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Analysis of the gut microbiota community structure of Ovis ammon polii in

different seasons
MA Yanlin, NI Hua, HUANG Xianghui, WANG Jia, YANG Lin, WANG Yutao "

Key Laboratory of Biological Resources and Ecology of Pamirs Plateaw in Xinjiang Uygur Autonomous Region , College of Life and Geographic Sciences, Kashi
University, Kashi 844000, China

Abstract: The Ovis ammon polit, an endangered species, has been mainly studied for its external morphological
characteristics, geographical distribution, population size, habitat selection, conservation biology, and evolutionary
relationship with sheep. However, research on its gut microbial remains relatively limited. The gut microbiota plays a critical
role in animal nutrition metabolism and overall health. This microbial community, shaped by long-term symbiosis and co-
evolution between the host and microorganisms, has become an essential component of the host’s physiological functions.
The Pamir Plateau, situated in the heart of the Eurasian continent and extending eastward to the western part of Xinjiang,

China, is characterized by an arid climate due to the blocking of moist air currents from the west by high mountains ranges.
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This results in perennial drought and scarce rainfall, particularly in winter when vegetation withers and biomass significantly
decreases. Understanding the role of gut microbiota structural changes under different seasonal conditions in the health and
nutrition metabolism of Ovis ammon polii is therefore of significant importance. In this study, we used high-throughput
sequencing of the 16S rRNA gene to analyze the microbial communities in fresh fecal samples of Ovis ammon polii collected
in April (spring) , July (summer) , and January (winter) of the following year. The results revealed significant differences
in the diversity and composition of gut microbiota among the different seasons ( P<0.05). Specifically, the alpha diversity
index of the gut microbiota in Ovis ammon polii was significantly higher in spring and winter compared to summer ( P<
0.05). Analysis of the gut microbial taxa showed that in spring and winter, the relative abundance of Firmicutes,
Verrucomicrobiota, UCG-005, Akkermansia, Christensenellaceae R-7 group, Monoglobus, and Ruminococcus was significantly
higher compared to summer ( P<0.05). Conversely, the relative abundance of Proteobacteria, Actinobacteriota, Acinetobacter ,
and Arthrobacter was significantly lower compared to summer ( P<0.05). Additionally, the functional abundance of gut
microbiota in the spring-winter group was significantly higher than that in the summer group (P<0.05), with functional
genes primarily enriched in carbohydrate metabolism pathways. Differential analysis of glycoside hydrolase enrichment across
seasons indicated that the abundance of enzymes related to plant cellulose degradation in the gut microbiota of Ovis ammon
polii was significantly lower in summer compared to spring and winter, while the abundance of enzymes related to the
degradation of starch, galactose, and maltose was significantly higher in summer compared to spring and winter. In
conclusion, the composition, structure, and functional prediction of the gut microbiota in Ovis ammon polii vary with
seasons to adapt to the long drought period in winter and the pressure of food shortage. These findings provide a novel
perspective for understanding how seasonal factors influence the health and nutrition metabolism of Ovis ammon polii and lay
the foundation for health monitoring of this species and the investigation of the specific physiological functions of its gut

microbiota.
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Fig.1 Rarefaction curve of Shannon index and venn diagram of OTU of gut microbiota of Ovis ammon polii
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Fig.3 Relative abundance of gut microbiota at the phylum level in Ovis ammon polii in different seasons
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Fig.8 Differences in predicted functional abundance in different seasons
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Table 1 EC with significant differences in different seasons
7 Spring HZF Summer
49539.66+2812.34a 38451.13+6331.82a

