li et al. 2015, Shalon et al.
2023, Sulaiman et al. 2024) . K, PMSG nJ
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A BT, 0] g B R B X 2 AR E PR R
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Y i B AT T AR A P R
(40 Nlumina) , {HILJEAKF4r#5Z (150 ~ 300
bp SR MELUREHEIE BRI, Wik
7 Kt A5 IR (Escherichia coli) 5 &5 IR
(Shigella flexneri) (Earl et al. 2018) . UT4F
K, PAEL Sy SR e AR I = AR HoR
TEff 4T 16S tRNA f#HTHE ) CFEi i
10 kb) #5530 HE4R T+ Z /R K (Earl et al.
2018, Lietal 2021, Xu etal. 2022, Liu et al.
2024, HEEBFELE 2025) . XX PMSG i
FHl I ERZ O R AR, R A i e
MK B D RE AR R 2L
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BT B, 256 B AR R IR S0 50 A0 288 = AR AE
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FEVKEE, 20 BIWLEL 100 pl ¥4 3 LB [E 48
FRFE b, 37 °CHER 24 ho PREUAE T 44L 3
)5, FRIAEIER A DNA (RIRAELR
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TGA TCC TGG CTC AG-3") Al 1492R (5'-GGT
TAC CTT GTT ACG ACT T-3") ¥ 14 16S rRNA
B AKFH] . PCR RN A: 95 °CTAR M
5min; 95°CZEME30s, 55°CiB:k30s, 72°C
FEAH 60 s, 3L 35 MEH; 72 °CLEfH 10 min,
PCR F=¥) &4tk 5 168 T AW A =137 I
Jir 158 5138 i+ NCBI ) BLAST EEXt, 98B [H] Y5
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P s R 7 AR MEGA. 11 3K 18 i 41452
% (neighbor-joining) % KRG K, Hitk
WA Unrooted B2, 703 EEF ik
IR, R AL E IR B
1.3 RREFGEHEEK LN E

N T WEFE PMSG X iz B 40 1w ) BLAZ 20,
FI RSN SEIGER T T PMSG X i 40 1 73 B 0k
KGR, B B R GMI-1 TR
100 pl #Fh T LB AR 7R 3L, 7304 PMSG 3%
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MR GRINEARRTEE 0.9%4# KD, T
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2h. 3h. 4h. 5h. 6h. 8h, 10h. 12h. 16 h.
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L PR 5 R A AR T R MR /I T
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[ T8 S DRE AR 27 2 B i B AE RN
HIRAFRIUEMEY) DNA MF. N T
A B E A ACE AL, R 514 27F #
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2%35 i Bl e i VKA DN, M AxyPrepDNA
B SR CUAREE B A R A A,
EED PIRZIEW PCR 4, Tris-HCI BEMt. $7
W 5 7 Pyl B gy 7 S (PacBio
SMRT) V& #EATI R, 15 3 R IR0

(circular consensus sequencing, CCS) ([

B P51 . K H uclust algorithm BiEX} 98.65%
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silva Bda EFATIERE, (HH Qiime2 A %4>
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L5 BRI
B UIIME + bEERR Sl
F Origin 2017 #AF5e: PIALIA ELECR A ¢ 46
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(PERMANOVA), JFEATHLALFEA A 22 57
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2025) o BB IRIEAAT S RT 10 RIA% OB Fl
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IS A 5 IR S kA, RGN R
WiE AR E R GMI-1, HJE T Kgias K
HiJ@ (Escherichia) (& 1a) .

