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BT, VEREWFLEY BT . BRUCHE] . fEREIR R AF R ML A 4 Sk BEALSN N 2 41, X B2 A
RVERR, SIS 2H 70 LR IRDR T AR AR S, I 60 g/(cow-d). [ 450 ] ARG, 78 B iR
SEREIT R WS AR LA ) 2 AR (P>0.05), ROLSA B M ARXT £ AR AL Z A e 22 5, o5
i) (Zygomycota) [ FEAE T XF HE4H , Frin#f B %] (Neocallimastigomycota) AH X} =2 J3 i 56 28 b o HE 46 3 m 1
628.28%, {HZEFAREE (P=0.21), I HIR 2B (Candida) FIV-E 18 )& (Phanerochaete) FH%F 3 FEA% 2. 3%
X IRL (P=0.001. P=0.003), XK TEFE)E (Chaetomidium) FIXT=FJE § &M (P=0.037), R¥KHE B T
B & (Piromyces) AHXT 32 FEAERT FRAA BN 1 205.71%, (H2ERAR B (P=0.135). XEAWETIE (Zopfiella) T
5 L F) [QBEFE IR (Debaryomyces) FH X 3 & Ho Xt BRZH 43 B B AR 99.08% F1 64.14%, {H2% 58 W3 (P=0.523.
P=0.671), [ %518 ] B RSEME A A IR 075 2960 8 008 TR 19 2 REPEIE A ™ A B S 52 mm) (LR AR L 151
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Effect of Fructooligosaccharide on the Rumen Fungi Flora of Dairy
Cows by ITS High-throughput Sequencing Technology

YE Wenxing, ZHANG Jie, LINa, ZHANG Lili, XU Xiaofeng

(School of Agriculture, Ningxia University,Yinchuan 750021, China)

Abstract: [ Purpose] To study the effect of fructooligosaccharides on the rumen fungal flora of
dairy cows by using ITS high-throughput sequencing analysis technology. [ Method ] A two-stage
cross design was adopted to select 4 lactating cows with similar lactation stages, the same number of
foetus and good health. Two groups were randomly divided into two groups. The control group was
fed with basic diets, and the experimental group was supplemented with fructooligosaccharide at a
dosage of 60 g/(cow-d). [ Result] The test conditions, fruit sugar added in the diet did not signific-
antly affect the rumen fungi diversity (P>0.05), but there were differences of the relative abundance of
the dominant fungi between the two groups, and Zygomycota existed only in the control group, the
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Neocallimastigomycota relative abundance group increased by 628.28% than the control group, but
there was no significant difference (P=0.21). The relative abundance of Candida and Phanerochaete
in the experimental group was significantly higher than that in the control group (P=0.001, P=0.003).
The relative abundance of Chaetomidium in the experimental group was significantly increased
(P=0.037). The relative abundance of Piromyces in the experimental group was increased by
1 205.71% compared with that in the control group, but the difference was not significant (P=0.135).
The relative abundance of Zopfiella and Debaryomyces in the experimental group was 99.08% and
64.14% lower than that in the control group, respectively, but the differences were not significant
(P=0.523, P=0.671). [ Conclusion ] The addition of fructooligosaccharide in the diet had no signific-
ant effect on the diversity of the fungal flora in the rumen of cows, and the proportion of dominant
bacteria changed, which enhanced the ability of the fungal flora in the rumen to degrade the fibers.

