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environments strongly influence the composition of the gut microbiota. However, changes in microbial
community structure with host age remain poorly understood. In this study, collected 2 adults and 3 chicks
Bar-headed Geese (Anser indicus) cloacal samples, extract total DNA samples, and using 16S rRNA
high-throughput sequencing, analysis and comparison the difference of composition and flora structure.
According to analysis the intestinal microflora of adult and chick of bar-headed geese, to observed the
dynamic changes of different age stage of bird intestinal microflora. A total of 9 different bacterial phyla were
identified in the cloacal microbiota of chicks (Fig. 1a). The results showed that Fusobacteria predominated
(48.29%) among chicks followed by Firmicutes (22.21%), Proteobacteria (22.07%), Actinobacteria (5.02%)
and Tenericutes (1.93%) (Table 2). A total of 17 different bacterial phyla were identified in the cloacal
microbiota of adults (Fig. 1a). The top 5 most abundant phyla identified were: Proteobacteria (64.69%),
Firmicutes (23.92%), Cyanobacteria (8.48%), Actinobacteria (1.43%) and Fusobacteria (0.56%) (Table 2). At
the genus level, the sequences from the samples represented 18 and 24 genera in chicks and adults,
respectively (Fig. 1b). We employed Chaol index and observed species curve to estimate the alpha diversity
of the chicks and adults cloacal samples. These results suggested that the diversity of the cloacal microbiota
of adult bar-headed geese was higher than in chicks. Analyses based on Bray-Curtis distances revealed strong
clustering of the samples by age (Fig. 3a). At the OTU level, there were 186 OTUs shared between the
samples from adults and chicks, whereas the other 640 OTUs and 90 OTUs, were specific to the adults and
chicks, respectively (Fig. 3b). These results indicated that majority of OTUs (67.39%) presented in the chicks
were also presented in the adults. The top 25 most abundant OTUs at the genus level shared by both adults
and chicks were shown in Fig. 4. This preliminary study would be valuable for future investigations of the
sequential changes in gut microbiota composition with age in birds.

Key words: Bar-headed goose, Anser indicus; Cloacal microbiota; Microbiome; High-throughput

sequencing; Age

Y, A A T 18 E A8
MY, BB RANB R SR AL, I H w1
WO 2L, iy TE R AR TR TE AR RS A
(McFall-Ngai et al. 2013, Colston et al. 2016),
Hr— A I R PR AEE B iR
PRI R JE, A0 TN 53] DL IR A it
TR LEFAL AW LA S EATT ) 5 R AR i
Y, SGRRNMEYI S (Bisen 2015, Jovel et al.
2016). IXLEEHAEYH, X LAE T3 i &
A%, BEE% 10" CFU/g (CFU AH
TETE AL ) (Barnes 1972) . [K it 3 ¥ i7iE &6
RLEI A AH G RN “ B A ”
(Lloyd-Price et al. 2016), 2K H, I
TEREIAE N LS B N VF 22 FE AR S B
AR RIEEEENER, flinkE

(Malmuthuge et al. 2015). %% ¥ (Ahern et
al. 2014). EFEWIL (Kauetal. 2011). 4EE %
A $EEER B (O'Mahony et al. 2015), #
B PR IERE. BRI A RE ) (Kinross et
al. 2011, Lee et al. 2014). ¥k, ¥ EFITF
J& 1 ATE A A 2 B 7 R TRl (Pylro et
al. 2016, Stulberg et al. 2016). #R1fj, HIRKZE
)Wt T h R Se s N 2K DLW AL B
J&, AH S 2R 1) il i Ak it 0 J LAE TR S D
KT (Waite et al. 2015).

