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 E: [F%] &/2% (Anabaena) £ R\ LEF T2 oA, BABHEAE RS, AHELrmd s
ek A, ARGHKE LE P Anabaena e A A ETEE L. [B89] AEILRE F8E LEF
4% Anabaena sp. PCC7120 ¢9t¥ A i, P L XA MA KPS, HEAFAEA@MB G, H
A LR g SR A e 0k A RBESIE 2. [ %) KA 445 5. PCR-DGGE. 4|
FHARMZHF oA R E F 8 LIE P A mE 69 16S rRNA 2 52, #a kA mEegnrRibls, [4

#1 PCR-DGGE A 2 7 A b F 8 14 /> LA+ 4 5 5513 Anabaena sp. PCC7120 ¥ 4 %0 i 4 & Ao At
A RF); PCR-FAMNF R EA mHE ¢4 16S IRNA A H 57 37 &, TAEZIFK-F6)HE+k 36 &,

Ak

E 22 4 # 2B & H & (Sphingopyxis). R & /& (Variovorax). & 4F# /& (Flavobacterium)#= L3k & /B
(Rhodococcus) %, fEmXEAE mA LA EL T TR, FEMEALL. AR FZFAZ [L£] K
b F W RE LEF Anabaena sp. PCC7120 A mBAM X F K T LR, LA AT EHET
Sphingopyxis. Variovorax. Flavobacterium #= Rhodococcus 4 /5.
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Isolation and identification of bacteria associated with Anabaena
from upland soils in northeast China
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Abstract: [Background] Anabaena distribute widely in agricultural soils and have the ability of
fixing-carbon and fixing-nitrogen. Clarifying the relationship between cyanobacteria and their associated
bacteria is beneficial to improve the function of Anabaena in agricultural soils. [Objective] To isolate
associated bacteria with Anabaena sp. PCC7120 from different upland soils in northeast China, to
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taxonomically identify the associated bacteria, to speculate the function of associated bacteria, and to
provide data support for clarifying the relationship between soil cyanobacteria and their associated
bacteria. [Methods] Isolation from cultured plate, PCR-DGGE and cloning-sequencing were used to
obtain and analyze 16S rRNA gene sequences of associated bacteria with Anabaena sp. PCC7120 from
different upland soils and to determine their taxonomic position. [Results] PCR-DGGE profiles showed
there are different quantity and type of associated bacteria with Anabaena sp. PCC7120 from 14 upland
soils in northeast China. PCR cloning-sequencing result showed that 37 sequences of associated bacteria
were obtained, and 36 sequences were identified at species level. The associated bacteria mainly belong to
Sphingopyxis, Variovorax, Flavobacterium, Rhodococcus, and these bacteria were suspected with the
functions of adapting oligotrophic condition, enriching trace elements, removing toxins. [Conclusion]
There are different quantity and type of associated bacteria with Anabaena sp. PCC7120 from upland soils
in northeast China. These associated bacteria were mainly members of Sphingopyxis, Variovorax,

Flavobacterium and Rhodococcus.

Keywords: Upland black soil, Cyanobacteria, Associated bacteria, Isolation, Identification

WA A TR A R A A B R R G A T
T B FARIREE ) 21746, WA B A H AR I
S R — S PR A S A 4 B - A 6
REY], 52 TEARRARERS, HAThrR LB,
P4 20 T 0T 2 o PRI A o ) A 8T AR
240 R AU 2 ) (B 48 0 40 1 5 %) Ay Jo Bk 24 4k
A AT A A A3 2 1 (035 2 114 [ e i 7 A Y13 89

A T % 75 0 A 100 RS0 1 A 1 36
00D SR R 2 PSS i A

KT H) COp W BEMA | BRI 4 v A 1 i il 19 A=
KR 7081 Sl 40 1 1) A A R RO TR B
WA 2 G A AR A Kt A AR, H I
ALY A AT A A e A L A L SR A L
PRBEO4-15T {8 E R AR A o A0 B 2 G T A i
8T, MR s B A A [ T 7K BRI v HLA A
AT A B TEVR L7 1A 0 G i A S B A
AR, QPR 2 TR G a7 I T AR YL 18,
A Se Pt A AR AT N A RO, S ) LA T
HEME Y W 0 Bk LA SR RE,

