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agglomerans, J53k T 1972 4-4 Ewing and Fife fii 4%
“& Enterobacter agglomerans, 1989 4 Gavini {45
Ao%tri e iz EEY, Rk B ez —k
A 261 Fh(http://www.bacterio.net/-allnamesmr.html)
CWIEARR ATz, FEAE TR, L%
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P, HZ RIS AR S0 sh = ni it o8 &
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FERIAZ O . Rahman 48402k A TR TR db
by PR A A2 N A SR ) A T 5T
KM %] Paenibacillus, Pantoea #il Pseudomonas
FHOCERE, JFRUITEIR = 40 T HA {4
KA B R E S ae™; %4 3
Crotalaria pumila #1476 5] Pantoeal® ;
feiks: 3 AU E MRy, &I Pantoea F
Pseudomonas /& 3= E B f LAl L, Pantoea
A BE B YA N AR 20 TR Y — A B R

i LRk, R -RTZAETARAH
REZFEI LAY, TEAE YRR 3% PR AR B
o, R NARIZ R A SY B R IR T AER KR
FRHEER, M HRREET . A IR =
RGWHE . AR B A 8 DAFEIKFTEEN
RIRFh 7N AR IZ B ARIEDT 16S rRNA BEAT ) &
BER B T A3 A REAIE e G AR P A A AR ) g
HEAT R

1 #BAT %
1.1 MR R IEFR AR HI
111 FERCRERANIR . KRR R IR 2=
PHAE Zobe Scgm 2 i flt, SRR BNk 1 fos.
KR G e BIPER A 2015 4F 8 H () kA 7 2
RARIKAE e R, XA LRI R X A LR
e =HUKAEMERE, BMEgANSFD 3 AN ESE, 4l
LR . ArEERL . AEAREE E DR T E, I
1058 o SRJE T 2015 4F 10 H (KRS H 0 )l A T
KR AR A 7 R, IR D SR . TR
SCES HYFE /R E Ak A F. moniliforme, ACCC 36127
R UE T b E AO BAE W TR A PR B G
1.1.2 IEFERH . (1) TSA ¥3:H(Difico)l”; T
BLBERE 3L TAA KI5 CAS it b
R AT FRIECY (2) PDA AR IR L it
JEHUK 1.0L, #ZEBE 20.09, FfE 15.09, AR
pH. (3) AR M. WML K DR HE
200 g, VIA/hERe, finzk 1000 mL &3k 30 min, 3E
R, K UE AN E 2 1000 ML, (4) 1M1 P-4 -
M~FAR G SE A AL 5 KA A B
1.2 KBEFFREKE

R - BR AN A K 1 ik I K R
AT RIKIE . #7EH 5 g KRR AT
PR FRIL A, JORE/K it 3 Uk, JCRIE 4R T /K 4),
T 70%Z 40P 3 min, 1% NaClO (A%L4)

F 1 8NKEEMEERER

Tablel. Information sources of 8 rice varieties
Number Variety name Breeding site  Number Variety name Breeding site
2 YTA/031 Ezhou, Hubei 6 08S-23//CHAO 2R/Fengfuzhan  Ezhou, Hubei
3 S-S1//ICHAO 2R/Fengfuzhan Ezhou, Hubei 9 4A/9311IMUT Ezhou, Hubei
4 Y 58S//6096/CHAO 2R Ezhou, Hubei 19 4A/1410932 Ezhou, Hubei
5 YTA/l CHAO 2R/ Fengfuzhan Ezhou, Hubei 22 Tianlong No. 1 Commercial products
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KR35 #t

K W5 4R 15 DNA B4, IR FE H 519
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Wil Ak B BRI R AL B 7R3 1, 30°C
BigR LA, IR TE AR d1, VARERE EAR d2,
K wibe BAe o2 HIE7E ER dL L EVEA T
BERE T AOBRE , AR B R B PR VA i R T it
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W H RO S B R R 1 e
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Pantoea brenneri 722-2 (4)
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Pantoea dispersa Z4-1 (2)

Pantoea dispersa 7.22-26 (8)

Pantoea dispersa 7.3-5 (6)

Pantoea dispersa £.19-2 (33)

Pantoea dispersa 7.5-2 (4)

86 Pantoea dispersa 7.6-2 (3)

Pantoea dispersa 72-7 (1)

Pantoea dispersa LMG 26037 (DQ304303)

Escherichia albertii TW07627" (ABKX01000030)
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Figure 1. Phylogenetic tree based on 16S rRNA sequences of endophylic bacteria isolated from rice seeds.
GenBank accession numbers are given in parentheses, numbers in parentheses after the number of isolated strains
represent the number of strains of the same group; numbers at branch points are percentage bootstrap (values based
on 1000 replicates); the scale bar represents 0.01 changes per nucleotide.

