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B B AFTIOTREHUHROAEELEMN, WEARHE LT ZE P08 § A Me) M5 mm
HITTREHE, PELRT EMMANEET MR A EL R T BLENEZEA. [B 8]
KA ZHBENFHASATLFET @B SRR AREM, [FE) A 12 R 10 A & EE+F,
H PR E A 20.70£1.60 kg, 498 20 d B, REHERLFOFMATY, RIMEHE DNA, A
mEA A 5| Mt amE 16S rRNA K F 49 &+ T X #47 PCR #73%, A/ Illumina MiSeq -F & 2t 3% F
AT GEEMNA, A QUME F#Mstn 5 /5| AT A M1z &5 odr. [4R]Y LFF Wity
F3L 3R 1F 813 496 &4 2% 315 6883 4~ OTU, J+ EAR# wh &A= Coverage 48 £ R Bk b A ) 5 45 R bk
REOWBAET LFEMMENBLE. o S B SRS ERA, LFARZIE G ES
SHMAEER . ETTKTE, ZH RO EHA 11394 34 B 1 (Firmicutes)f= 224 & '] (Bacteroidetes);
BKF, A A w AR H B (Clostridium). /& ¥ 3K H & (Ruminococcus)f= 6 A& 42 6% 28 1) 20 A%,
PICRUSt A B FURL AR, LFFMkAEDARBAREAY T, L2015 BARNESHRA. BRRK
# R ERMAERARMF. (LR LFEMERE RO SR GERE 27, 52 MAYDA
mABNL; 52 F ARk, WA EMA M ERIA 0, LAEER.

KRR LF, B, mE SR

Analysis of cecum bacterial diversity of goat based on Illumina
MiSeq sequencing

JIN Lei WANG Li-Zhi” WANG Zhi-Sheng XUE Bai PENG Quan-Hui
Animal Nutrition Institute, Sichuan Agricultural University, Chengdu, Sichuan 611130, China

Abstract: [Background] Due to the special physiological structure of ruminants, the previous
researchers focused on the structure and composition of the rumen microbes, which seriously ignored
the important role of cecum microorganism in nutrient digestion and intestinal health. [Objective] The
study was designed to reveal the bacterial diversity in cecum and their community structure from goat
using MiSeq sequencing technology. [Methods] Twelve 10-month-old and weight of 20.70+£1.60 kg
goats were selected for collecting cecum liquid after normal feeding, after 20 d, the cecum fluid from
each goat was collected and then total genomic DNA was extracted from the cecum fluids. High variable
region of bacterial 16S rRNA genes was amplified by PCR using bacterial universal primers. Analyzing
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amplicon sequence data on the Illumina MiSeq sequencing platform and biological information analysis
using QIIME software were done. [Results] In this sequence, 813 496 effective sequences and 6 883
OTU were obtained, and according to the rarefaction curve and coverage index showed that the result of
the sequencing was more comprehensive covering the cecum microorganism community of goats. Alpha
diversity and beta diversity analysis showed that there were differences in cecum microbial diversity
among goats. At the phylum level, the dominant bacteria were Firmicutes and Bacteroidetes, and the
core genus was composed of Clostridium, Ruminococcus and unclassified bacteria of six. The cecum
microbes of goats are mainly metabolizing function, including carbohydrate metabolism, amino acid
metabolism, energy metabolism and lipid metabolism. [Conclusion] The diversity of bacteria in the
cecum and rumen of goats was significantly different, similar to the composition of fecal
microorganisms, and the composition of cecum microorganisms in both goats and single-gastric animals

Microbiol. China

had similarities and differences.

Keywords: Goat, Cecum, Bacterial diversity
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SEATHIL I B TR B TAMERH AR AN, FEOREETE &2
[BER i1 RN e A - (955 L O i O PR L [T TE =T
BHIF T /E 8 LA 2 B0 AR S s 28 RE 50 A9
Prm e, R maE A B i ol W A 4 4l
R, SR, BRE LB, S E AR X
W R RS e B 22 RN I, R
5 Y9 RN A I R R LS S i
EHAB D IRE S S AN PR RM, s
T 1 SR e 1 75 IR TS Ak R g T fe R T
KysE R EA G, BIn. B mRCE Y RE LT 4
R PR MABHEE A RS N E SR OtaE R,
HR A e A B R T MBI b g o8
B Ik, 2F#AE R pos P g Pl s iy
B Z Rt b A EE R, (HXT
2B R A P R R 22 Rk (R 5 o R DR o
XX — ], AR i 3 P B AR A L 2
B w2 e, MIRARFR I E e
5 IR R 1 T T R LA i T {2 T 1 O R
BEE HeAil
1 RS hE
11 KWz EHEFEE

