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Temporal and spatial patterns of diversity and community structure of culturable
endophytic bacteria isolated from Populus euphratica within the rivers of the
Tarim basin
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Abstract: The aim of this study was to clarify the temporal and spatial patterns of the bacterial diversity and community
structure of endophytes isolated from Populus euphratica beside the Tarim, Kiyik (disused) and Ugan (disused) Rivers.
The storage liquid in the stem of Populus euphratica stands was gathered as the source for isolation of endophytic bacteria.

For each river, eight stands of riparian forest were targeted and the storage liquid from 24 tree stems was sampled in early
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May and late September 2011. A total of 588 bacterial strains were isolated using four different types of culture media (LB,
TSA, NA and King A). Phylogenetic analysis based on 16S rRNA gene sequences showed that the 588 isolates belonged to
Gammaproteobacteria (50.17% ), Firmicutes (34.58%), Actinobacteria (10.17%) , Alphaproteobacteria ( 4.24%) ,
Bacteroidete (0.50% ) and Betaproteobacteria (0.34% ), encompassing 47 genera and 114 species. Of those isolates, the
16S rRNA gene sequences of 211 were <98% similar to 41 species within 19 genera that could be represented as potentially
novel indigenous species. y-proteobacteria and Firmicutes were the dominant groups in Populus euphratica stem liquid.
Pseudomonas and Bacillus were the most widely distributed and predominant genera, accounting for 29.76% and 19.05% of
isolates, respectively. The most widely distributed and predominant novel indigenous species had < 98% 16S rRNA gene
sequence similarity to Pseudomonas xinjiangensis, representing 12.585% of all isolates. The Simpson’s diversity index of
endophytic bacteria from Populus euphratica was highest for the disused Ugan River (0.969), then lower for the Tarim
River (0.935) and the ancient disused Kivik River (0.931). These data showed that the cultivable endophytic bacteria of
Populus euphratica were highly diverse, and similar among the three riparian forest ecosystems. The Shannon-Wiener
uniformity index of endophytic bacteria from Populus euphratica from the Ugan River was 0.8570, compared with 0.8314 and
0.7937 for the Tarim and Kiyik Rivers, respectively. The analysis of spatial and temporal variations in the endophytic
bacterial community structure of Populus euphratica for the three ecosystems revealed that in general, the community
structure of endophytic bacteria from each ecosystem was relatively intact, with some small impact from foreign common
dominant bacteria. The bacterial community of the Kiyik River was the least impacted, with the highest abundance of
bacterial species and potentially novel indigenous species (1/3.082 and 1/7.55, respectively), and a minor impact of
replacement and cleaning and associated non-indigenous bacterial species. The Ugan River was next highest for abundance
of bacterial species and potentially novel indigenous species (1/3.333, 1/12.857) and these values indicate that the
bacterial community structure has changed to a certain extent. In contrast, the bacterial community isolated from the Tarim
River had been intensively substituted, with the abundance of bacterial species and potentially novel indigenous species
greatly decreased to 1/4.282 and 1/20.875, respectively. It is clear that non-indigenous microbes have had a large
ecological impact on this bacterial community. Our combined results demonstrate that the endophytic bacterial community
structure was influenced by human activity near these three rivers. Human activity stopped for the Kivik and Ugan Rivers
after those rivers dried out. The period of time without human activity for the ancient Kiyik and Ugan Rivers has had a

positive impact on the community structure of the bacterial population.

Key Words: Tarim River; Kiyik River; Ugan River; Populus euphratica; endophytic bacteria; 16S rDNA; diversity;