Keywords: ITS high-throughput sequencing technology; dairy cows; fructooligosaccharides; rumen
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LN NN RN =WENEF ¥ TR T et (R IIa et 7/ i a
PR B ST R E R A TR I IX 5, AR 22
AT R, AP R o Z ol
AL 2 AN BRI R R Rl R 1)
K ST 4 22 [ At it LA B L T TR 22 WA ) 2H 2 4 i
BERSEBVER, 7E98 H X £F 2 A b & AR
FHE B NE  pE R AT B IR R B S P e
P R 3R R W 1 A e A0 B P e B SR AN [
FEEE R4S T BEX RS AR RE T o i B IR
SR EC TR A 4 28 1) o ik = 2538 1ok DA -2 R i
0 I sh 46U Bl B ) TR R AR W A 2L ER AL
EEPCR A TZ R, B TCTR B AN R AT £ R
R F R B R LR A it 38T Dhad ik & it 4
EHPRIERAAER"", FEHE (fructooligosacchar-
ides, FOS) J:h 1 AL 2~5 IR LA
SROBE L — SO0 % M R Y — ZH K 2R OB A A
PR, AR FOS HAA MGE & & A4 1 hg
PE AR SR 1 AR S DI REN Y, FOS AE M 4
A U RHA IR i i E H U, PR 8
YIlpiB LSRN, X NG BT LA R A i i
A —E W EALE R, T2 T RGN 4
Fguel - Se ORISR A S S W A e b AR
538 2t X AL W2 HORR S ISR 500, o R o
WX 29 B A RS F 52, S A = Sk
H A= i iRl SR AR — i R BRI .

1 RS

1.1 R K

SRS FT g A E R A |, Al
99%.
1.2 R 58

AGREHE ] 2x2 5 AR T T, BEREIRNL R
I, WA RE—E, H7Wh&E 30kg A4, K&
(550+35) kg A 4 k2= (TR) T Efar T H I FL 1S
4, WAL R 2 41, XTHRA ARG . 0 HE 2 ]
MRILA HOA (1), X0 S at B AR AR
St TR 60 g/(cow-d). TAMETERA TMR,

=1 BEMRRERKEEFRKFE (TUREM)

Tab. 1 Composition and nutrient levels of the basal

diet (dry matter basis)
JRE /% EEiY SR T/ %

ingredients content nutrient levels content
BE T alfalfa 21.53 MEE T CP 17.35
v T v B
z':zius chinensis 314 Ii]LE;(:_E/Z?/;TI(E ) 723
TK#EHI corn silage  27.65 R T 4E NDF 31.25
FK corn 24.47 ERIEVRIRLT4E ADF - 22,63
7K1 soybean meal 14.68 5 Ca 0.84
% wheat 1.48 WP 0.40
P
vjv:h*cl)%ljiottonseed 4.20
TVl premix 0.91
BEIREAS 0.91
fr#h NaCl 0.80
AL MgO 0.23
&l total 100.00
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YOKH . MR 2 A BBk 214,
R 14 d, TFRCRAE 7d.
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W SmL, BETELOET T, MENZHEARNICRER
o RRSE AR PG AR AT, 52
%, T80 C VKA VRO, F T B B AR
SR
1.4 DNA FEH RIS 1
1.4.1 DNA #2HL

DNA KA G4 i, 50 & A R
BAEY TR T, $EBCE RS R & i it
iR vEC (e
1.42 PCR 41

MAEA R BURE[N 40 DNA J&, JHAF A bar-
code BUFSESES WP 14 ITS rDNA B ITS2 X, 519
JP 3 H

F: 5-GCATCGATGAAGAACGCAGC-3';

R: 5-ATATGTAGGATGAAGAACGYAGY-
RAA-3',
1.5 Hiseq 7

£ PCR 384 =9y P) g [m1yic,  FH QuantiFluor-
TM T T & K alifbp 8 =4 it 1 7146
WIRA, EENFESL, WENTCE, Hiseq
2500 PE250 LI () 23 LA )
1.6 FHESIH 9T

B4 K FH Excel 2007 #E47 01 A0 31, R H
SAS 8.2 BEit R A TR AL 353 B o E5cds R -
YIEHbRMETR (meantSE) F/n . LA P<0.05 1E b2