AT oAt B ME P 1) o 3 A ) 20 2 A

F s, X T HF AR 5 20 g8 A it s b

(Kohl 2012, Waite et al. 2015). 1927 i
VIt 7 B R T 2 N TR M A 55 Y
o WEM (Gallus gallus). ki (Meleagris



4 34 ARSEIAE B S 5 A 1 Y S B ) BT <643 -

gallopavo). 5 (Anas platyrhynchos) 8¢ %
(Struthio camelus) (Pan et al. 2014) %%, JMEf
A LR T AR O 2D BoEIEE,
W TR . A IR TR, SE MR
oL, B2 i T A P A el 4 AN T s Waite
et al. 2014a): JEEER ] (Firmicutes). AL
I'] (Proteobacteria). f{ZkE 1] (Actinobacteria)
FUFFEE1T (Bacteroidetes). Ding %5 (2017)
SR FH BT — A e o 2 DR A 2 I B AR 4 1)
R A T S 3 AN AR KOR B I g
WA X RHAT TR . H 65 NMEfEA
“BOEE” WA FAEETAEKKE 3 M
B, WX TR i RN R AN A i i AR A E
RIRBRFEE TR . PR ERLS 54 9 )i 1E
AR 2 R anAeT, X RSk I N LR A & 1
BESLE (Anser indicus) F& IV AR 1 15 S
JESE,  BHE T A A Y
B AT T SR b R R I O R R (X
(Takekawa et al. 2009). 1F N5k e 5 0= B
K EEKGZ —, HTRIPAZEFEB, N
1979 “FHF4h, N TFRFEBE KM 6 75 3 1
Bl POk, HNH X 3T GFERSE 1979,
I HETESE 2014) . 78 N TiALFIFRFE 3R 85
IR L PR 40 = 1 Rt 2 S B R BN T3 A5
FICERIET 4. M2 R, fEEF4h, 4GS
i o TR R S O S5 RN SO Hh R AR
VIR SR . EVF 2 SR, AN I IE R
T — AN, B8 G drEta e
(Waite et al. 2014b). [Kitk, [ B BF A 5 Sk i
A5 1) P TE S A P A RS B AR AR N AR 57
PELEREIEE BENSHEME, — &Lk
ITHES A ME . AFEREMI, WEVRIE.
B H RN A S R E, Rl
B 7% ol A2 B ) R RS I RS 0 2N T FRE
BEKERE Y, RMPEKERAERKEAEE. £Z
RIS H (Wang et al. 2016a), K ILEF A= BT
SKEAZ G i kA= W) o DU BE R 1T AR TR TR ]
TR B T TRAF B T o . BB A Bk i,

FOURF TR T TR R 2 FEPE B 25 T N LR B Sk
Jfe (Wang et al. 2016b). #R1fi, HHIMAEE
S A B Sk e i 5 5 40 5 i T A ) 2 TA) R IR
Ao

DRI, AT FE%F B 0 AT 1 36 S JE Rt 55 2
V) L P TE AR P S ), 1 AR A DSk e
S ) P TE SR A A S R AE o RN BT AR B Sk
JHEAHE S5 HE B i S D AR BR R, A
AfE 5 K FH RT DA 2 J W g 3k A A A ol P it B
fE3F (Flammer et al. 1988, Xenoulis et al.
2010) EEAREEEFEABEAT RAE, FFHEAT 16S
rRNA V3 ~ V4 [X mpl &l 7 . AR A
SRS IR T AR D S JEE o TE S A= ke B 1 4
W AR BLE [ LA

1 MES5FE

1.1 FERRE

T 2016 4F 6 A 12 2 14 H, fEH B E XK
ZHREY XS (37°01393"'N ,
99°44'21.8"E, ik 3 200 m) PRI AR H ik B
TR S E o ol Gl 3R 1) R [F)— &,
TR RAEFT A FIR M S P BT 1 R B Sk i
AT A R (R BORE, SRS K BT B IR A
. R4 3 HAES (10 Hid) f12 Al
FORE i o MR FE L SEfE A7 T - 20 "CAEFK
¥, RIFHBBLI R - 80 CUKMRAF. A
WEger, et bR AR B Sk e A 1 R B A
TR T 10 7€ R B A /N Sk S T 4 1 ) H
1.2 DNA #£E. PCR ¥ ##1 Illumina HiSeq
2500

Ff i) DNA $2HCEH E.ZN.A. ®stool
DNA 7% (Omega Bio-tek, Norcross, GA,
USA)D, FF#&BEAMEFMIEAT. 725 K H
NanoPhotometer (Implen, Westlake Village, CA
USA ) F1  Qubit ( Life
Technologies, Carlsbad, CA, USA) #AT4lift
PLRIREEIN € « 41 16S rRNA ) V3 ~ V4 [X
PCR ¥ 14 5|4)°4 341F(5'- CCT ACG GGN GGC