spatial and temporal variation
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Fig.1 Six sampling sites at the three rivers in southern Xinjiang, China
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Table 1 Representative isolates and Closest species isolated from populus euphratica in three ecosystems
I BT SR bR 43 BIK TR Origin of isolates TR F bk
Genus Closest species U K T Total  Representative isolates
Acinetobacter Acinetobacter johnsonii 1 5 4 10 KBL-5-12B(KF049129) , RK5(K(C842217)
Acinetobacter lwoffii 6 3 9 K-11(KC967077) ,KTO-24( HQ696440)
Aeromonas Aeromonas aquariorum 5 5 W25(KC840815)
Aeromonas media 6 6 W75(KC840850)
Aeromonaspunctata subsp.punciata 1 1 W20(KC840846)
Aerococcus Aerococcus viridansp 1 1 W66 ( KC840872)
Azomonas Azomonas macrocytogenes 2 2 NT-32(HQ696413)
Bacillus Bacillus atrophaeus 1 1 2 KTT-8(696420)
Bacillus anthracis 1 1 2 W104( KF017366)
KTO- 43 ( HQ696446 5 ( KC843393 ), W- 36
Bacillus flexus 5 1 2 8 ( KC84084(11 )Q ), 3¢ )s
Bacillus nanhaiensis 1 1 RL-1(KC842271)
Bacillus oceanisediminis 1 1 M-24( HQ699494)
Bacillus pumilus 1 9 | 21 I;Elééi;éz(sl)(FO“gl 19), RK27(KC842270) , AL45
KBK-5-14( KF049121 AL-72(KC844757) ,W74
Bacillus safensis 22 8 5 35 ( KC84086(()) ) ( )
Bacillus sonorensis 1 1 2 KTT-24( HQ696443)
Bacillus tequilensis 9 1 10 KTT-2(HQ699399) , 70( KC843386)
Bacillus vietnamensis 1 1 2 M-13(HQ69949) , NA-55(KC967070)
Bacillus subtilis subsp. Inaquosorum 7 7 LB-24-1(KC967052)
Bacillus niabensis 3 3 AL-50( KC844762)
Bacillus beringensis 1 1 AL-C11(KC844771)
Bacillus halmapaus 7 7 AL-35(K(C844784)
Bacillus alkalitelluris 1 1 AL-C8( KC844806)
Bacillus infantis 7 7 AL-A33(KC844812)
Bacillus cohnit 1 1 AL-A33(KC844812)
Bacillus niacini 1 1 NA-16(KC967067)
Bacillus persicus 1 1 K-5
KBN-4-4(KC967012), AL-47 (KC844764),W93
Brenneria Brenneria salicis 18 6 17 41 (KC8408 1(9) ) ( )
Brevibacterium Brevibacterium halotolerans 6 6 AL-55(K(C844789)
Cellulosimicrobium  Cellulosimicrobium funkei 1 1 AL-57(KC844778)
Corynebacterium Corynebacterium casei 1 1 KTT-15(HQ693996)
Enterobacter Enterobacter oryzae 2 2 20( KC843381)
Escherichia Escherichia vulneris 1 1 W30(KC840814)
g Bt 1214 AUAUCOMME), WR(KG0), KNI
Gracilibacillus Gracilibacillus saliphilus 1 1 NA-31(KC967067)
Halomonas Halomonas gomseomensis 1 1 KTO-20-2( HQ696435)
Halomonas meridiana 4 5 3 9 l((llil(\:/léfz—zi 5()KC967O23 ), 59 ( KC843405), RT30
Halomonas sulfidaeris 1 4 5 KBM-2-8(KC967022)
Halomonas zhanjiangensis 2 2 38(KC843370)
Halomonas pacifica 1 1 K-21(KC967078)
Halomonas desiderata 2 2 KBM-4-31(KF049125)
Ignatzschineria Ignatzschineria larvae 1 1 NT-21(696404)
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I B SRR 53 BRI Origin of isolates TR F TRk
Genus Closest species U K T Total ~ Representative isolates
Janibacter Janibacter anophelis 1 1 AL-11(K(C844795)
Kocuria Kocuria polaris 1 1 1 NA-9-2(KC9670) ,RT16( KC842223)
P g | 5 || KIT-6(HQ696417), AL-61 (KC844780), W78
(KC840863)
Kocuria gwangalliensis 1 1 LB-7(KC967046)
Kocuria rhizophila 2 2 NA-76( KC967080)
Kineococcus Kineococcus endophytica 1 1 NA-20
Lysinibacillus Lysinibacillus massiliensis 2 2 ML-64( KC609752)
Oceanobacillus Oceanobacillus iheyensis 2 2 KLH- 18 ( HM854234) )
Luteimonas Luteimonas terricola 1 1 AL-49(K(C844763)
Macrococcus Macrococcus brunensis 1 1 2 KTT-38( HQ696456)
Marinilactibacillus ~ Marinilactibacillus piezotolerans 2 2 W94 (KC840867)
Microbacterium Microbacterium profundi 1 1 67(KC843387)
Microbactertum hydrocarbonoxydans 2 2 KBN-1-3(KC967009)
Microbacterium sedminis 1 1 KBL-4-1(KF049131)
Microvirga Microvirga lotononidis 1 1 NA-119
Nesterenkonia Nesterenkonia aethiopica 2 1 7 10 IFEES:ZZZCE )KFO49127 ), M3 (KF177276) , RL21
Nesterenokonia suensis 8 2 10 KBL-4-2(KF049128) , AL-C3(KC844799)
Nesterenkonia flava 3 3 15(KC843382)
Nocardioides Nocardioides alkalitolerans 1 1 KBL-4- 15XH( KC967036)
Pantoea Pantoea brenneri 1 1 KBN-1-2(KC967008)
Pantoea septica 3 3 NA-64(KC967057)
Planococcus Planococcus citreus 1 1 2 NT-20( HQ696402) , RT12( KC842264)
Planococcus maitriensis 4 3 7 NT-3(HQ696361) , 87(KC843353)
Planococcus maritimus 1 1 KBM-2-6( KC967021)
Planococcus rifietoensis 1 1 3 5 KTO-RZ( HQ696450) ,RL6( KC842274)
Planococeus salinarum 1 1 9 2 I((;I("g—g 492 2(8?)()696422 ), 12 ( KC843418 ), RT38
KBM- 2- 20 ( KF219799 AL- 17 ( KC844801
Planomicrobium Planomicrobium koreense 9 2 1 12 RN3-2( KC8;2242) ) ( )
Planomicrobium chinense 2 5 7 AL-A18(K(C844819) , RT4(KC842238)
Planomicrobium okeanokoites 5 3 8 6(KC843392), RT8(KC842243)
Planomicrobium flavidum 1 3 4 RN24(KC842239), 10( KC843389)
Planomicrobium mcmeekinii 1 1 47(KC843363)
Pontibacter Pontibacter salisaro 1 1 2 AL-3(K(C844808) , KBN-4-22(KC967017)
Psychrobacter Psychrobacter feacalis 1 1 98(KC843399)
Psychrobacter pulmonis 1 1 KLH-28( HM854246)
MA- K 4), KBN-4-17(K 14
Pseudomonas Pseudomonas azotifigens 3 2 1 6 (K Cgi(() 8 2(:)70966 ), KBN 7(KC967014) , W9
Pseudomonas baetica 1 1 W77 (KC840862)
Pseudomonas geniculata 3 3 KTO-29( HQ696444 )
Pseudomonas indoloxydans 1 1 KTT-5 (HQ696415)
Pseudomonas koreensis 1 1 W12( KFO17364)
Pseudomonas pelagia 1 2 3 KBN-3-11(KF049113) , MM-6( KF819804)
Pseudomonas sabulinigri ) 10 20 0 KBM-2-12( KF049126) , AL-68( KC844758), W51

