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1. EEAIEREHE M
Table 1. Species of halophyte for the study

Family Genus Species
Chenopodiaceae Kalidium Kalidium foliatum, Kalidium capsicum
Suaeda Suaeda physophora, Suaeda microphylla
Haloxylon Haloxylon ammodendron
Halocnemum Halocnemum strobilaceum
Halostachys Halostachys caspica
Zygophyllaceae Nitraria Nitraria sibirica, Nitraria roborowskii, Nitraria tangutorum
Tamaricaceae Tamarix Tamarix hispida, Tamarix ramosissima
Reaumuria Reaumuria soongorica

Plumbaginaceae Limonium

Limonium gmelinii, Limonium otolepis, Limonium aureum
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GCGCCATCAGNNNNNNNAACAGGATTAGATA
CCCTG-3', R&ER5I¥Y): 5'-CTATGCGCCTITG
CCAGCCCGCTCAGGGTTACCTTGTTACGACTT-
3, BHMAFH T RIZA) Hadapter F51, Ns A 70bik
H:AYbarcodef¥5l), 50 pL WK% : 10 x PCR
buffer 5 uL., dNTPs (10 mmol/L) 0.5 pL., Genomic
DNA 10 ng, Bar-PCR primer 1 pL, Plantium 7Taq
(5U/uL) 0.5 pL, PCRY HEEAMF: 94°C305s, 94°C
20s, 45°C20s, 65°C60s, 5EH; 94°C20s,
60 °C 20's, 72°C20s, 20MEFF; 72 °C LEff
5 min, FRAFHIPCR™”YIHEATBRIEE ALK, B
BRI & (cat:SK8131) RN, 4TS AMIEIR
AFERRY 3, 450F: 94°C2min, 94°C20s, 60°C
20s, 72°C30s. FWG=HHIQubit 2.0 H, I
M T R4S BT
1.4 BEEST

T B WM barcode F A A BTSN, @i
barcode &g [H1 A RE 5t o Jofa 0 8 < BE>200
bp, JCHOMIIL, FHBEME>25, FFTERMEA
HAEE (http://pyro.cme.msu.edu/) EAT 2 /80%IL
BT S F R8s 8 MOTHURKK
4 (http://www.mothur.org/) "1 ¥ ‘Pre.cluster’
(http://www.mothur.org/wiki/Pre.cluster) 5¢ % 1F ,
RN 17150, 3ETFSilvalF 415 2 (http://
www.arb-silva.de/), i HHMOTHURK: I I 2 Fi
Chimeric/¥5"", X HRDP classifier (http:/www.
drive5.com/uclust/downloads1 1 579.html)¥ 551
HATYIRN S, TE9T% YK RAE 2R T
(operational taxonomic units, OTUS)E"J’@(%“G]O Fe
A% E fEGenBank SRA(Sequence Read
Archive)i5¢; 15525 HSRX969945,

TE9T% 1 B{E A E W B, R AIMOTHURAK
Fit B AlphaZ HEPEFE 8L, 46 F & E R
(richness)"” . 7F4¢45%1 (Shannon Index)!"”’. ACE
MY Chaol#888"™ . SUH7E 35 % (Coverage)' ',

actamicro@im.ac.cn

HR4IE 22 1791 A SRS AR AL P 2 19 s AR
FIH UnifracB 2 B REAR I B RRE AR (i
FH Canocof 43 M #4458 [ X 40 T FHE v 235 4 1) 52
M), P AN AR K b B AR 2 BEAE D
HedE"" ., 3833 Mantel-Carlofé: 56 355 [H - J& 75 X 4
PRV S AL A 2, SR HIRIE S T
BioEnvFE [y §ifi 6 Xof 4 T 1 7 4t 1) B 252 i) (1) P45
KA

