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B, SARKREAKR. BEHAEALRE AUXL. EIRL. YUC4A # R A#IKE EAAS, RAFHHK
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Growth-promoting mechanism of the endophytic fungus
KLBMP0506 on Arabidopsisthaliana

CHEN Yujie, JIANG Zhili, LIU Qiao, XU Huan, LU Mengjiao, JIANG Jihong, LI Ludan’

Key Laboratory of Biotechnology for Medi-edible Plant of Jiangsu Province, School of Life Sciences, Jiangsu Normal
University, Xuzhou 221116, Jiangsu, China

Abstract: [Objective] To investigate the effect and mechanism of Wickerhamomyces sp.
KLBMPO0506 in promoting the growth of Arabidopsis thaliana. [Methods] The strain
KLBMPO0506 was co-cultured with the wild-type A. thaliana in plates and inoculated in the A.
thaliana plants cultivated in pots. The growth and physiological indexes of A. thaliana were
determined, including fresh weight, dry weight, taproot length, number of lateral roots,
chlorophyll content, and soluble sugar content. Further, qRT-PCR was performed on 11
selected genes involved in lateral root and taproot formation and auxin synthesis and
transportation in A. thaliana. [Results] The inoculation with the target strain KLBMPO0506
increased the fresh weight and lateral root number of A. thaliana in plates and the fresh weight,
dry weight, stem length, chlorophyll content, and soluble sugar content of A. thaliana
cultivated in pots. The partition plate test and analysis of the promotive substances in the
fermentation broth of the strain KLBMP0506 showed that the volatile organic substances
produced by the strain and the n-butanol and ethyl acetate extracts of the fermentation broth
had significant growth-promoting effects on A. thaliana. In addition, after treatment with
KLBMPO0506, the expression levels of ABI4 and FLAL involved in the lateral root formation
were down-regulated, and those of AUX1, EIR1, and YUC4 involved in auxin synthesis and
transportation were up-regulated. The results indicated that the strain KLBMP0506 may
promote the growth of A. thaliana by regulating the expression of genes associated with lateral
root formation and auxin synthesis and transport. [Conclusion] This study confirmed the
growth-promoting effect of strain KLBMP0506 on the model plant A. thaliana, providing a
theoretical basis for developing microbial fertilizers with the strain.

Keywords: Arabidopsis thaliana; endophytic fungi; growth-promoting effect; qRT-PCR
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LA T = N SR B = W S5 7 N VS B 70 B 3 7
(1-aminocyclopmpane-1-carboxylate, ACC) i 2 i
TP AR O A A 2 BT AT L E 2ot R R e ke fid
PEREA K Shah 25020 3 R EL LI/ INAZ Ay
BE, e 5 PREG A, fEEE. i o
FALERRG T . BERRER IS Rk, JF AR
T WPTRETEE RON T Eha AL TRE
PSS NRRZE R B 7 MR A TR HA A
U RACARRE, AT S SEHR A Py R e SR A
R, 7EgtEfll &b BHAT 12 M IR R .

PR IT &P DL A ), oA A A
W MARBINFL G TR S L, T B A i
PR e TAE 2 F 2000 4E5E A1, 205 18 it
G2 55 50 F HE W i PRAB I AR £ B AR
FEAE YN A T Y D2 A A T DA R AR 2 1 v 7 AL
BA—Er k. HET, R2FNE R B
FHXTIREE Ko NI 3535 1 1 B, BRIt & ]
D BB A U AR R 2 € L 264 L Rl
T A o L 5 G 2