FI3Z T TR R E 50 A 7E P. dispersa., P. agglomerans,
P. cypripedii 4 2 P. brenneri I0MFPdr, 42580
Afi LT 5 DL 2 B

701 ® Pantoea brenneri
W Pantoea . .
60 r W Pantoea cypripedii
© Pantoea
50
2 .
Zu I
s e !
Q = 0 oo
5% N
20 t \ -
10} e § i
0 N N
Z 73 Z Z Z Z Z 722
Species of Pantoea
B2 2BENZEBREKESNARKERMANSM
Figure 2. Distribution of 8 different species of

Pantoea in each genotype rice seeds.
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MG HELRT B LU EE SR, A 57 HRAE T
P. dispersa, Zr i TERTA 73 B ENZ TR HAR Y 8 1S /K A
Fhrrein, REHZARAR D ERE .
)TI—2 B Z4-1 prARERM PR A SEUE P
dispersa LMG 2603 " #i{Lli4: A 99.78%4h, HiAthAH
I35 100%. (E 4548 H /2, Z4-1 55 P. dispersa
LMG 2603" 16S rRNA J& KA UM de e, 1 2 -6
Ff225E, M5 P cypripedii £ 6 MHEE 225,
HRAERG AR 215 P cypripedii 25—k,
T HL A D) 43 b (0 34 5 38 5k 2 A 43 28 07 vkl —
AT o

J&F P. agglomerans [ Fk— L7 22 bk, 4%
ANEARIA]F) 16S rRNA JE AR RIS A 100%,
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P. agglomerans fzC Ik DSM 34937 [ AR BIE: 1y
oA 99.56%, AHTES. 6. 19, 22 S FiFHh,

P. brenneri =434 7E 19 51 22 SRR,
I 24 tRAARJE TicA, Horb 17 8R40 E5 A 19 5%
ai, BEFRE] 16S rRNA JEAHIM: R 100%, 5 P.
brenneri =X # #k LMG 5343" HH LI 99.71%;
22 SEES R, BRI 7 BRIZERE R, B
WRIBIR G R B A Bk, i 222-2 frft
R 4 BREIALME R 100%, SHEAE LMG
5343" MBI Ky 99.72%; 1 Z222-27 ., Z222-24 Stk
X H B LMG 5343" L1 4 51k 99.85% Fl
99.41%, —FH4 AP 44132,

sRIE T P cypripedii 1) 42 BREYIR AT 4 5
FESL, ELTRARBIAHRUEE N 100%, S50 ATCC
29267" (Y AH LI 99.69%

A, 219-21 5 P. dispersa LMG 260" % P,
cypripedii ATCC 29267 ALl 4342 99.25%F1
99.26%, FMIE N —1~5r 3, BAAERE TR
FRFR T EEE 3 ZAH Y A T A o
22 ZHEEFREYIEEIIRE

AWFIE—ILBEFE T 66 PRI T . R
HERE IAA BRI R E S S
FEPI R AR D REAH DG IR (3 2).

221 VEBETNEE: VAR JCHLEE Y R E i —
SeFR PRI, O ) 8 FE A R SR R L, R
JEL L A B R AR VS A, B A VA i PR 1 LA 2 AT
A d1 Y LU e VAR RE R/, HU (D
VS WERE bR, VEBERE ) d2/dl (A 7E 1.0-20 )8 F
VEWERE T PR bR R L RR KB, 3L 55 kk
WA ABERE ST, S TR Y 83.3%. J34b,
A 43 Fitk d2/d1 78 1.0-2.0, & TSR w6E f1 &
PR d2/d1=2.0 WAL 11 8k, J8 Timis s

RE R E PR, X LETE 73 s T P. dispersa. P.
agglomerans, P. cypripedii UL} P. brenneri, E[ffr
SrEE) 4 AR AR m R T RE . TE P
brenneri H', WBERE e MRy Z219-38, H:
d2/d1 % 3.15; P.dispersa #, Hifk 219-90 ik
eI, d2/dl  2.85; P. agglomerans H, fig
T E R FERR N 26-7, d2/d1 Ny 2.39; P. cypripedii
H Z4-11 R BERE T8, (B 2.00,
222 ZrUA IAA BEAWE: hnA Salkowski L
WG, WA AR 2T B A 43 1AA
RE MR, BREBIRED W TAA BB HGR,
Z LW KB 46 MR EA IAA FRAERETT . FEE
YRR B AL b, @ bk T AR, B
B AR 1AA HRJE Sl 29.74-431.11 mg/L, Ho,
P. agglomerans Z6-7 3 1AA BE S5 aE , IAA |1
&8 43111 mg/L; P. cypripedii Z4-12. P.
brenneri Z19-80 X P. Dispersa Z219-33 ] H.A %5
SR IAA REJ), 4300k 428.65. 388.42 Al
391.32 mg/L .

