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i E IFFIREAZ LT ERESHRSEZ " NIZERAT, WHARNHEETR
(Streptomyces sp.) TOR3209 #& 2 F 4R 5 &Aooy wf iR A /7. [ B 691 B 7 A4 TOR3209 & 3 & 76
WS &N A M A X R, [k ] &R A TOR3209 A, 44 £IKE
(5 CYFRFIRQS5 CVEHT, RA M B %A 16S rRNA L FE 5 5] 738 5 50 H Ak TOR3209 4L 22 4f
Rk p A ERNEMADAZEMAOT A, [BR] 255, LURFRAEDE 69, 55 4 1]
20 28 . TR IL, HrfRARL, AKEARIRT, #FFE AR TOR3209 ¥ °T 4R & &R ZE A
AmMBABREOFEEASHN, ENKFL, ERREBREANGMASFELIERS, XA
A BATE T84T F R RF AR, ERBKF L, FRABEGMNFERERS, RERE L
FATE B eyt F N B E K, EATKF B, B TOR3209 & 248 2 E 4R 5 &Rk £ M0 3F
JoAHF B (Bacillus amyloliquefaciens). N %37 5 304F & (Bacillus velezensis)#= T 1K, 3f 384T # (Bacillus
aryabhattai) ¥ £ H ¥ A E ARt FE ., FRAKRELMF T, TOR3209 &I 69 F itk 3945 5
b B3 Z 3F 04T B (Bacillus wiedmannii). it % 484 ) (Brevibacterium frigoritolerans)= 23 K, I~ sh #F
& (Acinetobacter johnsonii), F¥ERAX 3 MEA EA RS FRA KRG LML, HTRHE
REERHBOKR G, tERAEANE, HPHAEREFERSEHAREDEERAARRARE,
3 RAR, TS5 ¥ L8 E 5 R 5 55.13%4= 51.03%, F Z o 4148 5 48.37%A= 50.95%.
Ao B b kAz A R A ZE (Pantoea agglomerans). 3o AR L H (Pseudomonas mediterranea)
Fo 4k SAB 2 E (Pseudomonas corrugate) ¥ 48 R B . [44 1 B #& TOR3209 /5 & 3 AR IR & A
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Impact of Streptomyces sp. TOR3209 on culturable endophytic
bacteria of tomato roots and stems under low temperature

MA Jia, HU Dong, PENG Jieli, ZHANG Cuimian, JIA Nan, WANG Xu, WANG Yifan,
WANG Zhanwu'

Institute of Agricultural Resources and Environment, Hebei Academy of Agriculture and Forestry Sciences, Hebei
Fertilizer Technology Innovation Center, Shijiazhuang 050051, Hebei, China

Abstract: [Background] Low temperature is the main obstacle factor affecting the stable and
high yield of tomato in solar-energy greenhouse in northern China. We found that
Streptomyces sp. TOR3209 improved the cold tolerance of tomato plants. [Objective] To
explore whether the impact of strain TOR3209 on improving resistance to cold stress of
tomato plants is related to their endophytic bacterial community structure and property.
[Methods] Tomato roots were inoculated with strain TOR3209 in substrate culture, and
cultured under low temperature (5 ‘C) and mild temperature (25 C) separately. Traditional
culture-dependent methods were used to isolate and identify bacteria, and the effects of strain
TOR3209 on the composition and structure of the root and stem bacterial community were
analyzed by 16S rRNA gene amplicon sequencing technology. [Results] In this study,
69 species of endophytic bacteria belonging to 28 genera, 20 families and 4 phyla were isolated.
Compared to the conditions in the control group, the Shannon index and Margalef index of the
endophytic bacterial community of tomato roots and stems inoculated with strain TOR3209
were increased under low and mild temperatures. At phylum level, the relative abundance of
Firmicutes was increased, while that of Proteobacteria and Bacteriodetes was decreased; at
genus level, the relative abundance of Bacillus was boosted, while that of Pseudomonas and
Flavobacterium was reduced; at species level, after treatment with strain TOR3209, the
relative abundance of Bacillus amyloliquefaciens, Bacillus velezensis, and Bacillus
aryabhattai was elevated significantly. Under both temperatures of 5 ‘C and 25 °C, Bacillus
wiedmannii, Brevibacterium frigoritolerans and Acinetobacter johnsonii were isolated from
the tomato plants inoculated with strain TOR3209, and the experiment demonstrated that the
three bacteria are plant-beneficial and cold-adapted, and can markedly increase the heights,
leaf areas and biomasses of tomato plants; especially B. frigoritolerans treatment had the most
obvious effect on the biomass. Compared with the conditions in the control group, fresh
weight of root and shoot rose by 55.13% and 51.03%, respectively, and dry weight rose by
48.37% and 50.95%, respectively. The pathogenic bacteria such as Pantoea agglomerans,
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Pseudomonas mediterranea and Pseudomonas corrugate were not isolated. [Conclusion]

Inoculation with strain TOR3209 impacted the composition and structure of the bacterial

community in tomato roots and stems. The relative abundance of indigenous cold-adapted and

beneficial microorganisms was increased, and the pathogenic bacteria was decreased, which

improved plant cold tolerance.

Keywords: cold stress; Streptomyces; tomato endophytic bacteria; community structure; diversity

Ttk E I itk B g SR 0 F MR
—, AR T, AR v et 5
YEPIN, 25502 SRIRIR BRI . AR, 24k
o NN )22 e & = 2 T R VR 812 B S A
TG, XA AN B R T E R,
St AR e ) R R R . R, 2
o T A PRI VA X i v At 2 A 1 e AR o B L
A HLE L BE NI AR i B 2K
HIER R, At AP AR S SR ROl P A ok
M ELAVER], R PR s AR P T Y
0 N (P S i IR SR X L /AL ik o
5N RREIE A5 Z RIC R R A

T N A R AR TG TR A 2 rh HOA S|
FE P A S AR AR, B A S R S
) T S 2H Ry, AR N A A R AR R A
AT IED . B AT R RAE Y & TR K
BN AN BB 130 A, Hep, AR
(Pseudomonas) . T J& (Bacillus) . T
J& (Entenobacter) . + 3% ¥ 1§ J& (Agrobacterium)
SRRy LA T o A P9 A R S5 A DI R
b, HEMSREERKIDISS5E EMARSE. &£
K HFHA S S SRR AR AT ST, N A AR e e
SERFRVER AT TS EREARIPIME . West 21
GERNT, DU SN PN A 4 TR ) TR A A
PET s b, T H R Z [ et 2 5 2 .
AT SR SEIE S T 200 P A A0 B R 5 27
At AT AR Z A TEE PRFDC R . oAl TR
R XA, HEn] B SR N AR AR R HA T
ERORSFREES R P A T EIA 5 FBR T 52 B

I | AP BE R B RN ZH 2 S5 2 ULR R s
25 PRI Sy AR 385 25 14 0 W it 24 790 55 2 00 PR 3 17T i
AR AP B, VR [C I (Serratia sp.) PW7T
TALAL AT 4 g A BN A 0 B AR I R
TR R B RN EE TS G

AR 21 i3 DA T 0 AR PR O AR A T — Ak
PR S A FR—F% 25 [l (Streptomyces sp.) TOR3209,
TEZFEY) F R AR B, %R ] BB TR R K
B, WPRAES B E . Oty W
Pk TOR3209 RE W5 HAIHTL HREST, &
TOR3209 AbH A T i AE AR M T R o i e
RECRIFET I , b A s e, ARRTE S,
SR, TOR3209 4% i HIHTI LI H A i A
THAE . A I = i = K L Bk TOR3209
T CEARBRIRESE A, DL AR AR PRt S BB,
{RUR IR E T TOR3209 X 7 i 4 2 B R 1 52
M) 5T B AN SR o DA 200 TR A T 2 A e 1 e 7
TR R 1A A PR 05 2 1 (et B 1) i S AR W) 2R R AR
—, TOR3209 & & AhAe bk A i v P2 15 5 3
i AR TR A5 P 5 R B U A DGR R AR

P 4 A A TR AT RE HL AT RS b i B AR AR £
IfE, van Oevelen SV KW, 708 H
Psychotria 8 ¥k H B9 — Bk N AR 4 10 5 IR TE
(Burkholderia sp.), #7#HMAERH LBR 223
MR ICEIEH AR IF R AP T, mrl P ER
BB 4 THT AR G0 b R 0 A P DN A T ) TR R G )
A, (BAER R YR — N A T 1 DD RE S L
TEN AT, Lo B I R E
PR B, AR RS AL B SRR K-
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FREREES, RPN R, BRiER N
AR AR HLERAN , FERTFP IR LB . EAA T
oy ity B O & AR T AR AL A O T R HE AN T
BACHIVERT . BRI SLRE Y Py A TRt HAT A
FRPE, (HHA KRB BRIl g 2s
B EERE, AW EER N, 7N
HAELE SR B o SR TR P9 A 4 8 RT 1 PR 5 DA
ZHARKM, AESBRN A HREA .
A5 R T35 3295 43 B AL 38 T B 2
TOR3209 Ab¥E 7 A 72 A ZE 0 14 AT 35 5 9 A= 4
B, I AR ARG 16S rRNA KL R 51 JEA T A
HHTEE , 782 TOR3209 A3 ARl PN A 41
AN . TRESS A S L S AR VA 1 2 (B]
KER, VBEHIRASNSEA 25 A V)8 ) it v
P, DA . B EAED LR AR E