BEH T Glycosidase
AU R ARG endoglucanase

K2 Winter

70812.96+1624.54b

PYI-1,4-B-AKIRHE M endo-1,4-beta-xylanase

a-H BT alpha-mannosidase

o TEMIT alpha-amylase

6-BEIR-B- 1= FLHE 1 6-phospho-beta-galactosidase

7-H 1R -B- W A BETF B 6-phospho-beta-glucosidase

2 2l -6-BE FR T BE 1 i maltose-6'-phosphate glucosidase

7 F EWE LSRN K M B maltooligosyltrehalose trehalohydrolase
W AT lysozyme

5771.00+903.65a
2173.79+199.49a
1451.79+161.03a

15.28+1.621a
486.18+31.68a
154.47+9.368a
225.76+33.99a
115.83+24.73a

2696.75+429.35b
2131.39+289.21a
6155.75+1131.69b
117.15+47.57b
2261.67+799.64b
1671.25+603.76b
14786.98+5135.49b
8611.00+3403.67b

5624.77+349.44a
3057.05+124.17b
3609.85+276.75¢
24.91+3.06a
669.14+54.67a
303.85+56.57a
856.30+378.41a
1161.60+231.03¢

RN FREFOR A BFE R ARG TR B35 %57 (P<0.05)

AT A, ATEAT R B0, ARSI A B, 2 T AT T 1 2 Gl 2 W e v 45 4 R IR
PR, WA B YT RIS AR 1, HE s BRSO B I, 1 209 S, B sk B R, rTRE & 91 A %
E . NSO SR R TS T] R A MR B0 T, 5 1 AR A L AR A T Y R ) B M o T A
TR ST TR R AR BRI AT BT v [T R 7 LR Wl o e, et AR TR, fe
IO 225 MRS AE 67 7 T B AT BB (L, VB G £ ] o 2 TR SR T ) v 2 IR R, 7R RAEVE i (1BD) (838 1

http ; //www.ecologica.cn



12 14 Sk A5 AR MR IR S5 T R M R v A5 A 6065

M A EERRAR, F AT R BRI RE T R A R R — A LA A R A R AN L BE P AR TR A
B, A E HE A T LR B TSRS A E T i R T LAREARR I A R e £
A AR BB A il R R S A MAOKR B B T R b e I, B TR A ANl T R
Thims , B v & [T R F R AR i W YR N DI R rh R B IR R R N TE R T R 8 TRAF 40 A
FHNOKRIR B IE Y SRR TR A N R I WS R 2

TEEFRERZ TG OL T B A Y R BER 5 IS AL R A 27 4, ot B AR 1Y FEAHF I th R B, R
7 25 1 M A 2R 35 5 W 8 o 2 W 8 38 ) PR AR — A 5 P R 2 B S BB R O, LU A% 5 R
Ab PRI AR, T G K R AR R AL S A, T RER A T RE LA I, MR IR R R A A iE
PR BEAR X 2 B M 25w T e, Al LA & AR R 28 1 T2 i 9 s R A A S DR SR g i
XA A T AT L% B W Rk A4 T

4 it

ARG e 7 25 KA S0 M A 94 5K ST 2 0, 284 B KR B W e 0 1 i
BEETE B B A UG Z VARG YR B35 2 T B4, Wit Bt P BT G SR b e
W], 24 LR AR T30 B TR B F S AT 4 2 SR B 1 5 i T L PRI, DR JR
T AT VAT I R K I A S B 1 P A B

5% 3Lk ( References) :

[ 1] Rosshart S P, Vassallo B G, Angeletti D, Hutchinson D S, Morgan A P, Takeda K, Hickman H D, McCulloch J A, Badger ] H, Ajami N J,
Trinchieri G, Pardo-Manuel de Villena F, Yewdell J] W, Rehermann B. Wild mouse gut microbiota promotes host fitness and improves disease
resistance. Cell, 2017, 171(5) : 1015-1028.e13.

[ 2] Sampson T R, Mazmanian S K. Control of brain development, function, and behavior by the microbiome. Cell Host & Microbe, 2015, 17(5) :
565-576.

[ 3] Sommer F, Bickhed F. The gut microbiota — Masters of host development and physiology. Nature Reviews Microbiology, 2013, 11(4) . 227-238.