2.0 Flurometer
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WGC AG-3") 1 805R (5'-GAC TAC HVG GGT
ATC TAA TCC-3"), HH, NFE/R ACGT T
fal—Ff, WERRARKT, HERA. CEHT,
V &R AL C 5 G, PCR XMNAKZR A 20 ul, 3
% 4 ul 5 x FastPfu buffer, 2 pl 2.5 mmol/L
dNTPs, 0.8 ul %54 (5 mmol/L), 0.4 pl ¥
FastPfu RA&HEF 10 ng #H DNA. §7 1 [
%/, 95 C 3min; 95 'C 30s, 55 C 30s,
72 ‘C 455, 25 X{E¥H; & 72 °C 10 min.
PCR F=)HHAT 1%5IEbEEER vk, SR)5 M H
DNA 4Ef% [ iR55) & (Axygen Biosciences,
Union City, CA, USA) #HfT&lifb[E. [FIk
YA Nlumina HiSeq 2500 “F-4, #EHTXUR
¥ 250 bp (PE250) @Ml

I = 3R AT 0BT A R a6 H0E © B g
NCBI 1] SRA %4, WA R H TN
SRP090120.
1.3 HWLHE 54547

W7 45 21 1) =2 X0 77 50 B0, B e AR
Paired-end reads Z [A][JEE (overlap) KR,
BT 1] reads 4% (merge) A—26F751, [A
B %) reads FJ5 &A1 merge HIRURIEAT Rzt
U, WRIEFHIE EMN T barcode 1514751
X AFEEIRE S, BEESUTE], HRIET
JiTl. barcode SLVFHIAHIECECH 0, K51 ES
BCEH 2.

i F§ Trimmomatic (version 0.33) (Bolger et
al. 2014) X e 3 T B A % Br e Sk 7 41,
Trimmomatic M\ 54 AE H (Window) [
T RBHATIES), 248 AP A m R R R T %
SEBIE, MAZAHATYIR, &R EN 4
AN, BEVE N 1S, B/MCEWE N 36 bp.
B8 5 B 4143 A Flash %4 (version 1.2.8)
(Magoc et al. 2011) & Jf R1 Fl R2 #7541,
BAEE N[-m 10 x 0.2 -p 33 -r 300 -f 450 -s
150]. &SRB HTESE &SRR
clean reads.

16S rRNA 1) /7 51 4 #r 5% & 8 F 3 A

UPARSE ( usearch version v8.0.1517 ,

http://drive5.com/uparse/) (Edgar 2013). QIIME
(version 1.9.1) (Kuczynski et al. 2011) LA R
(version 3.2.3) 5. f#iH] uparse (version
7.0.1090) (http:/ drive5. com/ usearch/ manual/
uparse_cmds.html ) J7 % i 4T #: 4F 73 K H T
(operational taxonomic units, OTU) %, ¥
HUABATE B 97%, 4331 OTUs A& 741 .OTU
& % ¥ 7 %) B F PyNAST (version 1.2.2)
(Caporaso et al. 2010) FUXT 1525 £df e &
Greengenes ( version gg 13 8). X A} RDP
classifier (version 2.2) (Wang et al. 2007) X%} 97%
FRALZKF () OTU AR Fe S BEAT A 2 R o3 #T
BIEEBME BN 0.8 (DeSantis et al. 2006). i
H FastTree (version 2.1.3) (Price et al. 2010)
F R G ALK
i FH} mothur (version 1.36) (Schloss et al.
2009) BAFUH o ZFEESREE (Chaol
observed species 1880 . o 2 FEMEE H TS &
T AESTIMFEEE, MM FEEE
MBS LR Gt . BTl 4
TH OTU I35 F& L, 55F FUAN [RIRE i iR R e it 2k
AT AW s i (B A 22 REPE R 22 5% .
P HH 2T B S W e B B S PR, 1]
PSR A R B AR, ih e
Ny, I S TS, 2
B R EDEFPYAM (OTUs). Chaol 1§
FONhERES TS OTU 0 H HIF8%L, 2k
KARFERF T & YIMBEZ . Observed species
U SN A S e ke SR OE 7/ ik E I U ER
A IR A YR T . MO AR ZE R
EPERH] Welch's t £556. P {H/N T 0.05 Bk
RZR R, Pra A%l R software (version
3.2.2) Ak