MG IR B MRS Th 4 B R Y
A A FLTAT S v DR T e (Wi cker hamomyces)
KLBMPO0506 S50 4 o Aii B a6 ik B HA 48
o () FRTE . BIRRE T, [RIRTRENS /-t 2R . R
AR N R S A SR, HA R0,
S IR e DU B TR G A A N R R R S
HERA BRIFHBHIERCRT, Lanhuang %5 % B
28 TR P DATE 70t v PRk 5 AR e 4
o7 B A o e D AR SRR ) 3 ], 3 R 3 1
5 HEV A 56 it L R i v e 1 AR 2 R Ak S 0 )
RO T AR B AL, B AR PLA S
G =10k =0 A (ENERTTD O Pk 7 X
R ) A A T TR A A A Rl . A OB
KLBMP0506 & ¥k FH TR APl p o, HAY
SEIRTE AR MR AT I AR 2R 5CR | Ik H B
R ORI RE 5 53 bttt — AR H

PR R XU R I 02 A R TR AE AL AR o AN 5 oA B A
Wy N A TR A A AR LB B A — T B BRI , R
WA RIS A Tl 2 ) T IE B P
WA

P

1.1 REEMHSEK

PR Sk 15 T A TR A 2 T A DA B SR S e 4y
BRI R A N A E R KLBMPO506, Hij 01y
M5 2 BH LA A PR BB S HLA i 19 A 9 | 1 (R
71, R4 60 2R |« KA IR TN B A5
Mg, Pt Bk A A 9 BF 1S L T (Columbia,
Col) ¥ A= IR IT .
1.2 FiRItEFR

PURGIF B9 Fh 7 75% K5 7 1 min J5
20%IK FAPREN (A R TR ZM 19%)TH B 15 min,
TC KRR 3—4 W5 - 7E FL I 4 i MS 1 5 3
L 4 dJEPkiE 5 R IR T4
FHTHY MS BiR b, WREGE b S FH O R KRR
% ODgoo M 0.5 TR K 10 uL , 7E LT F )7 3 cm
AR, SR GRS BT RS, B
(23+2) °C SRR ISR .
1.3 #FEITRERIRE
1.3.1 #EITHBRES

PRk MS B3R5 FAEK 6 Hily HA KR
BB BIFE T LR BB EKWEESR L
W, RN ARLE 30 °C., 200 r/min 54 Tz
352 W) R 5 % B (yeast peptone dextrose, YPD)
iR i % 16 h, JCR/KHBEZE ODegoo M 1o
B 7 d MAEHEERER 1| mL, XER4UmICE K
| mL, &7 dEBM 1R, RILHSRE . ol
PERE DL R AT (R S i, R R
FEREEZEK,
132 MHRFEESEMNZE

SHETHHE I M R G TR R Y
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HE (A D). FUmITITA R SRS S
PRI 0.1 g BCARIEE, Al 1 mL Y2818 /K R GAT
B, WIS IR 56R 2 15 mL BEESE 6
N BB GBS UEA SE 278 1 . AR
WSR2 RS, B4 ZE 10mL, &
B 200 pL S A BEFbRAR H , DABR R R0t R
MI5E 663 nm J2 645 nm AWIEAE, 184 Asss AT Agaso
T 4 R 5 & (mg/g)=
(20.21x A645 +8.02x A663)XV X D
(mx1000)

K VRIRBUREAT; D NRRRAEEG moy
FEA T .
133 AEMESEANE
S 2 R A O T R S A T AT
B i 09N o 40P TR R BY BT 5 S PR E
0.1 g Jin 1 mL AZEIRKWFES , ¥h/KIA 10 min, 2
FEOHLEERHS, 8000 r/min #.0> 10 min,
B3I HZR K E R E 10 mL, IR B
FEASWL 40 pL, JIIA 40 pL ZE1/K, X R
A 80 pL ZE1HK, RG4S 20 pL R 212 2,
fiEFN 200 pL WeARRSTR ). 98 °C /Kift 5 min,
A HIGEL 200 L, 15 620 nm AEWSEME, idh
Asroo ZETIARIERMZ (A 2)0
FE IR BE XV
m

(1)