R

1.1 HmiRESLE

TR0 18 B e At A oA <R 2197, BRI
B — BT AR, THEEETE 48 FLE MR
SR, R AN E T A, B F
FELE HOBRE R T, MENNAESECON: |1
JE 20-25°C, AR, MHXNREEN 60%-80%.
FER A K 2] 4 A EN AT, BRI 5 — S0 g
ML AR H s G AR R 2:1 (193
BHEAT, Bk i —PLE T 56 1% 5%
TOR3209 (1x107 CFU/g) B At B, —2f
HIEE X IR, AT & 1%0 K AL,
PREEE T HORIRE SR, 30 d )5 A IGIRAL B
FANLEE 20 25, A AbEREE RS BN TR f = Ak
F6d, 58 2 MNREE A, BIE IR 25 CRIMIRE
5°C, J6AWIA 16 L (light):8 D (dark)Ay &4 R ik
friege, IR 4 AT, 25 CHREMER
TOR3209 ##k(TOR3209), 25 ‘CARFEFEMILNI),
5 ‘CHFPEPE TOR3209 HEHAK(TOR3209+C), 5 C

RPEFEAMRINIHC), T 5 CALRESS 6 K, il
PRAZ IR DA R o 5 AR 23 88 )5 7 RIS A TG
WA AT, IRIRIREE, 7E 24 h Z N TRIE
KA PR P A AN B 53 B o
1.2 EFE. FTERFIFLE

WA o B SRR RRE ReAVIRIE &
FEEFRHENR (g/L): BEERHY 0.50, JHREE R 0.50,
RS 0.50, FIEPETER 0.50, K,HPO, 0.30,
MgS0, 0.02, NHEHEREN 0.30, BE 15.00, Hikss
FRH LB B2 4N 4] DNA $2BGAH £,
FMAERH LA RAE; 519, A TAEY T
FRECEIEH A BRAE] ;. 16S rRNA HEPH H-Bedy 1
Jr A4Sl . Marker. dNTPs, Buffer 57,
FAEY TRROGE) A BRA R HoAa3500 B4y
e, 531, Thermo Fisher 24+ ; PCR AL,
Bio-Rad Al ; HLVKAX, JEIs—APRAaRRA
Al BERCBURAN, ARPEFERRIE (A BRAF,
1.3 FEmMRREES

W T AR R RN ZE TR AL T AK R i,
TR UEARE T, ARBCEARFIMIAR , 2RI iy
T TR DA B h B oo M. 2L g, A
MG NHFT RN, J5fE 75%0KE HiRG
B 1 min, FEA %MK S BRI RR %=1
5-10 min, ZJ5 JCIRZKIEGE 3 K. #fe)a —IR M)
VR AT AR AT R2A FINR A, 72 h J5 s
EGKHERE, DITCHEE BRI R KA MK
14 RNEMEMIBESHEL

¥ 1 g FIIH B MM RIA TSR R,
A 9 mL EHEAMEK, OFEMAIRK, MG
107 BB, SRIGMEL 10 mL 107" HIER Bam ok
TIMERBEE 107, 8107, 107, 107 WE
Fis B BT A T NR Il R2A B3, AAhES
FEBABER 3 ANEL ., 30 CHEFE 48 h, 45
B HTETE S MELH 16S rRNA FE [K 5514 14 53]
JP B UEUE TP AR T8, MR A A BRSPS TR R
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o, IHRE SO MR EEE T S E R AKX R
CFU/g-FW=(1# #& BOH BEAEE0)/3 - Gt A [ ik 3
T Fh bR B S TS AR XS R . A =
2 B TR R A R AR 1Y) B TR $R< 100% o

wkLifl: B EET 1.5 mL @A 7
ok, IRGIEAG, BB RAE NR 2§
FH R2A P FRIL, 28 ClEFEE TR B,
HEMOPER 3, HEEBE . KN, JESMIE
H A BT S HR TR 40 1 A 5 Ak Y DT
LB [E g 4 CIRAF.
1.5 FEMIRRAMEZBAEMEH 16S
rRNA £ F F51i 18 50 FF

K FH AN TR LR 2H DNA $RBGR ] SR BN 4
A ZH DNA, SRJERH4HTE 16S rRNA J
Y1098 514 27F (5'-AGAGTTTGATCCT
GGCTCAG-3")H1 1492R (5-TACGGCTACCTTG
TTACGACTT-3")4" 34 7 jifi i3 22 FNZE &R N 24 40 T
i) 16S IRNA FE[EJF41], PCR JW A ZR (20 pL):
10xPCR Buffer 2 puL, dNTPs mix (10 mmol/L)
1 uL, Taq fff(5 U/uL) 0.25 uL, DNA A% 1 pL,
L RS II(5 pmol/L)4& 1 uL, MZE K (ddH,0)
13.75 uL. PCR KW 45f4: 94 C 5 min; 94 C
455, 55°C 45s, 72 °C 90s, 30 MEER; 72 C
10 min, 4 C{#ff. PCR ¥ G0 WZ 1%35
FEWHEERE LKA, SEBUARAFIEMT Y PCR ¥ 3
PP E R TR E W AR BR A T .
1.6 HUESH

B0 A5 21 (¥ B AR T 81 - ContigExpress %K
PR DFEE S PFE AT 1 7 5113228 22 NCBI
1] GenBank ¥ FEUEATHELR ELXT, S5 AT LIS
EREM ., SRS Shannon ZAEPESS
%, Pielou 5] FEFEHUAN Margalef F='5 FEFE 5K,
M 4 AL FRFE AR R FZEER N A AR 1
2R, SRR ARCE
Shannon $§%0(H): H=-Y P;InP;

Pielou f84U(E): E=H/InS
Margalef 5§ %U(R): R=(S—1)/InN
K PO B R & TE R OB S s ST
A PR R RN N OB AR b
i S ER

K Excel 2016 F PR T Rm ST, IRFR VA
= BHCHE R R4, SPSS 22.0 F4dE 1 #L. A
Z 7 257 M1 (analysis of variance, ANOVA), FfH
Duncan’s multiple range test #5645 A4b FH [A] 22 57
Y 2. 2 1 (P<0.05),
1.7 =HRfHe AEME RN IR EThRERV A R

FeAnFEm AR 1.1, fEfansm s 4 4>
FLM RS AR, FEARATIEE 5 4IAbHE . BEFh Ttk
TOR3209 FE#%(TOR3209) ., 7 @l 2% S ZE AT 14
FE R (Bacillus wiedmannii) . T2 2 AN ST TR A
¥k (Acinetobacter johnsonii). A F€ 55 FT [F A4
¥k (Brevibacterium frigoritolerans) 3 7<% [# A B
(ND), &HH& 8N 1% (1x10” CFU/mL), 15d
JE AT IRAL ], FEAMAEEE 10 45, A b HiEE
BB N TR 3 d, 43 AR 451 -
Wil 25 CHUKIE 5 °C B 16L:8D. T 5 C
ALFR 48 h 5, XMIGIRAC AR UE TR AEDIER
XF 25 CHAFT 1 5 A AR FRIER TR = A AR AU
i, R A T IE EE R, 105 CRTE
15 min, 70 “CERME /50 5E b A TR
I 3 BRI A P9 A B A AR A= D RE

2 BER54

21 HNEAEHSE

X4 FpAbEETR F AR 2R RN 250 P9 A 2 T
oy e, i 438 FREkE, MriG3
417 7%, i NCBI FeX}, H45EHREA .
B, . K/NIRRAE B A R R AR, O 1 5 d5c Akl
RIBERE P S AR RIS =T 98% M bk, 53
AR IR INAE AN 69 FR(K 1), AT 2RI 4 1]
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. . . Pseudomonas Bacillus Stenotrophomonas Brevibacterium Bacillus
Bacillus siamensis 2 ; - o ; p
aeruginosa velezensis maltophilia frigoritolerans wiedmannii
Bacillus Pseudomonas