2 4ZH
2.1 BESLE RS R A S vt B s A A ) 4 R
FFIEHT

gt EEE, FrAEAILTHEE] 512 818
24 % reads, IR 256 388 KB T, T



4 34 ARSEIAE B S 5 A 1 Y S B ) BT . 645 -

BB FE 19 450 bp. XS4 5 51 357
A4 916 NAF OTUs, BANFEAN] OTU $H
M 46 B 574 REE (K 1.

TETTRIKT, B S A 4 1 Y3 s A 2B 4 S
J& 9 AT, R s AE SRR 17 AN (B
la)o BN RS 5 e S Mg s AR A (o
O BE BRSNS AN, ERELELE S R
SIIME R EZERAEE (P>0.05, H
5B Sk e R 1 rh 5T T2 B B R AR 2 AN
Z (P>0.05 #2).

TEEIIAK, BESLMESE S &4 18 A&, 1M
PR S & 24 AN (B b)Y FAITGIEA
REUEfF DB IR “HAb” , EEAHE
AT B 11.10%3] 80.64%. BEEKE )R

(Streptococcus) FI#RHFEiJ& (Fusobacterium)
TER S AN S th a8 AR, o 4 MILH
JETE RS R4 S AR (3R 3D,

I Chaol #8%#: B M2k 5 observed
species MR MIZETHE o 2R, 4SS Chaol
TR B 28 5 observed species Fi B5 i £k H211%
TR . SRE, MHEBEMEDN o 25
DERMER S B3 m TS (P < 0.05, Welch's
t-test) (K& 2),

2.2 BELE RS B A S v B R AR A 1R 1
I

5T Bray-Curtis I, B FIAE S
[ TE AR ZE 5 0 BRAE— ik (] 3a). /£ OTUs
/K7, % 186 4~ OTU J& T pi & e & 34,

R1 BIREENTKTRIRATHRES KA TTHE

Table 1 The number of operational taxonomic units (OTUs) assigned to different taxonomic levels

(from phylum to genus) in each sample

725680 Number of taxonomic units

FEA AR5 BT
Samples The number of operational taxonomic units (OTUs) '] Phylum 2 Class H Order F} Family J& Genus
1 46 7 13 14 13 11
’3”&- 2 189 9 16 21 21 18
Chick
3 133 7 15 21 21 15
w1 574 16 25 25 25 25
Adult 2 509 18 24 24 24 23

AES 1~ AES 3 3508 3 R 10 HIRAES MK, RS 1. S 2 235008 2 RS,

Chick 1 - chick 3 represent 3 chicks of Bar-headed Geese in 10 days and adult 1, adult 1 and 2 represent 2 adult birds of Bar-headed Geese.

K2 DL SRS MR B B R T S A
Table 2 The top 5 most abundant phylum in chick and adult

i & Percent (%) Pl
["] Phylum
45 Chick (n=3) BRI Adult (n=2) P value

HAFH ] Fusobacteria 4829 0.56 0.239
JEEEVE ) Firmicutes 2221 23.92 0.890
AR JE B 1] Proteobacteria 22.07 64.69 0.211
TR ] Actinobacteria 5.02 1.43 0.125
REER ] Tenericutes 1.93 — 0.454
WS Cyanobacteria — 8.48 0.136

=7 NIZTVHE AR INE]: P AR S A P 18] TR R R 2

“—" The phylum of bacteria was undetected; P value represent the content of significant comparison of adult and chick bar-headed geese in

phylum.
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B1 SMEEREITATE () MEKF (b) A Wi ik
Fig.1 The microbial compositions of each sample at the level of (a) phylum and (b) genus
a. PO S 5 4 S T s S AR D AE T K B BIR S b, B Sk A % 55 4 1 B R B A 1 KT IR

The microbial compositions of each sample at the level of in phylum (a) and in genus (b).