{3 A 40 TR RO RN 2 R W A v T B A
—ERFR ., TEW AN X BCE KW, HAe A w Ak
KA, ZFEMEEE e W 40 s ad e A I
Wf, AR AR, ZREPERRATE, FREEA
- (i A SR i EUR pH R 5 e 4
A0 SO AR TR A M B R . AR PR A

B AN AN, A T A U R R A
B2, Dziallas % [“% Jf] PCR-DGGE Jj ikl 1
3 PREEAME B FEA T, DY 45 SR e B o 4 T 2
B F L4 A1 B-"2 I 1 24 (Betaproteobacteria) , il
WA AR A TR R AT — S Ay TR A
(Gammaproteobacteria); Jiif 55 4 (# F1 #4 41 14 1Y 112k
2 1A 7€ $ULFT 4 1] (Bacteriodetes) Fl o~ 7% JE 4 4K
(Alphaproteobacteria) )4 43 4ii . 4% % Joutikas i if1
KA w3 A 1A DA fA R 35 (Anabaena) T o 22 3
(Aphanizomenon) i 3, fiz & 2T R AN A HEIA
JEPETRT T (Verrucomicrobia) 4 i , 1 A 4 ik fi 4
A AE -8 T I 44 (Deltaproteobacteria) Fil
240 e R DR - VT R - R 7 S B (CFB 2R,
Cytophaga-Flavobacterium-Bacteroides) -2, 75 4 4
A2 P 14 A 20 i 2T 4E 2411 17 (Cytophagaceae) 22
FERARIG W 2 A7 A o UL _E o 32 S S K A
TR 1A A AT
WA AT 228, R A R W AN
Y26 F o T KBTI WA 1 A S R Y, id
SEAADL T BN T R A AR S R ), R ORHT
U AT AR o O T R AR [A] — K A0 o A [ 5
e AT T R G0 A T MU, AR SCIUL AR S TR bk
[l % (Anabaena sp. PCC7120) MifiH , 784 P B 5%
FAET EF AR [ 14& IR B 9% Anabaena sp.
PCC7120, }i4E—EBtitial)5 /4> #i4lifk Anabaena
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sp. PCC7120, XL 2 1% 200 1 0 40 A i 2 g %) £
ORGP R E RS, JRIUH DNA,
2% PCR 4734, wiFEM)7 J PCR-DGGE 4 f#)%F
%, BRI AN S+ 4 Anabaena sp. PCC7120
FEA AN RS, o R A o S A
B IRTRH 36 R P 5
1 kbR
1.1 ##

AN PR Anabaena sp. PCC7120 #i e Fk
FAEASE S s M EFER AAIE R R L, HAA

B 1,
BG-11 K537 4(g/L) : NaNO3 1.500, K;HPO,-3H,0

0.040, MgS04-7H,0 0.075, CaCl,-2H,0 0.036, f715
[i2%)k4% 0.006, EDTA0.001, NaCOs30.001, filhtic
FEEW 1 mL. B CEER(g/L): HsBOs 2.860,
MnCl2-4H,0 1.810, NaMoO4-5H,0 0.390, CuSOs-5H,0
0.079, ZnS04-7H20 0.222, CoCl,-6H20 0.050.,
1.2 R

I BG-11 A4 K5 7= 3L 55 9% 10 d 1Y) Anabaena
sp. PCC7120 £ # 5 mL 73 HIFER T34 1 g AN Hl
FERERN S mL EEVK A, MRS R T
FEFRAE 25 °C Higr. DR L:D=14:10, }i7% 2 F.
*4 Anabaena sp. PCC7120 [k 7 MiRLk o, JiE
Fp R PR H — PR R FRE £V BG-11 [ARE =3 (%

*1 HATIREKXER

Table 1 Basic information of tested soils

Fehn RFEHLE G Y] pH fH ki BN KR

Sample Sampling site Longitude and Crop pH value Total carbon  Total nitrogen  Water content

latitude (9/kg) (g/kg) (%)