2 HRAeQAT

2.1 JFEHR

AR AR Z IS, FYPE B4 7E440 bp
PAE, i Hbr b BOEUEAE1499-6455 2 8], Kb
OTUSBUIRTE121-1507 2 [A](3R3) . a1 Hrdl
R, AR5 Shannon, Chaol ., ACEFgEUHI
B RAPE 2 R (GR3). RN . WIBEM . &
ESEX 3P N AR ZH TR SO FRE %S, HiShannon
5%, Chaol MIACERSEUHAR . &4 fn 8 1 R
IRT80% , ARSEEE i Iy VR B FI A 56 v e s &
M Z S
22 ZREHSNT

WA AR LTS, 16t ER AR A N
A AT 3 B0 T Proteobacteria, Tenericutes .
ActinobacteriafIFirmicutes 4~ [ ]; X4 TR
& X439 Ll Gammaproteobacteria, Mollicutes .
ActinobacteriafliBacilliZf & £, ZER}EL MY 2
£ 7 Actinobacterial ] flProteobacterial ] ; #<2EZF}
Eh A M%) T EAU & Proteobacterial |5 FRMIRNELAE
TEY) F 240 & Tenericutes[ |5 FHAEPHRHE A A
F # 4% Proteobacterial] . Fimicutes|]#l
Actinobacterial ], FEFFEY T KT 10% M) H IR
2 R LG ) A7 AE B J 25 5, L P R I
(ID:10): Azomonas (24.0%). Serpens (41.8%).
Pseudomonas (33.5%); 4 HM(1D:5):
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Table 3. OTUs richness and diversity indices obtained from pyrosequencing analysis

ID  Host plant Barcode OTUs Shannon ACE Chaol Coverage/%
3 Kalidium caspicum CATGATG 1507 6.6 3219.9 2465.1 83.1
4 Haloxylon ammodendron CGTCATA 1214 6.4 3404.3 2339.0 78.5
5 Nitraria tangutorum ATGATCA 1074 5.7 1873.0 1629.0 93.1
6 Tamarix ramosissima TAGTGCA 121 35 261.7 207.7 99.4
7 Suaeda microphylla CTCTACA 370 4.9 485.4 522.4 97.4
8 Reaumuria soongorica TATCTCA 180 3.1 840.6 406.3 98.5
9 Tamarix hispida ACAGTAT 191 3.9 350.2 271.0 98.5
10 Nitraria sibirica ACTGTCA 836 5.6 1129.8 1111.9 94.5
11 Kalidium foliatum TATACTG 786 5.7 3598.2 2053.7 79.7
12 Limonium otolepis CATGATG 531 4.9 1648.3 1030.8 90.3
13 Halocnemum strobilaceum CGTCATA 733 6.2 3186.0 1902.8 773
14 Limonium gmelinii ATGATCA 702 52 1891.7 1340.3 88.0
15 Halostachys caspica TAGTGCA 468 4.2 1597.6 1006.0 94.6
16  Nitraria roborowskii CTCTACA 1024 6.0 2302.1 1737.7 85.8
17 Limonium aureum TATCTCA 642 5.4 2370.1 1392.8 86.1
18  Suaeda physophora ACAGTAT 446 4.3 991.4 784.4 95.9

Azomonas (24.1%). Serpens (39.2%). Pseudomonas
(26.5%); KEHRFAD:16): Serpens (34.6%).
Pseudomonas (35.5%); MM (1ID:4): Azomonas
(13.9%). Serpens (29.4%). Pseudomonas (30.0%);
EITURAD:11):  Nesterenkonia (11.7%). Brevibacterium
(22.4%). Halomonas (25.5%); H¥#ELTUNID:3):
Pseudomonas (10.2%) . Kocuria (10.1%); FI#h
L %5(ID:14): Kocuria (59.8%); H-IHAMILF(D:12):
Nocardiopsis (18.4%). TMT7 (35.4%); HEAEAMILHE
(ID:17): Planomicrobium (44.2%). TM7 (14.2%);
ZRBEMI(AD:6): Acholeplasma (98.7%); WIEHE
MI(ID:9): Acholeplasma (97.8%); E&E%2(1ID:8):
Acholeplasma (77.1%); EhTIAK(D:13): Pantoea
(44.6%); FERBEID:18): Pantoea (78.7%); /)
MH85E (ID:7): Pantoea (93.5%); #HAEIAK(D:15):
Zymobacter (80.0%).