Sl T EARTE
2 BREDR

2.1 OTU E£E ot

R T G HARARAE S TR R B 2R R
MR 7 Bem, X B 4T OTU (Operating
Taxonomic Unit) 25, FFF] H Mothur (v.1.34.0)
T 0.03 B T (97% MAHRLUEE) (1) OTU 4t .
MR 2 20 Br L4 FEEAT OTUs 2345 B (1 1),
LA RER 4 (FT) i OTU A8k 295,
XTHEZH (CK) 1y OTU S&Ck 317, 2 44 OTU
BHly 138, W HRA1IE H B WA 2R TR
e, HZERARZE (P>0.05),

157

1 RAMKEAREFER OTUs FEE
Fig. 1 Venn graph of fungus OTUs in the rumen of the
control group and the experimental group

2.2 FESL OTU 2R

BT OTU R 2R, AT B ERE
Alpha ZHEVE T, Alpha Z2REVE X BANRE i rh
Yot Z FEPERY 23, 4245 Chaol fH . ACEfH .
Shannon A & Simpson 5§ #% %% . Chaol. ACE {&
S AN R Y SRR FEA HE AT OTU 2L H Al 55
i, ACE. Chaol {H K FR/NFEA )Y Fh 2 4f
£ 875 . Shannon $5 #5080k, Simpson Fi5 £k 42
ET 0, MFRRZEMSTREEE., hE?2
AL IR A ACE T KT XA (P<0.75),
I AY Chaol {H/NFXFHRA, HER AL FH
(P>0.05). 2t 46 21 F 6 B ZH 1Y Simpson Fl Shan-

*2 MREMAGEAESEREFSHEEY

Tab.2 Rumen fungi diversity indexes of control group and test group

FEFF index X HEZH (CK) control group X354 (FT) experimental group SEM P {H P-value
e ACE 521.44 564.96 128.49 0.64
richness index Chaol 407.67 386.58 83.93 0.75
ZREVER Shannon 2.27 233 0.86 0.92
diversity index Simpson 0.26 0.23 0.24 0.87
B 15 % coverage 0.99 0.99 0.006 0.57
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non FEEUHIT . FWIFE H MR rh B ISR 200 175 4
Jo ' LA D RE S5 A 1 ZRE M T W S 5
2.3 URAIREE L R AR A
2.3.1 B HEEETKE EREa o

FIKF L, a4l -5 0 RELL 0 A9 B W AL
T 3EH 1] (Ascomycota) ., 7 i i T # [ ] (Neo-
callimastigomycota) . % & & ] (Zygomycota),

17 '] (Basidiomycota), < VER T ] (Fungi

NA) 5 AR (% 3)o M 3 AR TRERTT (Asc-
omycota) FIFHFF# ] (Basidiomycota) J& X 41 1Y
DL, R B 96%, T2 it
HTET 1S TR ] (Ascomycota) . HiENHEE ]
(Neocallimastigomycota) il #1 B [] (Basidiomy-
cota), 2R LG 99% DA L. HRHPREE
PHAG TS I 034988 B B TP 718 ] (Basidiomy-
cota). #7 N B ] (Neocallimastigomycota) =
TR

#3 HEESHRENSESER KFHER
Tab.3 Changes in rumen fungal phylum level of
cows in the experimental group and the
control group %

x4 REESHRANTESERERKTEHEN
Tab. 4 Changes of rumen fungi genus level in
cows in the experimental group and the
control group %

A RIA

=B S . P ZERAEH
genus control experimental Pvalue log2-fold
group group
W& Zopfiella 20.76 0.19 0.523  —6.75
)8 Aspergillus 11.29 14.08 0.940 0.31
feiﬁfifjﬁ 8.59 3.08 0671  -147
% BEJE Saccharomyces 5.81 6.71 0.936 0.20
Kt )& Cladosporium 4.80 19.24 0.734 2.00
FHHHE Penicillium 1.42 0.84 0.884  —0.75
H ¥ 548 Hymenochaete 1.23 0 0.308 —26.87
VR Fl
iﬁjﬁififm 1.17 0.51 0741  -1.17
MG EJ® Engyodontium 0.81 0 0.078  —7.11
I8 B W 1 B Piromyces 0.70 9.14 0.135 3.69
iiiﬁgfﬁii] ” 0.68 1.97 0.798 1.52
il i )& Heterochaete 0.63 0 0345 -25.92
SHTN#E P J8 Neocallimastix  0.59 1.05 0.877 0.81
B4 BLE Candida 0.003 5.00 0.001 423
S J& Phanerochaete 0 0.09 0.003 23.19
E5¢)® Chaetomidium 0 0.01 0.037  20.01

