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Diversity of endophytes associated with Hippophae tibetana root nodules based on
high-throughput sequencing

ZHANG Aimei” , YIN Yiran, KONG Weibao, ZHU Xuetai, SUN Kun
College of Life Science, Northwest Normal University, Lanzhou 730070, China

Abstract: Root nodules are the symbiotic structure formed by microorganisms invading the roots of host plants. These
microorganisms can be collectively referred to endophytes. The endophytic bacteria in the nodules of leguminous plants are
often called rhizobia, while the actinomycetes are the main bacteria that infect non-leguminous plants to form nodules. The
main endophytic actinomycetes in non-leguminous plants is Frankia spp.. These non-leguminous plants are also known as
actinorhizal plants. Hippophae tibetana is a typical actinorhizal plant. It is very important to study the endophytes of
H. tibetana nodules because of the particularity of H. tibetana distribution habitat. For the study of endophytes from
H. tibetana root nodules, the culture method is difficult to simulate the natural conditions and it is difficult to obtain pure
culture, and the high-throughput sequencing technology provides convenience for the study of their diversity. In this study,
the root nodules of H. tibetana, which grew in Jingiang River beach in Tianzhu County, Gansu Province, were used as the
material. The 16S rRNA gene amplification high-throughput sequencing method was adopted to analyze the diversity of
Frankia and non-Frankia endophytic bacteria associated with H. tibetana root nodules combined with Operational Taxonomic

Units (OTUs). The results showed that the endophytes of H. tibetana root nodules had a rich diversity. Frankia was single
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dominant genus comprising of 47.63% of the relative abundance of total endophytes, and a total of 7 OTUs of Frankia were
detected in H. tibetana root nodules. In addition to Frankia, there were also a large number of non-Frankia endophytic
bacteria in H. tibetana root nodules. A total of 1523 OTUs of non-Frankia endophytes were detected, belonging to 22 phyla,
33 classes, 69 orders, 113 families, and 202 genera. There are 25 non-Frankia OTUs among the top 9 genera in relative
abundance. This research also revealed that there was rich diversity of endophytes associated with root nodules of
H. tibetana. There was not only Frankia but also non-Frankia in H. tibetana root nodules. There were different species of
Frankia in the same nodule sample. This study can provide reference for the analysis of Frankia spp. diversity based on
high-throughput sequencing and enrich the database of host plants diversity and Frankia species diversity. This study not
only expanded the methods of studying the diversity of endophytic bacteria in H. tibetana root nodules, but also provided an

analytical approach for the diversity of Frankia spp. in the same host plant.

Key Words: high-throughput sequencing; Hippophae tibetana root nodules; Frankia spp.; non-Frankia actinomycetes;
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3 2R 4 4 5 VD 8 Hippophae tibetana ) J&— Fh ML TR () Tl 2R B S5 i ke 4, L AR 3 BE S AR I8 , 114 7k
VORI AR IR TE TR A5 25 F 0 & 35 R 50 T 3580 5 R ) MR8 BT T B P ARIRE AR T) 2 T 0 AR g P 1y
Tl 4 2 B e [ LAY 2 T 9 22 5 EQ AT ( Frankia spp.) o X T V0 A 470 AR JRE PR 3 2% o G BT O T 5,
TE 1982 4F- Burggraaf 55"*' it VD AR v 2 B9 30 ol >4 50 FC TR (W 25 379, Z 5 B9 2t % VD AR 88 Py 2 3 >
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VE X BERFFE X ol 22 S R ZAEVERI ST, R WP 38 O A — A AEL T 90 22 o T 8 A 5 7% 1) X
R, S 3 A0 R RE IR L S IR 05T 5 0 22 S R T AR Y F AR R BE Z [ AFFEAR R 22 5, Rt ol 22 08
PO ok i S RG340 FAR BRI 22 JLa B R 35 R IAG  L 3eqIk, R 43 2 E AR 1 o 22 5 [T T8
PR BIAR BN ARG 43 8 5 0 TR RR B (UM AT B, 75 7 22 5 PRI 1) 22 R B At R 9 il SR

