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AR SR FINT YI76 BOBFGT LB, X
FRy W e ] LA S A P T B L ik v X 2 i aa
(EaEE. B, hiER. THRS)NEE. e
FHRME AR 1T AP geE i A TS BEALIEA
GEASF AR RIS RS, 2 5| e ™ o R A AR
TR 2 AR R, %8 7 28 AR 1 FRAIF 5 28 A48 I PR X T
PR 1 2 A O DA Bkt i 2 7K i B IR A 11 52
e, Skt — 2 I i2 58 AR S TR i T g LA R4 |
WA 5 40— A R 3 I 25 SR

L #A A %
1.1 ERhAsER R

AP SRS B W Y76 M IHLHURIAE
IR RR YIT6-Rp" B A SE G B IO A, SR
244124 30 °C. 180 r/min; KJHHFFEE SM10Apir,
FH EL B K2 Jan Michiels 2 H 4t | 4G 1 )38 o
K pFAJ1819, RIABFEHRBUME(KMT), BEFE&MH
37 °C. 220 r/min, ABIFFEH X 20T AR YRGS
W R VLA DL 1% MM T LB B3t
(9/L): NaCl 10, [BZE I 10, et 44 5, 1x10°
Pa KTA 30 min, P AR FRELRS, BN A
} 1.5%.

IKFE SR FR I e KR B RN R b
SCTTRE X b AR S A 2 . KA AR 8
FEHRy EPA B3R U ARG 37381,

FTEGIR 7] (Kovac’s reagent) : #f 10 g Xif — H1 3
FILFEHBEINA 150 mL 4l @ ; SRS A
36% R R 50 mL; X-Gluc(5-7R-4-54-3-15|Wk-p-D-
FUHEER (20 g/L): BU X-Gluc (Sigma 72 )
20 mg % T A I (DMF) 1 mL Hr, —20 °C
WG, FAHE A 20 pg/mL; PBS ZZ bk -
NaCl 8.0 g, KCI0.2g, NaHPO,1.15g, KH,PO,
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0.29, LI EIRGRKIERTE 800 mL Xz /K, H]
1 mol/L HCI ##7%5 pHEZ 7.4 )5, FHIKERZ
1000 mL; P5|RE¥E CRE (500 mmol/L) . B ng| i
(Sigma /2 w]) 0.586 g, ¥ T 10 mL ) 95% L i
Wb, BOGORAE; SRR : 30 mL (1) 36%
e ER R A 90 mL By 4l VA T
1.2 FEE YJI76 B mTnb 5% B 12878 3 H- 4t FH
HRAT

MTn5 4 J3F 58248 SCRE R 2L Belas 551 7
Ol SRR, KSR T SML0Apir 5 22 1A TR
YJ76-Rp RS W (1:1, VIV)RIIEL HiiE T LB *F
M, 30°C K55k 24 h J5, A&IEY X-Gluc KA
YT RIRE 2 BT LB A T 1 , 7E 30 °C
WEOGKESE 72 h 5, AR ER R AT LB 5
Febk, ERFRAF R T 10:4 T AT Gt
o B AR b 55 A iR B 2 S O TR AR R T
PR HEA T KIE SR, IFiE— 25 B UE i e ™ i 1
1k
1.3 TAIL-PCR % E RN A

F YL @R ) TAIL-PCREA KRR AZ
ik PCRYIL S AE 2828 Vs, LA Liu 255k B0
FRAfE A A ZEAE R 55 135 b 1 EL I3 R gusA 1331
34 HAT M T HINIRER SIS (gusl, gus2,
gus3), DL RAR 4 20 T e DR 20 S 3 T B9 AR ST R A1)
AARF B T (B TRTIF S IHI(LAD), WK 1.

i FZM R L R 2 DNA $RBGRF & (AR A1k
A R Rl BB ARG SE R AL, DLZ SR A
MR, R 3 ARFEFHEBIY S B
(LAD)ALA, M4k 5 | 9 ) i R S 2 e S
XPFR AR B , 3 =50 R N R R
PEr=to, PCR AR 55158 F IR A4
K EM, M RIS R A I,
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% 1. TAIL-PCR HFTH3|4)