Bacillus altitudinis  Delftia acidovorans — Bacillus aryabhattai Bacillus megaterium

thivervalensis

amyloliquefaciens

Stenotrophomonas Pseudomonas
rhizophila fluorescens

Flavobacterium Beijerinc ‘ Enterobacter

. . , . Rhizobium pusense
anhuiense fluminensis ludwigii p

seudoxantnomonas
mexicana indologenes

Bacillus subtilis Bacillus cereus

Pantoea
agglomerans

seudomonas seudomonas
plecoglossicida mediterranea

Enterobacter Sphingobium
cloacae anoikuyae

Agrobacterium
tumefaciens

Flavobacterium
lindanitolerans

Brevundimonas Comamonas Mitsuaria Acinetobacter Pseudomonas
naejangsanensis terrigena chitosanitabida Jjohnsonii corrugata

o ,
) 1cm

El1 FRELEF ISHABENAEDEEELS
Figure 1 Colony morphology of 35 dominant endophytic bacteria in tomato roots and stems with different
treatments.
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20 B 28 J@. JoiefAPAERE, &Rk TOR3209
Aub ) 2 Tt AR ZR R 250 0 AT % 7 D9 2R A R AR 2R
BRI & F AR R AL, SZ AR M E 1 52
M), 422 B B3 AN 422 B Ak P A 7 Tt MR 2 R 2535 114 T 55
I A A= 4 B I 2 RBC R B T IR T A A [ Ak
P A R b B0 A0 AR 2 AT RES% N A A B B0
FIRIAEFRAYZET(FE 1), HRIGE AL FRFAARFIZE
AT 5 N A R TR VR R A TR S 2 L, I
35 BRILFH N, HAAHGRILE 2.
22 ARECEFMRAMEZBAEME
I TR FARLR K FE T L

TGRS T, 4 AL BEEAAR 2 FI2E3
B3 4 10 KRR WA AN, 53 501 Ry JEEBE TR 1)
(Firmicutes). "L ] (Proteobacteria) . YUFF
I"J(Bacteroidetes)FILZR I | ] (Actinobacteria), H:
o JERETR ] ASTE I T TR B T TR T2
FHMLZEH, TOR3209+C 4b3 AT TOR3209 b HH
AR NAEMEYRT 4 1], 5 NI+C A NI A
Fb , 493 BR R JEERE TR ) AR L 1 ] A ARG =
FHRE(P<0.05), ASJE A VAT T TARXS =F B
B REAR(P<0.05), JB Tk A1 1Y AR 40 TR AL
E7ET TOR3209+C. TOR3209 Fl NI 4bFH
HABX RN, Fmmzeifrf, 4 4AbPnT B

AR 2N R R TR BE TR ] AR TR T TR R T
TOR3209+C 4 F i TOR3209 4b# A 5 5% Py A= 41
5 NI+C Fl NI AHEG, SR BN JERERT 1A
XF B R R (P<0.05), AR ) RUAT & T
AHXT B B AR (P<0.05), Fi TOR3209 4b
TP A 3% 35 N A A0 R O TR BE G T T RVAE TR T 1)
(&1 2)0

MBHFOK- B, B AR 28 ] 55 55 P A 4
WAL 14 BlEtk, 22534 16 Blaivk, 4 Hak
FH Al AR 28 R0 25 R 1 A 85 3% N A 40 R 2
il ¥ W Bl (Bacillaceae) . i . M & Fl
(Pesudomonadaceae) 1 ¥ (4 P fd B B
(Xanthomonadaceae)/JRPR, ZFAUFTF IR FIR R
TR A AR, TOR3209+C Fl TOR3209 4b
PR AR R AN ZEI A PLA TSR R ZE AT AL,
NI+C F1 NI 23 AiA R AL LA w R
B I T B A EE AT B B (Flavobacteriaceae) .
AH 7] A2b BRAEAS ] i B T A S [a] g 1 A7 0 e e
Bl, g A E R (Sphingomonadaceae) . )\TE H.
M & FBb (Comamonadaceae) #1 Jf ¥ B F}
(Enterobacteriaceae)’) TOR3209+C F1 TOR3209
A PRAE 2 AR 28 F1 25 R AL B N 2R TR 5 B A
BESA NI+C A1 NI 4 7R T AR 28 A 25 A /Y

F1 ARV EBEMBRANEIRANEARNMHEINYE

Table 1 The species and quantity of tomato endophytic bacteria of roots and stems under different treatments
FE a6 FE i Ab HE Il B J& i Bt
Sample tissue Treatment Phylum Family Genera Species Quantity (CFU/g-FW)
R Root TOR3209+C 4 10 10 17 4.26x10°

NI+C 3 7 9 15 3.16x10*

TOR3209 4 12 13 26 6.59x10*

NI 3 8 9 19 3.87x10*
Z£ Stem TOR3209+C 3 10 12 18 3.21x10*

NI+C 3 5 7 14 2.11x10*

TOR3209 2 13 14 28 4.73x10*

NI 3 7 10 16 3.31x10°*
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Table 2 Colony morphology and species composition of 35 dominant endophytic bacteria in tomato roots
and stems with different treatments

k73 BTERHIE S5 R RE AU B AR
Strain Colony characteristics Similarity with known species  Similarity (%)
Y AT BT, Fif, SR THAA R Bacillus siamensis 99.79

Bacillus siamensis

KCTC 136137

Colonies are round, white with dry and wrinkled

surface
B3 L RHBTE, DBAEH, K6, @, ¥ Pseudomonas aeruginosa 9979
T

Pseudomonas Colonies are irregular round with irregular edge, JCM 5962

aeruginosa white-cream, wet and flat

n ;}g/ﬂﬁﬁ%@ﬂ:ﬁ ﬂ:ﬁ s ;‘[ﬂé’%%}? s /&E\:@ s Z:;[ﬂ&"% Colonies are round, Bacillus velezensis CR-SOZT 99.93

Bacillus velezensis neat edge, light yellow and opaque

W R AN R, R, REEEIEE Stenotrophomonas maltophilia  99.78

T

Stenotrophomonas Colonies are round, light yellow, smooth and wet NCTC10257

maltophilia

i SE 5 AT R, A€, BEREY, g8k Brevibacterium frigoritolerans 100.00

T

Brevibacterium Colonies are round, white, flat and wavy edge DSM 8801

frigoritolerans

2% S TR RIE, hep#ss, JEm Bacillus wiedmannii FSL 100.00
T

Bacillus wiedmannii Colonies are round, neat edge, and milk white W8-0169

B 2 A RIE, Ko, RECHEIEIHE Bacillus altitudinis 41KF2b™  99.93

Bacillus altitudinis Colonies are round, light yellow, smooth and wet.

AR A G, AT, i, 0, o Delfiia acidovorans 2167"  100.00

Delftia acidovorans Colonies are round, neat edge, white, wet and convex

Br] G ZE A A BRI, XAf, BixkEY, B Bacillus aryabhattai BSW22"  100.00

Bacillus aryabhattai Colonies are round, white-cream, flat and large

STERY AT B, P, BN, KRR Bacillus amyloliquefaciens 100.00

T

Bacillus Colonies are round, light yellow, opaque and convex NBRC 15535

amyloliquefaciens

EPN = B, P, TR, R AR Bacillus megaterium NBRC 99,93

T
Bacillus megaterium Colonies are round, yellowish-white, micro convex, 15308
slight smooth
i3 VWIS &0l AMWEE, DEAPRIE, A, TR Pseudomonas thivervalensis  99.71
T

Pseudomonas Colonies are irregular round, wavy edge, white, flat SBK26

thivervalensis and dry

R BRI, o, A5 Flavobacterium anhuiense D37 99.71

Flavobacterium Colonies are round, yellow, convex

anhuiense

EUIFE ML PR, B, BN, LA Beijerinckia fluminensis 100.00

RB1-046

Beijerinckia fluminensis Colonies are round, white, opaque, fine lines edge

& A R, hsB%, Haw, #EtE Enterobacter ludwigii EN-1197  99.93
Enterobacter ludwigii Colonies are round, neat edge, white-cream, and
smooth
MBI B, FLEM, BROR, e Rhizobium pusense NRCPB10"T 99.56
Rhizobium pusense Colonies are round, white-cream, mucoid and smooth
FER L A R, W, 8%, EEth Stenotrophomonas rhizophila ~ 99.64
T
Stenotrophomonas Colonies are round, yellow, neat edge and smooth DSM 14405
rhizophila