1 A, BT 45°23'N, 126°22'E  Corn 6.53 17.02 1.68 23
Shuangcheng, Heilongjiang

2 Hedr, W 45°06'N, 126°11'E  Corn 5.78 19.97 2.03 18
Fuyu, Jilin

3 g 44°12'N, 125°33'E  Corn 4.79 17.45 1.44 22
Dehui, Jilin

4 INE, 43°26'N, 124°43'E  Corn 5.50 14.40 1.12 23
Gongzhuling, Jilin

5 BE, L7 43°05'N, 124°20'E  Corn 5.46 14.58 1.02 21
Changtu, Liaoning

6 MIREE, MBI 45°41'N, 126°38'E  Soybean 6.57 26.36 1.69 23
Harbin, Heilongjiang

7 W22 BT 46°06'N, 127°02'E  Corn 5.18 19.76 1.42 22
Hulan, Heilongjiang

8 b, BIEIL 47°13'N, 127°07'E  Corn 5.19 27.07 1.90 30
Suiling, Heilongjiang

9 Frat, RIEIT 47°35'N, 126°07'E  Corn 4.98 23.41 1.95 26
Baiquan, Heilongjiang

10 AR, BT 48°09'N, 126°13'E  Soybean 5.41 32.03 2.45 24
Kedong, Heilongjiang

11 6%, BJpIr 48°09'N, 126°43'E  Soybean 6.10 53.53 4.25 40
Beian, Heilongjiang

12 TR, BRI 48°52'N, 126°08'E  Soybean 5.39 36.76 3.06 35
Woudalianchi, Heilongjiang

13 1, BIEI 49°08'N, 125°37'E  Corn 5.58 31.71 2.50 28
Nenjiangl, Heilongjiang

14 T2, BIgin 49°26'N, 125°26'E  Corn 5.17 37.23 2.96 33

Nenjiang 2, Heilongjiang

e PRI B AU LS,

NG

Note: The numbers below the sample column indicate different soil. The same as below.
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Bl 2R R 100 mg/L)FHz |12k 4 % Anabaena sp.
PCC7120, [AI{A-H & F LI SR 5 9% 10 d B,
PRI BVE i — L alide, 4lidk 4 Wa,
SEHL | Anabaena sp. PCC7120 K LAt A= 41 1 H
10 mL JCEK e, W ICHEIETRS), Bl mL
B, FERE AR T AR 5 mL & KE AL
PAE B R AR i R, RIS G O X e
F 30 °C. 160 r/imin [FRAK, 78 KRG 5 F T K57
2.d, XTHR A AT T I, A BRZH AR IR HC 1 mL
TEI Y T B R 15 000 r/min .0 HLH 5.0 10 min,
BUVERR /MR HUR A DNA, DI & DNA Jiith, %
FH 27F/1492R 41 5 1912 T PCR 474, PCR 7™
Y H i 2Rty 2 e alidb 5 ok, DABHTE: 7E R A% 1
WAL, GC-357F/517R 51447 PCR ¢/ 4%, H
PCR j"#)#: DGGE HiTk, ¥4 AN [F B 2 iy BH 4
b R VA I 2 R Y, R il Ak A i) 2 i e
A A U .
1.3 EERXFIFLEE

A5 A AR F] . QIAquick 2 [Tt ) £ 34 1y
FAREFAED TFEARA A . 16S rRNA L[N 41
B9 5 | 47 Bk R P PR R 31 A 3Rk DR M 403 A PR 2 )
SER. PCR Y. EEHE % R4t F1 DGGE HITKAX,
Bio-Rad v vl s JLER TN, 154,
1.4 %k DNA HIIZEL

0L mL W 40 g AT R RRUE T 2 mL 30
15 000 r/min &0 10 min, A JCEE K PE i UUTE 3 1K,
TLVEH A 1 mL TE buffer FIZk J# 4 20 pg/mL
Y RNase A, B0 R 515 HF 37 °C il f 2 h,
£F 30 min IRHE 1 ¥ 1EHEAE T ASA A
FIAE B RS ZRE (L mm:0.5 mm:0.1 mm=1:1:1)f% L /)
'+, Bead-beating 15 s; &L H A 30 pL
10% SDS .30 uL 10 mg/mL & [1/iff K .20 uL 50 mg/mL
VTR, AKSiAE 37 °CIE 2 hy E.LEHRRIMA
J7i 65 °C ik 7 10 min; fifm 432K A 720 uL PCI
(5805 S e =25:24:1, {AFLEL)FI 720 uL CIA

(G5 157 3R =24:1, (EFLEE)ZE 15 000 r/min & .0
5 min 254 T IER 1 5 R FH 440 pL S N EEK 30 min
Briti DNA, 00l DNA JLE, H 70%Z 05 i
JEPE R DNA, 5.0 25 Bk £ 5 TLVE I DNA FH 50 uL
TE buffer {#%fif, 4 °C fRA7-%H .

