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Research methods and trend of phylogenetic evolution of endophytic
diazotrophs
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Abstract: To study phylogenetic relationships of endophytic nitrogen fixing bacteria in plants,
common methods include morphology and protein level identification, numerical classification and
automatic identification, chemical classification and identification, and molecular genetic
identification. This paper introduces the key techniques of common methods, and discusses their
advantages and disadvantages. With the development of high-throughput DNA sequencing
technology in the field of microbiology, the whole genome sequencing has been applied to the study
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of microbial phylogenetic evolution. However, there is no systematic review of nitrogen-fixing
endophytes whose genomes have been sequenced. A preliminary study on measuring whole genome
sequences of endophytic diazotrophs. Several representative new methods based on genomic data
(ANI analysis, the maximal unique match index, core genome analysis, component vector method,
gene flow analysis) were summarized. Based on the current research methods of phylogenetic
evolution, research trends of the development and evolution of Endophytic Nitrogen Fixing Bacteria
were summarized and prospected. The purpose of this paper is to make the phylogenetic evolution of
Endophytic Nitrogen Fixing Bacteria more accuracy and reliability.

Keywords: Endophytic diazotrophs, Phylogenetic evolution, High-throughput sequencing, Genome

analysis methods

L N A [ R0 2 4 I L8 2 ST A N R S
P IR AU R U A P A R o
i R AL LA R T8 R R AN A 8 LAY
HESOL, T A ROBAE TR R RE P AR, BOR
SIIRTEHEAT TR R 2 R &, e BEA )
A I B i 4R e B B E AT Ik, AT SRR
B B PN AE I R R AR T R, R DRI 5%
PR A T LB AT O ™. R P 2 B R AR AR
[, o7y VRIS | P AR 2R
P AEHETE 3 A FAE AR L X A A
PN 5 R B I G BR A T R SR T EAL R R ST
SELEVIA R Z —, Al R eIk, e
B A S8 A 5 i — o PR 2R [T U ) 23282 A
A BE S MR AT A [ LB BIF T L R S RE
MBI A
1 BB

T BRI N A T R R Gk B AT ST
EEZEN AT B2 S E A UKL
BE BN A SR s AR T
B M E
1.1 ESFE5F8BKEE

G 2 58 K B AT 7 vk F2 B8R T 3%
RIS . TS w il A=At
KR A A [ R A 5 R SR T A .
P T2 MR s PN A TR AS [ T o B e o A P
A= BRI R A 1 % S T 2 B A TR A A R R
PEVL. e (R 2RISR | R0 R S0 R AR
BHAK . 0 I BOCE AR . EEERES . R

AW B A5 o ok N AR TR B 1 BRSPS E
A, FEREAFERES . EORERE S E
LR FH SR TN M G iz 456 18 L UK (Polyacrylamide  gel
electrophoresis, PAGE)fl SDS-PAGE. >k 44 iy
SDS-PAGE X & BEARIES& 1R 15 5% O 20 L iy mT i
S T, AT A E S AR A B DR 4 R A
PR S B, SR ARt —Fh R ek
A R AR s, TR —E AR
P, —e TR, RS & A TR
AFAE— e s, PlIInE PR, i R A E
P . ARFHRRE 7 LA SR BVRFAE I AN SE [R] T AH
RIEE R B VINEEE AL, B LA T 2 R IEHIE
MELADC IR B, AGE AL S i e ER 1 T &R
SR T AT, ZONERER BT, S AW
BRI,
1.2 HEFEEMENETE

BUH P SIEIEE 20 AR RERNELE, &
Dy FH R L R0 % A O A Ak a6 S 0 4 30 A A %
15 BRI T o0 A, AR AR B B N W 24 TR
JRIAIEGAED, A S % R R A EUE Y
KIFIEN B AR T THENL. A
S5 SR A ) N A [ R AR ) U 8 i
MZRH S, YN A B R TR R 5
KEIDHA T 2R, BIOLOG fizk
Y H st RG R BIOLOG 2 rlHfEH —%&
is FBUE A2 EFR A she R e, MRS F
AR A XS . B B2 WS, FRKRFREYSE
95 Rl IR A AN TG LA T o3BT 480 o AR I