[ 4] Levin D, Raab N, Pinto Y, Rothschild D, Zanir G, Godneva A, Mellul N, Futorian D, Gal D, Leviatan S, Zeevi D, Bachelet I, Segal E.
Diversity and functional landscapes in the microbiota of animals in the wild. Science, 2021, 372(6539) : eabb5352.

[5] WeiFW, WuQ, HuY B, Huang G P, Nie Y G, Yan L. Conservation metagenomics: a new branch of conservation biology. Science China Life
Sciences, 2019, 62(2) : 168-178.

(6] TH, RE, S0, £U, FKR, R/, BUSC AL S0 8 s YA BT Tt e 5 R B B 2824)z, 2017, 37(4) : 399-406.
[ 7] BHISC PEERSIGIG. JEaT. Bz, 2022

[ 8] TER. PEBGIHWLLEA-H2E JUat. Bz, 1998.

[ 9] TUCN. 2014 TUCN Red List of Threatened Species. Hitps://www.iucnredlist.org.

[10] VEVRMH, SRAEGE, Sfeoe, whil, 9588, WRICHE, MdERe. SCRAL 0T v [ B T 3¢ 2 20 6 B0 AR B IO TR R R o AR A8 24, 2021,

32(9) : 3127-3135.

(1] ZR00pk, 03, XUBTE, BOBURL. AR R TR PM, o ik Bt 4 B e 50 Br. vh IEIBRARE R 2, 2020, 40(11) : 4660-4668.

[12] FMERRIL - JERBE, £1%, LRIy - LRI, RAER, IR - SO, iR, P E K R 5 K PR S A . K P RE 2
2, 2023, 44(10) ; 237-244.

[13]  AxTfE, WWAJE, XF, Zevik, SO, v 826 A PS5 Fn g S0 285, AR 2R, 2008, 16(2) ; 197-204.

[14]  Brodss, 23638, §H05, TEVRBH, ROCHT, M4RRE. B i Bk T U A= 3h i B AR ORI X B0 e 0 S - Fh i o . Uil 304, 2018, 37
(6) : 637-645.

[15] BUKRK, ZEdade. o E4RFER IR SR E 2 RS e, 5%, 2017, 39(11) : 958-973.

[16] sk, Hi®, SmE, BIAARA S - H/RE, TREE. DR - P H2EM S MR IR4E MHC-DRB3 JEDH 4 2 41 i FistfE 24 M it
FPER RS, 2022, 49(3) : 962-972.

(171 EEH, 8GN, B, DB RNOKRR RS0 50 S AR bl 350 25 281k, A543k, 2016, 36(1) : 209-217.

(18] ZEe¥y, WRomak, il , THS, s, JEURM, de R, Hrsmss 1% R T8 A4 sh 4 1 AR 3 X T ml 3 0 8 3 A B0 B R PRAN. A2

http ; //www.ecologica.cn



6066 JAE = 45 4

[19]
[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]

[36]

[37]

[38]

#, 2020, 40(11) ; 3549-3559.

Gao Y Y, Zhang G X, Jiang S Y, Liu Y X. Wekemo Bioincloud: a user-friendly platform for meta-omics data analyses. iMeta, 2024, 3(1) : el75.
Zhao H, Jiang F, Gu H F, Gao HM, Zhang J J, Zhang M, Zhang T Z. Seasonal variation of gut microbial composition and metabolism in Tibetan
antelopes in hoh xil national nature reserve. Animals, 2023, 13(22) . 3569.

SRENE, SRR - FERR, ROCET, SRR, TEIRM, AR WORREE R S IE A Y B SRR, A AR, 2025, 45(2)
629-643.

Sun Y G, Zhang S S, Nie Q X, He HJ, Tan HZ, Geng I, Ji H H, Hu J L, Nie S P. Gut firmicutes: Relationship with dietary fiber and role in
host homeostasis. Critical Reviews in Food Science and Nutrition, 2023, 63(33) : 12073-12088.