B2 SMHE o ZRERHE
Fig. 2 Comparison of the alpha diversity for each sample
a. Chaol iR iiZE; b. Observed species 1%k .
a. Chaol based rarefaction curves; b. Observed species curves comparing the number of reads with the number of phylotypes found in each

sample.

M 640 4~ OTU, 4 90 N 3b)., 3 iWie

MR KZE OTUs (67.39%) 42 S fr H

A, RS54 STERKE FIEREE RS 5 R 8 AR R LA S, b
(1) 25 4~ OTUs HIFE M 4 s . F— A EBMSRE, ZRRZ R RS,
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®3 RESMELHEERZHE 6 MR
Table 3 The top 6 genera in chick and adult

% Adult 4% Chick
['] Phylum J& Genus F  Perent (%) ["] Phylum J& Genus % & Perent (%)
— FAth Others 20.11 — FAth Others 81.85
AT A v s 46.64 JEEETE ] BEBREA & 631
Fusobacteria Fusobacterium ' Firmicutes Streptococcus ’
BTG BV AT T 13.39 JERE ] A= EENET) 234
Proteobacteria Psychrobacter ' Firmicutes Ruminococcus '
EREE | o R A B Tk
JRERET) Bulleidia 8.33 JEERA) AEHRER 1.19
Firmicutes Firmicutes Leuconostoc
FRER | SRETH [ Bz
JEREA) SMB53 7.87 R EURER 0.88
Firmicutes Firmicutes Oscillospira
REETE ) XE A 193 BT G EAT R 077
Tenericutes Mycoplasma ' Proteobacteria Ochrobactrum ’
JEEET ] BEERTE )& 1.88 RATEE] AT & 0.55
Firmicutes Streptococcus ' Fusobacteria Fusobacterium ’

B3 BESGEAR S A A S A s P A 1 7 R
Fig.3 The similarities and differences of cloacal microorganisms of adult and chick Bar-headed Geese

a. T Bray-Curtis FEEFIREA YT, b, 35 B B Bo= BERE RS 5 4 & 2 [0 L F FIRF ) OTUs.

a. Hierarchical clustering of the samples based on Bray-Curtis distances and; b. Venn diagrams showing the number of overlapping and unique

OTUs between adults and chicks.

elnfs EREET 5. FhE. IR NE 5
o AR, SRR D KR B E SR
EMAED IR, VIRV AT, 46
7 I BT B Sk ME 5 A0 A 1 F) B A 2R

Y, AWt TR SR E R A S i S e

HeAil

B, WRUAURERY], B AE S it 5E
JERR A 22 FEVEAR T BESRE ARS o B2 = b
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B4 BS5%SERKFERZNRFERTH 25 MRIESERFET (OTV) HRE

Fig. 4 The heat map of the top 25 most abundant OTUs in genus in each sample
MRS, WL T ACT LR A SR B ITN BA D s A R SR ADURE FRE SR S IR 2 AN i 7E %7 KT L 2 DR AL P A 22 S5
o At FoRmFER, KORRREL.
According to cluster, the classification units with high abundance and low abundance can be distinguished, and the similarity and diversity of
multiple samples at different classification levels can be reflected by color gradient and similarity. Red indicates high abundance and blue indicates

low abundance.
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(Rissa tridactyla) (van Dongen et al. 2013) %
1 5 4 9 B i Sl AR P 2 R MR LU 25 SR St
—&, 5EH AR (Pygoscelis antarcticus)
WEE A R A R — 8, R RS L
%) 4 A 3G i TE i AR Y B R I 2 R

(Barbosa et al. 2016) . XA T E 2 M
A AT e B2 P RIE K. B, mIREsE
FH T4 5 5 R 5 B i X BRAR R S AN [ 51
WIEAR i, EE A R T, AR
4R, TER 1T IREIMER, i KE LR
AW B E MR T % (Malmuthuge et al.
2015) o T 1% L6 B 1) K 5 7 A A B i i a4 v sk
PR — AN FRE BOARPIRAS . HIR, SESH)
TEBIRESISS, WEENVEEA R, RE 7 HIRS
TERAEDNEE . RUEHEN, 4E DAY 2
PEEE R S AT B i B AR IR 1 R 1R
BR. WIE, RERGEN NSV E WiE w
FETE R 2 CHEH (Ley et al. 2008) . i
SESRET SR, A B e I Sk
A4, AU Z AR EREY, FBHYS
16 FESLHE Z BRI KRR

