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(Chenopodiaceae), J&—umRbiEh Y, 78
BramER i X, ER A B O AR DL 1 R
TR R, 8= a7 s T X
AR ST Z ARV SR A B T A F ) N
A= A A SRR R W AE A 5 18 APk v
KR BIHECYIE, (O BT M w AR B
AT AT, T X R A P A T A 5 AL
il Ht, ARWFE LA RS, R
% Q45438 il P BRI SHr N A 4 B R T
ARSI A A

1 ARAeT7 &

1.1 HSRE

201445 100, TR vahv 34 Hh X Eh i
(N 45°24'E84°56', ¥§4k273 m), EHFELMEH
Wy, AR, B, IR, SRR SR
KA, BB 3R AL, B R AL IE
Skk, HESRITSHRAT I SEg %, B SRAEI I L
pH, THEIR O, P2 R R T R A s
RN,
1.2 XEHE

FEARAR BB PS5 A & ZE RK AR O,
FEPARMTHBE3 YR, DA 25 B i 3ok A1 S 40
MEERED . KRR BAE75% 2 B73.0 min, 2
JE ARG PE S N 3.5 % M A TR AN iR 3.5 min, %
JETET R K h eSS IR ABINH B R GS

&, A ERTE 7 FIOKs fe A R VR B A FER2 AT
BPARIEFRT d, KERAMEAR . 1ok,

AN PE R BURDNA, DL A R 214 5 1)
16S rRNAJE K R S R hrifE™
1.3 HFEZHADNAY 1

FEHE B PRE IR A S, H(1+£0.1)
g AR BUEDNA, Hoh A5 4 5 3L N4 DNA™,
PCRATF IS 1HIHT99F-1394R (X 4 V5-VIIX)
(Bh&F51#: 5-CGTATCGCCTCCCTCGCGCCAT
CAGNNNNNNNAACAGGATTAGATACCCTG-
3, BAREIY: 5-CTATGCGCCTTGCCAGCCC
GCTCAGGGTTACCTTGTTACGACTT-3', #HA
I N RIZR A9 Madapter £, Ns 785 1Y
barcode/¥%1)), 50 pL/Z WK% : 10xPCR buffer
5 uL, dNTPs (10 mmol/L) 0.5 pL, Genomic DNA
10 ng, Bar-PCR primer F (50 pmol/L) 1 pL, Primer R
(50 pmol/L) 1 pL, Plantium Tag (5 U/uL) 0.5 pL.
PCRY"' M. 94°C305s,94°C20s,45°C20s, 65 °C
60 s, SMEFR; 94°C 20, 60 °C 20's, 72 °C 20 s,
20ME¥R; 72 °C 5 min,

PCRZEH 5, XPCR=HIE47 B IR A B ik
K BB FISGRF] & (cat:SK813 1) M, #EfT
SAPEAR LAY 3, 45 : 94 °C 2 min, 94 °C
20s,60°C 205,72 °C 30s. [FI=H FHQubit2.05E
i, LR TARIP 454 - 57 .
1.4 BaESH

i 1ok 25 FE i barcode I BE [FTHAE &, BAE

R HFHER

Table 1. Information on sampling areas

ID Stage Salt concentration / (g/kg) Soil pH Average monthly temperature/°C Monthly rainfall/mm
K1 seeding 13.8 8.49 18.5 9.6

K2 elongating 14.1 8.61 23.8 239

K3 mature 14.5 8.60 25.5 3.7

K4 flowering  14.9 8.64 23.8 22.8

K5 fruiting 15.6 8.65 17.9 8.1
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B K EE>200 bp, “FEI B ME>25, JoROR 5
5, FAERM RS 2 (http://pyro.cme.msu.edu/)
BA 2 /D80%ILHLEE P9I H TR e/ br . BEIE
i# 1:f “Pre.cluster” (http://www.mothur.org/wiki/
Pre.cluster)5E i, FARREHM1/150, HFEFHEL
FTMOTHUR# 4 (http://www.mothur.org/), FET
SilvaF 88 %, I FIMOTHUR Hruchim 25 2%
K& 75, K HRDP classifiers ¢ 51 #E 179 Fh
2, FEIT%MIK IR #7200 (OTUs) Y
& (http://www.drive5.com/uclust/downloads1 1
579.html). A /3741 C 7FGenBank SRA (Sequence
Read Archive)$£32; #2325 HSRX969945,