2.2.3 FPPERBARBEMIRE . HRBAK I E R
SEVERITH S AIAT FCAELRSARX A 1 SE 56, A ATAr
i 0-0.6 HF=EkEkARE 1R, 0.6-0.8 i,
0.8-1.0 Jg455 . Zoidd i i R PRI 25 5 R 30,
IR AR N AR T HAT 7 R A T RE 1 T bR 5 O
ANZ A 7R HA PR T RE  H b AJAr
J& 0.6-0.8 MEHEST 14 P. brenneri 219-39, P.
cypripedii Z4-10, P. dispersa Z2-7. P. brenneri
Z19-76 LA % P. brenneri 719-37, FHH X 6 bk
BREAKRRE ) I8 T 4K, Hoh P brenneri Z19-39
HH G T HAB A R U 7 BB RE ) i, B LR
0.62; P. cypripedii Z4-23 fil P. cypripedii Z4-11 f#})
A/Ar 4351k 0.82 F11 0.86, HAT F=ikakiife Ji, H
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2290 Hebao Guo et a. | Acta Microbiologica Sinica, 2019, 59(12)

Fz 2. KIEMFRNE Pantoea (REINRE R B M 1E 45
Table 2. Growth promoting function and hemolytic results of endophytic Pantoea in rice seeds

Number Top-hit taxon z:?ji)nzztjii)n (d2/d1) IAA/(mg/L) (S’sirrc;phore Antagonism Hemolysis :cecaj(q; No.
Z2-7 Pantoea dispersa 1.02+0.04 - 0.70+0.11 - S-hemolytic MF176579
Z3-7 Pantoea dispersa 1.80+0.04 234.10+8.09 - - - MK 322438
Z3-6 Pantoea dispersa 1.88+0.10 167.19+0.78 — - - MF176580
Z3-5 Pantoea dispersa 2.25+0.06 139.35+1.45 — - - MF176624
Z4-6 Pantoea cypripedii 1.45+0.06 174.52+0.89 — - - MK 318638
Z4-7 Pantoea dispersa 1.50+0.01 - - - - MK318639
Z4-10 Pantoea cypripedii 1.18+0.02 264.39£7.70 0.69+0.02 - - MK312573
Z4-11 Pantoea cypripedii 2.00+0.08 168.12+4.31 0.86+0.02 — - MK312572
Z4-12 Pantoea cypripedii 1.10+0.01 428.65+7.04 — - - MK327827
Z4-13 Pantoea cypripedii 1.16+0.04 272.27£3.22 - - - MK312570
Z4-14 Pantoea cypripedii 1.17+0.04 225.69+6.67 — - - MK 281382
Z4-21 Pantoea cypripedii 1.1+0.016 211.4742.13 - - - MK312590
74-22 Pantoea cypripedii 1.23+0.04 220.61+4.03 - - - MK312574
74-23 Pantoea cypripedii 1.04+0.04 211.72+20.86 0.82+0.03 — - MK 312592
Z4-24 Pantoea cypripedii 1.29+0.04 - - - - MK312589
Z4-25 Pantoea cypripedii 1.94+0.06 43.88+3.08 — - - MK 322437
Z4-29 Pantoea cypripedii - - - - - MK 312569
Z5-5 Pantoea dispersa 1.75+0.03 - - - - MK322471
Z5-4 Pantoea agglomerans  1.14+0.03 - - - S-hemolytic MK322468
Z5-3 Pantoea dispersa 1.61+0.02 188.88+4.66 — - - MK322461
75-2 Pantoea dispersa - - - - - MK 322442
Z6-9 Pantoea agglomerans  1.31+0.02 390.57+2.89 - - - MF176633
Z6-8 Pantoea agglomerans  1.30+0.02 430.19+8.42 - - - MF176632
76-7 Pantoea agglomerans  2.39+0.06 431.11+5.14 - - - MF176512
Z6-3 Pantoea agglomerans  1.45+0.07 286.59+8.38 — - - MF176630
Z6-1 Pantoea agglomerans  1.41+0.04 350.20+15.36 — - - MF176629
Z19-1 Pantoea brenneri 2.50+0.11 305.69+14.06 — - - MK 318656
719-2 Pantoea dispersa 2.07+£0.04 - - - - MK 322469
Z19-7 Pantoea dispersa 1.58+0.10 193.89+4.74 — - - MK 322456
Z19-8 Pantoea dispersa 1.11+0.03 155.20+5.71 - - S-hemolytic MK322470
Z19-13 Pantoea dispersa 1.52+0.04 171.14+345 - - - MK 322467
Z719-14 Pantoea dispersa 1.19+0.02 - - - - MK 322441
Z19-15 Pantoea agglomerans  1.29+0.04 - - - - MK 322462
Z19-19 Pantoea dispersa - 81.99+5.63 — - - MK 318657
Z19-33 Pantoea dispersa 1.14+0.07 391.32+13.57 — - - MK 322502
Z719-34 Pantoea dispersa 1.08+0.03 - - - - MK 322500
Z19-35 Pantoea brenneri 0.60+0.02 328.35£25.52 — - - MK 322503
Z19-36 Pantoea dispersa 1.78+0.01 231.2£16.56 - - - MK 322504
Z19-37 Pantoea brenneri 1.09+0.03 379.13+x4.07 0.80x0.05 — - MK 322509
Z19-38 Pantoea brenneri 3.15+0.27 - - - - MK 318660
(54%)