(KF017347)
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Pseudomonas stutzeri 2 6 13 31 I((I'I;TC—Si(())é;?696426) , AL-76 (KC844787), W15
Pseudomonas toyotomiensis 3 3 W71(KC840859)
Pseudomonas xanthomarina 7 3 10 NT -7(HQ696421) , AL-77(KC753545)
oo s w0 K6 (kosi),
Pseudomonas alcaliphila 1 1 AL-54(KC753546)
Pseudomonas lundensis 1 1 49(KC843374)
Pseudomonas peli 1 1 2 LB-3(KC967045) , W80( KC840813)
Pseudomonas putida 1 1 2 W57(KC840849)
SZ;}‘%‘;:;Z)‘;;?””‘"“"* 4 4 AL-64(KC844777)
Pseudomonas argentinensis 1 1 KTH-8( HM854247)
Rahnella Rahnella aquatilis 3 3 W22 (KC840865)
Ralstonia Ralstonia pickettii 1 2 3 KTO-9(696431) , NA-1(KC967055)
Rosemonas Rosemonas aestuarii | | | 3 KBM- 2- 3P ( KC967019), NA-90 ( KC967081 ),
RN15(KC845526)
Rosemonas gilardit subsp. gilardii 1 1 NA-14(KC967062)
KBN- 4- 20 ( KC967016 88 ( KC843352 w7
Rhizobium Rhizobium rosettiformans 3 9 7 19 ( KC840812)< ) ( )
Saccharibacillus Saccharibacillus kuerlensis 3 3 NT-11( HQ696397)
Sanguibacter Sanguibacter marinus 1 1 RLI8(KC845525)
Staphylococeus SS:;’[ I:JZ ‘;:Z;”:l equorurn 1 1 AL-c2( KC844770)
Staphylococcus capitis subsp. Capitis 1 1 52(KC843347)
Staphylococcus pasteuri 1 1 KLH-3(HM854230)
Staphylococeus xylosus 1 I KTH6-1( HM854231)
::;flf}é‘;:m saprophyticus 1 1 KTH6-2( HM854233)
Stenotrophomonas Stenotrophomonas maltophilia 1 1 KTO-25( HQ696449)
Streptomyces Streptomyces avidinis 1 1 CM-19(HQ699509)
Streptomyces glomeroaurantiacus 1 1 CM-2(699500)
Streptomyces xanthophaeus 1 1 CM-9( HQ699503)
Vibrio Vibrio metschnikovii 1 1 W17 (KC840825)
Virgibacillus Virgibacillus koreensts 4 4 AL-37(KC844773)
Photobacterium Photobacterium halotolerans 1 1 KLT-27( HM854249)
Providencia Providencia rettgeri 1 1 KTH-7( HM854245)
Micrococcus Micrococcus yunnanensis 1 1 KTH-35( HM854237)

Micrococcus antarcticus

1

KLH-29( HM854236)
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19.25% ., 43 B3 B fei 02 2 FAT 188 ( Bacillus )
TSR 79 HRZE AT, S e T 18 AN, e
AR 2Z 1Y 2 AR B8 ML T4 ( Pseudomonas ) , 73 5 3] 52

HRIZJE AN ER o3 AE T 12 AN Fh, BT B R4
Y ER A AN LASE i85 B B T 32 AN JE A AT T
Brenneria (1 %), Kocuria (4 > F) , Planococcus
(34~F) , Planomicrobium ( 54~F) |, Virgibacillus ( 14>
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Y, Lysinibacillus (1 A~ Ff) |, Rhizobium (1 /> Ff1) |
Halomonas (4 ) , Nesterenkonia (3 %) , Enterobacter
(1 ~F) , Microbacterium (1 1>Fl) | Psychrobacter (2 >
1), Ralstonia (1 1) , Pantoea (1 I~Fl) | Acinetobacter
(2 NP , Brevibacterium (1 ~F1) , Microvirga (1 ~Ff) |
Gracilibacillus (1 1~ ), Kineococcus (1 A4~ F ),
Staphylococcus (5 1~ Ff) , Cellulosimicrobium (1 1~ Ff)
Janibacter (1 2 F) , Roseomonas ( 2 I~ F1) | Luteimonas
(1/MFh) , Pontibacter (1 4> Fl) | Exiguobacterium (1 4
1Y, Oceanobacillus (1 ~F) , Macrococeus (1 >Fi)
Photobacterium (1 A~ #1) | Providencia (1 4~ Ff),
Micrococcus (2 TF)