EFEN, BRI, KR4, WIAKDT, SRIERY, WGEH , B, SR b, BT e i A R AR AR S 1 S A R R S5 22 5 0)
BT, PHAEAO ], 2020, 29(5) : 659-667.

PN R AR AR AT RE SR R AL R M SRR BRI [ D] RY WI R, 2022,

BRI, BOCR, SRR, SRR, AFPiAR, W1LAR. A B AR R i FLIIEE A A KM RE BB H U S X R ISR S JR A,
2020, 32(7): 3234-3245.

Sollinger A, Tveit A T, Poulsen M, Noel S J, Bengtsson M, Bernhardt J, Frydendahl Hellwing A L, Lund P, Riedel K, Schleper C, Hgjberg O,
Urich T. Holistic assessment of rumen microbiome dynamics through quantitative metatranscriptomics reveals multifunctional redundancy during key
steps of anaerobic feed degradation. mSystems, 2018, 3(4) . e00038-18.

Spence C, Greg Wells W, Jeffrey Smith C. Characterization of the primary starch utilization operon in the obligate anaerobe Bacteroides fragilis
Regulation by carbon source and oxygen. Journal of Bacteriology, 2006, 188(13) ; 4663-4672.

Jiang ¥, Gao HM, Qin W, Song P F, Wang H J, Zhang J J, Liu D X, Wang D, Zhang T Z. Marked seasonal variation in structure and function of
gut microbiota in forest and alpine musk Deer. Frontiers in Microbiology, 2021, 12: 699797.

Amato K R, Leigh S R, Kent A, Mackie R I, Yeoman C J, Stumpf R M, Wilson B A, Nelson K E, White B A, Garber P A. The gut microbiota
appears to compensate for seasonal diet variation in the wild black howler monkey ( Alouatta pigra). Microbial Ecology, 2015, 69(2) . 434-443.
Shin N R, Whon T W, Bae ] W. Proteobacteria;: microbial signature of dysbiosis in gut microbiota. Trends in Biotechnology, 2015, 33(9):
496-503.

JEl . B E BT RS A T ROAFSE [ D] R Bl #2010,

Rodrigues V F, Elias-Oliveira J, Pereira I S, Pereira J A, Barbosa S C, Machado M S G, Carlos D. Akkermansia muciniphila and gut immune
system; a good friendship that attenuates inflammatory bowel disease, obesity, and diabetes. Frontiers in Immunology, 2022, 13 934695.

Zhang T, Li Q Q, Cheng L, Buch H, Zhang F M. Akkermansia muciniphila is a promising probiotic. Microbial Biotechnology, 2019, 12(6):
1109-1125.

Macchione I G, Lopetuso L R, laniro G, Napoli M, Gibiino G, Rizzatti G, Petito V, Gasbarrini A, Scaldaferri F. Akkermansia muciniphila : key
player in metabolic and gastrointestinal disorders. European Review for Medical and Pharmacological Sciences, 2019, 23(18) : 8075-8083.
Fleming A. On a remarkable bacteriolytic element found in tissues and secretions. Proceedings of the Royal Society of London Series B, Containing
Papers of a Biological Character, 1922, 93(653) : 306-317.

Ak, /N, A, TKRIITE, PMIEE, XgEiN, RS, LU SR B RN BURTE RATSE. ShE SRR, 2024, 36(3)
1952-1963.

Marra A, Hanson M A, Kondo S, Erkosar B, Lemaitre B. Drosophila antimicrobial peptides and lysozymes regulate gut microbiota composition and
abundance. mBio, 2021, 12(4) . €0082421.

Wei X J, Dong Z, Cheng F' S, Shi HM, Zhou X Z, Li B, Wang L, Wang W W, Zhang J Y. Seasonal diets supersede host species in shaping the
distal gut microbiota of Yaks and Tibetan sheep. Scientific Reports, 2021, 11(1) : 22626.

http ; //www.ecologica.cn