LR EYA 12 AR 10 A il FIRE N

20.70+1.60 kg AYMEMESS LRS- . (RIFRZEAH IR PR
BR, RAABRE., JoKREB T, SERkE
CRPERRIFRARAE ) (NY/T 816-2004), L% K453k
0.1 kg MR, 12 HIlEHBREEATE(E
K 38.47%, (1T 35.00%, EITEEIES 20.00%, I
4.50%, f#h 0.45%, /NIReT 0.45%, fkfR%S 0.08%,
BEIR A5 0.60%, 4% . ¥ BTEs NG 0.45%).
Wil 20 d, SEEGRYES 21 RIBSEFFA LY, 43I
BIAIEHA AL, AN IEARSE B AR A S
Jr , R AR B W N A YIFE L T 20 mL ARAEE
—80 °C A7 %5 H-
1.2 DNA f2EW#0 PCR ¥ 15

DNA HI I 4l 162 B Guo Z5122Hi A gy i
HEAT o FHERIEWREE RS HE TR A I 5 L DNA 1 46 B
WRE . R 16S rRNA LR V4 XA A48 A
JP B R B, 5197514 : 515F (5'-GTGCCAGC
MGCCGCGGTAA-3")#i1 806R (5-GGACTACVSGG
GTATCTAAT-3), #RJE Xt H B B4 3 .
PCR WA (50 pL): 50 ng/uL #iHk DNA 1.0 pL,
10xBuffer 5.0 pL, 10 pmol/L 31#14 1.25 uL,
10 mmol/L dNTPs 1.0 uL, 5 U/uL Taq /i 0.25 pL,
#b ddH,0 % 50 pl, PCR Sz 4514 95 °C 2 min;
95°C30s,55°C30s,72°C30s,30 MEH; 72 °C
5 min, PCR F=¥IH 2% gt i i vk 48 2 3 H
PCR #lifbil & aifb M, ki PCR =¥ H

QuantiFluor™-ST fluorometer # 17 &, X
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IHlumina MiSeq Il 7~ & PEF T o
13 &MEEFESH

e IE LN 1 R AR R Fastq SO R, B
I QIIME 1.8.0 &I 5 b Bt A T e B,
FBRIPHN T T (<Q20 . RENHIEE>6 K
R KAES, R57 240-500 bp K J 1F51
2B Barcode 15191541, 4R )5 F Mothur®I 922 5
FEGWT A, AL R T 97% Y ) 4 fif
Uclust® 52 2 3 — A~ 43 2% 48 {f B 5T (Operational
taxonomic units, OTU). FkiEAHIX}F & s OTU
R F 75 5 3 B % (Green genes) 22 ¥ 3]
HEATHEXIPS, i RDF 432528 AR 91 A T
YIRhE RS, 2L OTU table F11 rep_set. tree SC{4 R il
FER I KR 2 R B IS RE b o ZREE
FEH G5B R ARENEY OTU R b A= HE 3
B, IRISFESN I Unweighted UniFrac BE 25464, #
F AL 20 - ¥4 3 (UPGMA) #E 47 B 2 43 A, 24l
PCoA %2 K21 [ OriginPro 9.0 il Rx 64 3.0.2
BAFA TS TR AL 8 R, T
16S rRNA LY pas R, WEBMEDY
FEPHPEFT PICRUSE B AT E-3Y,

2 R4t
21 ¥HmF5IR OTU 4it
ARSI P RS 813 496 A T4,
SERREARE N S 76 75326 574 4%, KT
FARLE R TF 97%0 S5 I K5 3R AT (145 0% 51 A T
Hk, 43515 6 883 4> OTU, FI KM & A
3 583+456 4~ OTU. BMEMARUTHIH OTU %L
TENLFE 1, 3 1 a4, FraFEM Y Coverage ()7
GEEFEROBUET M 0.99, 1641, MK 1 WATLIE H,
P FE SRR R I 2 T 2%, BERH Ik )
PP i 6 T ISR R Y, P EdE
HEMER, AT LLSIRFEA rh 2 R 25 R 5 2
FEAHTRINFGREE T, OTU Kb s EMIAYKE Sk v A
C10, C5. C4, C8, C2, C9. Cl1, Cl1, C3, C7.
C6 fi1 C12,