M Ugan TREMFES TSN ERE, N
270 tk,JB TANE S KIEHE . Hrp JSERERT BT i 1 1
Bl , i 45.93% . y- AR AP G R FL B A 2,
i 37.40%, TTESIM S NAEWT , y-Z2 T B A9 AHE
DPERARE S BT BRI 50.17% ; JFEBETH TN 2,
5 34.58% , Ugan {al £ il 1547 58 P4 A 40 B8 1) 200 T
EREAR L, BT 5 OSSR L) B A P 22 5.
Ugan VA% y-728 08 T8 40 BT o 0 LG AN A 4 S
TR0 50.17 %800 5 37.4% , 51 5 25 1 JEEBE B
[T i B4 L9 DA A S8 N A R ) 34 589% 3% T %)
45.93% 5 55 1, Al 4 ASSEHERT G A LA SR AR
R R AR B B R R — B MR i
W], o 2R IR TR, AT IR T 1A B-AE B TR 2N
22.2 Kiyik WA ENHEHEERRZERE

vl

FHRTRESR 7515 I Kiyik 107 8 A% AR 0 R A~ SRR AL
RALIRAS 151 BRANE (R 1) , 4 16S rRNA FE[H)F
B, Ezbiocloud ( EzTaxon-e server) Al BLAST E [t
XFFESARRIYE , B 5 ARG 2R G0 & & HLE, JFAs i
GERFM O HTHELOCR (K 3) . SRR, 151 #R4l
W A e T y-/}E ¥ W M ( Gamma-Proteobacteria
57.61%) ,JEBER ] ( Firmicutes, 27.15%) , R ]
( Actinobacteria, 7. 94%), o ¥ W 4 ( Alpha-
6. 62%), B2 & W 4N ( Beta-
proteobacteria, 1.32%) F1 4L ¥F B 1] ( Bacteroidetes ,
0. 66% ) “FAIIH 6 KRG R THAE,25 1,49 1
Yrfp, Hrh R TR IR ( Pseudomonas ) VE R ILHJE
LA B TE PR 38, 40%, IR 2 R ZF AT TR R
(Bacillus) 5 15.23% , BB # & ( Pseudomonas ) Y

Proteobacteria ,

Sy B R, A S ) 58 MRIZJE AN, 435 JE T 8
AR, 22N R (Bacillus) , 73853 23
MRIZJE Al 1R, 5300 & T 8 AP, BR T LA i 3
ARREL AN T LD B 5 B 3 T 23 A& Y A R
Halomonas(5 ') , Planococcus (5 Fl') , Acinetobacter ( 2
), Streptomyces (3 Fh), Nesterenkonia (2 F ),
Microbacterium (2 F), Ignatzschineria ( 1 Ff ),
Azomonas (1 F) , Stenotrophomonas ( 1 Ff') , Ralstonia
(1 #), Macrococcus ( 1 ) , Saccharibacillus (1 ) |
Planomicrobium (1 Fj) , Corynebacterium (1 Ff ),
Kocuria (1 ) , Nocardioides (1 ') , Rosomonas (1 1) |
Rhizobium (1 #) | Pontibacter ( 1 Fl) , Fictibacillus
(1 F0) , Exiguobacterium (1 1) | Brenneria (1 Fl) ,
Pantoea (1 F)

M Kiyik 7 2R 4 09 4 i b o3 B 09 4 i 0,
151 Bk, J8 TANR N KRR, /N RIEHEAE Kiyik [ #
i T o ) A A T B A S N AR IR R — 3
WA BT B, JERETE ], IR T], o B TE T
9 AFFRET TR BB T 49, T Kiyik 0 F Ugan ¥
FE S AR S HEAR LE , 7 Kiyik TR S y- 2B R AN
T o B EU G s N, 5 57, 61%, JEREETTIT (5 )
Fe A BEs b AN 27.15% , BRI 2 Ab, il 4k
P A8 8020 | o8 T TR M i o7 ) LG 91 2
L2
2.2.3 BN EATE 2R MR G E T

FHRTRE 3375 125 B TAT 1 A7 AR TG A SR A 7 s 3
G 167 BRANE (3R 1) 384 16S rRNA e[ 751 ]
J¥ , Ezbiocloud ( EzTaxon-e server) Al BLAST _E FLXf P
GUARINE , 00 AR I R K B ML, TP R G
AR R (B 4) o 45REW, 167 PR 70
ET ’Y-’E AL ( Gamma-Proteobacteria, 64.70% ) ,
JE BE B 1 ( Firmicutes, 23. 30%), W 2% B 1]
( Actinobacteria, 6. 60%) , o-"L & W N ( Alpha-
Proteobacteria, 5.30% ) “F4E IR 4 KRG K BISHE,
19 & 39 Mrft, Horb B R AR s,
RSB 38.90% , Ly B F 65 B Jm T % e ) 4
WL, 5ET 8 M, BRILZAME ST ES T Aeromonas
(3 Fl), Acinetobacter (1 #), Brenneria ( 1 #),
Escherichia(1 #) , Halomonas (1 ) , Rahnella (1 F)
H Vibrio (1 F) %)@ T v TE N A 8 A~ AR & 1Y
A O JEBER] ( Firmicutes ) 4 B 24 % A 39tk
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Fig.3 Phylogenetic tree of 16S rDNA sequences of endophytic bacteria isolated from populus euphratica in Kiyik River

The tree was constructed by the neighbor-joining method.the bootstrap values were obtained after a bootstrap test with 1000 replications ; The numbers in

parentheses are accession numbers of sequences;Scale bar indicates 2% sequence divergence
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Fig.4 Phylogenetic tree of 16S rDNA sequences of endophytic bacteria isolated from populus euphratica in Tarim River

The tree was constructed by the neighbor-joining method.the bootstrap values were obtained after a bootstrap test with 1,000 replications ; The numbers

in parentheses are accession numbers of sequences;Scale bar indicates 2% sequence divergence
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e, 70 3 8 T Bacillus (5 ) , Aerococcus (1 ) |
Exiguobacterium ( 1 #) |, Marinilactibacillus (1 ),
Planococcus(3 1) F1 Planomicrobium (4 #) % 6 4~
J o AR TR R S 11 MR, il )E T
Kocuria (2 ') , Nesterenkonia (1 ) Fl Sanguibacter ( 1
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MR EAH 9 PR, 5358 T Roseomonas (1
), Rhizobium J& (1 ) ,