(15%%)
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(83 2)
Itk V& RHIE f i AR AP TR B AL
Strain Colony characteristics Similarity with known species  Similarity (%)
DGR A ML T RIE, RO, FREEIHEAER Pseudomonas fluorescens F1137 99.30
Pseudomonas fluorescens Colonies are round, light yellow, wet and convex
BRI B, K6, EEN . RGO Flavobacterium sp. 99.17
Flavobacterium sp. Colonies are round, white-cream, translucent and smooth
AR B BRI, [, FmpgEii Pseudomonas plecoglossicida  99.16
T
Pseudomonas Colonies are round, white, and micro convex NBRC 103162
plecoglossicida
i1 VAR BA IR R R, hGMN, kigq, 50 Pseudomonas mediterranea 99.72
T
Pseudomonas Colonies are round, neat edge, light yellow, and DSM 16733
mediterranea translucent
)z oA B, wEf, KN Pantoea agglomerans 98.02
T
Pantoea agglomerans Colonies are round, yellowish-white, micro convex JCM1236
BV EHMR O AN R, Ha, £iEEFEEE Pseudoxanthomonas mexicana 100.00
T
Pseudoxanthomonas Colonies are round, yellow, and mucoid AMX 26B
Mexicana
7 WS e < BT TR FE, o, e, Rk, BEALE  Chryseobacterium indologenes  98.51
T
Chryseobacterium Colonies are round, neat edge, golden yellow, convex, DSM 16777
indologenes wet and glossy
T AR S AT R, HZEAN, R, FiE Flavobacterium lindanitolerans 99.93
T
Flavobacterium Colonies are round, irregular edge, light yellow, and IP-10
lindanitolerans translucent
B 4 Y, 6, EERECR, B, Bk Enterobacter cloacae subsp.  99.58
: T
Enterobacter cloacae  Colonies are round, white, mucoid, wet and large dissolvens LMG 2683
P2 P T TR B, g, FLeOAEY, RIEDEHERIE, Sphingobium y?noikuyae 99.85
Sphingobium yanoikuyae v gifif ™y NBRC 15102
Colonies are round, neat edge, yellow-cream, opaque,
wet, smooth and micro convex
MRS AT 1A FE, KA, REH, hommhE Agrobacterium tumefaciens 99.61
T
Agrobacterium Colonies are round, white-cream, opaque, and micro IAM 12048
tumefaciens convex
TR S Oy ] FyEFEHLES, A, AEH Bacillus subtilis JCM 14657 99.72
Bacillus subtilis Colonies are rough, light yellow and opaque
R ZE AT A R, A€, FinHEes, WF Bacillus cereus ATCC 14579 99.93
Bacillus cereus Colonies are round, white, rough and flat
UL e B B, RN, KRG, EEER Brevundimonas 9985
Brevundimonas Colonies are round, median size, off white, and naejangsanensis DSM 23858
naejangsanensis smooth
A NE R, A€, i Comamonas terrigena 100.00

T
Comamonas terrigena  Colonies are round, white, and convex. NBRC 13299

R 2 e 2T E RE, a6, B Mitsuaria chitosanitabida 99.02
NBRC 102408"

Mitsuaria Colonies are round, white and wet
chitosanitabida
Y R B FF BTG, IR, KEIE, HR, W, 46 Acinetobacter johnsonii 99.51

T
Acinetobacter johnsonii  Colonies are round, lace edge, white-cream, convex, ATCC 17909

wet and glossy

eGE TN, e, REW, R, MR Pseudomonas corrugata ATCC99.02

T
Pseudomonas corrugata Colonies are irregular edge, yellow, translucent, wet, 29736

and micro convex
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Relative abundance (%)

®m Proteobacteria

Bacteroidetes ~ m Actinobacteria

1

TOR3209+CR NI+CR

B2 ATRAEXFEMREALEMEEFHEMRFEITRF)

TOR3209R NIR
Treatments

TOR3209+CS NI+CS TOR3209S NIS

TOR3209+CR: TOR3209+C # ; NI+CR:

NI+C #¢; TOR3209R: TOR3209 #¢; NIR: NI #; TOR3209+CS: TOR3209+C Z£; NI+CS: NI+C Z%;

TOR3209S: TOR3209 25; NIS: NIZk. [
Figure 2

Impact of different treatments on endophytic bacterial community structure of tomato roots and

stems (phylum level). TOR3209+CR: Root tissue of TOR3209+C; NI+CR: Root tissue of NI+C; TOR3209R:
Root tissue of TOR3209; NIR: Root tissue of NI; TOR3209+CS: Stem tissue of TOR3209+C; NI+CS: Stem
tissue of NI+C; TOR3209S: Stem tissue of TOR3209; NIS: Stem tissue of NI. The same below.

WAERRL, ANFEREEE T, AHFE AN EA — et
(AT 15 3% N A= 4R - TOR3209+C Al TOR3209 4k
FRAYAL AT AR R A 3G N A i R v, 3
A AT IR N A A0 T R AL A FE AR v IS T R
(Beijerinckiaceae) VAT AL (Brevibacteriaceae)

NI+C F1 NI 4b 34 A a] 55 55 N AR A R4S
WA B OB AR B FE (Rhizobiaceae) o

TOR3209+C Fl TOR3209 4b ¥ {3 H BLAE 7 i
ZEER ) A R B IR N AR A0 T R L FE A A R
(Caulobacteraceae) . %A [H B ( Moraxellaceae) .
K ZF AT & Bl (Paenibacillaceae) B A 5 BB
VL& J& (Mitsuaria), Microbacteriaceae {NAFTET
T R AR AR, 2 TOR3209 F1 NI AR B Ay
HHEEL; JLT BB Chitinophagaceae){UAETET
HOR S NI AH B F AR R B 2w R
(Hyphomicrobiaceae) 1 % g #F W #t
(Oxalobacteraceae){¥ H BLTE H i TOR3209 4bFH

F) 25 i 22 BB (& 3).
23 AELEEFEMRAMZIBAEAE
BKFEZL
WIBFOKF- T, 4 1A BT 5555 N A T 7R

FMMRAILAG 19 ME, 22 arnE. )
PR . B R 8 (Sphingobium) . HFF I A
(Flavobacterium) . 1 A& )&(Ochrobactrum) .
WORAERETE & (Delftia) . TS . HEEATH R
(Luteibacter) . -3+ 5.l 1 J& (Stenotrophomonas) .
FE 0 AR 5w (R B & (Beijerinckia) . R B &
(Brevibacterium) . T # J& (Microbacterium) . 1
HEFF AR . RS B IR & (Pseudoxanthomonas)
WY T & (Rhizobium) . 1Z )& (Pantoea) . 2RI
W& (Filimonas) . $5 &5 14 J& (Sphingomonas) Fl

T & (Chryseobacterium) ., Fop, 0T # R
#£ TOR3209+C, TOR3209 il NI ZbHEH A3
J&, ARSI 58.20% . 60.99%F1 33.30%,
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TOR3209+CR  NI+CR TOR3209R NIR TOR3209+CS  NI+CS TOR3209S NIS
Treatments
B Bacillaceae u Pesudomonadaceae u Sphingomonadaceae Flavobacteriaceae
® Brucellaceae m Comamonadaceae m Enterobacteriaceae B Flavobacteriaceae
B Xanthomonadaceae W Beijerinckiaceae B Brevibacteriaceae B Microbacteriaceae

W Rhizobiaceae

m Moraxellaceae

u Chitinophagaceae

u Hyphomicrobiaceae

Undefined

m Oxalobacteraceae

Caulobacteraceae

® Paenibacillaceae

3 AEALEE R E AR N A A LR AR B 20 (R K )

Figure 3
stems (family level).

NI+C A3 L3 G Ja AT s, AR R
24.40%. FAAFHEIE . IRPMEE . BT R A
HAENMEE N 4 HAFRILEREE. WIRT,

TOR3209 #bFH5 NI ZbFEAHLL, ZEAIFFEEE | FEAT
wE . FEMMOLIREE . FTRE . GCETEE
FEWFTF IR . BURIRRIAE . ¥ PR T R AR AT I
JE AR R T, (R . BT RE
FFPMEE . REEE . Z2RPEEE . &
T T e RIS e B e AR = B B SR A IR
TR BRZH A4 2 A TR R 2B, 5 NI Ak
FRAHEL , NI+C Ab PR A ZE AT T a8 FH 22 AR B T

Impact of different treatments on endophytic bacterial community structure of tomato roots and

JE AR R AR, AT R . TR
R AR R AR,
TOR3209+C #ZbHi5 NI+C ZbBEAHHE , ZEAIFT IR
MATEIE . BURERTRE . MO REE .
PP A RIS I A AR T B T
B E . AR . T iE . HEEEE .
VR . A B TR A B I G R A X 2
SR RIS B LR TOR3209+C A BRI
AR, Z R A NI+C A B A i m , SIS T
JB FRE AT 8y TOR3209 AL A g, 22
RBAS TR A NT AR A T (R 4) 0
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1
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g 70 I .
[0
‘é 60
=
| |
s
R
< 30}
22
20 +
10 +
0
TOR3209+CR  NI+CR TOR3209R NIR TOR3209+CS  NI+CS TOR3209S
Treatments
W Bacillus m Pseudomonas w Sphingobium Flavobacterium m Ochrobactrum
u Delftia m Enterobacter m Chryseobacterium W Stenotrophomonas W Beijerinckia
W Brevibacterium B Microbacterium m Agrobacterium Rhizobium Pantoea
Pseudoxanthomonas ™ Filimonas u Sphingomonas m Comamonas m Variovorax
u Mitsuaria u Brevundimonas m Acinetobacter B Devosia = Oxalobacter
Paenibacillus Luteibacter Neorhizobium

B4 TR ERRZE AL 0 E B R AR SR8 7K )

Figure 4
stems (genus level).