1.5 #4%H PCR ¥/ 1%

AN 1Y 16S rRNA JEFR 519 27F (5'-AGA
GTTTGATCCTGGCTCAG-3)fll 1492R (5'-GGTTA
CCTTGTTACGACTT-3)#17 PCR #"## . 50 pL 1%
PCR [N iRZAH AL E . THESI14(50 pmol/L)4s
0.5 L, DNA #i#z 1-2 pL, dNTPs (2.5 mmol/L)
5uL, rTaq Buffer 5 uL, rTaq [§{E#(S U/ul)
0.5 uL, MAJCH K ZLARFL, [a) i 15 JCHEAR % BH
PE X B PCR JUW 254 : 94 °C 5 min; 94 °C 1 min,
55 °C 1 min,72 °C 1 min, 35 /M # ; 72 °C 10 min.,
1.6 #EMEPAM = ER DGGE &M

Xof W5 4 1 K A4 14 16S rRNA JE[K] PCR 7
Y1, M 2%Bi s iEERE L UIECZ) 1 500 bp K/
DNA H B, ¥ QlAquick F&[alirist 7] £ alifb )5 i
DNA F B iEH: F pMD18-T ik, # A K WHFF i
DH5a J&a7 25 A0 M0 R . B 40 330 5 Ak SF i Bk B
50 P EHEHETE, I RV-M/IM13-47 59117
PCR 41" 4 A5 BH 4 v B . PCR 454 [ -4 15§ PCR
Prat, UEPAEEE 25, KRR Y P R R
Wi %l GC-357F (5'-CGCCCGCCGCGCCCCGCG

CCCGGCCCGCCGCCCCCGCCCCCCTACGGGA
GGCAGCAG-3")#ll 517R (5'-ATTACCGCGGCTGC

TGG-3)5|¥ik17 PCR 43, 15 pL fiY) PCR S {A
ZA% L FFE14(50 pmol/L)4% 0.15 uL, 0.3 uL
FRAE MR, dNTPs (2.5 mmol/L) 1.5 uL, rTaq
Buffer 1.5 uL, rTaq (5 U/uL) 0.15 pL, #b /£ ddH.0
FAMREL, BICHAMAAYEXT I, 6 pL PCR 4
T DGGE #ERLHL VA . DGGE 7“8 14 )%
30%-70%. DGGE I [l 1% o AN [F) 57 AT R Y
B A T 9 5 7 0 A 16 2 I P 2 R T
1.7 AEHERAEEMEER DGGE #
AAS [ it P 3 20 1 S LA AR 41 7 16S rRNA
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JE[H PCR 7=# y#ifz, GC-357F Hil 517R A5|4
PEAT PCR Y744, PCR IZWi&R R (15 uL): . Fiif
51#1(50 pmol/L)#% 0.15 uL, #i#z 0.3 pL, dNTPs
(2.5 mmol/L) 1.5 uL, rTaq Buffer 1.5 uL, rTaq fiff
(5 U/uL) 0.15 pL, #b ddH,O EAAEF, B ICHH
JpBHPEXT B, 6 ulL PCR ™41 T DGGE % Hi ik
. DGGE Z8PEREE N 30%—70%.
1.8 HEHENRGLZES

1£ NCBI %3 (http://www.nchi.nlm.nih.gov/) %f
WA A A0 TA 16S rRNA JE A i T 14 5 25 1 ik
17 BLAST HoXf . # HAZ 172 )7 51 H ClustalX 1.81
PEAT RV IEAE > B . R MEGA 4.0 4R 1 Hy 2
Neighbor-Joining #EAL . A 3 #45 Anabaena f}:4:
71 F 16S rRNA 3L [H GenBank # 3¢ 5 N
MK684309-MK 684345,

2 HR54h
2.1 X4 Anabaena sp. PCC7120 4 &
16S rRNA ERE I3RS

fitix + 1 Anabaena sp. PCC7120 (i f{: A 4
JEFRTEE AR 41F T 15 3% Anabaena sp. PCC7120 Fl+
FERYIRA U, 75 Anabaena sp. PCC7120 bk A KI5 .
1 A T S S AliA AN BE BRIV, SR NA
BEFEIEAAT O A B A N R AR AN . RS
20 A R T AR O DNA, X 16S rRNA St [ ik
17 PCR 34 (181 1A), #4451 HIERE Y PCR 7™