Table 1. Primers used in TAIL-PCR
Primers Sequences(5'—3)
LAD1 ACGATGGACTCCAGAGCGGCCGCVNVNNNGGAA
LAD2 ACGATGGACTCCAGAGCGGCCGCBNBNNNGGTT
LAD3 ACGATGGACTCCAGAGCGGCCGCVVNVNNNCCAA
LAD4 ACGATGGACTCCAGAGCGGCCGCBBNBNNNCGGT
AC1 ACGATGGACTCCAGAG
gusl CACTTCCTGATTGACCCACATTTGCCGT
gus2 ACGATGGACTCCAGAGCGGCCGATACCAGACGTTGCCCGCATAATT
gus3 GCTTTCCCACCAACGCTGATCAATTCC

pMD18 simple T # {4 (TaKaRa = ¥4 R A R )
PEATE S, AR R EE YR A
Trans-T1 B2 B (XA YR A R A A,

P IR 2% 28 4 E R AR MR IR W,
F NCBI M3 Blast T HiE1 7 oAl e 25 54

1 7 50 BT I e 2 K]

1.4 ZEARPRNG|GE™ 8 LA R A K f e I 2

mg| I 77 3 5E L Kawamura-Sato 25 (1) 7
PR SR, AR A K5 A BIE 1.5 mL R
12000xg #5.0> 2 min, B Fi 1.0 mL ilA 0.4 mL
FIEIRH, JRA 2 min, SRJ5 FHERRR - 10
fERRE, FAT BRI E Asso fE -

Az R S SR LGk, DA 20 b 43 51
ANTRIETE] 5% 0.2 mL B E A, finA 1.8 mL
K PBS 2 M f s8R A1, Mot EE T
5E Asoo TH o
1.5 FEEZEAENT YI76 HLi¥i§E F1 5 i AR i

WA YI76 WA IRER . MR AU IR R i
RRAWE MBC {Er%1°% 4 mmol/L., pH 3,
60 po/mL. E:TUL EESE, TEHITHESE .
2. DOPRRICENT, e 2iE 2.5 mmol/L iy
BRIRH . pH BE N 4, ZHRIEH 30 pg/mL YPUIRER

WE 3 AR, A YI76 4. YI76 NN

M|l . ZRARKE MO4 41, B TAH L TR A AR, %8
AR FR (W] = BRI 0.4-0.5 mmol/L, K 40 R 4
PRULEH , DA SCrhmg s in s 44 0.5 mmol/L.
AR E 40 h J5, A4l Ao (HE 3L, 78
ERFREE P I DU PR R B, (i L2k A 30 pg/mL,
JET pH A Z 6.8, XTHRAIAINMUIRER, Bumiftz
()2 [RAFRY PBS 22 #hi . 30 °C., 180 r/min 557
4 h 5, RO EOR A AE TS 2 . AR 512
FEBT 4 e 0B B ZEBE R FE P AL CuSO,
W, M) 2.5 mmol/L, TEHiRRAE J1ikEe
HERE SRS oI A SRR, L pH (B 4.
1.6  ipc ZEE AR KRG A R E a1
e

IKFE R FI 11 F AL B K B R R 9552 Feng %5
i KRS RIS R T 22, A
PBS Fil M E N 1.5%10"/mL K 17 Y
Lh, AR, FREMICHEKER 7 K& A4
FESE R PBS HIRH 1 h). feJa Rl TR R 23
A 25 mL [ EPA R R EE U (3 cmx20 cm)Hr%
F5, B 1R, R R RIS LU
AR EE, BTIRE 25 °C. JRJ¥ 50%H1E DGR
Rigefarp TR, MO S BG4 12 h, KFEFPT
Sya% 5 4, BRI 4L, mIveismdl . YI7e 1=
Y] . MO4 (RYLA . YI76 (YT UNIMmGIMEL
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PRAEFER . B2 12 K, AR TR
IKFEHT, HJCEKhpE, JCRMOKAURK, X KF
FORERR . 2R AR B o I HEA T AN SE T, D
IR FI BT B XK AR IR AR . KA i 7
TCHENFRN TR ITE, A 1 mL PBS &%, #ifkk
10°f5JE A 100 pl AR T LB MAEEFRIE,
KR MG, TGO AR AR I 2 FE AR

2 #R

2.1 FRAEIEE= & IR YI76 FHMZRA bR

FEFYEE YIT6 1) mTn5 §4 J35 28 A8 S Hh i i
B —FRm e FEAY YI76 FIPERAS KR, N
ZRAF PR MO4 o fff AT EC 52 g 430 A5 Y 376 i MO4
H e, W R, BT RIR, W
K1 AR (LR 0RR), AR A R e PRAY
PETETR, i m TE AR

Y76 MO04

B 1. YJ76 F1 MO04 5| Bt = & A9 #&)