B e ) AR 1 K Je et i 22w IR TR AR PR RO BIF SR AL TS A, DY S R R A
Wy B AR ARG 8 S 2 AR ) 2H S AR = BE AR RS SR A4 PN A= A=, ELRE M AR A A TR e v 221 A
X = R A A 15 B R L T FL S A A5 ST A TR A i Ao e S T R B, v D
RO BR 1 35 22 se [N A AR WAE AR 3 22 e [, HX SE N A R AE A —2F EAED I A F R 2+
PECORT I L I R e VD A A 9T 2 T R B A A R SRR I 43T B L e = R 8 1 S [ TR A
BB, B R P A B A0 R Fh K S #5443 22 BR. 5T ( Operational taxonomic unit, OTU) S5 {H ,
I ASBIFSE SR 168 rRNA PRI 18 1 gt 5 I PR3 AR DT 1KSF R 7K OTU ZKSF- A 74 7V A e
AR 31 22 e ER TR AN 3 22 5 [T 1 2R, LI () —2F A rb ol 22 v QTR AR PR AT S8 S (A AL

1 RFAE

1.1 FEHbAF B SR R AR

KFEHA, T HN A K EINEFH e £ i ibhX | 245 0 37°28'N, 104°09'E, 4= X I3 7E 2900—4300
m Z ] AL AL AR L AR B, AR FER NG AR IR -2 °C  AEMK 560 mm, 4FZE K& 1592 mm, o484} G
T AR IR S JBIEYS TR AT RE RS . T 2018 45 9 H 21 H 7647 T FHLEL 4 50 ] o] it b
) VG 8 U0 R BB AR B rh BRI 6 AR VU SELV D BALAR , S ULARRE S 4y, e A TR A h A TR A . DU
FIRRIREIE S ANl 1 o, PO s AR 98 T Atk +3E3REE 1 pH Ry 7.33+0.12, & /K 88 (26.47+0.34) %,
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1.2 PHEIDHARE S DNA BSH PCR 91 X i £ 0 7

MR AR DNA AOERIBCR T CTAB IR R &
BB IR 1% Bt e R R PR KR T T $ B DNA. (1)
sk, {4 Barcode HY4F 551 4% & DNA 1Y 16S
rRNA-V4 X #4T PCR ¥"1%, PCR ¥ 35K ] 50 wL PCR
PIGRR  § B ROV S5 98 CHIAEH: 5 min, 98 C7AE
730 5,50 “CiR Kk 30 5,72 CHER 30 5,25 MEHR, i)
72 CIEM 5 min, PCR ¥ T 2% R 5E K B vkR I
FIAKES 4 CIEE & ) {8 ] Thermofisher 23 7
A9 Ton Plus Fragment Library Kit 48 rxns #8561 T
SCIER R AE AT SCPE 2R3 Qubit 2 et R SC R A
S5 @ Hlumina Hiseq S M- 5 2047 EALIN e i D7 o A ol I st i R B0 E W 15 B R
PR 7] 58 1
1.3 ey ) e s ik 2 5 0 A

i Ff Cutadapt( V1.9.1, http://cutadapt.readthedocs.io/en/stable/) 261 =%t Reads HEAT(R B F &40 89 4],
HAE Barcode MASFFNIF) Reads HH743 H A RE S B , #8025 Barcode A5 | ¥ 751400 A6 o 45 15 3] R 4h B0 4 22 350 DX
AN HE S BB Reads 7 22 HEAT 22 BR i & 7K 7 51 1) 4b B | Reads J¥ 51 38 3 ( https ://github. com/torognes/
vsearch/ ) 27 5 W RN RREUE A HEA T HL R i 5 P 81 e R BRI (i S IR T4 49 3 e A A R0
Wi . FIH] Uparse %/ ( Uparse v7.0.1001 , hitp ://www.driveS.com/ uparse/ ) ' X Flr G R i B 4350 SO8 2017
A BINLL 97 % 1 —BHKE 7 51 B R AN ) 1) T #5243 2 BT (W] IR 23 6 B OTUs v s BEARURS B i 19 )7
SIEN OTUs BIARRFF1, XF OTUs J¥ 9 A7 9 Fp 8, F Mothur 75 %5 55 SILVA132 (http://www. arb-silva.
de/) " 1) SSUrRNA d 2 SEA TR B ST , 4R A5 4 252405 BLIR4 BIHE A5 BEAS 1 45 A4 03 28K PG i
TR,

2 HREHS

B1 BEEDREREES

Fig.1 Nodules morphology of Hippophae tibet:

2.1 MU AR R LN

e ) A B ARE N AR T UG PP A 71858 2%, A AT 5 68265 2% MLUT 51 43219 4%, Rty 7 o
FER 99.2% I R BE R B o3 Ay BE oK H S it T 58, 36T 97% AU 19 43 2 K1, SL R 51 826 41T
OTU,ZMJ&E T 22 4~11.33 40,69 4~ H (113 ANBHA1 203 4~ J& , A% BEHEA FT 10 AT TRUR e 1 i, 45
R AET 420000 | PO VD IR JRE PN A T 32 B 40 A AR ICZR R 1] ( Actinobacteria) A JE B 1] ( Proteobacteria) |
PIFFBE 1T ( Bacteroidetes ) 55 , P AR HZE AT T ( Actinobacteria) B KR, PUG VD AR I N A2 18 &=
BT I 22 TE B (Frankia) RN E ( Pseudomonas) 557 B0 & ( Stenotrophomonas ) %]
i 22 IR E ( Frankia)

XTFEEEHEAET 10 @S TP Fh oy 2w sl 25 R e 2 FoR . DL B 5 SR SR I ZE VD MR N AR TR
AMAFAEAR K35 22 58 [ ARG AR 90 22 e IR
2.2 - pH FS K a0 7 v O IR P A TR T 2 R 5

5 VG VD PR IR P AR TR RIS T L3R 5 3 pH 2% 7K i (Water content, WC) #£47 RDA 43477, 3f:d H
Canoco 5 HEATEE AT AL, 45 S anl&l 3 Fiw

RDA 73 M SR 2 W], HEP il RDAT 1 RDA2 J7 22728 4 i e 73301 97.93% M1 2.07% 5 Forfr, 3 2= v [T @
FIA S 5 -5 SR TR AR =5 B 5 398 pH M /K it 1 28 AL 52 TE AR G, FLA AR 35 i A X =F B2 I 5 398 pH
KooK i AR AL 2 A G,
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x1 ARDHRRENEEAXNFEE

Table 1 Relative abundances of endophytes associated with H. tibetana root nodules

AT *HX\JEEE/% AT *ﬁxJ‘ﬂEE/%
Phylum Relative Genus Relative
abundance abundance
Actinobacteria JIZR #[] 59.52 Frankia 35227 KA S 47.63
Proteobacteria 5 ] 35.38 Pseudomonas 5% BAJH 5 & 4.45
Bacteroidetes T ] 2.09 Stenotrophomonas FE3% ¥ 1 J& 0.78
Acidobacteria FRFT 1] 0.77 Sphingomonas i 2 B H I B & 0.47
Planctomycetes 7755 b4 | | 0.51 Massilia S350 & 0.24
Firmicutes JEEER ] 0.32 Unidentified Oxyphotobacteria 4<% % -4 E G 0.14
Gemmatimonadetes 2F 5L B[] 0.26 Frondihabitans " J& 5 J& 0.07
Oxyphotobacteria A= S YGAN A ] 0.14 Friedmanniella #3€15 7] [ & 0.03
Nitrospirae AR E R ] 0.09 Methylobacterium AT g 0.02
Deinococcus-Thermus 575 BR B - 4 5 ] 0.01 Kineococcus ZER T & 0.02
e 001% @ 0.1% @® %
Actinobacteria Frankia
Kineococcus

Frondihabitans

Friedmanniella

Monera
PS Unidentified
Oxyphotobacteria
Oxyphotobacteria Methylobacterium

Sphingomonas

/—. Pseudomonas

Proteobacteria

Stenotrophomonas

Massilia

5 ] ] H &

B2 P R N EE R S KRR E
Fig.2 Classification tree of endophytes associated with H. tibetana root nodules
Monera: JFEAZA Y5 Actinobacteria: JZL B 7; Oxyphotobacteria: A= E GHNE [T; Proteobacteria: ZF L W [1; Frankia: #5255 KT I8
Kineococcus : BHERWA IR ; Frondihabitans: W & W& ; Friedmanniella: 3538 1[G J& ; Unidentified Oxyphotobacteria: A% %E-A: £ G AN T
Methylobacterium . W IEFF & ; Sphingomonas . ¥HR BN E ; Pseudomonas. RHMIEEJE ; Stenotrophomonas: FEFFIAMIE & ; Massilia: T
FEH

