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Study on diversity of structural composition of yaks
intestinal flora in different altitudes
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Abstract: Exploring the structure composition of the intestinal microflora of yaks in different altitudes
will be to provide help for the breeding and communication of yaks in different altitudes. In this study,
fresh fecal samples of 12 yaks were randomly collected at an altitude of 2 897 to 4 717 m. Using 16S rD-
NA technology to determine the metagenome of samples, and the OTU abundance of intestinal microflo-
ra of yaks at high and low altitudes was compared and analyzed, and then the structural composition of
the intestinal microflora of yaks at high and low altitudes also be studied. The results showed that the
composition of the intestinal microflora of yak in the phylum, class, order, family, genus and species
levels is different between high and low altitude areas. The intestinal flora of yak in high and low alti-
tude areas had 8 bacteria that had significant differences at the genus level (P<C 0. 05). In conclusion,
there were certain differences in the composition of the intestinal microflora of yaks at high and low alti-
tudes, and the OTU abundances of intestinal microflora of yaks at low altitude displayed higher species
richness than those in high altitude.
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$E4 (Yak, Bosgrunniens) & = FE M X AU H
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T R AT PEAGER . AN [ X A4 A 43 A
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W R A B A — . i T I DX A R
1o I8 R G L) B — TR AN, TEVS 2215 ) ]
FHig A= SN FE AR R RILLE R AR K
FRIAIE R AR SRR A IR T
T ARG X B & R & S F 44 OF
R R RE A 7l 1) — AN BT R . A SR H
T 5 R AL DN 5 AT A A R AN () 0 45 b X 1% 4 2
T R BRSSO AT LU RS WP IR R T A
[FIVERAR DX 338 PN ) A 24 1 T TR R A5 R4 2 10 A e A
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2.1 HEARRE

BEAILR A PG AR AN R DB 12 Sk A4
BT 2, P 4R 3 000 m DL X H I i
WALLA) K 2942, 5,64 4 Bl 34k 4 000
m DL b XU O i R 4L CHAD, S ¥ 4K
4 372.5 867 8 5. BUREJS L RIAE T AP, FEA
5B 1.

F 1 HEARKR
Tab.1 Sample source
I3 G e UEHL X 4k /m
L1 Hil o 2 897
L2 HikHE 2 897
LA(n=4)
L-3 VAR S 2988
L4 VAR S 2 988
TR 2942.5
H-1 TR R S 4 255
H-2 TG B 4 255
H-3 PE PR S 4717
HA(n=8) e P L
H-5 L ] B il [X. 4259
H-6 P ] B il [XC 4259
H-7 P ] EEL il [X 4259
H-8 L ] R, X 4259
SR 4372.5

2.2 K ik

2.2.1 A&A3 Y5 DNA I BRI F o
A 1 mL 65 ‘CHiFAM CTAB $2 B0 . Z IR A 7
L FE I DNAL iITA 50~100 pl % 10 mg/
mL RNase {9 J01# ddH, O, % DNA JijiE,37 C
IRIEHRIHAL 1 h 5 PRA7 A —20 “C KA.

2.2.2 16s rDNA 3 5 ¥ 3 = el it R
FIZHT 165 rDNA V3+ V4 KI5 . 1
338F: 5'-ACTCCTACGGGAGGCAGCAG-3', F
I 806R: 5'-GGACTACHVGGGTWTCTAAT-
3',25 pL R AR 50 ng, b RUESIMI4 2.5 pl,
Pusion Hot start flex 2>XMaster Mix 12. 5 pl.. §~
Wa4 A 98 CCHIZAEYE 30 598 °C 10 5,54 °C 30 s,
72 °C 45 s,35 MEH; 72 °C L 10 min, T 4 °C
PRAF. PCR Y 34 7= Wi ad 2 0 35t JIg A v e v ik 2E
AP, Jf % B Ar R Bk A7 [, |l R
AxyPrep PCR Cleanup Kit [F]IJ{.

2.2.3 ¥ ¥ MR FRA IR EM A 5T
*tali ik J5 7 PCR 7= ¥ FH Quant-iTPicoGreen
dsDNA Assay Kit £ Promega QuantiFluor 7¢ 6
TE T AR GE N SO AT RE B 5 M 1 SR R A
2 nmol/L DL b, #4548 1945 EALI T SCEE (Index
FP A AN T H 5D B B AR R i, ARl T 0 44 AH
I FEBINR A 9 28 NaOH A8 1 0 BgE 947 AL
J7 5 8 FH MiSeq Ml ¥ AL #E4T 2300 bp 19 X i il
% 0 i iR F 8 MiSeq Reagent Kit V3 (600 cy-
cles). BEaR1 R ¥ 57 NCBI BLAST %4 72+ He
XI5 ARG B

2.2.4  H¥EHAT LT RIS HIT (Opera-
tional Taxonomic Units, OTU) MG it45 5%, 15
FEY alpha ZRE0E, R T Az g 4. R
i) Pl e S e DR R SRRV R T RER L AT 2
H B & FpACE, XX OTU = B k17 R 94
B s € G35 6T v AP VA 2B ) AR X =F BE A i 47 25 57
J3Hr.