Figure 1. Indole production ability of YJ76 and M04 are
detected by Kovac’s reagent. Bacterial cultures (1 mL)
were incubated overnight in LB medium and then
transferred to 1.5 mL tubes, and then Kovac’s reagent
(200 pL) was added, demonstrating that the YJ76
produces indole (rose-bengal color), and the M04 produces
a larger amount of indole, which however is shown as a
darker color in the black & white publication scale.
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2.2 QKBRS R RPN ipc EE

F TAIL-PCR X %% i F B (4 AN 8L A7)
WeE (K 2) @k, PARIIES |9 LAD3 i#4T PCR 4"
153 K/INE 7001000 bp fY B — 45 Sk 415 Bt
I B [l J %4 pMD18-T #hdk, %% A Trans-T1
EAZAS AR, SRBUTORLIF I & B H AR
Bt 1-326 bp MFEEF I gusA Hig—BLP A il
i$7E NCBI _FikfT BLAST, 327-782 bp #3751
5 YJ76 B A P i) — A RHAGE LY 195 bp 19FF
I AR PR A [, o] LA 28 AR A5k Y76
AL, B L K /i 44 4 ipe (indole production
control), HIERBFHIULIE 5, FFalH Bk b
IR AL B I BOR AL A o

HRAE DL 3RAT BB e 91 5 19, DL YJT76
(3 R 41 AR IR AT PCR 9738, 7= Wik A5 B g A
BECHL VKSR UE , 53] ipe JER MK, W
i 3,

bp
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B 2. $F=#%# TAIL-PCR &M kE
Figure 2.  Electropherogram of the third round
TAIL-PCR samples.
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& gé?& L NCBI B e Hext, &8 ipe B RAER A [F]
bp _ﬁ__f: TPERA 98%, BT L 100%; J& A BRI
' / ViV 75% (P. stewartii), JEANCRIJEME, G 4
" B ipe e ATt )15 158 26 117 o A A 2
o 98%, HAEIE5IL 100%, I P e FHRIIHERLS 83%
gggg = = (P. allii), FfIk 43% (P. vagans), J@4#MICILHIE,
1000 — LT M4 RARSE | | RS, WiE 5
%% - . R, RBUZIEE b R 4 MIEE P 2 3k
B PRUEFE SR ry 5L, Bil4n yojl /2 PadR XN
SFIRTE LR AL 3760 867 bp &R AraC S
3 KrEm EEEE SEAFHEE . FIRAEYE B2 B R R e
Figure 3. Identification of the target gene. B N AR, R EA RN A W)= DRE
YI76.seq MIKISCISAMLLAL

stewartii.seq MTRITCQIRAFFLTV,

allii.seq

MIRLSCISAMLLAI

Vagans.S€q s e e e o e LMISL

Consensus

YI76.seq

stewartii.seq

allii.seq

vagans.seq ]
Consensus sq eilgd

[ 4.

@ W,

ZEEN ipc ZEFARBRIREBMREERFYI L

Figure 4. Comparison of amino acid sequences of hypothetical proteins encoded by the ipc gene in Pantoea.

867bp  195bp
o

400 bp

4273

ATGATTAAAATCTCTCAGATATCAGCGATGCTGCTGGCTATCGCGCTGTGTG CGGCCCCAACGTTG
GCTGCCGC' ACAACTCACCGATCCTGCCAATGTGCCC ACAGGGTTACATCCTGGATCGCAGGGGAC

GCATAGCGAGATACTCGGTGA CAGCTCCCTGCCGCAAGGCAGTGGACAAAACCCGGCGCGGTAA

E 5 MO04Hipc EERSE. THERDH

Figure 5. ipc gene of mutant M04 and its upstream and downstream gene analysis. cydB: cytochrome D-panthenol
oxidase Il gene; yqjH: iron carrier interacting protein gene; yqjl: transcriptional regulatory gene of PadR family; the
867 bp part is AraC family transcription factor gene (unnamed gene); the middle 195 bp part is the mutant gene that
we found ipc; the arrow in the sequence is where the transposon is inserted.
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2.3 ARGV E L EEERA B R mE &
Ek

WE 6-A iz, YI76 F1 M04 [ us| Wik =5 $47E
PO IR, fER e ORI R E , IF H M04
Fy = b Y76 1t 0.4-0.5 mmol/L.