2.3 RN AR 2 e IR I 2R

TE VUV BRI N AR B, 96 =2 se FRR R D03 o 10 v o 00 g A ARG 3] PG B D AR S Ao A v I
AT A REE R OTUs, Bl 22 Se [ R 431> OTU ML F 1, 5 NCBI L &R 11 39 Z& 9k 25
[T @ 16S tRNA FEH P HI AT X, LA 36 22 5o [T @ 21 2% K R A (1 Acidothermus cellulolyticus 1AM
U MERERER, SR 4 FTR,

] 4 45 SRS e e 0 G I 21 A 8 22 S EC T OTU 5538 [ WU L S8 DI AW IE 9 IR P I A B2
AR SRR R R AR SR SR S5 i 2k T A R AR Y 9 22 S IR 4 AR
FOZERE  ELFE R B8 ali s 73 i MRS 31 2% T8 [C B ( Clade 1, unisolated strains) , 2347 -4 - K BRI YL 2H 19 31 22 78
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1.0
Pseudomonas
Friedmanniella
Methylobacterium
X wC
FN
(=]
IS qh\ Frondihabitans
2 |3 g
Franki
coa rantia Massilia
omonas|
Kineococcus
Stenotrophomonas
pH
Unidentified Oxyphotobacteria
-1.0
-1.0 1.0

RDAL1 (97.63%)

E3 AEELRRENERLZEENEESTIE pH RE/KEH RDA 547
Fig.3 RDA analysis of relative abundances of dominant genera in H. tibetana root nodules with soil pH and water content

RDA: JUAY#T Redundancy Analysis; WC: F 7K Water Content

FCHE ( Clade II, Alnus-Myrica-Casuarina infective strains ), #H Bl B} = % 244 69 38 >% 5 K B8 ( Clade 111,
Elaeagnaceae infective strains) A& AF LAY K ( Clade IV, Atypical strains) , OTU3 Fl OTU241 J& T A1 FHZ 4L
ZH 1Y HE 22 YOG ( Clade IID) , Hidt OTU3 5 Nouioui 25 S 5E 1) Frankia elaeagni AR FEREST 1] OTU241 K fig
K %52 ) Fh; OTUSS ,0TU1030 ,0TU1958 .0TU1524 1 OTU2669 J& T 7iA% -1 M- A BR 25 2 YL 2H 1 9 2% 3 [G 14
(Clade I1) , H:Hd OTUS8 55 Nouioui %5 M5B Frankia alni FAUE RS, i OTU1030 ,0TU1958 ,0TU1524 FiI
OTU2669 A RER 45 2 f

it b 22 v RE AR OTU AR PR XSS SR OTU 5550 BO HAI X B 45 503k 2 fis, 45 5R %
W, 25430 22 e [UBA Y OTU 78 U ey AR 8 o i) = EA [

F2 AEROBHREANESZLRKE OTUs FIHRERRFINHHLE

Table 2 Sequences number of Frankia OTUs representative sequences associated with H. tibetana root nodules

01U Feo%R HAXS B/ % AL AL/ %
Reads Relative abundance Similar species Percent identity
OTU3 22103 45.04 Frankia elacagni 99.20
OTU88 503 1.07 Frankia alni 99.47
0TU241 656 1.47 Frankia elacagni 97.94
OTU1030 6 0.02 Frankia elaeagni 91.52
0TU1524 15 0.03 Frankia elacagni 94.50
OTU1958 2 0.01 Frankia alni 92.65
0TU2669 5 0.01 Frankia elaeagni 94.26

VU Eor 28 s e g5 RS2 S0k 32] ; OTU: ATHE43 2 878 Operational Taxonomic Unit
DA S5 SRR B 7 VU SRR AETE A I AR B A 1) 7 24 v E AT, R I s S8 S 365 M X P v AR
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Frankia sp. FE41 (AF063640)
Frankia sp. BMG5.4 (AJ549324)
Frankia sp. BCU110345 (DQ336134)
Frankia sp. BMG5.3 (AJ549319)
— Frankia sp. Eal-2 (L40618)
Frankia sp. BCU110601 (DQ336133)
Frankia sp. BMG5.10 (AJ549322)
Frankia sp. HR27-14 (L40617)
Frankia discariae BCU110501 (NR149807)
Frankia sp. SCN10a (L40619)
Frankia sp. BMGS5.5 (AJ549320)
Frankia sp. FE39 (AF063642)
Frankia sp. Sn5-8 (AJ408875)
Frankia sp. (AJ549325)
® 0TU241
Frankia sp. BMG5.2 (AJ549323)
Frankia elaeagni BMGS.12 (NR153676)
Frankia sp. Sn4-3 (AJ408874)