22 o MR B BHEMES

o ZREPERR BRSO o FR AR & 3 (Chaol)
FI¥ 4] (Shannon F1 Simpson) 4645 . 2% 2 AT %1,
12 MFE L 9 Shannon Fi Simpson Z2REVERE B bR TE
22BN, RUIITERE R Y TR T 10 1 5 B A
—2, WAL Chaol FEEbrEZER, £
12 MRS RN B A A ZE 5 . B 2R
Br EEH TIPMOAE S R E D AR M . 25 G FEA
) OTU MRS S ILABXT B2, AR R mAGE
TERE B ARG, MR B A 2 PCoA L, 41
MrETAFE ST AL . FHET 2 A, 56 1 F 50
I TTHERRE R 16.44%, 55 2 E MBI TTERE R
12.21%. 12 EHNEWREG T, b 3 eIt
RARIE AL AL S HAR 9 MRS A ELR IS S —
A2, T 3MFEA S HAR IR 22 RO BRIk
F, 12 DS BRI T 2E Rk
2.3 [TKEFBKELBFHBEILEH

AW, HERATE] 12 A1) AN EEHE
FHT 10 WY T 3 301 Ay JEERE TR 1] (Firmicutes) |
KT ] (Bacteroidetes) . PEGH# ] (Verrucomicrobia) .

x1 HRFFE. OTU 40 o SRR
Table 1 The reads number of samples, the OTU number
and the alpha diversity index

Sample ID Reads OTUs Chaol Shannon Simpson Coverage

C1 66846 3205 2199.36 8.64 0.99 0.99
Cc2 69 303 3160 2187.50 8.05 0.98 0.99
C3 82777 3953 2399.76 9.05 0.99 0.99
C4 71549 3517 2123.16 8.87 0.99 0.99
C5 67105 4260 2111.81 8.53 0.99 0.99
C6 78140 4260 2239.10 8.92 0.99 0.99
Cc7 75284 3288 213186 8.89 0.99 0.99
C8 80747 2918 2196.74 7.75 0.97 0.99
C9 78573 4112 2050.11 8.57 0.99 0.99
C10 83782 3583 240296 8.69 0.99 0.99
Cl1 82340 3493 2390.23 8.79 0.99 0.99
C12 84590 3271 2179.22 8.01 0.98 0.99

Mean 76753 3583 2217.65 8.56 0.98 0.99

Standard 6574 456 119.26 0.41 0.01 0.00
deviation
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Figure 1 Rarefaction curves of 12 samples

FREETA | (Tenericutes) . “2JE 1A ] (Proteobacteria) |
I 7 B ) (Euryarchaeota) . % ik Bk I W 1)
(Lentisphaerae) . HiEfAlJ(Spirochaetes). £F4EFT &
I ](Fibrobacteres) . JiltZk i1 ] (Actinobacteria) 77 &
IR T] (Planctomycetes), HAFRHRLANE 3 FiR o
Hr AR AR BT 138 Firmicutes, Hkh
Bacteroidetes., £&-# 4 Firmicutes F1 Bacteroidetes [

MXFERE 2,

T2 BHRMEMEEXT 1%MHEY

Table 2 Microorganism with relative abundance greater than 1% of each sample

12 4~ F#E & Firmicutes Fil

I
40 000

I
50000

I
60 000

. I
70 000

Sequences number

Bacteroidetes HY-F-34AHXt K 66.05%:+5.79% .
20.26%:+4.05% (MeanStd) .