YJ76 Fil MO4 A=K i Zenf&l 6-B i, i &
Hml DU R R 2870 YI76 AR K I i A
SO, I LIS Y v B B PN 1 05| Wt R 23 %) Y J76
LR RS, R N5 g 3 i O R R PR 58
705X TR A K 3 R T T S 0
2.4 ipc RERAF YI76 MBLHHER

W 7 s, ipe FERRASE YI76 MbE
SR . PUUSREMAIIREE 1ok, fEE 4w

AVLO ¢
L) & YJ76
=2 = M04
E
£ O S |
e ;1
i 0.5} P
E ¥
Py / ; B 3 ll
[=) -
E | A
0.0 L%

Growth time/h

(B) 3.0 =5
e Y]76+indole
] . —— M04
¥
2.0 | \\\‘
| ‘\.;{\\
T: ) \:‘\;\x
: \\'
0.5
0.0 =

0 10 20 30 40 50 60 70 80
Growth time/h

6. MO04 1 YJ76 Hyls|MR/=%= (A)FI4E K%k (B)

Figure 6. Indole production (A) and growth curve (B)
of M04 and YJ76. P<0.05.
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80 r
L_1YJ76
70 Y )76+indole
. M04
60 r
50 1
40 ¢
30 -
20 ¢

Survival/%

CuSO, Tetracycline HCl

Stress treatment

7. ipc BEARTEF YI76 kB L 1 HIFM0
Figure 7. Effect of ipc gene mutation on YJ76
resistance to stress. P<0.05.

2.5 mmol/L CuSO, HIFERTF, Y76 BYAATE RN
9.15%, T MO4 [FFIEHN 27.49%, %5 YI76 4
1 200.44%; TEZRIE A 30 pg/mL ()P IR R AEH
T, YI76 BIAFIEHAN 19.30%, 1 MO4 f17iG
KA 58.71%, ¢ YJ76 $E 204.20%; FE pH 4 (1)
MRMEAIET , YI76 HAFIE RN 24.44%, T M04
FIAFIG 2N 42.23%, %5 Y76 $E5 72.79%, %341,
WS INWS|WeJ5 YI76 (B AR )t B E B, A ildR
55 276.93% . 261.20%7F/1 81.46%

2.5 ipc HERAE YI76 XKFGHIELE R EFGE
JI135R

iR 12 d J5, SAUKRERAE RSB E 8 fir
N, AT VAR BRI KRS HGS R S4B (B 24T
H MO04 PR HE YI76 $ER K3 47, 56
LR 28 A0 SR RERS 1G98 YI76 XK AS IR AR 1 A

IKFEEE T ST 45 R R 9 PR, H53R 12 d
KRS RR I F N 29.6 mg, 1525 YJ76 il M04
&, JKAREEE A5k 39.4 mg Fl 48.7 mg, &34
33.11%711 64.53%, JCAERHAYZEM K 195 mg,
Fil YJ76 F1 MO4 Ji5 , 2543512k 28.6 mg 1 35.3 mg,
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A48 46.67%7H1 81.03%. JCHERMZHAYHAR N 10.1 mg,
FeA YI76 F1 MO4 Ji5 , #2535k 10.8 mg #1 13.4 mg,
K30 6.93%F1 32.67%. AR, FEFh MO4 (1K AF
FREE TR YIT6 17K R 1 S bk 1) 5 L) R 25
AR A S FR A, DRI ipe S PR 8 AR S R T AN TR
MR RE T o I HL E A WS 28 Fowt REZH AT LA
B IR AS B o KR 1 A AT B R R SEE, T
XFH Y76 WSIWEBLA I AT YI76 BB R l DL
BRI SR ok Y76 R AEAE I .

Indole YJ76 YI76+indole MO04

Control

8. IEF 12d RBYKEHKEE

Figure 8. Growth profile of rice after 12 days of
cultivation.
60 [ Control
2 Indole
mm YJ76

H YJ76+indole
MO04

50 ¢
'I |
: ”' il
Whole plant Shoot Root
Rice sample

Fresh weight/mg
] [#8} =
S & S

=)

9. ERRTREM YI76 {RERENBIENT
Figure 9. Effect of ipc gene mutation on the plant
growth-promoting ability of YJ76. P<0.05.

Big% 12 d BF, KRR R MRS BIEF T
BE L OFRRE . WRARALIR, FRREvERK MG, THEOK
PP BTt b A A TR B A - S5 RN 2 PR,
Y76 TEKFREAR R M R ECRE ) 1.2x10% CFU/mg,
Hop, WA 13x10° CFUmMg, ZE iRy
1.1x10" CFU/mg. AT YJI76, MO4 SEstfE 1M
B Th, BRI 40 B 2 B AR R 2.0x10% CFU/mg,
. YJ76 3571 66.67%; 20>k 1.5x10* CFU/mg,
FL YJ76 #4511 36.36%; AR°A 2.5x10° CFU/mg, 3%
h192.31%., YI76 USINMSINES , & FE AE )t B 2 1
58, AHEGT Y76, EetRIEhN 116.67%, ZEHHEAN
100%, AR A0 130.77%.