AT T B Sk M i S 5 A S i s B A )
PR E B ER. i, BT TR
LW e RS B TS . BT
B R I [FI AR A AE T oAt — 22 5 2, i 42
FI#S (P. adeliae) (Dewar et al. 2013). i

( Dromaius novaehollandiae) (Bennett et al.
2013) 15 # (Aegypius monachus ) (Roggenbuck
et al. 2014). BRAFFEEI1 T AT LU AT R #h
TR AR TR R, 398 5%)% (Panda et
al. 2009). HERLHEN, B K EHE S oA 0 B
B PR AT R D B PR AT B A BT B i R T AR
2, BEMiR e g R . BT RS B hiE
R, BRI E E A A  E E
Y LT AR (Barbosa et al. 2016) .
SR, B Sk A % Tt B T AR P TR B 1)
= FE R Rt T e 5 B AL DG . SR,
B EAE B K BB B B R L =R N
. Bk, 724 50T A LB LA % S B

Sk e 4 5 )R B 25 M) RBICAE WD VK 25 R IO A 5
PE o AR T B 1R WA 20 B U0 B DA v o
AEAET DL MR R S . AR TR T 1 I WL
iR A, (EHAM SR BRI &=
(Waite et al. 20150, EA—FE RS, 5
SLMEBYIRIE EER R, YR AN
FFSE R OBIE#I% 1979), TR Rk
MBI, FTRER R B T &Y Sk
psy G 2016).

RV B Sk R 2 A0 A 2 i) e s Ak A 4 4
B BAEE SR, HIE OTU KPR F A
(E 3b) S, P I T s i A A AR AR B
Z . WFIN, A i IE R L R
fm BEARAL HANERE /Y, TA] 2 A 1R 22 3 08 14 ot
FIAEYI L (Gonzélez-Braojos et al. 2012),
G, van Dongen 2% (2013) &I, ZEFE
FEZRERAAER 7 A OTU, WA ERMAEY 2 5
T, SR E AR, AREER BRI
S A LRI AR S OTUs /A4S 5 OTUs (1)
EeA5 R 67.39% 0 J5L IR AT BE 2 B S e e % e o i
XK, AR TGRS H—
AN ER AT e, S 5 40 S S A R ) SRR
AHIE 8435 v D S e RS 0 A 1 3 R 5 R
A4y (186 A~ OTU) WA AEXHE A7 i AEAEH
EAT R B AEAS [ AR08 B B i 3210 15 i v

S AHIFTAS RS it KK IR ] RUBE AR 3 Sk
IR A 2 0] o, 2 5 B T A R R S A, (AR
WAL BER TS S54SR . WFAE2
I IE A IR, P UL — e R R b S BBt
Sk M St 12 A0 A 1% ] T s it A D 2H R B 7 B A
eSS, RATELEEARKENBX B & W
TETU AV RS B, DUIE RAS ] 136
B . MR T — L RRYE, FEAE
BN, HHBNEERA BE R 7k E i g kA
Wi A1 1 RS S A S MR RS . BRI, X T
Pk MR B B BRI 73 BONBR, S 54
[ LI, PRI 2D &) 5 3 — H ] B B R 06T b 4R
A BE S ER B AL F) 22 R AN, A Re it
SERE P UE SRR B AR RS IX — R 2= T I iE A
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RS SE BIR. [Hk, AW S AR A
S AR SR X A S 8 5 5 A S AR B A
BEATX L, DS % . &Ja, ERERIIE LT
fErf, FEMFRVFIIREOLN, BAESES AN
KBYrBOESESREE, AT BT 5 58 5 i
ol A M AR AR

Z % X W

Ahern P P, Faith J J, Gordon J 1. 2014. Mining the human gut
microbiota for effector strains that shape the immune system.
Immunity, 40(6): 815-823.