IR el

% control experimental P ZAEH
phylum P P-value log2-fold
group group

THF ] Ascomycota  83.16 66.83 0.14 031
FHE
ﬁﬂﬂ%ﬁ;‘ Eﬁlj 222 16.18 0.21 2.86
Neocallimastigomycota
A Zygomycota 0.42 0 028 -7.28
PH ¥ 18 |
! ?..I] 13.82 16.47 0.69 0.25
Basidiomycota
RIERBH ] Fungi NA  0.36 0.50 0.67 0.43

2.3.2 JEEHEERBAKY LRS- Hr

TEJBKF L, 2438 e 107 4w, Horp
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(P<0.01), XA E5C)E (Chaetomidium) F & .
FHM (P<0.05). W] H KPR SEMERUS N 2.5
Bom TR« (Candida) . 231 & (Phaner-
ochaete) FIFEFEIE (Chaetomidium) HI=EJE

3 i

AR 2 3T Hiseq2500 PE250 /& 18 11l
5% 8 ANFEAS R TR LA X R Y ITS2 X ik
AR, T4 A5 B DA TR R I 2 AR AT 4
BT, DI P R B R 7 5 P85 791 T %o 0 e 45 2 2o
FFPPAl o AR I 8 ANFEA Y AL 03 )7 51 Hi s Ay
157212 4k, VPR IMEAR 1952 4, 5T KUMAR
SOOI AR B AR R B R DR IR EE (3 558 £%);
[ B AR S0 ) 8 AR AR 14 B B X 20 e 7 s i 1)
ML T 98.2%, Sik4r R N i H S A R
HE X R (98%) M4, ik, M
TR BRI 5 BE A M R, ARSI R &
B FLIN 7 25 3R A 3 T R AR i 5 490 B
W EL TR A R 2B R, T DL LS b B e 9
VB L TR P R S A

R EABCE R AR E BRI R
i, ARANSEIGE L B . A SR SRR s L 5 1
P E AW RSB ER S, E4nn
RENEME)S N, 76 8 h WA TFhim . AR &%
SFEPWRGE I AE AR P I SR S5 L 2R



£ 6 1] I, % FETITS

o 10 A FP-B RS SR S X 5 A8 ) B B R 969

B ECA R SR A G, 7E 0~6 h, #5504l
R TR 0 B T BRI AE 4 h RHR G 41
WEGE AR R, g m TXIIEA, £ 10h
B AT IRAE TE i 3 25 57 0 AR AT, lged
) OTU &%k 295, XFREZLEY OTU &%k 317,
2 HAAT OTU %0 H o 138, ik 4H i e 5 1
88 ACE(E i H 2 R A3, W2 MR
% Shannon F8 87} . Simpson $5 5L F Atk &
P22, RUITE HAR TR A SR S0 X 7 49
LA R4 M ) 2 RE P N T B B R I EAS
o HAR RIS SN AR RRAE /MR B O B
BRSO AR R, HURREXH B R B R
TR LA 7= A FE RS o A BT D DR ] B
Jeq L DU AR B (NHD) A R e R ny B4k
RRUE, AR SERE BRI B IR H N pH IS A
(NH3-N) Ay 2R, S s # R PERR IR & 2, ok
B TRIENIRAEE, It T E R A, i
FEHE 2, YRS S E R
RN EHETRE.

EN AL G o= WEN TP S o
THEFT] . B AR A A R
FPEEETT, X 55KkL % & LIGGENSTOF-
FER “EPIWF 58 45 A — B0, AR AE H AR H 0
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