2.3 NAHERENTE R 5%
XA N AE M OTUsHI TR, 45 a0
EI2fR,  [Al—AJa B Eh A= AR A N A A0 VR 451
AL AR A3 ERIAD: 10, 5. 16)1-7E—
A2, EAIE B 2RI E—R(D: 6. 9), W
J& B 2R BGE I AE— R AD: 18, 7), FHIVUNEH
2RPERTUTUCAE—(ID: 3. 11), Fhife & p2f
AN F A —EAD: 12, 17), KMHFMIFLID:
1 E2MAMMEAD: 12, 17K, 41
At E T, BARIEAD: 4) S YR R

T, EEESYEID: 8) M EME YR HGE,
WAEAD: 13) FIEHEAEAD: 15)5 6% & i

PrbE A .
24 IMRETX ARSI

oyt — AR A A AR AR P S PR PR 0
FEN A= SR v S5 A B RE R, 0T 19 85 i S TR o 7
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Figure 1. Relative abundances of bacterial taxa recovered
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from each sample analyzed with 454 sequencing. Taxa

included are the phylum of 16S rRNA sequences in the full 454 data set; the ‘class’ with >0.1 % of 16S rRNA
sequences respect to the total number of sequences in each sample; and the ‘genus’ with >1 % of 16S rRNA sequences

respect to the total number of sequences in each sample. At each rank, all sequences that did not fit into one of these

categories were classified as ‘other’.
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Figure 2. Clusters that contain the essential 16S rRNA genes of endophytic bacteria. The calculation method of the
distance to scale. The value of length represent the similarity of endophytic bacterial community between floral
samples. Cluster analysis using R software.
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Figure 3. CCA showing associations between environmental variables and bacterial class. TS: total water soluble
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http://journals.im.ac.cn/actamicrocn



1590

Shuai Zhao et al. | Acta Microbiologica Sinica, 2016, 56(10)

Alphaproteobacteria. Betaproteobacteria.
Deltaproteobacteria. Actinobacteria, Bacilli,
Flavobacteria, SphingobacteriafliDeinococcifJZE4k
H5Mg" & R b,
Mantel-Carlof 322 B 1570 A HAACLES
T A R v AL R e B R (P<0.05),
it BioEnv FEFF P 1 AN [RI 35 A 5 B LA B %)
AMPARETELEAIRE IR, S5 NRAPTR, C1 . Mg”

=A
)2

=24
)2

FITNEE S X R E AL i o B i, AH G
B0 5(0.4054)
3 itk

HWEERCNIE, RSB ENHEY)
FOy A4 g B V% 2 Ll Proteobacterial | Y B HE N

[ [12]

¥, HlnSolanum lycopersicum™ . Oryza sativa

Arabidopsis thaliana” FPhragmites australis™>,
AT IR LMY, HNE AR )
4. TRIFRETAHESH

Table 4. The relationship between different combination

WEPEZEA IR QL Fe T FHAEFHRRA 3R L
B, D RBHIB 2RI A EE EE 58, N AR TR
BEVR P 7 3 A B A0 T )7 dEProteobacteria
[T, HEN AT BB f T3 SR A A ) A B AN AR B Y
FRORPERT S, AL BN R <8 i — 43 22ROk
B, HAMYIRN R — T8 R WL T A
YAR, LelinPseudomonas®”>* >, Enterobacter
JR2 . Serratial@”". KPR NTTAE—LETT fiE
XIHEY) R B B i A (R E I s, X
YO J& AL 5 Pantoeal®" ", Azomonas)g""
Brachybacterium)&'' . Brevibacteriumlg'' .
Bacillus)®&"" . Arthrobacter)&” M Enterobacter
JRENL Ak, SRR A N AR AT RS S AT
Kushneria)@ FlHalomonas)& , X271~ H & ) 2%
A EA B RS Y SR A AR N R AT
TER MM ER LA AR, T 230 o 43 25 4% 5% Al [l 422
SERFE i — P BAIE