BBl AR K i, DR
PMSG X iz 4w A= 1520 . PMSG 2H 1~
B KAEKEZE N (0.59 + 0.02) h!l, BEH
THRHEL (4=-6.92, P<0.05) . SR, W
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(ts4= -394, P < 0.05, K 2a) . BT Alpha
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B R B G I, B 2 A B2 CR
W ta=-1.32, P> 0.05; /N 4= -0.28, P > 0.05,
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FEFREL (u=-4.52, P<0.05) , Ti/N#KIHE

=AU AR E (K o), X5FRBHIMEA
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_0 0 A% AR5 A R Escherichia fergusonii strain NBRC 102419
0.002 573 72 0 5 s RS R Shigella flexneri strain ATCC 29903
——————— GMII
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AR TR K E. fergusonii ATCC 35469
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Fig.1 Effects of PMSG on the growth of intestinal strain GMJ-1
a. MEGA 11 JE T 403502 GMI-1 RGRER, 7030 BB RBLIER, ARMAL SRR B 8, GMIL NARRIFL 3 B3R R
b. ARALHEA GMI-1 KL c. PMSG 50 IR KA K A0fEE, * P<0.05; d. PMSG 215 % IR 2 S i 1) %o B o
a. The phylogenetic tree of GMJ-1 was constructed via the neighbor-joining method in MEGA 11 based on 16S rRNA gene sequences, GMJ-1 is

the strain isolated in this study. The number on the branches represents evolutionary distance, indicating the number of nucleotide substitutions per

site; b. Growth curves of GMJ-1 in different groups; c. Comparison of maximum growth rates between PMSG group and control group, * P < 0.05;

d. Comparison of lag time between PMSG group and control group.
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Fig.2 Alpha diversity indexes of intestinal bacterial community

a. FASEEG b FEEEEG o WARERE. *P<0.05

a. Shannon index; b. Richness index; c. Evenness index. * P < 0.05
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AET = B B i Y 25 I 10 DB AR : T IR AU
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JE7R PMSG LR Sxs BN ORI AN RREE A ZE R . o EAE R RS S H B RE AR 1 52 BB 25 AR R 5
BE, BUUIREEHLEZS RS B R E R ER, AR T, JOREFERZEGIEER . DA PCoA HUTKE. BHZTIiZ

WresRER, AnEikzRrRE (R2=038, P<0.05).

It shows the differences in gut microbiome structure between the PMSG group and the control group in the large intestine and small intestine of

mice. The box plots in the upper left and lower right show the differences in scores of the gut microbiome in each group on PCoA 1 or 2; the same

letters indicate that there is no significant statistical difference in this index among these groups, while different letters indicate a significant

statistical difference between groups. The middle one is a PCoA scatter plot. PERMANOVA result presents the significant differences between

groups (R>=0.38, P<0.05). L-. Large intestine; S-. Small intestine

cetorum) ~ BKWEFFH B (H. cetorum B)
W RHMFE A (Prevotella copri A) « K155F
Mailhella % (Mailhella uncultured bacterium)
WA TEAT R (Proteus vulgaris) ~ FRURTE R
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(Adlercreutzia equolifaciens)  FE{H FJI T
(Faecalimonas sp. 000209385) . BIL R LA
(Rhodoferax ferrireducens) ~ WiikZEFF
(Faecalibaculum rodentium) & hilbF|22
(Labilithrix luteola) ~ SEHMEMR P BHiAAHE
WHEEI B (Schaedlerella arabinosiphila) T~
RS S (Marvinbryantia formatexigens) o
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Fig. 4 Bacterial community composition
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W 5, LKA SRR 1. £
Kz, PMSG AEZHMT mACh 102, 4%
1884, PR 36.941 2, HAUE KT x
fiZ (|8 5a, b, & 1) ; PMSG AMAEIIIR
B E S TR (u=-6.87, P<0.05) , ¥
ZEE RS T IR, (BARGREER (4
=-1.30, P>0.05) (K6) . XLLFRKH],
PMSG Ab2H e B 180 K T 0 o0 45 52 A ik
AFGENE, MR ERN LIRS £/ 0
H, PMSG A HAL 1T s 408 82, %N 1336,
FRIEEN 32.585 4, HAUEA/NTRIRA (K
5c, d, 1) ; PMSG 4104 & HedE 5%
T4 (14=10.64, P<0.05) , WEIIEK
TREH, HARARELER (4=152, P>
0.05) (K 6) . XLELRELH], PMSG AbF
TN EREEAT B R AR R, B
BEAIS 1 /1N 9 RO A0 TR R O LA E 8 A E M
NN PMSG X BB ELAERISE, T
FEdmR e %L RE CRIADN 3= FEFEA AT 10, JF
BAEFTAREAR AR ) AT M 2% 23 A (B 7D
B0 B REAE B A 8 s A 25y 2 iy G
FROEI 50%) , X UL A AT RIZ R R 1
ALK T iy TE TR R AT U . AR K] B
4 (B 7a) , MZEAEE 9 DMERAHKEFR, Ll