FE9T % B E M B, R HIMOTHURAK
Fit B Alpha ZHEEIE 8L, 6 F & E
(richness). &A¢$5%((Shannon Index). ACE+§
#. Chaol48%(. UHM #i % (Coverage), il
OTUs ¥ Venn & K AR 7 4 Hrs il . ]

Canoco K {73 B B0 45 PR —F 0 4 T A Vi 405 1) 1 52
M, P A ARS8 K B B AR T AR P R
g . RHRIE S T AYBioEnvEE 5 i 28 572 i 20 &
B SSM E RN+ F 4 . ffi i Mantel-
Carlof 35 FR 58 K B FLAH A 2 75 % 40 B R O 2254
LXIAVERTE S A

2 HRAA

2.1 WFFgR

AL 32169 K RGP A, R G 15 5
203635k i Hin i Be. k2w, SAHiY
OTUSEUR /3 711, 752, 758, 941F1552, #H
IO SC T 55 Ry H89.3% . 91.8% . 90.7%.
88.6%7193.0%, B MZmE1TR, 45463
P, SRR b &R SRR S T RE
AN, FEARE SN R i PN A A0 B R V5 254
i)

2. HMOTUEE MaZHEMIEH

Table 2. OTUs richness and diversity indices obtained from pyrosequencing analysis

Alpha diversity
ID  Barcode Sequence OTUs
Shannon ACE Chaol Coverage/%
K1 ATGTACG 3480 711 5.5 1800.5 1381.0 89.3
K2 TCTGCGA 4531 752 5.4 1784.6 1325.7 91.8
K3 AGTCGAT 4444 758 5.5 2436.7 1584.0 90.7
K4 AGCGTCT 4273 941 5.7 2131.3 1616.2 88.6
K5 TAGCTGT 3635 552 52 1177.7 961.9 93.0

2.2 BT

WAESRBERE 2R, A A 20
A4, EFSERE M Proteobacteria (91.8%), HIK
s&Firmicutes (4.1%), Actinobacteria (3.3%),
Bacteroidetes (0.3%)., 7EProteobacterial ]H7,
Gammaproteobacteriate s — K4, HixlJH
90.4%, HJ5J&Betaproteobacteria, (59.0%,
GammaproteobacteriaZX 3 £t #iEnterobacteriaceae
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#l, Halomonadaceae®}, Pseudomonadaceaef},
Moraxellaceae®l, 735 iz 160.6%, 21.7%,
15.2%, 0.7%. MN“B X —nKZ0CkE, 4
181141 F )& . Enterobacteriaceacktfx N FEH, £
AN KT 1%MW )&, NButtiauxella, Erwinia,
Pantoea, Serratia, Halomonadaceae®}HY 751 5
i FHalomonas M Kushneria®M g .
Pseudomonadaceae®l ) ¥ ¥ F &40 1 T
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Figure 1. Rarefaction curves for bacterial OTUs,
clustering at 97 % rDNA sequence similarity. K1:
seeding stage; K2: elongating stage; K3: mature stage;
K4: flowering stage; K5: fruiting stage.

Azomonas, PseudomonasHlSerpens 3N E
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2.3 BB

AT HIBRAAEAE T8 TS DL E I,
fufhAzomonas (10257 %), 5 BF 3 E M
0.5%), Serratia (1433574, 57.0%), Pantoea
(591455, 1529.0%), Serpens (45555FF4, i
2.2%), Pseudomonas (2005%5%%), 59.8%),
Halomonas (12784J%%), 156.3%), Kushneria
(222325751, 110.9%).
24 BT

TEfE AT T, AR RS i 22
S . #{K -, BetaproteobacteriaZ I E A7 7E
T, GammaproteobacteriaZ¥ 75/~ 1 12 B4
Ky, 0w ey F 2w R e = A7
RAAEA, SN W 23 0 N Delftia
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100 1

90 1

80 1

. . . .
i Il Actinobacteria

70 ‘ : * N [ Flavobacteria

. M . [ Sphingobacteria
% 60 1 . . . . [ Bacill
< . . . . [_] Alphaproteobacteria
50 A . . . . [ Betaproteobacteria
.
— . . . [_] Gammaproteobacteria
O 40 1 . . . . [ Volicutes
Il Other
. . . .
30 1 . .
. .
20 1 . .
. .
10 1 . .
. .
0 T - T
. .
100 A . . p—
%0 B . : ]
g . .
. .