TR AR B RE S P B AR B 2, 167
bR, BT AN VU RZERE . BEA Ugan 107, Kiyik {174
rinn (8T A P A 20 BR AR LG, TR 2R R SR A — 2 Y 22
5,140 Ugan 1], Kiyik J0 46 b 20 25 40T 14 11 AN
B 7L Y TR 20 1) A0 TR T3 T A it vh A W B 3, O
H vy T2 B AT i 19 L A5 A 20k S 185 i e 5, 4]
v-ZEIE B A AE Ugan V1 i 37.40%, 78 Kiyik 1] (5
57. 61% FEE WAL A 64.70% , TTJSEERETE ] T o
8 L A9 A 9 2 £ e 45 T JEE BE T 1] AE Ugan 3
45.93% ,7E Kiyik T (5§ 27.15% , {6 ¥ ) k¢ 5 b o
23.30% , BRICZAL B TR T T o5 09 Lo A5t A AR B
(Rl D TR T 1HE Ugan {TFEdh (5 13.70%
TE Kiyik {0 (5 7. 94% ,FEIE WA Y 6. 60% , o-7F
JETR 44 BT 7 B FEBITER Ugan JI4F i A ECAT 380, BR
Kiyik JoJBE & AH A b a3
2.3 ABACTE N AR B R o A IR o b

Ugan {1 Kiyik 0 1 ] 5 30038 5 4% KA 4 9 A7
Wb 3R B A 588 RANTE P, A 211 BRIE (168
rRNA R FEHIK B 1300—11500 bp) 5 H B MY %
UTRZ IR RAY 16S rRNA 3 K FF 51 A UEE /N T
98.0% (% 2) , i E5r B BRI 35.884% , iX 211 &
WHJET 19 18 41 DR (R 2) ,J2 41 MIETERIH

B, WA AR R A AR 2 R, X%
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Pseudomonas sabulinigri, Pseudomonas xinjiangensis,
Rhizobium rosettiformans iX 6 4~ FAH R M) 6 1
TEHT AR FIAT 3 A0 T8 A RE A At Al ]2
bk % 8 AETE AR PR Y R, Horb 5 Pseudomonas
xinjiangensis X /1™ T A RH 58 28 0 ¥ 78 B oA A b Ay
T4 BRI AR IR 12.585% (74/588) , 52
N AETE TP RA IR W M 84 5 Acinetobacter
lwoffii, Halomonas sulfidaeris, Macrococcus brunensis ,
Nesterenkonia suensis , Pseudomonas pelagia , Pseudomonas
stutzeri AHERZSHY 6 AN VEAEHT A A H HH BLAE Kiyik T
5 Ugan {A[3X 2 257038 FORE S B4 S B AE 5T
FEfh . X — SR 7R BT A7 N A T R s A A
TRRIYAAL, 1M Ugan {0145 Kiyik {17847 N 25 B
TRAEZ MRS T RIS, T HA R 29 M
TERTE TP 230 o3 A T 3 AT b — 25T v EAT]
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F2 BEMMHSEXEKRLN 16 rDNA FFIHEME

Table 2 16S rDNA similarity of potential new species and its closet relative species

J& T R HRR Sr BRI Origin of isolates 16S rDNA AR
Genus Closest species U K T Total Similarity%