MKAE (5455%) , Hid, JRABKRE

(Aerococcus urinaeequi) F-J& it 5 (14.52%) o
£ PMSG 25 (B 7b) , KB 274
RO N OCHER A, (HE5M 00 Bl
(Lactobacillus crispatus) B /R BB

(Muribaculum sp. 002492595) FNFEETT 4,
2% R AR EE AR E (61.11%) 5 [FII,
PMSG b F = T AT R (L. intestinalis)
ZIIRFAFE (L. johnsonii) 145 M FLAT B HIAH
XFPEEE, BEAR TR BEBR ( Streptococcus
hyointestinalis A) BIFFE, FFIGE 7 BRAT
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Fig. 5 Bacterial network analysis
a. XHRZKM: b. PMSG H KM o XHRZH/N: d. PMSG H/M. ME b T Sk 114028, 3 RSREREE, WEMRAN T AL
[ SEUAERME (> 0.6, P<0.05), SFHBEMEBARIARIAFBL CBIRIZE AR 5100 26 H A F 73 B R i B T 199 4%
S5H) 2 AR .
a. Large intestine in control group; b. Large intestine in PMSG group; c¢. Small intestine in control group; d. Small intestine in PMSG group. In the

network, node colors represent phylum classification; node sizes represent degree; and edges between nodes indicate correlations (|| > 0.6, P <

0.05). Each set of panels from left to right represents the inter-module interaction networks for different modules.
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Table 1 Topological parameters of the network

R ubsy it T2 B AR
Nodes Edges Average degree Modularity Power law coefficient
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Fig. 6 Bacterial network stability

a. PIZEHEYE: b WERITEEL. *P<0.05

a. Network robustness; b. Cohesion index. * P <0.05

(Zhu et al. 2023) , HAHX = EEHG N ] GESG 5
T ERIKA AP ATE T AT ] B
PR i 90 A Pbs &) CEIALHESE 2022,
Zheng et al. 2022) , X 198> F W] PMSG
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- (& 4b) , PSMG AbFRAEHE T #2r The LA

W R PR B IR GRS B RS 2B
Perm T 196 f5) o RIS EoR, KRR
FRAAE B AT LA AR TR, NI 5035 W i s e Ty
it (Luuetal. 2021) . It4h, PMSG & n] DLR#
AIGHR 73 KM TR 2 SO0 B AR 2 B2 et
ME HXSEETRFET 96.9%) - 2RI
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Fig. 7 Interaction network of top 10 core species

a. W MRAR RFILILMZE B b PMSG ARG RRESLIIM S o XIRAL NGB %, d. PMSG ANz B REILIIM &% 2%t 1
R BEARIEAR RIS 232, T RO /MRER B AR A B, TAPE AN s ] IR AH O () > 0.9, P<0.01, Spearman %),

a. Co-occurrence network of the gut microbiome in the large intestine of control group; b. Co-occurrence network of the gut microbiome in the

large intestine of PMSG group; c¢. Co-occurrence network of the gut microbiome in the small intestine of control group; d. Co-occurrence network

of the gut microbiome in the small intestine of PMSG group. Node color represents phylum classification, node size corresponds to relative

abundance, and edges indicate strong correlations (Spearman’s [+ > 0.9, P <0.01).

B, RS i R 2 EAE D¢ (Atherton
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