3 & R

3.1 SRARBRELVGERREHEFES

ST 12 A OTU, s ik OTU
A5 322 A iR 4 237 A ARIER 4 824
A R R LA B 3 739 A, Ei R R A R
(R IE B RE 498 A~ ARSI R A YA
1 085 A~ ARIEHACFE A o 18 A LU e i AFE A Tl 1
R HERPE 1 i 587 A,
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3.2 AEHSEKAREMNBRARFHRIESIFEEEE B A (Clostridia) L UFF i 94 (Bacteroidia) Al

R 5 R
3.2.1 TIRFMEARLEM R 2V FEFIE
FEACTREA 19 AT TRAHTE. T TR X i 18 T
12 AR OTU FREEFATY R R G0 b
R ARIES AR BT = 09 A LUS BE TR ] (Firmi-
cutes) . ¥FF BT ] (Bacteroidetes) FIZF JEHi ] (Pro-
teobacteria) , &, HAFE ) E FE 4351 R 69. 38% .
15, 3TVOHI 7. 740 5 e M HUFE AP LUREBE B ] (Firmi-
cutes) JUFFE | ] (Bacteroidetes) FlHL 2 B 1] (Ac-
tinobacteria), J: S ¥ F B 4 9 R 73.21%.
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Fig. 1 The community structure map (A) and the commu-
nity structure heatmap(B) of samples at the class
level in intestinal tract of yaks

3.2.2 WMAKFMERABEM RSN FEFIE
FEACT A 21 DA TR Nl 10 R KP4
12 A OUT £ B2 ATl R G140 17
718 s ARV AR A A RE A vh i = T R O R TR W
(Clostridia) #I#F & 49 ( Bacteroidia) Fl1 L M 25 &
2% ( Gammaproteobacteria) , £ 3 F B 45 5l S~
64. 1796, 14. 36 Yo F1 6. 12 %6 5 S MR REAS Hh A = 1

FFB 49 (Bacilli) . P 35 42 B 43 51 o4 13.46 %,
62. 04571 8. 12%%.

3.2.3 BRFMEABEMRT SN FEFIHE
FEAC TR AT 21 A H A4 . anlsl 2. NEZACEXEA
[ R A I W A 12 DA R OTU #E474)
Fh o R GETHoHT Bm AREEFRE AR S A A P i =
HHE/ M M H (Clostridiales) 3T H (Bac—
teroidales) Fl {5 B it F H ( Pseudomonadales) ,
SR B A0 Ry 14 3600, 3 EJE 64, 160 Al
5. 72 %% s AR AT — B AE 43 51 R 42 B B (Clostridi-
ales) I & H (Bacteroidales) F1ZE#I4F & H (Ba-
cillales) , FG-P- 44 3 B 43 Jjil 2 62. 0206, 13. 46 20 Fil
8.02%.
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Fig. 2 The community structure map (A)and the commu-
nity structure heatmap (B) of samples at the order
level in intestinal tract of yaks
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(Lachnospiraceae) F1#4 # £+ (Clostridiaceae) , H: SIZ
HEREAr R 36.35%, 12. 59% F 6. 43%6; i vig
PRFEAR B R A iy — 0 T B 43 0 k9 AR
(Ruminococcaceae) | & ¥ 5 £} ( Lachnospiraceae)
F3E sh ik Bk 3 Bl (Planococcaceae) o Ho 5 34 E [ 4y
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Fig. 3 The community structure map (A) and the commu-
nity structure heatmap(B) of samples at the family
level in intestinal tract of yaks
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YR BRI 3 b7 s AR A FEAS P i =110
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sified) . t& ® J& (Clostridium) Fl A 3 ¥ )@
(Acinetobacter) , 3539 3 & 4y W & 24, 45%.,
6. 3001 5. 6020 5 oy MFHRAF A R = 14 B A 4331

unclas-

NI B W R (Ruminococcaceae  unclassi fied) | %
MEER F @ (Planococcaceae  unclassi fied) F1 3

W 8 (Rikenella) , HSF-4 3 B 43 5 A 20. 27 %,

6. 25%F1 5. 53%.
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Fig. 4 The community structure map (A)and the commu-
nity structure heatmap (B) of samples at the genus
level in intestinal tract of yaks