1 Acinetobacter Acinetobacter lwoffic DSM 2403 (T) 2 2 4 96.926—97.7

2 Azomonas Azomonas macrocytogenes IAM 15003 (T) 2 2 96.554

3 Bacillus Bacillus alkalitelluris BA288(T) 1 1 97.11

4 Bacillus anthracis ATCC 14578(T) 1 1 96.79

5 Bacillus beringensis BRO35(T) 1 1 96.73

6 Bacillus halmapaus DSM8723(T) 1 1 97.34

7 Bacillus niabensis 4T19(T) 1 1 95.81—97.46

8 Bacillus persicus B48(T) 1 1 97.71
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J& IR R G 53 BIRIR Origin of isolates 16S rDNA AH{BIHE
Genus Closest species U K T Total Similarity%
9 Bacillus safensis FO-036b(T) 1 1 97.707
10 Bacillus tequilensis NRRL B-41771(T) 1 1 97.843
11 Bacillus vietnamensis 15-1(T) 1 1 97.825
12 Halomonas Halomonas meridiana DSM 5425(T) 3 2 1 6 96.73—97.92
13 Halomonas gomseomensis M12(T) 1 1 97.612
14 Halomonas sulfidaeris ATCC BAA-803(T) 1 4 5 97.383—97.81
15 Kocuria Kocuria rosea DSM20447(T) 1 1 97.74
16 Luteimonas Luteimonas terricola BZ92r(T) 1 1 97.76
17 Lysinibacillus Lysinibacillus xylanilyticus XDB9(T) 2 2 97.03
18 Macrococcus Macrococcus brunensis CCM 4811(T) 1 1 2 91.586,92.49
19 Microvirga Microvirga lotononidis WSM3557(T) 1 1 97.82
20 Nesterenkonia Nesterenkonia aethiopica DSM 17733(T) 2 1 6 9 97.652—97.99
21 Nesterenkonia suensis Sua-BAC020(T) 8 2 10 97.16—97.85
22 Nocardioides Nocardioides alkalitolerans KSL-1(T) 1 1 97.21
23 Oceanobacillus Oceanobacillus iheyensis HTE831(T) 1 1 97.76
24 Pantoea Pantoea brenneri LMG 5343(T) 1 1 97.888
25 Planococcus Planococcus salinarum 1SL-16(T) 1 1 97.068
26 Planococcus citreus NCIMB1493(T) 1 1 97.068
27 Planococcus maritimus TF-9(T) 1 1 97.79
28 Planomicrobium Planomicrobium koreense JGO7(T) 1 1 97.52
29 Pseudomonas Pseudomonas alcaliphila AL15-21(T) 1 1 97.29
30 Pseudomonas argentinensis CHOL (T) 1 1 97.47
31 Pseudomonas azotifigens 6H33bh(T) 2 2 1 5 97.275—97.9
32 Pseudomonas geniculata ATCC 19374(T) 1 1 97.586
: P s i 4 C s
34 Pseudomonas pelagia CL-AP6(T) 1 2 3 96.56—97.1
35 Pseudomonas sabulinigri J64(T) 2 10 20 32 96.939—97.42
36 Pseudomonas xinjiangensis S3-3(T) 19 32 23 74 97.08—97.28
37 Pseudomonas stutzeri CCUG 11256(T) 4 2 6 97.17—97.78
38 Saccharibacillus Saccharibacillus kuerlensis HR1(T) 1 1 96.691
39 Rhizobium Rhizobium rosettiformans W3(T) 3 9 7 19 96.815—97.4
40 Rhizobium rubi IFO 13261(T) 1 1 96.08
41 Virgibacillus Virgibacillus koreensis BH30097 (T) 3 3 97.35—97.45
Bt total 19 41 (U.21, K20, T: 8) 73 78 60 211 <98.00%

R EPRIR—51 K AR Kiyik ¥, U U3 Ugan ], T fURIE T 0 1E

2.4 AN AEMNEZHERECS 3 SR AHERETE 1)
G3ATARBL 3 B

2.4.1 M\ 3 ZRIEAR AR 23 B B A N A Al 2 A

PEFR B R W 3, MR TP AT Ugan 845 N 4:

A TE - & & (Simpson ) £ FEPE 18 B, & K-EL A

( Shannon-Wiener ) Z ¥4 45 505 T Kiyik 07 F135 ]

WA N AR A0 ) 2 REE S R, Kiyik T ATIE T LL#R,

FETER A7 9 A 40 TR 3 2R (Simpson ) 22 R P48 B0
T Kiyik 1847 9 A= 40, 1 Kiyik 005047 P9 A 4018
FrAe-J 4 ( Shannon-Wiener ) 22 FE M 48 £ T35 07
NN, LA AR -E4N ( Shannon-Wiener ) Y4 %]

BT, Ugan V15 4% 9 A 20 B 34 50 32 A v, 36T
A= 2R 3 50 BE SRR 2, Kiyik 047 PN A= 410 B 9 3%
SRR
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F3 3INMESRPPRNEARSHEIRB SO EIEE
Table 3

bacteria from three ecosystems

Diversity index and uniformity index of the endophytic

LR Ugan i Kiyik ]  J&¥ 2903

Index of diversity Ugan River  Kiyik River  Tarim River

Szl A% e b K

—(.— AR 2 HEETR AL 0.969 0.931 0.935

Simpson

e AR

Shannon-Wiener 2436 - o
LI A TR %

TR AN 5 BEFR AL 0.857 0.7937 0.8314

Shannon-Wiener

2.4.2  WIARIN AR 2R R T R0 TR R 20 AR OO AL T
5. HIEE 5 AT IR BRI AR A A= A T I R R E AL
114 NPk G o 2822 5t Hor Ugan 7173 Al
81 A, Kiyik 7] 49 F, 35 i0] =038 39 F, i T 459
TH Y R | (R] B B R R AR A R BT SR B AN
[f],3 SN S5 I TR E SR, &
T Acinetobacter johnsonii , Bacillus flexus, Bacillus
pumilus , Bacillus safensis , Brenneria salicts , Halomonas
meridiana, Kocuria rosea, Nesterenkonia aethiopica,
Planococcus  salinarum,

Planococcus  rifietoensis ,

Planomicrobium  koreense, Pseudomonas azotifigens ,
Pseudomonas sabulinigri, Pseudomonas xinjiangensis ,
Pseudomonas stutzeri, Rosemonas aestuarii, Rhizobium
rosettiformans S LA 1 17 FhEYANRTE 3 4500 Sl MR
BERIRE S AR A B 1 o B R, A AR B
14.91% , 1A 97 ADWFH I o3 51l 73 A5 T Horp— 2%
TIE Y 2 25338, Ugan T3 A0 81 MARER T 3 %
A 17 FAh, 5 Kiyik LA RA 12 F 58
WA 7 Fh, Ugan A B9 A 45 FiZz £, Kiyik
WA 49 DR R ER T 3 HILA W 17 FhAh, 5
Ugan A 194 12 F ) 5 A 194 2 F Kiyik
AT AT 18 B, BRI 340 4T 39 Rk 1 3 #3k
AW 17 TP, 5 Ugan WA BACH 7 F, 5 Kiyik
WA WA 2 B S A A 13 F, 3 D IERF
VEIRAT B PR 76 BRZ 22, o5 LT Y 66.
67% , SiA bR E Ok, EREEE RV N
A TR Y L A PR, AN R A A AR AR S XA A
IR AP A . 3 ASEAEE TP 17 DR E Y]
V9 A= TR v R e R ) B R T RETE S M AR N
B e A EE A IR, S AR 3
HR,AFEAE