LR B Ak Y 45 BRAT RS N A AN 2
AET 19 NERE, aalE: FHErEE. &
HHIEE | AR TR | s R
N E HE H B (Comamonas) . 77 W H &
(Variovorax) . FATLIH J& (Mitsuaria) . +3EFF & .
S 1 PR TR B (Brevundimonas) . MR THE | 12 1A
J& . FIRRME)E . AT JE (Acinetobacter)
85 I8 8 JB (Sphingobium) . 15 K W K W 8
(Devosia) . BB # & (Oxalobacter) . JSZFHF
W J& (Paenibacillus) Hi 8 1 J& (Neorhizobium)
Hrb, ZEFF 8 G403, £ TOR3209+C
TOR3209 FI NI &b Hrf AR 42 85351 35% .
48.20%7F1 31.90%. ZFAIFFRE . AR |
Jkt R E AR B R S 4 ZHAR PR A TR

Impact of different treatments on endophytic bacterial community structure of tomato roots and

J&. HIE T, TOR3209 Zb#l 5 NI AFEAH L, 2
HIFFIEE . A e . SR . A\ B MR
J& . R R . AATLEEE . R I A
IR G T s AR X = B it i, R
J& . TR . AT RE . ORI E .

JE& T B A S RN 2R AT TR & AR X R
S RRAR o APRTRLI 3 X %o BB 2 1) 2 AT B 5 T
K, 5 NI ACFRAHE, NI+C AbFRZ A 2E AUFF
J& . TIEEMRE . SR MR . R R
FUHTAR I8 TR 8 B AR T2 B I 2 A, R L
JE& VR TR R RIS B B TR AR T Y
. RIEALIE T, TOR3209+C 4bF 5 NI+C 4b
FIAHLL, 2R R | o iR . A B
R . TR . MM RE . RS R
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ST R T M 2 AT T e AR R S
BERS, BAMEE . SEE . ZRE . &
FrEA N TR E BRI R AORE R R AR
PR . ANBHMEE . AR .
He T JE FIAAYL IS /@ & TOR3209+C 1 TOR3209
AR A N AR TE , S I R Az T e 2
FAAETF NIFI NIHC Ab3 i, AUETAE . AR
PG 1 J M R AT 7 AP /E T TOR3209 4k 3
L PHURITAE U T NTALERSh (2] 4).
2.4 AREIAEA[IEF AL W E KT
P2 XS 25 A BRRE S TE R K- B A 8 E
FAEGE, AR RS S R S A 57, BITE
TOR3209 4218 AN 1 H AR 28 FIZE T A vl 5
I N AR A R 2R R AN TR . AR R
TOR3209 4B AT 5577 A AR B HH 25 AUAT T AL
PR, AL 10 DR, FEARE R 2 A
W (Bacillus amyloliquefaciens) . D1 3 ZE f AT A
(Bacillus B K ZF fii #F
(Bacillusmegaterium) . J&, 2% 2 #F {0 ¥ & (Bacillus
wiedmannii) . AKX ZEHUAF B8 (Bacillus licheniformis) .
RA] EC ZE AT TRl (Bacillus aryabhattai) . &% 20T
(Bacillus siamensis) , # 5 ZF AT IR (Bacillus subtilis)
At AT . YO R REE, S
6.6%, & 3 AEM, 5082 B R R
I U]
(Pseudomonas brassicacearum) . FEHE FL/R B0 B
(Pseudomonas thivervalensis) . Fo T 5 J& A T F€45
*?_%]P(Brevibacterium frigoritolerans), SR 6.3%.
NI Ab B 5 AR 2R ] 35 5% 9 A A T v 2 L T
Ja , ARERL N TR AN B R S AR, o He )
N 33.30%. 16.50%F1 14.60%. EALA A 75
5T, FEAFEH AR BRI R (Pseudomonas
aeruginosa) . FE4EPL/RERFAHR . DOBIER IS
M JRR BB T
liniy A1 Hb o R M

velezensis)

(Pseudomonas mendocina) .

(Pseudomonas  fluorescens) .

(Pseudomonas

(Pseudomonas mediterranea). TOR3209+C AL
AR A TR IR A T R 2T R R A s
R 58.20%, AT IR A MIEIE LU, o)
51 5 e 9.30% 1 6.20%, oA 8 A i FEAAT BT
NIHC AhPER B )R | R . 2P AT s
Mz wm w5 ooy 24.40% |
22.10%. 16.80%71 9.2%. H-r il p i Hh iy 7
fe (B R (Pseudomonas plecoglossicida) . 76
(LS S o A A NS R oo Rl
(Flavobacterium lindanitolerans) NEURE , 12 W&
HALHE B AZ R (Pantoea agglomerans), J&T VKA
£t s o o o I A O G LS g S ]
(Chryseobacterium indologenes) . NECRH . 4 LHAb
Hirh, 5 NI #l NI+C 4bPEAH I, TOR3209 A
TOR3209+C ZEBER 0 54 12 2R T . D
KM A MR BEFEE LA
(Stenotrophomonas maltophilia) . THFERATE . B2%
SEFFIRTR . AT . P TR AT E
Ry 2T . EOREF AT B PR R R
(Delftia acidovorans) . 3 B B FE it Ak 50 [G 9
(Beijerinckia  fluminensis) 1 % K M #F W
(Enterobacter ludwigii){JAIXTERE, WL T
J& T (Rhizobium sp.) . "& MR & 3% ¥ M W
(Stenotrophomonas rhizophila). ¢GRI . H
PR BRI BT 1 Pofe b i TR RS AR BT B )
AHXTEE(E SA-5D).

FANZETR 4 AL F R AT B SR N AR T D 2R
FF il o T B3 i i, 25 Ak BE 27 AT BRI
BAAR, BALA R, XAMmAER. 3k
W 20T TR O AT 2 A IR, A AL BRAT 2 AT
T 7351 A TOR3209+C 4b B HP AR5 BEA 27 7T
(Bacillus tequilensis) 1 2 42 ZE AT (Bacillus
thuringiensis) ; NI+C Ab ¥ b A & 28 4 T
(Bacillus ginsengisoli); TOR3209 4bH A i) MR
ZEHUFT B (Bacillus niacin) ; N1 AL BEH IR ZE AT
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& (Bacillus circulans), TOR3209+C Fil TOR3209
Ab B R L ZF SRR TR A IR 2 SR AT
(Bacillus cereus) . P FCZEAUFF I | AR 380 ZF 60T

Bacillus siamensis: 6.7%
Pseudomonas aeruginosa: 2.7%

Enterobacter ludwigii: 2.7%
4.6%

Flavobacterium anhuiense: 3.4%

Beijerinckia fluminensi:

_~ Bacillus velezensis: 11.7%

Pseudomonas thivervalensis: 3.5%
Bacillus megaterium: 5.9%

s~
‘/

Brevibacterium
frigoritolerans: 9.3%

Bacillus amyloliquefaciens: 9.4% - Stenotrophomonas

maltophilia: 5.4%

Bacillus aryabhattai: 6.5% Ochrobactrum anthropi: 2.1%

Delftia acidovorans: 4.2%

Bacillus altitudinis: 1.6% " Bacillus wiedmannii: 10.4%

Bacillus megaterium: 6.9%
Bacillus amyloliquefaciens: 7.5%

Flavobacterium sp.: 2.6%
Beijerinckia fluminensis: 3.1%

Bacillus sp.: 4.2% —_-

Pseudomonas brassicacearum: 2.1%
Bacillus subtilis: 6.0%

| Bacillus velezensis: 8.2%
Sphingobium yanoikuyae: 2.0%

, Enterobacter cloacae: 2.5%
,

Sphingomonas dokdonensis: 3.9%

B NI+C Fl NI AbBRAL AT O 35 8 0 A 1B
BB E & H A A 36.30%F0 15.60%, S
P HI IR (Pseudomonas corrugata) FIH A AR A

Enterobacter cloacae: 5.9%, ‘ Rhizobium pusense: 6.3%

Bacillus amyloliquefaciens: 8.3%

Flavobacterium

lindanitolerans: 6.7%

Chryseobacterium — Bacillus velezensis: 4.7%

indologenes: 5.5%

Bacillus aryabhattai: 3.8%

Pseudoxanthomonas
Mexicana: 4.2%

Pantoea agglomerans: 9.2%

Stenotrophomonas rhizophila: 5.6%

Pseudomonas fluorescens: 6.3%

Pseudomonas mediterranea: 7.6%
Flavobacterium sp.: 11.7%

- s locoelossicida: 809 |
Pseudomonas plecoglossicida: 8.2% Flavobacterium anhuiense: 6.0%