AT PR & (mg/g)= ARQ)
Ao VORISR mO AR
134 WFEMEESEMNE

S 2w R Oy gk R AT AT
EABIE (A 3), ffiH]14: T Bradford 8 1
W R B, FRE 0.1 g BTRAR SIS 1R
IrRERR, IIA 1 mL BERRZZ Mk, 4 °C TWHEE .
JE&J5 10 000 r/min, fIGIHE5.C> 10 min, WHCE)ZE
R4 . BUREAS W 4 uL, X BEZHIRGENEK 4 uL,
BHA 200 pL JSWIEIES] . 60 °C 7K 30 min,
R R FIRFE 200 uL N IR AR, 1EP
1 562 nm AT REERE , BN A s A waseo
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2R HERRZE . 180 A o
AT 1 i (mg/g)=
FERARBEX (A g = A

Avterr — P

1.4 SDFREFRER
FE 3 B~ AR ) PR 535511 45] YPD A1 MS 1557

F, Phitk 4 BRARIS AR A9 OB 1 2 0 b F

Herfr, W10 pL ODgoo N 0.5 BT, HEFhT

PR YPD BRaR st rp g, SRR AR

BE TR, BF(23£2) °C SR EE IR

SRBLE N

1.5 BEHRAEER T IE IR
¥ BARBERRERNZE YPD 5953, F 30°C,

200 r/min 557 16 h JFUREE R, 7 000 r/min &

L 10 min BB . AR BERATA HLE T A H

Peric 13 W LLBINR G20, IFEAR 3 I Ry

KA FIMA LR CBEFNIE T EEAEL, U A B

7R ZRRIE TR T HARE . S5 3CHR[18]

BT 20 mg ZEEUYIR B K LR oK

YERIRE , LUERREE, A 100 mL MS ;5735

o, XTERZNA 20 mg YPD B33 R . 750

PRERVE & kL 6 bRA OIS AR R A 4 H 40

HEH 2 LR FRIE T, SRR A 8 BT

BT ARZE, BT (23+2) °C BRSSP .

1.6 qRT-PCR
A S Pk 3 I A5 0L e T AR £ B 2

ABI4, FLAL 1 ASAL, PR IF EARA K B

PLT3. PLT5. PLT7. HB52 DA K iffifastk K&

A s AUXL . BIG. EIRL il YUCA4,

it 11 AR, R HE R KLBMP0506 4bFEAY

AP FGITAESS 7. 14, 21, 28 I 35 Kixse

AR OGS R R AR A, BRI BRI R I

H AL VLR RN S kb g 1301, BUIJCHK

bR HDL R SR AR AT SR Xt HE A

1.6.1 qRT-PCR 3|#1891% it 5% RNA BIHEEL
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#F 1 qRT-PCR 3|¥89i% 1t
Table 1 Design of qRT-PCR primers

Type of gene

Name of gene

Sequence (5'—3")

ABI4-F
ABI4-R
FLA1-F
FLAL-R
ASAL-F
ASAL-R
PLT3-F
PLT3-R
PLTS-F
PLTS-R
PLT7-F
PLT7-R
HB52-F
HB52-R
AUX1-F
AUX1-R
BIG-F
BIG-R
EIR1-F
EIR1-R
YUCA-F
YUC4-R

Control the number of lateral roots

Regulate taproot growth

Regulate auxin synthesis and transport

GACTTCGTTTCATCATGAGGTG
AGTTCAAATCCTCCATCGAACT
ATCTGAGAGGTGGTAAAGTTGG
GTTTTTGAAGCTCCAGGGTTAG
CTGGTCCAACTGAAGTTCAATG
CAGGATCACGACCTACAATGTA
CACAGTAGCATTAACTTCGCTC
CTTCAAAAGGGATTCCACAAGG
GTTGTCTTCTCTTCCGACCTAC
TATTGACTTGAGCTCAGAGTCG
GAGAGAGGTGGAAACAGTAACA
TTCTTTGTCCCAATGTTTCGAC
CTATGAACAAGAAGCTTGAGCC
AAGAGACTGAGTCTTGAACCTG
CCTAAGCAATTTCCTATGGCAC
GCTCTGTATTCGACGTAGAGAA
ATTTATCTGCGAGTTTGTGTCG
CAATGCACAGTTAATACGAGCA
ACGGTTACACTAATAGCTACGG
CTTTCTTCGCCGTCTTCATAAC
CATCTCCTACGTTGAGTCCTAC
CTTGCGTCTTCACATTCCATAG