HEHEAEMIEXX R

of environmental variables and bacterial community

Different combination of environmental factors

Correlation coefficient

Cl

Cl+Mg™

CI+Mg +TN

CI+Mg +TN+TP

pH+TS+ CI+Mg" +TN

pH+TS+ CI +Mg” +TN+TP

pH+TS+ ClI'+Ca” +Mg” +TN-+TP

pH+TS+ CI +Ca”"+Mg" +TN+TP+AK

pH+TS+ CI+80, +Ca” +Mg" +TN+TP+AK
pH+TS+HCO; +CI+S0,* +Ca” +Mg* +TN+TP+AK
pH+TS+HCO; +CI +S0,” +Ca” +Mg” +K +TN+TP+AK
pH+TS+HCO; +CI +S0,* +Ca” +Mg” +K +TN+TP+AP+AK
pH+TS+HCO; +CI +80,” +Ca” +Mg  +K +OM+TN+TP+AP+AK
pH+TS+HCO; +CI +S0,* +Ca” +Mg” +K +OM+TC+TN+TP+AP+AK

0.2550
0.3831
0.4054
0.3705
0.3326
0.3029
0.2680
0.2370
0.2046
0.1770
0.1352
0.0859
0.0554
0.0280

TS: total water soluble salt; OM: organic matte; TC: total organic carbon; TN: total nitrogen; TP: total phosphorus; AP: available

phosphorous; AK: available potassium.
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PE[R) — i, IR 22 S A fE &
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PO AR BR R, A R AR PR RN B s T
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TR R T REARBR AN B A N AR
Y ORI, DI AT RE S A R [ A5 P A
IR A N A AP 5 A o LA, Sheng V%
Az AR S B RS ITIR X ) 2 UK A ) oA A A R
VAT IS, AR R WK (Polygonum
viviparum) 1 K G5 (Leontopodium leontopodioides)
WAE AR RE VR AN o ABFIE 45 R s R —ER i 36
S, ORISR iR A AR P9 A= A0 R R v 5 A L
A AP TP R S, E R IR A AR A
PE, RIVTR]— Ja A [ b 2k A AR PN A= 40 8 45 F4 A
o, eI R — A S A A RE 2 IR T AR AR A
HRBRAN AFTE 25 5% 0 AL, ABFFEhER AR AE Y A=
KAER - LAs IR Ry 32, T b Cr2 N AR 4
R AEVS A F RSN R . B A1 LA N
FIERBIRBE A, SO, AR 2R R M N A 2
FEREM F RN R, X WRERE— LR
[ 5

DAL A 200 TR 7 445 R 0 e PR Rt T BESR A T
RPN NFRES . Hodkinson®5 W HIFST % BRHLA
PR ERIRAL S Py TR R A S R A5, SR
FRFT T J(Acidobacteria) 5 = S o7 . EhAFHYI A
WNHIEZ LS, Bl GO . niEtE
BEAIDY S, U — SR A A Yy LA 2 R AN
W BE Y, R RS T
PRLIG, PN A= A X 6 2 A P R P A 2 40 Joi ) ek
P, AT RE R T AN AV S B A R R S
FRE) o B AR SRR 22— HE AnAH [R) i 1Y
F AR R A& D RD R LI TT REARAL, AT
e B R IV 1 28 A P51 200 el s A
T I B ER AR AR N R AR R T LA AR AT,

TEHIEM TS, 22 H ] (Proteobacteria)
ST 1 (Acidobacteria) [ F %30 B E &
¥ (copiotrophic) FIZL 5 5 (oligotrophic) I F& 45",
Augirh, BfilE . BRE . ;KRR .. HEAK
JE& AN JE I AEAEY), AR N FE R S
W], AT AE 2 o T LA AR A AR
WE T & 5 A 5 T HE R A Y
FRE, SR T LA X Se4fE I, 75 2455 PR
TR YRR DAk 2 2507 T i — 2D T L0k .