actamicro@im.ac.cn
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(8% 2)
Z19-39 Pantoea brenneri 1.29+0.06 162.59+9.67 0.62+0.03 - - MK322510
Z19-51 Pantoea agglomerans  1.08+0.04 - - - - MK 322508
Z719-52 Pantoea dispersa 1.72+0.02 182.95+7.67 -— - - MK 318659
Z19-56 Pantoea agglomerans  1.05+0.04 - - - - MK 322501
Z19-59 Pantoea dispersa 1.18+0.03 328.92+7.84 — - - MK 322464
Z719-62 Pantoea dispersa 1.24+0.07 - - - - MK 322465
Z19-63 Pantoea dispersa 1.63+0.04 122.76+4.35 — - - MK 322466
Z19-64 Pantoea brenneri 1.13+0.04 29.74£2.77 - - - MK 322457
Z219-67 Pantoea dispersa 1.26+0.06 - - - - MK 322460
Z219-68 Pantoea dispersa 1.37+£0.04 158.6+3.36 — - - MK 322458
Z19-69 Pantoea dispersa 1.44+0.04 182.81+7.16 — - - MK 322459
Z19-71 Pantoea brenneri 2.25+0.07 304.12+15.34 — - - MK 322463
Z19-73 Pantoea brenneri 1.04+0.03 - - - - MK322434
Z19-74 Pantoea dispersa 1.71+0.02 63.76£2.85 — - - MK 322433
Z19-75 Pantoea dispersa 1.1740.04 138.43+1.64 — - - MK322435
Z19-76 Pantoea brenneri 2.00+0.62 - 0.72+0.02 - - MK 322436
Z19-77 Pantoea dispersa 1.00+0.02 - - - - MK 322440
Z19-78 Pantoea dispersa 1.22+0.02 268.11+23.95 — - - MK 322439
Z19-79 Pantoea brenneri 1.06+0.03 38590+5.28 - MK 322432
Z719-80 Pantoea brenneri 1.13+0.10 388.42+16.57 — MK 313695
Z19-90 Pantoea dispersa 2.85+0.04 351.56+2.57 — MK313703
Z19-96 Pantoea agglomerans  1.13+0.05 425.71+30.27 — MK 313697
222-21 Pantoea agglomerans  1.13+0.04 349.97+18.34 — MK 313698
722-24 Pantoea brenneri 2.38+0.03 - - MK313700
722-25 Pantoea brenneri 2.23+0.07 306.06+19.96 — MK 313699
722-26 Pantoea dispersa 1.21+0.03 166.80+2.89 - MK 313696

SR TR AN, ABFIE TR OR R I R A
TRRE TR I T bR -
2.2.4 FEBUEM . XA R ETT 55 BUR 5
@ F. moniliforme By 525, Jf oK % 3 40 141 1
) TR B o
23 WIMLEK