B AKX AR R AE A FEAS ) OTU 22
G3HT R AR 48 i 1 R RE T 30 R RE R R
ol 83 A1Vo, T e 1 R[] 8 A A R A
58.29%. ARMGFHIEFFEAS AT 3 (1 BERE 5> 51 k968
BBk B (Ruminococcaceae . UCG-005) | 988 & 1K
B @ (Ruminococcaceae UCG-013) FI 75 B Hir e 2%
QR #E (Christensenellaceae_ R-T7_ group). =ik
PAEAHHET 3 (TR 51 9 8 BRI (Rumino-
coccaceae. UCG-005) , 88 5 % 21 4 £ 7 )& (Cellu-
losilyticum) #1 BEWFF R B 15 B (Rikenellaceae
RCY_ gut_ group) . #4 B /< BRI B BRI 8 (Ru-
UCG-005) 8t i Ik i S5 4E 4 i i
AR OTU FREA AR, BRI 2.
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Tab. 2 Top 30 microflora abundance of intestinal microorganisms in high and low altitude Yaks

LA(=4) HA=8)
Top 30 Genus
TS bRfEE THIEX bRk

Ruminococcaceae_ UCG-005 17.13 2.68 16. 79 2.38
Ruminococcaceae_ UCG-013 8.48 1. 64 2.97 2.81
Christensenellaceae_ R-7_ group 6. 71 0. 63 3. 68 1. 97
uncultured_bacterium_ f_ Lachnospiraceae 5.74 5. 60 3.36 3.40
[Eubacterium]_ oxidoreducens_ group 5.33 0. 81 1. 58 1.37
Ruminococcaceae_ UCG-014 4. 63 1. 00 2.50 1. 48
[Eubacterium]_ coprostanoligenes_ group 2.91 0.77 2.96 2.04
Bacteroides 2. 86 1. 81 1. 93 1. 60
Rikenellaceae_ RC9_ gut_ group 2.77 1. 95 5.63 5.45
Akkermansia 2.27 1.16 0.59 0. 65
uncultured_ bacterium_ f_ Ruminococcaceae 2.18 0.55 1. 65 0.76
Arthrobacter 2.14 3.70 1. 39 3.31
uncultured_ bacterium_ f_ Muribaculaceae 2.05 1. 67 1.25 0.72
Phascolarctobacterium 1. 96 0.53 0.49 0. 60
Ruminococcaceae_ UCG-010 1.71 1. 14 2.04 1. 47
Ruminococcaceae_ NK4A214_ group 1.69 0.75 1. 41 1. 40
uncultured_ bacterium_ o_ Gastranaerophilales 1. 62 0. 56 0.51 0.78
Alloprevotella 1.56 1.89 1.19 1.91
Ruminococcaceae_ UCG-002 1. 30 0.29 0.42 0.61
Family_XIII_ UCG-001 1.29 1. 26 0.62 0.82
Olsenella 0. 80 0. 86 0. 60 1. 42
Candidatus_ Saccharimonas 0.77 0. 85 0.78 1.09
Blautia 0. 77 0. 40 0. 28 0. 31
Lachnospiraceae_ AC2044_ group 0.75 0. 70 0.33 0. 56
Lachnospiraceae_ NK4A136_ group 0.73 0. 88 0. 76 0.79
Prevotella_ 9 0.71 1. 06 0.00 0. 00
uncultured_ bacterium_ o_ Mollicutes_ RF39 0.71 0. 40 1.23 1.28
Coprococcus_ 3 0. 65 0.32 0.24 0. 36
Alistipes 0.61 0.35 1.13 0.98
Prevotella_ 2 0. 60 1.00 0. 00 0. 00
ait 83.41 58. 29

MJE AKX R 30 A OTU B 3 B2 43 #r f2
s EARIESRAE A I E R REA 8 DN IEB I 2E 7 1L
B (P<<0. 05) » HAASH - 98 18 BRI & (Rumino-
coccaceae UCG-013,0TU FREELHFIK 8. 48% . 15
Witk 2. 97%) . 77 LT I 2% IS B BE (Christensenel-
laceae _ R-T _ group, 1K M % 6. 71%0, & ¥ 3K
3.68%) . AL ik B )8 ([ Eubacterium ] oxi-
doreducens _ group, I % 5.33%. & E7 3
1.58%) .98 H ¥k i J& (Ruminococcaceae  UCG-
014 ARHEIR 4. 6350, SRR 2. 5000) (] 3 &2 1 I
(Akkermansia ARMER 2. 27 %, i 0. 59%0) .