Flavobacterium Bacillus amyloliquefaciens: 7.3%

i stoloyaiss 149
Hndaniiaieransssiale Bacillus velezensis: 6.0%
Chryseobacterium

indologenes: 5.9% ~ Bacillus aryabhattai: 3.6%

. Bacillus megaterium: 4.5%
Pseudomonas mediterranea: 4.5% &

By

F

fluorescens: 2.8% — Stenotrophomonas rhizophila: 6.8%

/ ste

maltophilia: 1.5%
Bacillus wiedmannii: 7.5%
Bacillus altitudinis: 5.0%

-

Bacillus licheniformis: 4.0% -

Brevibacterium
frigoritolerans: 6.3%

Bacillus siamensis: 5.7%
Agrobacterium tumefaciens: 4.0%
Pseudomonas mendocina: 3.0%
Delfiia acidovorans: 1.6%

Bacillus aryabhattai: 6.0%

Bacillus tequilensis: 2.3%
Paenibacillus polymyxa: 7.2%

= Bacillus cereus: 3.4%
Bacillus velezensis: 9.2%
—— Brevundimonas
4 naejangsanensis: 6.0%
F R Bacillus aryabhattai: 4.2%
|
|

Enterobacter ludwigii: 6.7%
Bacillus thuringlensis: 4.3%

Sphingobium yanoikuyae: 5.1%

Acinetobacter johnsonii: 5.6%
Pseudomonas fluorescens: 3.1%.
Pseudomonas thivervaleasis: 3.6%
Flavobacterium sp.: 4.5%

Pseudoxanthomonas
Mexicana: 7.1%

Bacillus amyloliquefaciens: 11.6% Comamonas terrigena: 5.6%

Mitsuaria chitosanitabida: 4.6%
Variovorax paradoxus: 5.9%

G

Devosia riboflavina: 2.4% Bacillus cereus: 3.6%

Paenibacillus ehimensis: 3.2% Bacillus velezensis: 10.6%

Pseudomonas oryzihabitans: 2.2%

Bacillus subtilis: 3.7% ‘
Agrobacterum tumefaciens: 3.6%

Mitsuaria chitosanitabida: 2.4%
Enterobacter ludwigii: 2.5% |

Pseudoxanthomonas
Neobacillus niacin: 4.1%'

— Brevundimonas
naejangsanensis: 2.7%

~ Bacillus aryabhattai: 7.6%
Acinetobacter: 2.3%

“ =
Pseudomonas fluorescens: 5.2%

——— Acinetobacter johnsonii: 6.1%

~ Comamonas terrigena: 3.1%

Japonensis: 3.3%

Sphingobium yanoikuyae: 3.1%

f
; i S o |
Bacillus amyloliquefaciens: 10.9% Bacillus megaterium: 1.1%

2

—
Microbacterium = /

proteolyticum: 3.4%
Pseudomonas aeruginosa: 9.7%

Rhizobium pusense: 5.7%
Brevibacillus brevis: 7.2% Flavobacterium anhuiense: 7.2%

Bacillus subtilis: 4.7% Filimonas endophytica: 7.5%

Bacillus subtilis: 5.8%

Flavobacterium sp.: 8.7%
Bacillus velezensis: 4.7%

Pantoea agglomerans: 7.3%
Pseudomonas corrugata: 8.6%

Stenotrophomonas
maltophilia: 7.1%

Pseudoxanthomonas ~— Enterobacter cloacae: 4.9%

Mexicana: 6.4%

Enterobacter hormaechei: 6.8%
Pseudomonas mediterranea: 9.6%

= Bacillus ginsengisoli: 7.4%

Flavobacterium anhuiense: 4.6%
Pseudomonas aeruginosa: 9.3%

Flavobacterium anhuiense: 9.5%
Bacillus subtilis: 5.1%

_— Bacillus megaterium: 4.1%

Enterobacter cloacae: 4.9%

Pseudoxanthomonas —
Mexicana: 5.4%

Pseudomonas mediterranea: 7.8%

Pantoea pleuroti: 6.7% . ~_ )
Neorhizobium huautlense: 5.3% —— V

Paenibacillus xylanilyticus: 5.8%-

Stenotrophomonas -
maltophilia: 9.2% \

Pseudomonas corrugata: 7.8%

Bacillus aryabhattal: 3.7%

— Niallia circulans: 2.6%

Agrobacterum tumefaciens: 5.7%

Bacillus amyloliquefaciens: 10.6%
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BS5 ARAETEMRAMZDBEZLFENERMGEEAIGFHKTFE) A: TOR3209+C #. B: NI+C #R. C:

TOR3209 #2. D: NI#R.E: TOR3209+C 2. F: NI+C 2£. G: TOR3209 2£. H: NI 2

Figure 5 Groups and their respective occupation of endophytes from tomato roots and stems sampled in
different habitats (species level). A: Root tissue of TOR3209+C. B: Root tissue of NI+C. C: Root tissue of
TOR3209. D: Root tissue of NI. E: Stem tissue of TOR3209+C. F: Stem tissue of NI+C. G: Stem tissue of

TOR3209. H: Stem tissue of NI.
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B M 2 A Ah B SR R R R TR AR R
TOR3209 Ak H rf Xy 4% I Hy 2 [ A 8 AT T
(Acinetobacter johnsonii), % E N R H, TE
NI Ak B AR B R AG I 3% o IR A T, NT+C
R 2R 25 H0 Ak P rp 2 I A iR R R
HIIZ B, 1 TOR3209+C b ¥ A I i 33 1
k. 4 414bFF, 5 NIFT NI+C A FEAR I,

TOR3209 il TOR3209+C 4b 45 (5 5 42 = 1 0
FEZFMAT I DUSRMT 2R JAT I L 0 R i
& (Brevundimonas naejangsanensis) . B FC 2574
R . A N B E (Comamonas terrigena)
B IR AT T i I £ e 5'e 2 BN VTR (Mitsuaria
chitosanitabida) . ffVEM ZFMATF R . 2OLMR B
LT | 29 IO Sh AT T | 8 2 BE AT 1 (Sphingobium
maltophilia)fAHXT £, I 3 AR T RO
W (Flavobacterium anhuiense) . i & ZEfFF A |
L CE NI F s e ) 1 I S SR (53 (54
BN B . 85 VY AR R B B TR (Pseudomonas
mexicana) T 175 I ¥ & (Enterobacter cloacae)
A AR X = (K] SE-5H).

FAh, MR 2 iy 35 MRAEFETE A TAR XS
FREMBES R, MEMFERET, &
TOR3209 Ak B i AR 2 F0ZE 3R a] 15 % N A2
PR RH X = RE A v O 11 22 O 2R AT T, T N AR 3
AR = 25 v 114 T D) 8 b g A P T A AT 1R
ISR 5 R o B4l R — 2 6).

2.5 TOR3209 &EFEHEMBALNEHAER
HEFE P

0 A 4 50 R S 14 A ) B I PN A 2 A
A 34, S BINETER ZF AT IR . DU 2R f AT
PR FI BT FC 2E AT 7 . TOR3209+C I TOR3209 (1
A AR AN 10 4, R E RZFAAT R

WEAZ ZE SRR AT | R 2E 2 SR AT I | R A
FRO . BRRMURARRRA . M SE AT . % 2 1l
FEB L 3% ERAFT B . R4 FCOR B R T A0 91 B2 P
FEMMRFCECE ; NI+C Al NT A3 a5 92 9 4
MEA 84, MM . WEARZEFR PRI . 2O
ORI . ZROEFE . 58 2R R (Bacillus
brevis) . i REBCRAMIEA . 770G W TR B AT
FRFFEFFE ; TOR3209+C 15 NI+C fyFAT Al 4
FWNAEMEH 1A, HLEEEAFRE; TOR3209
5 NIWIE AR NEMRE A 41, WFE
REFAIAF . FEYE FL R RSN B . AR R AT 1A
(Agrobacterium tumefaciens)FIk & 25 T 5 -
TOR3209+C WA Al 5 SR NAEAE A 2 1,
NI+C 5 3 4>, TOR3209 5 9 4>, NI A
4 1B 7A).

Id A 4b P 5t 2 1 AT AT R IR N A A R
1 Ay, VSR A E . TOR3209+C #l
TOR3209 WALAT Al BE SR N AR AR AT 10 4>, i
FEZFFLRT I . TR B M T | AT TR R AT TR
T A NERHE | BRI EE | A BT 20
PATLTA | fEUER ZEFEAFT B . DGR IE . A%
AT R A S AT R ; NI+C Al NI Ay 3Efn]
BN A 74, N EBEEHTR | AR R
FRE . BRI . e 2R A L b
T CEA L T A Y R S R A B T
TOR3209+C 5 NI+C (A nf B5 35 N A AR A
2 A, NEHFE (Flavobacterium sp.) 125 75 B
HHfIE ; TOR3209 5 NI MILA AR 2R A
2 A, R R ZE A R A A TR
TOR3209+C HYMAAIEFRNAEAEA 5 4.
NI+C #i 4 4. TOR3209 A 10 4~. NI £
4 1~(# 7B).
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Figure 6 Heat map of 35 dominant bacterial expressed as relative abundance of species of different treatments.
TOR3209 _C_R: Root tissue of TOR3209+C; NI_C R: Root tissue of NI+C; TOR3209 R: Root tissue of
TOR3209; NI_R: Root tissue of NI; TOR3209 C_S: Stem tissue of TOR3209+C; NI_C_S: Stem tissue of NI+C;
TOR3209_S: Stem tissue of TOR3209; NI_S: Stem tissue of NI.