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BT AN AR RS R G E AT R

183

TRIEA TIPS, 2o DU SR S 50 (TV) A
TR R, MITTAE S E T (96 FLAR) HTE
BOZ MR EME I SO A B FR SRS . S et
R B B OO, 3 B Sh IR EE A
SH/BRPESGh FUE, A SEAREEXT L, 4 %e s
o MR YRR A S5 s is ITRAE Y
TARRECE L) G2 e A TR s, IS A
Pl A AR —Fh S 2410, B H BT
FRECE B8 5 R R UE W e AN R PR BE 200 N I AR
Koo FETIE DL, XSS EE pHL KA B
TLBE . SUARIREESE . TOMNRAE Y A 2h % E A O FE
FHE T AR, SR )5 R FH 25 E BIOLOG 2
H] TF R 04— TR i SUAE P 5 T i —— AR &
PEAP =9 8 L S ] vt 1LY I A e s N e 1| S et i
FEFLAFRIE I 2k o X FASRIARFAE-I R ph 26, iz
PRI Y27, LA Tk 2 gt
AR, PRI TR IR FIUCAL, TS
PUXTAR A 4 B S %0 .
1.3 HEKLLETEZE

TN AR [ R R Ak 2 o S A= e, 3k
EAAEYIN AR R4 AL B8R, kR i5 2
(18 Ak 22 183 B8 TR 1) K P b AR 9 P A R
MRG0 208, 8 Y 428 32 B 45 Rl 2 SRR 4
I¥e FAN, A UK FRRIERL T . NRIHTR 7
Br . BERRZSAR LA 00T . BT RR 43HT . BRI A HT AN
HeAEFE R D, WL AMNEGE . EROR
FHEE SRR AR . ZLAMGRE FAE 20 T4 50 4FAR
AT Uiz T X oA [l B R A A A R 0 Bt
HIACT I RILL AL . 7 A B AR D) R gt
B RE, X —BFE S A T RIS
AR 4 2T A0 STV LA 458 495 240 B fry e L i AR £
AT A RFIRAE SUX A IR, 6T S W 2 4L
MRS TR SNRAE, R A RS
JRAGERAE, PRHAT LXK 2024 A B R Pl
AR (35 (HPLC) 2 20 TH42 60 4R R & S ok
F—h o BB BT E AR, AT BRI E 40T DNA

BRI A AL 2 4 4, IR A EA T DNA 1Y)
GHC% A B E | MBI T . BT 1k
SO AEAEAE Y AR VR E R Gk T BT
AT BRCRE . Bl . K S AR s o b
R PR AT
14 HFEEZEHELETFL

A 20 el 60 TP, 7 FilfL# Mo+
A B R R K SR R AR R RS K
H UL A T 4> FEY R, BT EZr
WAL T, fU3E DNA i G+C% ., #2443
HiAR | 168 rRNA F[H P51 4347 . 050 5577 51 43 74
S JE DRI A B % R 4 o 1R 3 4 BY L g ik
DNA ) G+C% 7 it il DNA RBfIEgn >, i+
ANZ IR, OB N AE R RS K
B EEAEAR ;AP IR B 1 (T 754
VEfIfE . KEWEE . mAEML, # R
Wil 2 A H AR AR L AN IR, B 2 4R
[F) >F T8 17 SR A R R A 7 52 M DA S 0 R R [ 79 S 2%
% %P BT DNA-DNA (Southern Z%%%).
DNA-RNA . RNA-RNA (Northern Z% %8 ) Al
PNA-DNA 7452 (PNA K ik#%#2). DNA-DNA 2258
& TR OKSERBFSE, T DNA-RNA 2452 BIRF
J& AR LA_E K43 250F98 . 16S rRNA JERH {2
EEFREZAEDmARS, R8T REMES R
ST R AN, H I R4 e E ORI T AR
DXZH B, AT AR X 40 RS [R) AR 90 A A ] 4R T 5
P65 X P A SEA GRS, 38 5 A E X783t
5191, 454 PCRER, # 16S rRNA B JF44"
Bk, PR AT AR DX 81 ) 22 5 R X AN [ ol
AR N 2R T R R A T2 2 2 BT BE RO K
Z O P N AR R R SR F ST
Sy SIE TRy o Y TR [ DAC - = E e
2 RIEEWRFBORTERY P A E R
M.

