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Abstract: The Ovis ammon polii, 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.
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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.
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 Owvis 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 Ouvis 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.

Key Words: Ovis ammon polii; gut microbiota; seasonal factors; 16S rRNA; high-throughput sequencing

W) B WA S 2R E I RETS PR il i DV (Gut microbial community ) B0 38 18 #f ( Gut
microbiota ) , 7E S & IR AU FME e h & 45036 B SR T, X —RUE W RER J2 18 259 WUE W I 3 282 A b [a) i
g B R T 32 2R BRALRE AR 1T Sl — 3040, X7 2 AR A KR B B RIS Levin
Doron 55X 184 Fhzhyy, bl 121 HIEFREhYIM 285 HEFA: B4, 1k 406 AT 28 AR AR 1T 5L R 4 43
B, I 3E LR S sh P AR 2 IR B IS NP T Bl AR S AR R A AR AR DGR S A il
FLEh W i W WY A G HIEFE SR B W 3 S U B A Sl A g B 8 3 A A B 5 TS A 28 G T B A
FIY 3 B 18 R 2 IR0 A AR AR F e 22 4 B LR 910 DRt o 0 7 B A4 sl 00 o 38 T 45 4 2 25 ek AR T
ST, A REXT ) B R R R B i I P AL ) 5 T B AT B A

MHK IR 35 ( Ovis ammon polit) F )& T FLA BV BB H AR AR #EE SEF AR R I
Foft, Ao Synl - P A T E R 2 4 A FE S8 (B T B EL AR K I )
HIIAK R T B8 A g i 5 [ SR {597 5% B8 (International Union for Conservation of Nature, IUCN) 51| 2y i
FEYIFIET (444 53 193 £ ( Near Threatened ) B | IR MK IR g S A LR A Al PR 2R 85 8 82 R IE. K i
8 e Lo b HCAR VR A A 2 e [ PG 95, e TR L BELS 1ok A P O R AL, 2 DX R K BRI, AR X
PN 70 mm' " & R EF R IRR A F R AR H 2R, KRR SR RBOT 5 ik 2
BT 7R 3 TSR A8 AL, REBIORG 25, A4 ) ik 10 38 T B, P IFOR IR 38 2 A A A B T ™ IR B
8, T ALK 2R 28 5 X6 A i 0 25 PR 8 338 LM AIL ) o ANV A, DU H R AR IR R R A B W R B 250 T, Ho

http ; //www.ecologica.cn



12 1] bk 5 OREZET KR EE7E (Ovis ammon polii) B A W BEVE S5 A fR T 3

TRAE WA S A A AR WUARGE o PRI TR B AR AN [R) 215 PR R 355 I 1 B R 45 #7284, X 4 AE 2 A A
e sh YA R I A B S,

FURT 20 AR AR B RSN AE BB A R RO G S A % 55 PR 4P DL S 20 i A 55 07
A R R GEIBESE, (B 18 A PR A AT SR AT R, 0 18 T 2B W A 1) 2L B 22 5 T RE A 48 7 2 1 ) fe
RERSFIE SRR PR R AR AR 2 IR R B 3R A | 3 ] g il e S R
O AT B R A P R A AR S RE RSN R 215 gl T Ak ) A AR, 4B s B A5 1 PR
P2 BT A IR | LAY DA MK 7R 55 ) P A A 2 A SRR R P S A S S A SR a8

\>

1 #RERHE

L1 FEACREE AL

AR MUR R S AN R ZE M AR I O, 1688 4 H (F2) .7 A (B %) WKFE 1 H(4F) =4 ARH
R EEIEE RS R W RIS LN T B WA SRR B DX SRR A6 AT BB IX
I, P TC B TR B e 10 3 S 2 0E 50 mL JC R B O, L EVRAFTEAE #E v 8RB 1L R J5 S 2 E R
AP ORAE A7 RS2 E0 3 A7 T - 80°C UK AR . 2 =1 0 ERAEREAR 12 Iy (FZ) (12 By (B Z) 13 iy (&
%),
1.2 JAiEHAEY 16S (RNA §73 T4

i i E.Z.N.A"™ Mag-Bind Soil DNA Kit J271 G #/E DI, BEBUNAIK /R 8 F 2 RE AR S DNA 771 246 T o
WA, 4T DNA B8 S5, 0 3 51 9 Nobar-341F; CCTACGGGNGGCWGCAG, Nobar-805R ;
GACTACHVGGGTATCTAATCC, ¥ 1 16S tRNA ) V3—V4 45X, PCR =¥y [ig2E T A9 TR A A PR
Oy EAE illumina SEE AT, KA 211 PE reads 218 overlap e RIEATHHE , RIMREA, XF 7 5147 42 Al
ik B F 51347 OTU (operational taxonomic unit, FEAE HLIC4328) BA M A AP 22208, BT
OTU JAEITHIE5 A, X OTU #EAT ZAEVESR B0, B 7 TR BE ARSI 5 56T 70 2225 B TEAN R 432K F- ik
FTRETEEERGETT 404, A PICRUSE 2 40 L 45080 e 04 T D RE ST
1.3 Bigeit- S5 a8k