TERE SR ARET, FRATT & BUAR 1L 5 rh -4
I 5 g 2Rk i R AR O A TE I 25 R
FE AR b Il R ) F2 AR B AR IR B L 2 b aff AR
HAMWGEL L, HEEHOFHRA LT, K
JETE30-40 cm Z[A]; SR H- P I R0 B AR AR I
LR AR AN, B AR, KB HAT10-15 em.
Fierer¥: " I N7E H 3 P LAMRGEAOAR, Hoe )
PR P AN E R AR [A], A, AR Y SRR
/B BT (AN B FR RS, 2R 485 )W AT BB &Y
Wi 2 375 12 AMRERE S AN I 9 FP 28 . AR RIS 0
B, R IR IR S H g 2R b i R A —
(1 2), FRATHED A b i FAR IR AR A B A o
A e P ECL N AE R A5 H R0 53 A28k b il FEAF AR
ZRMELEFERZ—,

R A AW BA REIR Y A BRES A RN T a4 DA
W EREAEE, ARMPTER LR R N EER AR
gt, WVF—&Ror R & NEALEIE A T3 AR A
Yy 5 A PN A TR A ST R AR R R AR R R R T .
HHET, X T7E P Rl 5 X ER A A8 W o8 A 20 o 9 A
Kb oE H et WL IE o FRATTAY TAELLZHEME R R &
R UK T v 0 i 0l s L R A X [ —
A5 v L6 B ER AR R 1) N A 2 TR R T 45 A AT
B, AU IR A AR R I A S B EAE R
P e S, 1 EL AR PR - 8 P CL & B R
TXEER A R ) N A 2 TR T AR T B K B R R
Z—o B Beryit s g 1A B T OARERAE A Y N
MM, R0 N A AR AR R A
Tl A A P 47 T8 ) A (0,25 0 Al AR N AR TR
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HIBFIE A At TP B B, HA e 5 Al A
W53 . AHIFGE B AR R B FH 3 77 k% R 1TV
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Estimation of endophytic bacterial diversity in root of halophytes in
Northern Xinjiang by high throughput sequencing

Shuai Zhao', Na Zhou', Zhenyong Zhao', Ke Zhang', Guohua Wu’, 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

? Shizuishan Seed Management Station, Shizuishan 753000, Ningxia Hui Autonomous Region, China

Abstract: [Objective] We studied the diversity of endophytic bacterial communities in different species of halophytes
growing in the same saline habitat, and analyzed the effect of rhizosphere soil physicochemical properties on
endophytic bacterial communities. [Methods] PCR-based Roche FLX 454 pyrosequencing was applied to reveal the
diversity of endophytic bacteria. [Results] Endophytic bacterial communities of the 16 species of halophytes mainly
included 4 phyla, which were Proteobacteria, Tenericutes, Actinobacteria and Firmicutes. In terms of plant species
classification, colonial differences existed among plant species at perspectives of composition of bacterial taxa; in the
case of plant genus level, endophytic bacteria of different halophyte plant species but belonging to same plant genus
exhibited similarity; as to plant family level, Actinobacteria and Proteobacteria comprised the main abundant phyla of
the halophytes belonging to Chenopodiaceae; Proteobacteria comprised the main abundant phyla of the halophytes
belonging to Zygophyllaceae; Tenericutes comprised the main abundant phyla of the halophytes belonging to
Tamaricaceae; Proteobacteria, Fimicutes and Actinobacteria comprised the main abundant phyla of the halophytes
belonging to Plumbaginaceae. The CI in rhizosphere soil has significant effect on endophytic bacterial community
structure. Moreover, there is a strong correlation between bacterial community and the combination of CI', Mg and
total nitrogen. [Conclusion] Halophytes harbors diverse endophytic bacteria. In the same saline habitat, the
distribution of endophytic bacteria showed host plant species-specific, and the Cl in rhizosphere soil was one of the

factors determined the endophytic bacterial community.

Keywords: halophyte, endophytic bacteria, diversity, pyrosequencing
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