3 it

BTN TE B2 YIT76 Hi K, Gk Himg k=
i BN MO4 2875 kR, BIFSE A IS St X 14 i
AR R R A, (U 2 AR v TR
PR A ARSI, AR LT K A A e B R AR 2
MO4 FEAS BRI BRAFAS O F- W78 051 ge 1) AR el 42
AR, R A A AR AR TR R T & R
— 3 I N A

AT L TAIL-PCR #5572 H MO4 1 584547

F 2. ipc BERARTEX YJI76 fFEKIEREHEEIM
AL

Table 2.  Effect of ipc gene mutation on the
colonization ability of YJ76 in rice.

Seed Whole Roots/ Shoots/
treatment plant/(CFU/mg) (CFU/mg) (CFU/mg)
YJ76 1.2x10% 1.3x10% 1.1x10%
YJ76+indole  2.6x10%* 3.0x10%*  2.2x10%
MO04 2.0x10% 2.5x10%  1.5x10%

20 groups in each group, the seeds were cultured for 12 days
and then counted, P<0.05, the different letters in each column
indicate that there is a significant difference between them.
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BT ipe BRI KA A OCHRIE, FE
NCBI %4 7 E X ipe JEH e sl fivfi &, B3
TEJR AN AR VE B S B 1 o 12 TR R TR A 7Y
FRVAEER B 2%, M ERTT T —4
52 ZR 1 FR 1T B 3 1989 4, Gavini A4 DNA
T A8 4 T AR — A 378 12 R (Pantoea) ™™, DLk
ZEiX e DNA 2452 m{H A AR AL RBUIR A G2 —
MITERE . 1% ipe Jik DR 7E R 78RN ik R Y 8 52 24 1)
ZHEBNIARSE, BN, B
LR AEVZ T e A D R (] B L T 3 B A AR
738 IR S 7 T 5 AR S, A e R R
AIBLIE e S AL T — 25 JEL B

TEART R, AHIAH F 2 B & A
A 440 A T I ™ S AR A R, el RE S R E B
BN B . AR, M T
P APk, MO4 ] LIMGSR pRR AP 4 s . e PuER
FEHPIRRAE ), MR AAE RS FI, JF
AT DAHEDRT R R Y76 P 5P S B T
M MO4 Prisidlinr. 54h, MO4 XJ 1 FKFEH
I A R i RE AR A B0, DL ()R T LAIE BH N
Psipkns| W r= e i) RS YJ76 R B MM A= BE ) 1
SRR . H B SCH IR, mR A S T AR
AEH T2, R P PSR B A2 B A
PR, DT AE 25 i R 28 5 1 1) £t s A4 ol
B B AR B —Fh S AP, 1 ipe 1E R LE ]
B A R O R A R — N SRR FRAT)
WL E] MO4 117 Bl 5 (2 A5 B 7 2 55 T s g
1) YI76, XUt ipc LK R T BEAE 4 i ngl e ™ it
Hhid AT REAT HAh 7 TR AEAE o ipe 5 DRI 4%
W] 7 ik A AL LA K s e dn o] e 425 Y J76 ) A= B
11 R ke KA (AR RSN, WA fRriE—2P
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Identification and characterization of an indole production-
upregulated mutant of rice endophytic Pantoea ananatis YJ76

Xinyu He, Jing Zheng, Qi Liu, Yongjun Feng
School of Life Sciences, Beijing Institute of Technology, Beijing 100081, China

Abstract: [Objective] To obtain and identify mutants related to indole regulation will provide functional genes
responding for bacterial survival adaptability and in-planta colonization/association, which will be significant to the
study of indole regulation pathway. [Methods] A mutant library of YJ76 was constructed by mTn5 transposon
mutagenesis method, from which the mutant genes could be identified by using the high-efficiency TAIL PCR
(hiTAIL-PCR) technique. [Results] A mutant strain named M04 with significantly increased indole production was
selected from the mutant library of YJ76, and the mutation site was identified as a new gene (195 bp), which we
named as ipc (indole production control) gene. This mutation enhanced the bacterial resistance to heavy metals,
tetracycline and acids, and also enhanced the colonizing/plant growth-promoting ability of the endophyte on rice.
[Conclusion] By carrying ipc mutation, the mutant strain increased indole production, resulting in the improved
survival adaptability and higher association ability on the host rice.

Keywords: Pantoea ananatis, indole, survival adaptability, plant endophyte association
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