Xf 66 PR IE TR I SEE, 4R KA 3 bRiE
LIAYE, 23518 P. dispersa Z19-19, P. dispersa
Z19-35 FI P. agglomerans Z19-77, #J LI4 A1 B
X 3HREA NF BRI . BRI =z 5,
PR KT A 0 1) 500 RIS 1 5 B AT iR AT i — B IR A
IPEf -

2.4 JKFEFF SSR 4 Fhricitie BN

FIFH NTsys 2.10e 2443 Hrix 8 At Al i 7K A
W 2, I E T KRR R R, W
Kl 3, MERFANTATLIE Y, LhstE AR 5%k 0.68
REE, FTLLEE 8 A3 PR AL KA 4 A KIS
HP SRS 7 DNREBI KRR, g
yHIh 2, 3. 4, 5, 6, 9. 19; TiE KR
1 NEEE R K RSN, di'5 o 22, s R T
BRI A L LR esehE, Fikix
FEah AR SRS R EGE . S5G K 2 4,
I S KRR R I ATE ]
FRIARDGPE
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Table 3. Summary of phenotypic characteristicsin 8 different genotypes of rice varieties

Number Height/cm Tillers Fresh weight/g Dry weight/g Rice production/(kg/21 m?)
2 93+4.50 be 11+0.82 ¢ 132.24+9.73 b 33.45+3.98 ba 14.7
3 88+6.41 c 16+1.41 b 192.58+1.11 a 42.81+1.33 a 18.1
4 92+2.36 bc 19+1.70 a 185.31+18.31 a 43.31+4.15a 10.8
5 85+1.55¢ 15+2.62 b 124.45+18.05 b 29.56+4.32 b 16.5
6 93+3.68 bc 14+0.94 be 132.33+16.36 b 32.74+4.30 ba 11.2
9 92+2.01 b 11+1.25¢ 155.26+15.31ba  33.76x2.48 ba 14.6
19 103+2.45a 11+2.05¢ 178.04+40.23 a 39.86+£8.05 a 252
22 101+7.04 ba 14+0.82 bc 164.70£14.10ba  41.41+3.28a 10.1

Different lowercase letters indicate significant difference at P<0.05, and same lowercase letters are not significantly different at
P>0.05 level.
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Phylogenetic diversity and plant growth-promoting characteristics
of endophytic Pantoea spp. in rice seeds

Hebao Guo™, Shanwen He', Xing Wang', Jun Zhang™?, Xiaoxia Zhang"

! Key Laboratory of Microbial Resources Collection and Preservation, Ministry of Agriculture and Rura Affairs, Institute of
Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China
2 Guangdong Institute of Microbiology, Guangzhou 510070, Guangdong Province, China

Abstract: [Objective] The genus Pantoea comprises 26 species that are isolated from a multitude of environments.
In this study, 146 strains of Pantoea isolated from rice seeds of 8 different rice genotypes were systematically
analyzed to determine their phylogenetic status, diversity, distribution and functional characteristics. [M ethods]
First, surface of rice seeds was sterilized by ethanol-sodium hypochlorite, and then the surface sterilized seeds were
ground into a powder to isolate endophytic bacteria using the standard dilution plating technique. Second, the
strains were purified and 16S rRNA gene sequencing and analyzed. Finally, the isolated strains were tested for
plant growth-promoting, such as phosphorus solubilization, indoacetic acid (IAA) and siderophore production,
antagonistic and hemolysis. Simple sequence repeats molecular marker technology was used to study the genetic
polymorphism in five different genotypes of rice, and some agronomic traits such as tiller numbers, plant height,
plant weight and rice production were studied. [Results] In total 146 endogenous Pantoea strains were isolated
from 8 different genotypes of rice seeds. Pantoea strains were classed to Pantoea dispersa, Pantoea agglomerans,
Pantoea cypripedii and Pantoea brenneri based on 16S rRNA gene phylogenetic analysis. Among the 4 species, P.
dispersa has the largest size of population and existed in al 8 rice seed samples. Then, 66 strains were selected to
test the plant growth-promoting characteristics, 86.3% and 69.7% of the strains were found to have the ability to
dissolve phosphorus and produce IAA. 7 strains had the ability to produce siderophore. None of the strains was
antagonistic to fungal pathogen Fusarium moniliforme. Another 3 strains had hemolytic activity. Pantoea
composition did not correlate with rice phylogeny and agronomic traits. [Conclusion] The species and composition
of Pantoea were different in different rice seeds. The seeds could selectively accumulated Pantoea as endophytic
bacteria, and most of the strains had growth-promoting characteristics.

Keywords: Pantoea, rice seeds, endophytic bacteria, plant growth-promoting characteristics
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