6

W

56
87, Frankia sp. FrCam (AF050758)
Frankia sp. FrCth (AF050759)
Frankia sp. (AF034776)
Frankia coriariae BMGS5.1 (NR156877)
53 Frankia sp. FE2 (AF063639)
7= Frankia sp. FE37 (AF063641)
= Frankia sp. Dryas (L40616)

53 Frankia casuarinae Ccl3 (NR153675)
— Frankia sp. (L40622)
® OTUS8
Frankia sp. AcoN24d (L.40610)
Frankia sp. (L40956)
Frankia sp. M16464 (AJ408871)
Frankia sp. M16467 (AJ408870)
Frankia sp. MRn2-2 (AJ408876)
Frankia sp. Mpl1 (AJ408872)
Frankia alni ACN14a (NR153674)
® OTU1524
® OTU2669

57

— Frankia sp. BMG5.11 (AJ549326) /)

® OTU3 —

Frankia sp. (U69265) —

96
99

78 Frankia sp. Ag45/Mutl5 (X53209)
ﬁﬂjrmnkm sp. argp5 (L40612)
Frankia sp. AVN17 (L40613)
83 Frankia sp. Agb1-9 (L40611)
Frankia sp. Mgl5 (AJ408873)
Frankia inefficax Eullc (NR149181)

69| Frankia sp. Ceal.3 (U72717)
Frankia sp. Cea5.1 (U72718)

Frankia sp. M16386 (AJ408869)

Frankia asymbiotica NRRL B-16386 (NR159195)
Frankia saprophytica CN3 (NR163610)
Acidothermus cellulolyticus (NR074501)

& 4

® OTU1958

BRI RMR Jud
(Clade II1)
RFAFELREFR
(Clade I)
HHg-AhE-
AR R Jeddl
(Clade IT)
® OTU1030
e FIFp
(Clade IV)
0.01
| I

BRI RRENERZRRAREREH

Fig.4 Phylogenetic tree of Frankia species associated with H. fibetana root nodules

FETARHERE | T 5 AU R A5 KA (Bootstrap ) , KT 509 RO (1000 YK E AR ) WA s, 355 N & NCBI 2 kR %0 22 v [LH 16S

TRNA L (1515 585

PP A IS 22 SRR T AR NR R SR E A B AR T IOA AT S E

2.4 MRENAIE = IRE 2N

FEPU VD B MRS B 1 AR R R o 22 e IR A I AE 7R 8 MR 9 22 o QTR 38 o vy iE sy
kim,ﬁjkﬁéﬁ&%ﬁth ,ﬁl:%)%jﬂg%iﬂﬁ%ﬁ(Pseudomonas) ,*ﬁ%‘fﬁzgﬁ 4.45% %%éﬁ&%ﬁl‘,ﬁfé

http ; //www.ecologica.cn



8218 JAE = 41 4

AR BEHEAA T 9 A VE B SRR 9 A= B R =2 U IRTE Y OTU MARERIT I, I R R F W, 45 R sl 5 fr
TN GEHFR TEARXT ERERT O M VU AR VD R IR P AR AR 9 24 v QR R, 4 2 PR M TR & ( Sphingomonas ) 255
A 10 NASE Y OTUs, F B AT 30 5 1) 2060 BeAh , W LA T & (Methylobacterium) %47 4 A~ AR OTUs,
LW & (Massilia) A 3 DASFEA OTUs, % 500 5 & ( Pseudomonas ) A 2% 5 0 A= 28 G40 B ((unidentified
Oxyphotobacteria) %57 2 AN ) OTUs , 5 7 H il 7 J& ( Stenotrophomonas ) . 1 ER # J& ( Kineococcus ) Fll i %
T8I & ( Friedmanniella ) 75 PV BRI LA E] 14~ OTU

unidentified Oxyphotobacteria
Kineococcus

Frondihabitans
Friedmanniella

Pseudomonas
Stenotrophomonas

Massilia

Methylobacterium
Sphingomonas

[(NEEECEEE

g )
2 2
=
(e} =)
)
S

5 ABPHRIRENEFER=ZERERELER
Fig.5 Phylogenetic tree of non-Frankia endophytes associated with H. tibetana root nodules
unidentified Oxyphotobacteria: AR%EE-AEOCH W ; Kineococcus: ZIRW )& ; Frondihabitans: W G JE; Friedmanniella: 3f 58] KRS ;
Pseudomonas ; RIANEHJE ; Stenotrophomonas ; S35 AN ; Massilia: 3% )& ; Methylobacterium ; W IEFF I & ; Sphingomonas : & B 5L
i)