Tie A AR, TOR3209+C F11 TOR3209

A 3R (1) AR R 38 43 1 S R 2% 2 2 AT R R
i €4 FF 5, TOR3209+C I TOR3209 4bFHZH
P F 22T B R A RS, &R
it FEAE A B s NI+C A NT ZbFR2H i 3 iR 2 0
BT W A R TR R b RO R LR R,

HYNEOER . IREIE T, 78 NI+C Ab R
FAARZE R T A AR R . PR
UM . A B AR YRR R R, U
¥ 0 BOw T H R A R vk AR, AR
TOR3209+C I TOR3209 AbFHZH v 3 A48 I 2]
X 4 PR K
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TOR3209 C £ 0 0 TOR3209 C 0
0 y 0
\\ 18 0 0 0 0
\ 0 0

7 AEAAEMEMREFADALEARMHEOZIE(Venn 5H) A FAiR R, B: Hhi 2.

TOR3209 _C: TOR3209+C; NI C: NI+C
Figure 7

Impact of different treatments on endophytic bacterial community of tomato roots and stems (Venn

analysis). A: Tomato roots. B: Tomato stems. TOR3209 C: TOR3209+C; NI_C: NI+C.

2.6 ARAGEAIIEFAEMERZHE

K Z R FEERENY S s
53 MY RBOR RAEF AR R A ZET ]
EEFRNA A R 2R, N3k 3 R, 1E
WIRAMGIE T, 4 A0 TR A B M 2 2L 50 kE
i, ZTE Bk TOR3209 Ab B () 22 FE M F8 B 3=
RS FARBERE AR, HhEiRT
TOR3209 4b 3 F AR R A 35 F5 AR TR 1 24
PEFE SR =5, 3.10, TOR3209 4b B iy 253K 0]
BERNAR SRR Z, K 3.06 (P<0.05).
HL T TOR3209 b ) 25 n] K 37 N AL o =F
TR E R, N 2.32, TOR3209 AbFHAAR 2

®3 FREIBETERRMZENEMENS MRS

AN AEERZ, N 225 (P<0.05). &
TOR3209 4k 311 7 Al A i 3450 BE 8 B AR oK
R, S AL SRR B 0.97 A4,
TG B 2 5 (P>0.05) . 16 B H R AR T,
TOR3209 Ab 3N 1 2 Al AR 22 2504 21 mT 45
FRN A VR 1 ZRE R E i, (X m]
B 7% N A 40 TR TR B 250 BE I R RS
2.7 Z=HANEETLIEEIRE
PRASII R, 3 BRINAE BRI RBHR = i
PRIER S . HTE R AE Dt (] 8A). fRiALFE
24 h 5, XTERAAKRER B h ZE G,
FRETH, T3 MR RAL AL i R &

I

Table 3 Diversity of endophytic bacteria among four treatments of tomato roots and stems in two different

temperatures

FE AL Ffdi b 21 EZEER R Fu EREL B IR

Sample tissue Treatment Shannon index Margalef index Pielou index

#R Root TOR3209+C 2.72+0.15¢ 1.50+0.00¢ 0.96+0.05a
NI+C 2.66+0.14¢ 1.35+0.00g 0.98+0.05a
TOR3209 3.10+0.10a 2.25+0.01b 0.95+0.03a
NI 2.85+0.10bc 1.70£0.01c 0.97+0.03a

2% Stem TOR3209+C 2.82+0.17¢ 1.64+0.01d 0.97+0.06a
NI+C 2.61%0.16¢ 1.31+0.00h 0.99+0.06a
TOR3209 3.06+0.09ab 2.32+0.01a 0.94+0.03a
NI 2.71£0.12¢ 1.44+0.00f 0.99+0.04a

ANF/NG FREFRIR 225 B

Different lowercase letters indicate significantly difference.
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Root fresh weight Shoot fresh weight Root dry weight Shoot dry weight

= « Bacillus . Acinetobacter Brevibacterium =
TOR3209% \ je dmannii Jjohnosonii frigoritolerans CK

8 =ML NEREXEMERIREMTLIER A R4MEH. B: WA/EM. C: this. D: M
HLE: Y

Figure 8 Effects of tomato plants treated by three psychrotolerant endophytes on plant growth-promoting and
cold tolerance. A: Growth promoting function. B: Cold tolerance. C: Plant height. D: Leaf area. E: Biomass.
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FEORAF BT, AE 2 44 v T i Ak ) T 2 2k (1
8B). MEAJTIA, A2 S 2R RAT IR RO i
R R TE R L X BE A ) e 34.88% Al
56.33% (/& 8C. 8D), 5 TOR3209 #b¥iZH TC i
Z5, nikF 5 TOR3209 HFEIAEAESIRE, 4
FRAS S S5 T P26 AT R A B e AR,
AL P A, A AN E T S A A A
AbPRIEIZE 5, AhIEZ A RR AR S A AR 1 A
Wi, HAmsERATEIE ORI %, R
55l ) £ T 5 0 BEAH LA 4R R 55.13% A1
51.03%, THAHIHRE 48.37%F1 50.95%, W&
T TOR3209 4b¥Z, {HIC %2 7 (&l 8E).

3 WwE5&#

YD FEA R 38 T 25 i A4 D9 Tl A 0 245
AR, ZAEPE RIS S V2 B A8 B[R] A9 SE
T RAARR , 27 1 700 e I it T — 8 e i =
AT, (PR A 23 50 i PR3 AR 0 1 A6 28
i o S PH P TN 5 22 DU H 5 0 A R Y 2
FEPEFE BT B, M AR — R — T e
(dibutyl phthalate, DBP)ZbE¥538 Jin T U H &
A VAR Z FEE R T B, BRI DBP
AW AR EAE A, T vk DBP U
THEZREN., FRFVALAHSER . K
fik FH PRI R QAR BT 8 AR 5 A 3, BIZE
- F P A 4 T 2 AR 08D, X S AR SR 4
25 SR, U B AL 2= 2 TN S8 N A A R R A
— € BYANEIVE T (R A 25 R rd il AT fi Ak
WY AERA . WA EESFRE LB, H
3 FhZEALAT B IR Bl AT LR e KR AR A 255
AR TR I 0~ BE RN S B, I 3 U K A
HE R FNZETR AL A0 R VR 451, X S A SR 45 21
FAFT o ASBIFFEE AR IR PR 8 T TOR3209 4k
PR T ik AN [R] 41 21 ] 15 55 N A 20 DA BV 1) 2 6
P, 5L TOR3209 4b B S 2 i AR 28 FlZE3H

AR N A AN A SRR B B, 3R T
FF B8 a8 (AR =, AR 1 BT 17 e R P
JE& PR ERE, DUtk T NAE TR A5 .

S2 M D REAT t S0 0 AR W B 06 AR FH 0 S
R AE T HAAE YR 2R 00 RRCR, 5 it
SHRMA 2 R Y ETE AR . Afzal 5 1)
Filt 7 12 ol R0 AR 2 b o R O 20K A 25 AN T
Burkholderia phytofirmans PsIN 351 21| 57 Bk
W, RILREPR PsIN FEAREER I & TSR e
R A BT . TOR3209 JRASLE %
AT AR BRI 126 A5 I — AR AR s 2 A T, I 52
5 2R I HLAEAR B 8 R AR, A0 T T it T )
TETHRCR, BEA RO PR ) RV 451
H AT EE IR 4 B SE B R W] TOR3209 fE i 42
TR R AR B AT R R DL SIS A R A B,
5AMFEH TOR3209 g &5 m F vl 5558 N
A= ZE AR TR AR G 3 B 4 SR — B