80 A . .

70 1 B pee ae
>.. 60 ] . M . . [ Staphylococcaceae
& . . . . Il Camobacteriaceae
— = eae
z 27 N
o 40 1 E

30 A Cen

. . . . cac
i Moraxell
20 . . . . B eriominadacens
. . . . [ Xenthomonadaceae
T . . . . Other
10 -
100 1
B Brevibact
I rachybactorim
90 A [ Arthrobacter
[ Algoriphagus
80 - Chryseobacterium
] Sphingobacterium
B8 Sphingobact
Il Fontibacillus
70 1 & reenacius
Staphylococous
w2 4 [ Rhizob
% 60 —H
Rheinheil
% 50 A EBJ,’ZJQS""
Erwin
O 40 1 pantoss
B serratia
30 [ Halomonas
= Kushneria
Acinetobact
20 Asomonas
g Pseudomonas
10 i Serpens
W Other
0 p

Kl . K2 + K3 + K4 © K5
2. WEEFFEE

Figure 2. Relative abundances of bacterial taxa
recovered from each sample analyzed with 454
sequencing. Taxa included are the ‘class’ with >0.1 %
of 16S rRNA sequences in the full 454 data set, ‘family’
with >0.5 % of sequences; and ‘genus’ with >1.0 % of
sequences. At each rank, all sequences that did not fit
into one of these categories were classified as ‘other’.

H20 & 4T B A Pseudomonas (43.97%),
Halomonas (22.42%), Pantoea (31.95%),
Pseudomonas (6.7%), Pantoea (16.89%).
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FIH Venn Bl 531 £ & & B B N A 41 7 7 %
OTUsZ MR FR, L5 RME3NR, S SCE
ML ROTUSEE H2108, HEA AIOTUsSH
H503, 264, 224, 312, 142, FE[EFIA5SHHE
OTUs, WEAME AR WEIEmZ 20
Fhiass, FEAEEI R 2 (8] T RE

& 3. OTUs%# Vennl&

Figure 3. Venn diagram showing the unique and shared
OTUs among the different samples.

2.5 ERSEDH TR AR Y A M B RS M
RIECCAITHTEIR, A A58 50 240 T4 1A
R B BAT 64 2% R (K14), 20 F %
w28 5 S pHAH DG M fe . HUOR H 1
M, TR E R BN E ., B Rk
ZIE) e BN, mlRE B B R RO .
Arthrobacter, Brachybacterium, Serratia,
Sphingobacterium, Pantoea, Algoriphagus,
Rheinheimera, V) JButtiauxellaf)E b F %52 H 1Y
WA W, Staphylococcus, Erwinia,
Halomonas, Paenibacillus, Kushneria, VLI
Fontibacillus 7284k 32 %57 21| 7 KRN 2 (1) 52 0
Serpens, Brevibacterium, Azomonas,

Pseudomonas, Acinetobacter, VLN Delftia)”% 1k,
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S+ pHA I S EA X, BAENSANET
Wi HEpHR 3L S S I e, UL X R
Ja& 1 T Bt - 49 pHUR - 49886 15 1 4 v T R A1 o

g BioEnv FEIFIEM T A [R5 - S HAE
B XA R B AR R, 5 RN R, B
pH. H YR - HEEh B i 55 A X AN TR v R AR 1
o W, A OC R (0.8545) . Mantel-
Carlof 56 [FAE 2 ] R X 34 SRS I 1 4 Bt
A R AR A s i HL A i 2R (P<0.05)