Ugan Kiyik

.
7N

Tarim

H5 BHREEEES RS
Fig.5 Venn diagram of representing the number of species
isolated from each sample and the overlap of species among
the samples
et Ugan 10% Ugan 3], Kiyik {8 Kiyik 3, Tarim {4 FH50 %
SRt

2.5 DHFP S TR AR R b

ARG LE B B AR — A AR REIE TR Y

Tt BN B R AR TE T H B AT AT AS [ 40 B8 V% P

PRITHT , A YIS 76 5 181 b 45 i 19 22 /0 AT DL B0 ) R ik

— ARSI A AORES TR BT B

Bt Z RWIIARLHH WL AR X E AT TR

FIVRR G, S5 22 W) 5 B 5 A7 3 T3 e 0 R A 3 DL oA

G G 8 A N B e g A S ) e |

B BEFE SNSRI WA R G RE L AR BETE TR

55 SN PRFRAS W7 B AR 5 B, = SO A Bk b, i LA

— A B V& S B AR B AR, AT DL %

FET T DR RN B A S HE bm A T A R R R 2

AHEFE N Ugan 1] R A 8353 85 8 T & £ (270

) RIS RS N A AR, ENTRE T 6 KR

GURBRRE, 34 E 81 MWRh, 4 3.333(270/

81) M B MR 1 AR 1 e ot (R

4) o Ugan JIFE S 23 55 21 F (3R 2) WEAE BT AT,

Y4B 12.857(270/21) X BSRAEAS K 1 1 T ALE

FETYIRI KBTI (R 4) o TEFRKF BRI T

BRI

M Kiyik VI RAE 850 85 3 T4 (151 #R) B3R

RESHBNAERNK, ENRET 6 KRAGKH

KR, 25 )@ 49 AP, P45 3.082(151/49) 4

B RART A 1 AR R Rt (R 4)

FETEAEHT B A O AS Rt B TR — R 3, RE R

oy B E] 20 B (K 2) WAER AR, P 7.55
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34 4

(151/20,3% 4) Do B MR BRI A 1 N IREE BT
Fh 2800 (3 4) s ZERN YK LR B T RoK R
FHAE

IS AT R A B B 8 T A2 (167 BR) 3R
BRI SN AR, HR2GEE T 4 KRR K
B, 19 NE 39 MR, P45 4.282(167/39)
AN EEARA B E 1 AR K1Y 43 24 BT
(F4), FEAPALIY B R 8 Fh (36 2) IRTEHT I F,
B4 20.875(167/8) o B AR A BEAE A Y 1 MW 7E
BT RN T 2R BT (3R 4) s TERM B /K B3R T
BRI R B

R4 INESRPGREREESEER R HE

Table 4 The detection rates of bacteria species number and the

indigenous potential new species number in three ecosystems

Hahi e Ugan ¥ Kiik 3 B3 03
Detection rates Ugan River  Kiyik River ~ Tarim River
BTG 2

detection rates of 1/3.333 1/3.082 1/4.282
bacteria species

BB A R

detection rates of 1/12.875 1/7.550 1/20.875

potential new species

4B R Kiyik {84 N A R RE T
TR 2305 R BT TR R AL ) AR B e i A R
P RARI R T fre i e A R R IR S . #h (R ZR P b B
SRR bty B AE W PR A E R D T Ik
AR AP BRRZS SRR FR R LA PR, AE3E T
SETTIE I N A RS TR R G AR YA
Tl th AR BT R AR, RS LR T 0D A v 2
AR A2 T RER A, ARAE SR RE AR
SEABL M HORH A B AR IR A 58 34 T i B R 114
WREIE ) B A SRR O gl Ak IBRHNE Uk
WS . Ugan 10715347 P9 A= 1A v 1) 11 FpAG: 1 56 5
FEBT GRS R U 55 A7, 4 B R VR 45 R R
AT —EREE R BUE (A E AR G R B T
JEARIRZS

3 e

(1) 35 BRI MR A 1 R R — Fr R AR W)
b, oA AR 2 S 30 J7 hm®t7 3 T0] i 2 bk
DX KRR 2, 32 NIHE = 5 A G TG Sh s mi /) |

A EORFEE AR AR . ARG BT 3R A R W, A
¥ A AN R =, SRR e TR TR R R
KV LRI T HANAENEEE, RELE Y
5] BERAEA PR R A XS AR E . 7E 588 Bk 43 TR Bk Pk
A 211 ¥RERY 16S tDNA 7515 2 4238 1 & 0  1)
AHRUTE/INT 98.0% , BAT S 55 BLR A AR oA A 40 TR
IR A TR R, ORI, OB, TR 1 26 A
B sk iz (19 NEI 41 AP ) 485 148
IR BB SE A DR T R I Sl D 1 A7 B
T AN ERE AR SR, SRR SRR 5
LA — KA S IREE IR T R 1 — B