YRS OTU BACERFFFIAE NCBI k4T BLAST X, S A7 0 2% 58 | IR G0 1 JH A 7 5 v SRR I8 v )
FPHVEL 25 R NFe 3 R, S5 RFRW R FI AR I 22 5 UG B A U R VD SR IR v 9 =E B[] Ie Ak IR TR 4
1A= OGN TR H 9 OTU2 A OTU13 AR JFH112: NCBI H (1) BLAST FLX 5, TCHAG IS B, 223 FIE S 19
SEILYAEOR VO IR U BRI i P AR AR 9 24 e [C B ARG £ 5 IR 2R

3 it

ABFFER I 168 rRNA FE A1 7w ad 0 e BOR  0 A2 KT R BN 75 T2 £ <6 0l i XY Y 587 ik
MR N AR TR ZAEPEEAT TOE9E . WETEAS SRR, DU AR R P4 A T8 B AT - 1 2R AN & AT
BRI RENEILAE B RN I 22 PO FR i, i A0 3 AR I 22 S BT, ool 0 e ik A I 45 SR 3R I, o 22 T IR
AR 2 VU R0 SRR P A T i 2 X O34T, LR BE 3k 47.63% , BEAR Y SR e A H AR 7
SR AL T ) P D ROR SRR PN A A R R v B AT I I T, A B R U R R A0 T R AN R M AR Y
TEAIE h R AT 2 Fh B A TR A 2R R AR R B, (EL 1 DA = o DB A0 B o5 2 X35, AT UL, A
[l YRR AR AR AR B o 22 SRR R B 3 E AR MR RE A [ ) 22 otk

ASBIRFEAE A FH v 208 00 e e PG e SRR R PN A BT 2 R BEA T 20 M RE I, X e T A B PR A A T AR O
BUAMHT, LA OTU VE RS 2%  FEAR R 932K EXd R — 2 A TR0 40 VA 26 aliEAR BT 97 % 114)5 51 A
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J& TR, BI5—FFh ( phylotype) ™) A7 30 i = 368 0 00 o 6 00 81 P 0 AR 9 b 36 5 7 AN I8 T
% 5a [RGB JE 1Y OTUs 3l 35 20 B L X9 U3 & F 96 2% 5e IR B J® 7 4> OTUs 19 16S vRNA 331, & BLAF P4 i V0 AR
T AR T R RITHILIE R T I, WA R AR & RIT N HEAT R MFAIT S, Bk, X+
TE VU D SRR I8 rhoAS I 1) 9 o 2= S QT J5 SR AT 456 ali35 IR HOR X 70 B RIS I TR MR A T IE B 4 e A JiE
PSR ForF 252, AR S A5 Mo Al ke BT ) SR AR TR) i, ko oo 260 0 JRAR 88 9 2 e [ 71 9 OTUSs
PEATIE 20T A 3] 5 AT 2 AN @ T 22 PO IR B 19 OTUs, i) WL, 437 T 25 5 1l X 114 VG 58 70 kAR 988 PN FE G T oAt
Vi A AR R e A A T R 22 e IR RO
#3 BEMPBRRENEERLERE OTUs FHIMRREFHSLLER

Table 3 Sequences number of non-Frankia OTUs and identification of their representative sequences associated with H. tibetana root nodules