Abp]2345 6 7 8 9 10
. Ia———
2000 - - - -
750

250 =

100

g 2000
750
250
100

Y15 1500 bp 4 e 4ifb i, #EFT TA 5o, 4
AAb R B P SRR A I 7E 1 600 bp i B A Akal
B ST (B 1B), PRI A B Fo R L
GC-357F/517R #1713 PCR §"#4(J&] 1C), 144k
14 250 bp K/ DNA B, AR FHTE soRE Ry iE
17 DGGE #illl, #7/¥ 1D o DGGE 4y A —4%
FHIF)ZRHT (853K T R) , B0 R e R AT B sz 2540
Mys&r, (EAAIAALFNY) DGGE KlifgH, BRI
7 N [ 1 g = W < 7 B =B 5 /N U

PLAEEANRE R 27F/1492R 514 PCR 47 144k
19774 ML, L) GC-357F/517R #4173 PCR,
PAFAY PCR 74 H %41 T DGGE £, MI&l 2 7
I, - 1-14 7 Anabaena sp. PCC7120 114 4 [
ML, R 7 PSR Z, 20K
8 iy, HAbALFRALFRIAA 3—7 Sty , FAAIE L
HErh Anabaena sp. PCC7120 -4 40 4 B A A7 46 55
K25
2.2 X4 Anabaena sp. PCC7120 f4 &
16S rRNA ERFE M ARG #H L1

SORE M Y 345 37 2% Anabaena {12245 i A 1Y 16S
rRNA JEH 741, 25 BLAST (3 2), 36 112k
20T 5 O RN AR IR 98%—99%, A sl
11-1 552 H140 14 Flavobacterium xinjiangense 12
PER 94%. AHALLYE S Y 36 47131 3= 20 A £ D
4 J& (Variovorax) il # #T [ J& (Flavobacterium),

1 AEL#h Anabaena sp. PCC7120 4 HE S FEMFLE

Figure 1 Molecular identification of different associated bacteria of Anabaena sp. PCC7120 from different soil samples

H: A-DJp51J9 PCRY™HE . PHYESCRERGIN . P 5EkE 41X PCR 414 1 DGGE #ill. PA'f1&y 1-10 2 HCE L FE 1-10, Tl
Note: A—D indicate PCR amplification, positive clone detection, nest PCR amplification of positive clone and DGGE detection,
respectively. The number 1 to 10 indicates the soil sample 1 to 10, respectively, the same as below.
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]234567891011121314

2 A[ELxFEh Anabaena sp. PCC7120 4 (A&
DGGE [#iZ

Figure 2 DGGE profile of Anabaena sp. PCC7120
associated bacteria from different soils

%15 7 2, Sphingopyxis 1 6 2%, Z1EK# & (Rhodococcus)
FLHT Y A% 4 )8 (Novosphingobium) 4% 3 4%, {0 &
(Achromobacter) . {E H il [ J& (Pseudomonas) . 2
241 1 J# (Paenibacillus) . Xenophilus #i1 Dyadobacter
A 2 &k, BB JE (Pseudoxanthomonas)
Bo1 S MIIYEAE 97% LR — Rk £F A 40
Flavobacterium Ji§ 5 £ 5 A fig it .

BRI 20 16S rRNA JER P41 i
[ U R S A R AR, R 3 BT, aX 37 Bk

#F 2 A[EL#¥ Anabaenasp. PCC7120 f£4 BT 16S rRNA EEF5 BLAST LExf
Table 2 BLAST comparison of sequenced 16S rRNA gene sequence of Anabaena sp. PCC7120 associate bacteria from

different soils

VibES BT SRERANTA GenBank %55 AR bUBiy Kl

Clones Closest relative bacteria GenBank accession No. Similarity (%) Alignment  Sources

1-1 Sphingopyxis chilensis S37 NR_024631 99 1401/1 411 [26]

1-2 Variovorax paradoxus EPS NR_074646 99 1454/1 457 Lucas et al., 2013 unpublished
2-1 Rhodococcus gingshengii djl-6 NR_043535 99 1438/1440 [27]

2-2 Flavobacterium johnsoniae UW101 NR_074455 99 1419/1436 [28]

2-3 Rhodococcus gingshengii djl-6 NR_043535 99 1437/1440 [27]

3-1 Rhodococcus erythropolis PR4 NR_074622 99 1438/1440 [29]

4-1 Sphingopyxis chilensis S37 NR_024631 99 1398/1411 [26]