% 5 ¥ & J& ( Phascolarctobacterium, & 1§ 3%
1. 96 %, =R 0. 49 %) MEEFELH 8 (uncultured
Gastranaerophilales, 1% 1 1K
1. 62%, =45 0. 51 %) 8 B 3k & (Rumninococ-
caceae _ UCG-002, ik i ik 1.30%. & #F 4k
0. 42%0). AR XL i B OTU 4k 5=
JEE A A v L R R B R AR A I DR R Y
OTU FJZ itk 2 152,

4 i i

Jim S TR AR P IS B A A X A i

bacterium _ o _
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A A Pk AR R AR TR A R AR IR
(B 2R i JE TR T 1Y 22 5 H I JCHRGE. FEAR IR
(40 3 TR EAE R A 3 e v 5 1 2 R P A L3
H I EhA& VA 75 5 2 B PR A D R i s
TN 3 B R B, G4 B 2 TR L LA 5 A
TE— @ XERE. BEE v i a7 HOR I Kk R (45
16s rDNA ¥ SO BFE R WA S TR, A
R 16 s RNA &3 5 0 77 15 YO a5 R4k
PR ERGE T A E 4 I 18 TR RE 5 A 2 AT 0 b &
BRUAR T4 R g T B0 DR A T 1B T OTU K
A 4 824 ASFN 4 237 A, 1k IRV 44 M [X 4 4
W T TR 22 R 050 v T 4 b DX A i S TR I 2 4
YRS o ) BB PR O A A b, DCAR B B 8 PR
HH A B 224 1 B e 2 Y

TEN K b AR A il R h i 2 1
¥ JE BE B 1] (Firmicutes, OTU 3 B A% ¥ 4K
69.38%0, i ME 4K 73. 21%0) AL KT 1 1] (Bacte-
roidetes, OTU £ FF % i 3% 15. 37%, & 1@ Ik
14. 56 %0) . iX—H#F 58 55 Guo % A (2015) %t 494 B
T P PR 2 R I 5 45 SR A (LS.

BT BN S AR A W 18 TR AF TR RER
2= 5, HorhyE B R B (Ruminococcaceae . UCG-
013) .98 B 3K # )& (Ruminococcaceae . UCG-014)
B EH IR B (Ruminococcaceae . UCG-002) | 75 H
W AR B (Christensenellaceae R-7_ group) %8
ik B & JE ([ Eubacterium | _ oxidoreducens _
group) [ 7L 2 W J& (Akkermansia) . % $i F 1# )&
(Phascolarctobacterium) MEX; 35 5 J@ (uncultured
_bacterium _ o_ Gastranaerophilales) 55 7% % i
F AT b DR A i 2 TR R KT R A AL
W E K OTU £ R Sk 2 152, 8 H K
FR A3 B th ™ 4% IR A AN 2 3 i A 22 [CBH P
P T R BRI AR B Bk S T
oA THEAR 9 B rp ) R B v A
R SR THALIREA B BV G R, WFFEUESE,
TeA 15 BR A ™ A6 10 2T 4 3R T A8 0% W BT O 5 i AL 40 2
FELRE A AR 155 R A T A = A A A R e
ARSI I e T AR DR 2R 0 I S TR b 9 B Bk
BRI TR SO X AR 4. A R g X
FYAE A I 3R b DX TR BE R s T e VA M X A4
o T8 P9 T R S LT 1) P BE AR T A X
24 1 T A 285 2 I ) PN G 1k 3 7 A P A 1) A5
ZE ATRE R EUE A X R 4 R A KL 35|
YA ETE. X5 Han 5 AR IETE 14EF

T RE R BRI R RS e,
YRR DA AR A 1) (IR SR M X S T E R BB A
o M BRTE RBLR . AT RES A R Tk L X AE 4
B A AL 2 A O HERR A AL
H—L L.

Fe [ 2008 AFALHE T 16 R DI Es NG FLAR
T AT IR TR RE  OUBRT B8 I BRI SR B R 25 2
Je 4 o3 A E MG F A TR Rl 33k 4 5 A T X A
P ITE AR L G2 AN BSOS L R B A B
B AT NR 7 A B AP A RS 7 )™
A A Y. TR R M X R AR AR )
(R A IX 5 | T FEHE A 19 HOR AP AR T8 45 22 TR
Je A BT R R IO AP T 4 i X BRI o ik —
BETE. T3 50 AR AR DX A A SCiAE  1T AE
Bl TR T — DXCIRAE A TR R AR AT R
BT v AR FRCHE A4 i T TR AR 45 A A R R 22
5+ N R RO X A A I RO e B T
SEMZS IR AR TRA IR BB FERRA
[l ¥4 DX I B 4 A O P b 22 I

SE Lk
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