KEMFFRRY, AN A m Ak DV TE T T
JEREE 1R, B SRR | AR L AT
AR ORISR S 2 — 8. 4 AR
AR 2R 02530 AT 0% 5% 9 A AR R AR T Tk
JERER T AT TRBATR ], RAIA R
N EEFAT T | SRR | BT A A SRR
MU &, 25 TR R S 2R AT TR | AR
P& TR e AR B R o AR e
FEAIR T NI+C Ab FRZH AR 25 3R 2 F0 AT 51 J8 AR X =F
JE, TR TOR3209 4bH2H (1) ZE 0T 5 J 1A A
it = B S RGN ST B R VR R T AR 2R 2R
HRATEE SR A W XA R, R N iz
HAT B e A 35 e o DS 27T B Ay 4 4l Ak
M R, A TR R AZER, °
HAE TOR3209 &b 3 A 7 it v (%) TR i 2 e T
NI Ab3 . DU ZE A i BE 5 A 7= A R 50
Pk, o Emve-3-2 0, AR A IR SR AR Y X
Wl A HEHT 122 AUFE TOR3209+C I TOR3209
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A0 PR AR R o3 B L0 A B R AAT R, X LAY
LA AN G B R AU I S iRE T R
TYIHR 1, [FRE P2 S E R AR R,
SEHEFES A K22, TOR3209 AbHIE & iR &
FIZERR AT G IR N A AN 2R, R AR SR A 2
REZHENE, Br T BA R LI E N A TS, i
A — s B H A Zh BB BN A W . AN TE
TOR3209+C AbBEAYZEHR 73 B th B I5 2= 6 25 fU AT
WA AR ERY, 282K E
(Paenibacillus polymyxa)/ 1R & ) A& B8 P 16
PERO, A — SRR AR R VR PSS T A
RN B, A{XAE TOR3209+C Al
TOR3209 AbHH AR 25 73 15 H 4 91 B IR AR
T FC A T i S B AR (0 2 7 4 LA AT 1Y
B 2 A A 0T 3 i 55 5 % R 5 Y R Y
(OESEAS R 8 THIN] 45 VP N Y iR |
AT R AR SRR W IR — L TR SE W R B4k LR
i B B S — P 47 4R S i Ak 2R R W) (benzene
toluene ethylbenzene & xylene, BTEX)[&fi# 1" ;
[ 7 5T 18 (Microbacterium  esteraromaticum) ]
R i R B R S B DL b TR R 3 B AR T
TOR3209 4k P 2 i AE R 52 7E TOR3209 4k
PR AN SR, Bil] TOR3209
Qb PR RE A T AR AR N BT S PR
ABIFE R, SHEFIE R TOR3209 M4
FIAHLEL, NI Fl NI+C AbFRAL A B2 9 A 1A A
Xof 5 A v ) R DU b T B T R A TR
J& . Hif, NI+C Al NI ZbBRE A AT 4 kR
BOWTR , 7392 53 15 1 AR AR At v A A B T A
7GR BT, 20 2R A e P T A L R
AR S PR TRT o 2 st e T {1 . 1 R 4
LA BN P K AT B | S T 00 A 1 TR IR A
T 224 P 2 B A 2 ) 24 12 R 3 SR P 1
AFREEPY XA AR A A K R ™
SO o 7 e BORF e — AR SRR O T, AT 2

SV 9 S B2 R L b B0 B A7 A 3
A FH S 3ROR I A 2 L 7 ik RIENE T,
NI+C ZbHR AR R FNZE A — R AR AR R
JBR R AR . AR IR R R
HOWE, 51 AIEESERCY, (HXTHYE oK
otk i JoAE . DL EEUREARTE TOR3209 Ab3i
e B, Uil TOR3209 BE— & T2 R i)
TSR R, AT ARAE AR A N 2R TR 25 . 73R &
T ¥ e DT T, AT NI+C A1 NI AZb3H,

TOR3209+C il TOR3209 {47 1] 55 3% P4 A= 41 14
WA 3 BRIV TR, 2090 2 25 A AR R YR 2E 2 2
FUAF B T SE ST BR S 2R E0 B A R AS B AP

Wu SV T A R R AR AR AR, %
SE TG Y 37 MR ELAT VA1 N s eV R I TR A

R 2% 2 AT R REAE 10 C RARTR A& T 4=
KT, 1 H RE P S IR T A /N i ZE IR fif
&, AR IR K o AESE TR 2% 2 2R AT
PR £ TOR3209+C (140X 3 i . 2 % F TOR3209
IR, HEMIMGHR B EiZ% 2 2P AR 5 TOR3209
FERR ZR I AR X R IS 3] — i 1 PR 1 o Tif 98
FEFF TR & — PR IE R TN T, A (RIS AT AT
A IEE . RS VR b o — Rk i 9
FFFE ZL-2, FITHAEAGR IR T R AT EY)
TEPEARI ™ #, SCEE A A IS 2 Al
T, TE/INE SRR F it I AR R sh & A B
JEE AN , REAS 2 e HE R R AR K HACR L T
B i FE A B O BAEHE R TOR3209 A3
HWZEd, 1 H TOR3209+C MAHNT F ks,
I TOR3209 i # 55 +- He (T SE Ja AT B, A
LR VE RS 5 A (A i /42 o 240 EROAS Bh AT TR 2
— PRI A B, AT AR AR I B S A KO
PRFF— e A YR AR P, BERE P AR AR IR AR N
T, TEIREE O AR A6 52 Hh k45 B A
FABR IR PO 5 A B, 299 FCAS ST B DBP-3
Bad A KIEE R 25 °C, 78 5 CRHBREZR g A K,
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¥ DBP-3 R KT 8 1 Cspd RS A KT
w Y, AR EAE 7.5 CIRE LK. A%
ANEHHFHE & TOR3209+C 1 TOR3209 4k FRAE Ak
SRR RN AR . HEMNX 3 Rh A R T AR 2
TOR3209 2= fEYM 3 PE R SCHER 2%, B kst
I 2R 3 R TR AR AR VR, =BT
TOR3209 4525 H B A vh 2 [0 B A de Ak
R T HUIEMEAE E

TRIRIMHE TR, {XFE NI+C b FR AR 253045 155
HE KA A R B AT TR, KA 20 TR B A RE S5
HYGREMRED, EHEEEWIE L,
UKAZ AN T B A7 TR BESR R 2 I e N K 23 B 3 v
AR A R e B TRLEE T 5 VKT b 8 52 R VR
L RIEMHAT, NI+C AbFHZH (AR 2 AI2E30Y
Ay eSS ANZ I, T TOR3209+C AbFEZH H1R &
B, A TOR3209 RE— & T B B bR T Al AR A L
PR AZ B, D DK AR TR R 7 A, BERS R R B
eV F R LA

)55 HAH DG I 3 A S AR PT BB R AR )
L XT3 S 3B A — A SR A g A B AT 1
P DA 52 A 0 20 v R X o e 2 e R A 2
RETE D ML AN TE AT, e85 B VR Sy —Fh
3 A7 AE T b A R, AR — L
FARTEE D 0] LA 32 e IR BB &
SRR AT, . Bhave 2825 vk MRS A I A1 - 4
A3 BT — KR R AT 1 3 5 B 1 (Streptomyces
radiopugnans) MTCC 5447, SR HAC I =) &
B, %R AT LA A — OB B R B A A
patent-US2012/0156295 . 7= 52 % = 1if Wi b ¢ &
B, TOR3209 ) # K& A Pk & ¥ (volatile
organic compounds, VOCs)E A e #HHF A= K 1Y
Uife, MHEREEE RS T 100%, XFH VOCs i
AT R, B R I PIRE S YR 2,4-bis
(1,1-dimethylethyl)-phenol Fl hexanedioic acid
dibutyl ester'®, 5T P AR TOR3209 71K

Tk P8 R AT DA R S AR SR VA AR B L (R
HAEHMLEZE S TOR3209 1k e AR5 ek
VOCs A Kb 75 P17 5 2L ot

25 FRFR, 4 TOR3209 AbFH 4325 4R 15
WAH, 7E5 TOR3209 HAFE =44 FFF i
PPN, BTN, 5%  TOR3209 —
D5 T AT REARE U T i Al 4 — B 25 T SR N
AT A s 53— TR T T A
B, DR & TR R R P A 2 TR TR 1 26
PE, B T B AR KRR S M ELAR
Jik T 28 TOR3209 AbFE (Y —LE ) 5 AT 15 % AR TR
AT B B TR IR N TOR3209 AYALRE, Hor,
TOR3209 Kb PR A4 7 AikE Ak - B0 E 2% 2 2 A fT
PRI T FE AT PR RN 249 RN SR P X 3 AR LA v
T AE DR AR T, [RIE B4 1 IR 4 1 R T2
BRI AR Bk T il e v 5 S R 0 48 S A B
PR SFEOR R, LAk TR R (AR P9 B A 0 1 TR 2
F4, TOR3209 -5 I iy p e [w] AR 126 58 a8
TOR3209  Guifar 4 S£ i F€ 127 S fnfar 5 1 € G B
{7 FH LA AT R o5 7 0 R e A T ¥4 1k A o itk — 2
RAIRGY AW 5T i AL AR o 859 F A iR
AR AT, MRS EER TOR3209 A% H
R 28 N2 30 PN A= 41 T 1) A 4 2E B 1 DX 50 R
HYZRAE , $8 75 g P A e B A A R T V2 1 P ol
AL SRS 55 DA I AR A A B s AL £
HEFRIS IR
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