(2) ¥ HLR ] 3= Jn) 3 2 H Al 2% A0 4 Ak
X, A AN A = 5 AT S I R AE X, T
TS 126a () Ugan 1> ST E 5 344a 1 Kiyik
TRE S TR P R T A R X (B 1) B
APl T R B A, B TR &R, o
o PR DT 452 1l 43 A 2 AH > B AR, TE B T #E
i ) 123 ) OGS B B P 3 ARSI R L 3 4R
TR 53 B A I B V& 2540 ) AT B (TR 5) #8 o <3 A
A LA Y B B AR T A A VR A R TR
B, AP R T S TR P A s o A PR, AN [
(A PR AR S DX AN (R TR Rl 20 AT R A5 0 e
DA R (3R 2,3 4) B R W . Kiyik 1T B Fh 5 1 7E
Bl R OARREE S+ d =B S MEA [ =X AV W N SR (L)
I HAE A b B 8 B /N AR S PR A R IR A TR
N PRHE T e JE LR P TS 25 R IR 2R . Ugan 1] (14 B ol
SEEMR R, 5 Kiyik WS THRZ 03T
PR, SRR, X 5B 0, 5 AL
AL XS R FE B A — 3, STV 1Y B A 5%
P AR R I AIG, AR WAL S e M i A
12 U AN A: 25 whil e, e i e) 5 2 18] 15 240N
FIE B A I VIR G

(3) AR VTR 78 5 TR e At 3 2 8 A YRR 114 V85 78
PR ESCAE T T R 5 10 23 B TR AR R TP B i I R, B
oA )RR D0, R AL, AR LR, B T X
TRV S5 P 2 75 Bl A AR B HL ol 8 88 A7 %o ELAE
R T HIE T A 68T o R 3 2 i BV 1 40, T
ANBEFH T XA UGB B Rh /D Bk = (R 19 2 BT
R R — N %) T A TR R BCEE BT A
(4 B TR BT (5 B LR B eI &, AN 0,
RE SR FEER A o (H SR AT DL T AT
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il 1 ANHEVE B AR SO FR B, 0 HC 3 N X A Y55
A D BN T AR B0 BT, X 8 OB e
HHRE 75 45 R Y SO RS DR R AR B ,  22 mglt 3 WY R
Et T BN S ik 7/ =Dl i

(4) 3DHERILA R 17 w18 5,31, 5%
2) S it A 5 A A T R e T A A% D R Y T
Flr BT REFE A I A B AE AL ) AR e 5
TR E 2 R R E R, EATE W B A B
AR BOAT e TRIAR . AEY) N 2B A0 AR D R R
B, A Sk 3T A R A B T R A T K i B
ENSMFZ 27 IR iZ GBS T2 Wk, Ot
EN T A -2, AR — B2 24 B A
o, SR BE U, A, R, M R, BT
A , A RO S5 L TR R Y T X S AR
HuIE T EA A7 AR A S WS A A A AR R A 1
FRUO A A rh 4 3 R R 1) T B % 9 A 4
T, A ) —HEEAT AR B I 1 FH 0 A A T D R
TEAR B SR AN I BT , Bt S RE ) R HE A% AR A
8507 HRATIERY 2B R S,

(5) i B v s e T f B B IR T R, B 1 A
RHIEAE F AR S b il A7 7 B A o AR B
TAE W RE AR T A o), Al T4 B ) 0 AR 3 T g
BHL, B LA 05 D5 AT 11 B R AR A A
I IE IR B B RE 7 A A R R P R e
K AT HON S840 B AR ™ P Fn g5 3 A ) L 4L
YU A A PR I AR AR AR R R R iR
F37A0-2] A B 9 o A B 5 Pseudomonas
xinjiangensis FH 2 AV 707 181 PP BAT e il (C4) L 26
PR (C8) , TR 1 W TR I, ol A Wl T T 05 1k, T HL
REFERRITA R R, WU R E PR, Wik
A LLHED | Y55 Pseudomonas xinjiangensis X /™ F& Fh A
R AT A 9 AR TR P A PR H
ot ZEBI 1A #7005 5 RN A 4 X — LA ALY ) )
ST S —E R

4 it

(1) 3 BRI S0 A7 MR A 9 26 A o LA AR & 1Y
AN TE Z RN FE 23 B AGIN (Y) 588 Bk 4 B iy Y Rl iy, 3t
KIR 6 KAHEAA T, Hord v- AR RN A 40 T 5
EE I 50.17% , JEEER ] 7 34.58% , iR R[] i
10.17% , a-ZE L T 40 5 4.24% ,3UFF TN 0.50%

B-SILH A (5 0.34% ;3L 47 N &, 114 Fly y-2S I B
SR FIJEERE TR ] Y 20 T 5 A ZE AW A AR
i AL P (29.76% ) F1 2 FIAT I & (19.05% ) Ak
A

(2) By B ERR RSl 211 BRE Y 16S rDNA 5
CL R A9 T R 50 AL /N T 98.0% , B AT &1 B
AREA A MR P A A TR 08 R A A TR TR, B0 R, L
o WREHT AP R BECR 2 ARz, o A AE 19
MNER 41 MR, HPYS Pseudomonas xinjiangensis
XA TEFPAR SR VAT A A (74 K, 12.585% ) /&
T4 9 A TR A AR TR L S R

(3) FEARZHEPEHE BRI Kiyik AR AT 5
TN AR ZREETRBON 0.931, 55 ZREE S S0 h
0.935; Ugan 0] A6 B0 =1, M 0.969, T fk—Jak
YIS BEFR B, Ugan 1] (1 AT 85 35250 4 9 A& 40 1
XA BEFE 0N 0.8570; B[R 22, 4 0.8314;; Kiyik
A, 2 0.7937,

(4) BT T A A N A2 TR RV 45 4 TR A
BE T AR B AR SHRERE T, 8 k4
THERMA, Kiyik 17 09 N A TR RE V% 25 0 R 15 e
e AR Z RN AP T . Ugan #1147 N A= 40 T I
TEESF R T B/ VR BE I AR TR AR S R R B AR
T, 55T Kiyik 7,
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