VE R B W) FHEY2# 3BT )ik 2 —, DNA
W kg ot A5 A S PR 48 7 R0 R 3 3k R 4 A S ity A

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



184 A 2 A

Microbiol. China

Yo it 7T SRR . B 2005 LR, DU
Roche A H] 1Y 454 £ . Illumina 23 &)1 Solexa 7
ARA ABI 22 A1 SOLID Fi A Ay s i1 i i &7
FEARMARGEA o AR i D AR ST R R AS
K, (AR, SN HFREA, Ry
FZR L [N 4 2 D) S oy g 5 DR A 2 e 9 2
TP A PR AR SRR P AR R P AR Y —
AR, IZERFT LA T4~ DNA 73 Filkty
[RIESHIN Y o XA A — A i) B i 2 RN 6 R 4
ATHECRS AT B AT RE, LR A 22 KPR

*1 BN2ERAFRIMENNEERRR

FEHA T — R, o fili 2 oy AE W E 0
FERZH 2 AR LSS AR —ASE K-
TP EARTF G T AEY N AR [ R B R S Ay -
2006 4 Krause 25BN — ik A B A Azoarcus
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Table 1 List of nitrogen-fixing endophytes whose genomes have been sequenced

s EBR V& by SEXH
Code Strain Author & Year References
1 Azoarcus sp. strain BH72 Krause et al., 2006 [30]
2 Klebsiella pneumoniae 342 Fouts et al., 2008 [31]
3 Gluconacetobacter diazotrophicus Pal5 Bertalan et al., 2009 [32]
4 Azospirillum sp. B510 Kaneko et al., 2010 [33]
5 Herbaspirillum seropedicae strain SmR 1 Pedrosa et al., 2011 [34]
6 Enterobacter sp. strain SST3 Gan et al., 2012 [35]
7 Enterobacter sp. strain SP1 Zhu et al., 2012 [36]
8 Burkholderia sp. strain KJ006 Kwak et al., 2012 [37]
: S =
10 Enterobacter radicincitans DSM16656(T) Witzel et al., 2012 [39]
11 Enterobacter sp. strain R4-368 Madhaiyan et al., 2013 [40]
12 Rhizobium sp. strain IRBG74 Crook et al., 2013 [41]
13 Enterobacter cloacae P101 Humann et al., 2013 [42]
14 Herbaspirillum frisingnse GSF30 Straub et al., 2013 [43]
15 Methylobacterium sp. strain 1.2-4 Madhaiyan et al., 2014 [44]
16 Bacillus pumilus Jeong et al., 2014 [45]
17 Paenibacillus sp. P22 Hanak et al., 2014 [46]
18 Pantoea agglomerans Gan et al., 2014 [47]
19 Klebsiella variicola DX120E Lin et al., 2015 [48]
20 Kosakonia oryzae K0348 Meng et al., 2015 [49]
21 Raoultella terrigena R1Gly Schicklberger et al., 2015 [50]
22 Kosakonia sacchari strain BO-1 Shinjo et al., 2016 [51]
23 Mangrovibacter sp. strain MP23 Behera et al., 2016 [52]
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