3 b

AR HBNERREERE T
Proteobacterial ], X5 ZFHEY N AE AN T 45
MIZEl, tindrabidopsis thaliana” . Solanum
Iycopersicum'” . Oryza sativa™ . Phragmites
australis"” o FF & PR <HH HAEY 9 AE AT ALK
FEGHAERK W L ESARPRA AR, X FECT
[Fi] — i AL ) 7 A [R) B 58 9 A= 200 T i A7 A AR
b, HEARTFEANT <) )2 B A AR, (B
PR ETHE 2 2SR, MAEJE )2 1R
FAREE . AL, RIS IR] 5 o [a]— A 4 N
MR, S RWAAEER, s
D7V T R B AR TR <8 " 5 2 T DGGETE FIfE G 1y
FREM L SR, BRI B A0 1 Rt B AE
R IR IO R, KR B T LR A T JE Y AR
(UnBacillus)&) 2 DT IEXAAAEEYIEN, i
BUSDNA R o A7, Hik, H#b
kI IC Y BA R A R R E T,
“JE I 2 THDNF LU RS ER A BRI e R ) N A 4 TR
122 5 T REAN TR o FRATDOT 3k A R — S H Al
Yy AR TR A TR I Z TR TR0 e, &
A [A] #8477 2 LA Proteobacterial ] A% B BE b 3,
HEHAS RN AENEZER L THM
., HINA M EProteobacterial] LU
Gammaproteobacteriadd I, HIKE
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Figure 4. CCA showing associations between environmental variables and bacterial genera. Genera are displayed as

points and variables as vectors. The arrows point to the direction of the most rapid change in the environmental
variable. Salt: salt concentration; pH: soil pH; AM: average monthly temperature; MR: monthly rainfall.

3. TRIMEEFAESHREEEMINERXXR
Table 3. The relationship between different
combination of environmental variables and bacterial

community
. .. . Correlation
Different combination of environmental factors coefficient
Soil pH 0.8207
Soil pH + average monthly temperature 0.8303

Soil pH + average monthly temperature + salt 0.8545
concentration

Salt concentration + soil pH+ average monthly ~ 0.8424
temperature + monthly rainfall

BetaproteobacteriaZdd; X T Solanum
lycopersicum, N4 Proteobacterial J LA
GammaproteobacteriaZf 3, {HEE —{i &
AlphaproteobacteriaZ; TMiXf FPhragmites
australis, H M40 H Proteobacterial ] L)
AlphaproteobacteriaZd £, HiK N
GammaproteobacteriaZ] ,

M FEAF N R A/, SR X
UJE . HAzomonas, PseudomonasHSerpenst] )&

FPseudomonadaceaef}, Shi%5 K Fillluminar; i &
¥ & IR ET SR (Beta vulgaris) VR N R FE A7 7E K B
PseudomonasJ&4ME , AR Pseudomonas& M H F
Bk A ?*ﬁ%*ﬁ%m] Azomonas)g 5 Azotobacters
JE AL, FORR O A oA R AR, JF Had
Ak E" ) Serpens®d H T HAIE1N &
2% B9 2 B Fh (http://www.ezbiocloud.net/eztaxon),
Bl Serpens flexibilis, HespellI\ "} S. flexibilisiXZs
A R 512 3l 0 40 R AR A A R B b B B 3
4 73" Serratia)g M Pantoea) 7)1 T Enterobac-
teriaceae®l . Y)W K I SerratialBAIATH, H
R Serratia)@ W40 T AE W) BG AR T 45 52 K
FEYT S Pantoea @ W AN [FIAE B E B TAE MK
P, HAE N AR O R A K T B LA 2 b
WAy, Kushnerial® FlHalomonas g ¥ HF
Halomonadaceae®}, X2/™J& K2 B 5t HA Tt
EN O 3 0 & RUTE S =T 207 At L R /i I T A (T

i) HR RN A NaCL™, X2
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PR () A7 U B AR A X P AR 0 o B R A
H L A A s A A AR ) 5 R i AT

ZHR G R A 9 A A BEE S5H S G
fi EAERKH B A A AR AT R B A
WAE PR A T A RN S5 R A AE B 22 5, o
D3 AT B A R Tk AR A YRR S R85 DX 3R i
], EHEYAERKSES, EYERI LR
FRNERBE R SRR P A 0 T R TR S A
PRSI . ASBEgE Y, R RORIE] K I Ak
B YRR S - HEpHA H TR = F AL A X
RN R VE AR AL A B R, UL HR A AR
B ZR B T e R s IR N 2 — . AR, R A
FAEBE RIS T ARZ, LA A R 5 1 AR
ettt FRERE e, HRREAEE R 4, 2
R A R A, AT/ —8 7
Mtk . 5—Jrim, MYIERNAFERE T T
MANACE Y, XL BTUNERFIEE . 4515 52 AR
W) 5 T B 2 B R A P9 A A R R A R
MR NAN S A KEMHE T, mMHSHZM
WA T, e EYn, =i,
fbA P T I R -3-4-D-H A BE AR, b
G, A — SR A PR E e A
FH I Sy T4 by i 15 1) e 26 PR A 4 B T RE 23 R
DA, T L b R ) o R ) i S A T ]
RES MU NI REAR . BRI, FRATTHE DN ek A 7
R E R, HARNA YRR &R T L
5] ()05 31 AT BB AE 18 AR 2 70 1) A T A o k4
FBRAER . X T A2 7GR R 5 A
PRV R [0 5 R T i — 25 F S8 B0 0IE