I 0TU Rk AR HHLEE /%
Genus Reads Similar species Percent identity
AU R EOL AN B 0TU2 40 Trichocoleus desertorum 90.57
Unidentified Oxyphotobacteria 0TU13 22 Trichocoleus desertorum 91.03
IR & Kineococcus 0TU7 9 Kineococcus radiotolerans 100.00
"B S Frondihabitans 0TU42 28 Frondihabitans sucicola 100.00
WM TR B Friedmanniella 0TU33 3 Friedmanniella luteola 97.35
BB R Pseudomonas 0TU6 1806 f:;‘:}‘f"';’;:‘ﬁ;ff:"’mp his 100.00
0TU55 14 Pseudomonas alcaligenes 100.00
HFRYPME)R Stenotrophomonas 0TU1 274 Stenotrophomonas maltophilia 100.00
IR E Massilia OTU119 1 Massilia varians 98.24
0TU34 6 Massilia oculi 97.61
0TU1280 2 Massilia aurea 96.60
P ILHF BB Methylobacterium 0TU9 6 Methylobacterium goesingense 100.00
0TU2086 1 Methylobacterium gossipiicola 97.39
0TU169 15 Methylobacterium bullatum 99.71
0TU520 1 Methylobacterium fujisawaense 99.12
SRR ANMITE I Sphingomonas 0TU788 3 Sphingomonas daechungensis 97.62
0TU27 59 Sphingomonas lutea 98.94
0TU924 15 Sphingomonas sediminicola 98.16
0TU49 2 Sphingomonas qilianensis 97.89
0TU512 40 Sphingomonas wittichii 100.00
0TU912 1 Sphingomonas jatrophae 96.83
0TU4 14 Sphingomonas faeni 99.74
0TU160 5 Sphingomonas aerolata 99.47
0TU16 5 Sphingomonas leidyi 99.74
0TU902 1 Sphingomonas paucimobilis 99.74

OTU: "J#1E43r2 550 Operational Taxonomic Unit

X5 T U0 o AR R P i 22 e TR AR PERIBIESE, ©A 2238 R S [R5 1 BEA T i A OG T 5T, RS 4L
SEUOTRHT PCR-RFLP 43hRic J5ids , SR IRV b 2316 () o (100 AR IR D9 194 3% 22 8 QTR 1 38045 2 REPE R I
B, v D SRR T A o 22 o DR T 22 M0t s 2 /AT 2 PO RIS AR | v [ 0 AR R 2 o 22 e TR B AT
F R IR L 2R TEAN TR R AR VD AR D9 o 22 50 QB i 1% 2 REVE Y & BE R — B, R R T
MR A BLEED 1Y DNA YR Jlad 168 rRNA A FHI 04, WFFE 1 N SERE 1 R T VLA VAR IR o 2 v
R ARG LT RR, KAV AR B T34 m 0 22 SR Ah 16 T 2 Ar 7B AR 96 2 e IR i, HL
SETE VDRV TP B I B 90 22 O IR SRR T IAM TR Y AL, AT M R R B AR A B, PR
SRR v A8 43 3 22 5 [C B AT LU YA A7 #} ( Elaeagnaceae ) YU ( Hippophae ) 1 VG D K, 18 RES 12
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YLHE A Bl ( Betulaceae ) ¥8 K J& (Alnus ) B9 35 % (Alnus japonica ) & A K 85 Bl ( Casuarinaceae ) A bk 2 J&
( Casuarina ) WIARKEE ( Casuarina equisetifolia ) 553E TZRHE ) , 7€ W VG 6K 10 BT v %) 2 26 5 =2 50 IR B AR 2L AT
A EHYI R ZHEE

AMFFEIE A B, VG YD SRR IR v A AR B 22 5 PN AR TR T2 A MR T AN B R R A, b i
PP TR S AT S r ARG I 2 A AR R AR TR 2 5 IR R AL R HOR XS EEE D 4.45% 15 2 A
OTUs.,, fB5 M B4 40 B RE RS 32 40 A T4 AR A B b AL RS AR A AR P 77 . A R AR &)
R U)XV BRI N AR B HEA T T 2GR 15 3 18 AR I 22 SO R, 23 il & TR R TR s A
/NRATR R, AT L SR BB D AR [R] Y R AR R Y B AR 3 2 v IR R LB AR A Y 2
S 53X B S AR IR R ARG IR S O M N AR B AR A A AR AR S IR Z [ 22 5 A O, A TSR, ik
BRI DR A AR N A G AR B RE T L E DG o 22 B D TR {1 R R 4 A AR RE T = ) A A LA
FH, VAR AR R A 5 P R B G R AR o TIR A RIIRSE . M AEAR IR v 0y B 2 B SR v s, LA 10 1
OTUs , 2 W HAE VU BRI N BT I o 8 iR Z ek, TR, S 1 2R WV 000 IR e oA A T 1) 2
PE AT ZE TR WEIT B sl g S5 S 5 97 00 T AR D BOR 5 ARG 30 A s & IR AR T 2 1]
AR EAE A TR T S , AN RE % = 5T P BV AR I PN A TR T D W 5L G B 0% DAy W4 > Bt 17 vy ZE 3k
A3 B BLA SR BE RS ARE
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