4-2 Sphingopyxis chilensis S37 NR_024631 99 1397/1411 [26]

5-1 Achromobacter xylosoxidans A8 NR_074754 99 1440/1453 [30]

6-1 Dyadobacter fermentans DSM 18053 NR_074368 99 1408/1429 [31]

6-2 Flavobacterium johnsoniae UW101 NR_074455 99 1420/1436 [28]

7-1 Flavobacterium johnsoniae UW101 NR_074455 99 1420/1436 [28]

7-2 Flavobacterium johnsoniae UW101 NR_074455 99 1421/1436 [28]

7-3 Flavobacterium johnsoniae UW101 NR_074455 99 1427/1436 [28]

8-1 Pseudomonas aeruginosa PAO1 NR_074828 99 1453/1459 [32]

8-2 Pseudomonas aeruginosa PAO1 NR_074828 99 1452/1 458 [32]

9-1 Paenibacillus agaridevorans DSM 1355 NR_025490 98 1444/1481 [33]

9-2 Variovorax paradoxus EPS NR_074646 99 1456/1457 Lucas et al., 2013 unpulished
9-3 Sphingopyxis ginsengisoli Gsoil 250 NR_041366 98 1389/1411 [34]

9-4 Sphingopyxis chilensis S37 NR_024631 99 1402/1411 [26]

10-1 Dyadobacter fermentans DSM 18053 NR_074368 98 1405/1429 [31]

10-2 Variovorax paradoxus EPS NR_074646 99 1456/1 457 Lucas et al., 2013 unpulished
10-3 Variovorax paradoxus EPS NR_074646 99 1455/1 457 Lucas et al., 2013 unpulished
10-4 Sphingopyxis chilensis S37 NR_024631 99 1405/1411 [26]

11-1 Flavobacterium xinjiangense AS 1.2749 NR_025201 94 1347/1438 [35]

11-2 Novosphingobium resinovorum NCIMB 8767 NR_044045 99 1372/1373 [36]

11-3 Xenophilusa-ovorans KF46F NR_025114 98 1426/1 455 [37]

11-4 Pseudoxanthomonas mexicana AMX 26B NR_025105 99 1447/1 467 [38]

11-5 Xenophilusa-ovorans KF46F NR_025114 98 1426/1 455 [37]

11-6 Novosphingobium resinovorum NCIMB 8767 NR_044045 99 1372/1373 [36]

11-7 Novosphingobium resinovorum NCIMB 8767 NR_044045 99 1372/1373 [36]

12-1 Variovorax boronicumulans BAM-48 NR_041588 99 1453/1455 [39]

12-2 Variovorax paradoxus EPS NR_074646 99 1454/1 457 Lucas et al. 2013 unpublished
12-3 Flavobacterium johnsoniae UW101 NR_074455 99 1421/1436 [28]

13-1 Variovorax paradoxus S110 NR_074654 99 1448/1 457 Lucas et al., 2013 unpublished
13-2 Paenibacillus validus JCM 9077 NR_040892 99 1454/1 458 [40]

14-1 Achromobacter xylosoxidans A8 NR_074754 99 1449/1 453 [30]

e RN IEREAFTIROECT R LRSS, R AR TS

Note: Numbers in the front of clones indicate 50|I serial number, the following numbers indicate clone serial number in the table.
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0.02

100

9-3 (

78

100

100

100

1001 - ——
99

66

100 100 5-1 (MK684317)
69N 14-1 (MK684345) Achromobacter rylomxrdam A8 (NR_074754)

—E 11-4 (MK6843036) Pseudoxanthomonas mexicana AMXZ()B (NR 025]05 )

1007 8-1 (MK 684323) 3 clones | y-Proteobacteria
— 35||—8 2 (MK684324) Pseudomonas aerugmosa l’AOI (NR 074828)

100 , 1 7(MK684339) 11 2(MK684334) 11 6(MK684338)
100 Novosphingobium resinovorum NCIMB 8767 (NR_044045)

1001 Sphingopyais alaskensis RB2256 (NR_074280)

10-4 (MK684332) Sphingopyxis chilensis S37 (NR_024631)
1-1 (MK684309) 9-4 (MK684328)
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Figure 3 Phylogenetic tree of Anabaena associated bacteria from different soils based on 16S rRNA gene
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in bracket indicates nucleic acid sequence landing number of corresponding strain in NCBI website; The scale bar represents the number

of nucleotide substitutions per residue.
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