AR E WA A FE PR, FXT A
Y hEPUER AR AR, WA T HARAET
WA PRV A AR . TERFS S R i B —
SERERR A, PR B L (] AN T R, A EE AR
R BT R AR AR N A T B T AR L S %
AHFFE R FRATTE 51 4 799F A1 1492R X HE B
FAELEDNAY 1, FEPCRy™ 4 FL KR I Hp HE BR824
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25 . 1455 (900-1000 bp) ShEh A= Fl Wy £ ki A
DNA; HMASAH(700-800 bp) &35 A N A
16S rRNAKEH 7 By Hindly . X 5@ /EY A
MY SR AT, FCIER Bk N A A 0
WEFAFFEH, FRLRARDNAN R £570 78
1000-1500 bpZ i]*", %45 53¢ 3 A B Ay £k
PRI T BB B TR . ARBFIT R EUY 5
fAHEDNA, K N AEMEDNA G /R, Iz
A E LR RS P RTE A, XA FHgPCR &
AR BT LB A0 TR A K- R RIUE , BT 20 T
R LY EA SRR S AERE R, T E RO TR
YIRE it HP AN 8 g PCR T B | iR S DL AR EE . iR
TEHITE TR M AR IE R 9 Ak -, sl nT DAgh
AR £ R (locked nucleic acid, LNA), i«
FEDR B 25 A > 90 ) S ARk g - A 3R R Yy 3k
T et fh £ R P4 A A T )

M, AN ZFENNAEMRE, &
T 78 FOG AR AT T R, 17 P A 40 B 7E R A
FN R E 5010 25 Tl T i — 5 . e
Gh, AR, NAEMNEMEY A
FEEUIM R, Hh—sEE e Sy dkEa
o X R A R N LA PR A 1 AN B I A
VLA EATR e BRI E T AR K Y
My, WA —PZHF R TAE,

2% XM
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Endophytic bacterial diversity and dynamics in root of
Salicornia europaea estimated via high throughput sequencing

Shuai Zhao, Na Zhou, Zhenyong Zhao, Ke Zhang, Changyan Tian'

State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences,
Urumgqi 830011, Xinjiang Uygur Autonomous Region, China

Abstract: [Objective] This study aimed to describe the composition of the endophytic bacterial communities in
Salicornia europaea root, and to examine how endophytic bacteria vary across host growth periods. [Methods] PCR-
based Roche FLX 454 pyrosequencing was applied to reveal the diversity and succession of endophytic bacteria.
[Results] A total of 20363 partial 16S rRNA gene sequences were obtained. These sequences revealed huge amount
of operational taxonomic units (OTUs), that is, 552-941 OTUs in a root sample. Endophytes in roots mainly
comprised four phyla, among which Proteobacteria was the most represented, followed by Firmicutes, Actinobacteria,
and Bacteroidetes. Gammaproteobacteria was the most abundant class of Proteobacteria, followed by
Betaproteobacteria of this phylum. Genus Azomonas, Serratia, Pantoea, Serpens, Pseudomonas, Halomonas, and
Kushneria were shared by all growth stages. Gammaproteobacteria increased during the five stages. The dominant
bacterial genera during five periods were related to Delftia, Kushneria, Serratia, Pantoea, Erwinia, respectively. Five
libraries contained 2108 unique OTUs with 5 OTUs in common. The greatest number of OTUs was detected during
flowering stage. Endophytic bacteria diversity was reduced during fruiting stage. A combination of soil pH, average
monthly temperature and soil salt concentration has significant effects on the endophytic bacterial community
structure during the five stages. [Conclusion] As a whole, the diversity of endophytic bacteria was high inroot of
Salicornia europaea. The distribution of endophytic bacteria showed obvious dynamic changes, and the host growth

stages determined the endophytic bacterial community.
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