TEJE/AKY, FrARERL AR 112 V& . BRTJE
T2 HAR o e WA AR, LT BeA (e
R R ARSI BRI TC X DI REDE F5T, BRI
XA AT 0.1%09 47 M@k T T SR
FEXFEEERT 0.1% MDA 47 4>, Hfudhid

Sy IRHCEY) 16 4>, FHUEAIXGERE AT 30 A9dLE

Taxa Ruminococcaceae Clostridiales Lachnospiraceae Clostridium Bacteroidales Bacteroidaceae Clostridiaceae Ruminococcus
C1 22.25 20.25 5.77 5.02 4.98 3.03 2.73 2.10
Cc2 22.99 22.65 6.11 3.93 2.51 1.68 3.11 4.88
C3 32.01 12.45 5.19 6.89 6.30 4.11 1.04 2.45
C4 28.54 12.57 6.31 8.43 6.83 3.85 1.96 2.03
5 27.56 11.73 6.53 10.95 10.61 3.96 1.92 2.15
Cé 24.61 13.01 7.19 7.82 4.74 4.02 1.24 2.59
Cr 25.81 11.31 7.43 7.58 6.86 5.46 1.39 1.86
c8 17.37 9.93 5.77 7.73 6.30 4.42 1.87 2.33
C9 25.47 11.17 7.43 8.28 11.98 4.58 1.03 244
C10 23.53 10.62 7.84 5.82 8.94 5.26 1.83 1.69
Cl1 24.43 10.91 7.98 8.01 7.70 5.37 1.96 234
C12 21.71 10.15 8.02 10.89 14.99 4.78 1.80 2.26
Mean 24.69 13.06 6.79 7.61 7.72 4.21 1.82 2.42
Standard 3.71 4.06 0.97 2.07 3.43 1.06 0.63 0.81
deviation
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PR R (F 4), X 30 MEERAEY S B
BERIXTERERY 78.28%-89.41%., [HIAl 4 W%, C9 #l
C12. C4 1 C11, C3 Ml C7. C11 HI C2 4355 H—
e, FREVEN TR TR LA X & T[R4 P oAt A
it o — MR AT R T 1% IR A A
EAEHELA 814, ROrKZREACTHEL 6 MFh,

43 1k 9 B Bk B A} (F_Ruminococcaceae) . 12 i H
(o_Clostridiales) . &1 i #1 (f_Lachnospiraceae) .
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FIMRERL(F_Clostridiaceae). L3V E NI E RS
(9_Ruminococcus) F1#2 [ J& (g_Clostridium) , 45+
A LA F BRI 20 AR A
T e £ Ruminococcaceae, gL AHRT
F ISR R 17.37%-32.01%, 12 /ML T4
TR 24.69%+3.71%. 25 HE AT e i g
k- g_Clostridium, JHAHE S AR B AR LR LN
5.02%-10.89% , 12 A~ ¥f & F 2 A1 Xt F A
7.61%+2.07%.
2.4 PICRUSt EE M

PICRUSt X & W i 2= W i S R B4 T R Tl
K5 /R T 34 FhIRERE o AHXE=F B M IR
LR HIHREIRUCON ISR 12 . BRKAL S i, &
R Rt . mE . SRBhIN R A0 BB
R, R 34 FPIhREILH A TASE, HE 6
LA, B WA e B SR T e M AR T R
25, HAFE S AR RS 5 CL R 46.26%, C2
}1 46.01%, C3 Jy 46.59%, C4 Jy 46.45%, C5 K
46.49%,C6 4y 46.24%,C7 H 46.63%, C8 Jy 45.82%,
C9 4 46.98%, C10 } 47.14%, C11 }y 46.76%, C12
7 46.71%, ~F-IAHXTFEE N 46.51%+0.38%.

[ Unassigned
B Firmicutes
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B Verrucom icrobia
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Bl Proteobacteria
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B {ctinobacteria
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Figure 3 Composition of microbial at the phylum level
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Note: The closer to blue, the higher of their relative abundance, while the closer to green, the lower of their relative abundance. The shared
sequences, which could not be classified to any genus but still existed in samples, were expressed using the highest classification level that

can be assigned to them.
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Figure 5 The composition of the relative abundance contributed by the 34 genes

TR A AR AN SRR Ry, B AR (R AT

Note: The closer to yellow, the higher of their relative abundance, while the closer to green, the lower of their relative abundance.
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Fo, FAAE—E 3. =5 W oA = B s 1Y)
I oA & JEEBE TR [ (Firmicutes) ,  Ho vk A UAF 14 1)
(Bacteroidetes). & M ilA= ¥y L R B 2 £ 4k
Rt RIS R 5 P TE g BRAE DG MR ), A 45998 15 Bk
P J& (Ruminococcus) . #2 B & (Clostridium) F1 & 12 i¢
EiF}(Lachnospiraceae)%s .
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