Barbosa A, Balague V, Valera F, et al. 2016. Age-related differences in
the gastrointestinal microbiota of chinstrap penguins (Pygoscelis
Antarctica). PLoS One, 11(4): e0153215.

Barnes E M. 1972. The avian intestinal flora with particular reference
to the possible ecological significance of the cecal anaerobic
bacteria. American Journal of Clinical Nutrition, 25(12):
1475-1479.

Bennett D C, Tun H M, Kim J E, et al. 2013. Characterization of cecal
microbiota of the emu (Dromaius novaehollandiae). Veterinary
Microbiology, 166(1/2): 304-310.

Bolger A M, Lohse M, Usadel B. 2014. Trimmomatic: a flexible
trimmer for Illumina sequence data. Bioinformatics, 30:
2114-2120.

Caporaso J G, Bittinger K, Bushman F D, et al. 2010. PyNAST: a
flexible tool for aligning sequences to a template alignment.
Bioinformatics, 26(2): 266-267.

Colston T J, Jackson C R. 2016. Microbiome evolution along
divergent branches of the vertebrate tree of life: what is known
and unknown. Molecular Ecology, 25(16): 3776-3800.

DeSantis T Z, Hugenholtz P, Larsen N, et al. 2006. Greengenes, a
chimera-checked 16S rRNA gene database and workbench
compatible with ARB. Applied & Environmental Microbiology,
72(7): 5069-5072.

Dewar M L, Arnould J P, Dann P, et al. 2013. Interspecific variations
in the gastrointestinal microbiota in penguins. Microbiology
Open, 2(1): 195-204.

Ding J, Dai R, Yang L, et al. 2017. Inheritance and establishment of

gut microbiota in chickens. Front Microbiol, 8: Article 1967.

Edgar R C. 2013. UPARSE: highly accurate OTU sequences from
microbial amplicon reads. Nature Methods, 10(10): 996-998.
Eisen J. 2015. What does the term microbiome mean? And where did

it come from? A bit of a surprise, Winnower, 2: €142971-16196.

Flammer K, Drewes L A. 1988. Species-related differences in the
incidence of gram-negative bacteria isolated from the cloaca of
clinically normal psittacine birds. Avian Diseases, 32(1): 79-83.

Gonzalez-Braojos S, Vela A I, Ruiz-De-Castafieda R, et al. 2012.
Age-related changes in abundance of enterococci and
Enterobacteriaceae, in Pied Flycatcher (Ficedula hypoleuca)
nestlings and their association with growth. Journal of
Ornithology, 153(1): 181-188.

Jovel J, Patterson J, Wang W, et al. 2016. Characterization of the gut
microbiome using 16S or shotgun metagenomics. Frontiers in
Microbiology, 7: article 459.

Kau A L, Ahern P P, Griffin N W, et al. 2011. Human nutrition, the gut
microbiome and the immune system. Nature, 474(7351):
327-336.

Kinross J M, Darzi A W, Nicholson J K. 2011. Gut microbiome-host
interactions in health and disease. Genome Medicine, 3(3): 14.

Kohl K D. 2012. Diversity and function of the avian gut microbiota.
Journal of Comparative Physiology B: Biochemical Systemic &
Environmental Physiology, 182(5): 591-602.

Kuczynski J, Stombaugh J, Walters W A, et al. 2011. Using QIIME to
analyze 16S rRNA gene sequences from microbial communities.
Current Protocols in Bioinformatics, Chapter 1 Unit 1E 5.

Lee W J, Hase K. 2014. Gut microbiota-generated metabolites in
animal health and disease. Nature Chemical Biology, 10(6):
416-424.

Ley R E, Hamady M, Lozupone C, et al. 2008. Evolution of mammals
and their gut microbes. Science, 320(5883): 1647-1651.

Lloyd-Price J, Abu-Ali G, Huttenhower C. 2016. The healthy human
microbiome. Genome Medicine, 8(1): 51.

Magoc T, Salzberg S L. 2011. FLASH: fast length adjustment of short
reads to improve genome assemblies. Bioinformatics, 27(21):
2957-2963.

Malmuthuge N, Griebel P J, Guan L. 2015. The gut microbiome and
its potential role in the development and function of newborn

calf gastrointestinal tract. Frontiers in Veterinary Science,



4 34 ARSEIAE B S 5 A 1 Y S B ) BT

* 651 -

2(4814): 459-460.