fifi FHE M R B9 VennDiagram Upset R A3 26 Venn &, G AN R 2245 WA K IR 827 138 S 90 3G 1)
A OTU I%CH o FIHT mothur ] rarefaction 7387, 22 A i i £k, 40 W7 BT 2R A5 09 00 ) 304 o 2 5 7 A2
PP R BE 15 A LA SRR IR BRI AR A5 2400 . A B R Excel 2016 HEATHEER, f Bl IBM SPSS Statistics 19
BAF AR 2= 0K R B E W B A 00 o ZREVEFE 2, A 45 Simpson JL#JE 5% Chaol #5%K  Shannon
Y& e, il ik F AL BRI HT (Principal Coordinates Analysis, PCoA ) WEESMH K /R 4 2 7 18 T35 A W AE AS [R) 2740
THYRZENE O, FE— 20 R AR 73T (Anosim ) 45 30 AN ] 2= 95 8 3 1 16 AR W 0 22 7 B 3 K7 1
Origin 2022 X AF2 WA R B 3B LA AE T TRE K- AR 3= FERRIRIE, s FE L = 7 5 (R
ALz hitps ://www.bioincloud. tech/ ) """ X N [7] 25 55 1 2K JR i 38 A2 00 28 R Xt = B AT 4R ) ) 43 A
(Linear Discriminant Analysis Effect Size, LEfSe) , Bl SPSS Statistics 19 #X{F 1 Origin 2022 4 X} A6 275
MK IR W B A= W1 Biomarkers HEATHLIN R 7 22 0 IR 81, S5, AR P 45 SR 455 PICRUSK2 #EA T T4 ¥
ST RE N | 76 UAR L S5 F5E 41 A BF4 45 ( Kyoto Encyclopedia of Genes and Genomes , KEGG ) £ $% 3 [K 7y
RETE 5 R EC 2 R AR DG A5 8., 8 Origin 2022 HK 14 FT SPSS Statistics 19 18R Bl K /R 48
F I IE R RE KEGG — 20 20 B 11 & 415 B AN [F] 2= 1 WK IR B8 F Wil i A= W S RE B PR i 2 22 5

2 HR

2.1 ANFRIZETIAK IR E B s Y e o N A by
22 illumina F 5, TAK /R #2F 30 37 NFE SRS 4491260 4% Raw Data, J5 IR 17 51 48 44 38 I 4R A5

http ; //www.ecologica.cn



4 xR 45 %

Clean Data 4151040 4%, P BAFEG B 112190 5%, BP9 P EE N 413 bp, 7E OTU K- I/ H 4
3 4119 Shannon ZAEMHEE0H B I O T 22, e WP 045 i D0 5 50080 o 70 2, DO IR B DA S I
A2 (B 1) o BT 97% M9 F SRR (6, 445 5] 28301 4~ OTU, Hi1 4758 4~IL22 OTU, HFFFi5H
OTU 4436 1, EBH: 5 OTU A 3814 4, & ZH5 5 OTU 11105 4>, A 8 2515 WA K IR 43 2 W 18 12k 0 S 1)
OTU £t HY R T AR Z= 1 I EAA 1Y OTU £ H , HAFMA R OTU £ H i lbim K (El 1) .

o HFF ES
949
4436 3814

X

5

g

o 41

2

g g 4758

=

wn

= 2152 1087

&

g 2}

g

g

2 - BT 11105
- BF
- &

o » %%
0 10000 20000 30000 OTU%(H

KA BE# Number of reads sampled

B 1 MaRREFHERENERIEHMFHREB LM OTU AN FEE
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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.4 Relative abundance of gut microbiota at the genus 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
5771.00+£903.65a 2696.75+£429.35b
2173.79+199.49a 2131.39+289.21a
1451.79+161.03a 6155.75+£1131.69b
15.28+1.621a 117.15+47.57b

WEAFE Glycosidase

AU R ARG endoglucanase
PIE-1,4-B- K BWEME endo-1,4-beta-xylanase

a-H BT alpha-mannosidase

o TEMIT alpha-amylase

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

K2 Winter

70812.96+1624.54b
5624.77+349.44a
3057.05+124.17b
3609.85+276.75¢
24.91+3.06a
486.18+31.68a

7-WEHR-B- I ZIHE T 6-phospho-beta-glucosidase
2 2l -6-BE FR T BE 1 i maltose-6'-phosphate glucosidase

2 E B L AR /K 7 B8 maltooligosyltrehalose trehalohydrolase

R lysozyme

154.47+9.368a
225.76+33.99a
115.83+24.73a

2261.67+799.64b

1671.25+603.76b
14786.98+5135.49b

8611.00+3403.67b

669.14+54.67a

303.85+56.57a

856.30+378.41a
1161.60+231.03¢
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