McFall-Ngai M, Hadfield M G, Bosch T C, et al. 2013. Animals in a
bacterial world, a new imperative for the life sciences.
Proceedings of the National Academy of Sciences of the United
States of America, 110(9): 3229-3236.

O'Mahony S M, Clarke G, Borre Y E, et al. 2015. Serotonin,
tryptophan metabolism and the brain-gut-microbiome axis.
Behavioural Brain Research, 277: 32—48.

Pan D, Yu Z. 2014. Intestinal microbiome of poultry and its
interaction with host and diet. Gut Microbes, 5(1): 108-119.
Panda A K, Rao S VR, Raju M V L N, et al. 2009. Effect of butyric
acid on performance, gastrointestinal tract health and carcass
characteristics in broiler chickens. Asian Australasian Journal of

Animal Sciences, 22(7): 1026-1031.

Price M N, Dehal P S, Arkin A P. 2010. FastTree 2-approximately
maximum-likelihood trees for large alignments. PLoS One, 5(5):
€9490.

Pylro V S, Mui T S, Rodrigues J L, et al. 2016. A step forward to
empower global microbiome research through local leadership.
Trends in Microbiology, 24(10): 767-771.

Roggenbuck M, Barholm S I, Blom N, et al. 2014. The microbiome
of New World vultures. Nature Communications, 5: 5498.

Schloss P D, Westcott S L, Ryabin T, et al. 2009. Introducing mothur:
open-source,  platform-independent,  community-supported
software for describing and comparing microbial communities.
Applied & Environmental Microbiology, 75(23): 7537-7541.

Stulberg E, Fravel D, Proctor L M, et al. 2016. An assessment of US
microbiome research. Nature Microbiology, 1(1): 15015.

Takekawa J Y, Heath S R, Douglas D C, et al. 2009. Geographic
variation in Bar-headed Geese Anser indicus: Connectivity of
wintering areas and breeding grounds across a broad front.
Wildfowl, 59(2009): 100-123.

van Dongen W F, White J, Brandl H B, et al. 2013. Age-related

differences in the cloacal microbiota of a wild bird species. BMC
Ecology, 13(1): 1-12.

Waite D W, Eason D K, Taylor M W. 2014b. Influence of hand
rearing and bird age on the fecal microbiota of the critically
endangered kakapo. Applied & Environmental Microbiology,
80(15): 4650—4658.

Waite D W, Taylor M W. 2014a. Characterizing the avian gut
microbiota: membership, driving influences, and potential
function. Frontiers in Microbiology, 5(24): 223.

Waite D W, Taylor M W. 2015. Exploring the avian gut microbiota:
current trends and future directions. Frontiers in Microbiology, 6:
673.

Wang Q, Garrity G M, Tiedje ] M, et al. 2007. Naive Bayesian
classifier for rapid assignment of rRNA sequences into the new
bacterial taxonomy. Applied & Environmental Microbiology,
73(16): 5261-5267.

Wang W, Cao J, Li J R, et al. 2016b. Comparative analysis of the
gastrointestinal microbial communities of bar-headed goose
(Anser indicus) in different breeding patterns by high-throughput
sequencing. Microbiological Research, 182: 59-67.

Wang W, Cao J, Yang F, et al. 2016a. High-throughput sequencing
reveals the core gut microbiome of Bar-headed goose (Anser
indicus) in different wintering areas in Tibet. Microbiology
Open, 5(2): 287-295.

Xenoulis P G, Gray P L, Brightsmith D, et al. 2010. Molecular
characterization of the cloacal microbiota of wild and captive
parrots. Veterinary Microbiology, 146(3/4): 320-325.

B . 2016, AN 57 % MU B RS FIR T HetR AYEE AR
WHURIBTIE. A AL: o R A ROR O 2 8 28 3

&I, SRGHE, 4254, 5. 2014, BEL AL HRE s (o
LN TR, BHSmEE2E, (2): 34-35.

FAEH. 1979. MEZME: W B % BKE. dbat: B
Ji4L, 39-43.