fiff R b o SC A8 3 AR BB R Y
EASYspin Universal Plant RNA Kit 1] &b 3
ZH AT HRZE AN [R] BRI ] s PPN R T AR Y RNA
1.6.2 RNA HIREFE

TS St il FH R o v ME PR A R Iy A B
5 w9 HiScript 11Q RT SuperMix for qPCR 5l
& SUFESRIUNAKRFR (20 uL): Bt RNA 0.5 pg,
4xgDNA wiper Mix 4 pL, ] ddH,0 #M2% 16 uL,
MR WA R ATIR S5 42 °C [ 2 min J7,
JIMA 4 uL 5xHiScript IT Select qRT SuperMix II.
1.6.3 qRT-PCR R[N

it FH R ot i M 2 R B A A BR 2\ 1Y
ChamQ SYBR qPCR Master Mix &7 &, A&
AN TR IBORE B[R] s SR TTAB R Y cDNA SR,
BAFEMERMETES 3 %k, LI [ — B (8] )

TCTE /K AL PR R T ABL IR o HAREE D B 2k AR X
HEE, SR 28R b SR AU R SRR PR
FEDI AT Feik4E . qRT-PCR FUW A Z (10 pL):
2xCHamQ SYBR gPCR Master Mix 5 puL,
Primer-F (10 pmol/L) 0.3 pL, Primer-R (10 umol/L)
0.3 pL, #iHt cDNA 1 L, ddH,0 3.4 pL.

2 BER540

2.1 KLBMP0506 S5#\RaTTHIF iR 212 5%

P IT S5HHE KLBMP0506 7E ] — 1% 95 &
AR 14 dJE, SHEAMEIL, BEREKRE
(R FOLRE S 407 v i R EL T B BE T 150%, AR
A H BERINT 276.9%, FHRK I E2ER
(1, Kl 2). SZ5RFEHFE R KLBMP0506 Xf4
ST IC I A — MR AEAE
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1 KLBMP0506 53T FiRLiEF 14 d EE

Figure 1 Morphology of KLBMPO0506 and Arabidopsis thaliana plate co-cultured for 14 d.
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2 KLBMPO0506 SHIETTFARILIET 14 d SHURTE KR
Figure 2 Effect of KLBMP0506 co-cultured with Arabidopsis thaliana plate for 14 d on growth of
Arabidopsis thaliana. A: Fresh weight. B: Taproot length. C: Lateral root number. ****: P<0.000 1.

2.2 KLBMP0506 5t Z##f 7T 89820

¥ KLBMP0506 470 #8485 94l E I 1E
PR, AT IRE A B B e AR, 2R H
o BT AR A AN ) i i) B3 ) 5L 7 1 ) i 240 311446 o
97.75%. 355.62%. 146.37%. 58.97%F 54.48%;

FHEA BN 144.44% . 242.86% . 226.67% .
117.37%%1 128.33%. K7€ 7 d Fil 14 d B4R IT
RS, A 21, 28, 35 RIZERK, 24
F X HEZH I 97.22% . 93.48%F1 85.71% (1] 3,
#£2).

3 KLBMP0506 Xf 2 # B 7+ & KIS
Figure 3 The effect of KLBMP0506 on the growth of potted Arabidopsis thaliana.

P4 actamicro@im.ac.cn, & 010-64807516



RIS SE | A 254, 2023, 63(10)

4057

*x2

iR B KLBMP0506 xRS ST BB £ R

Table 2 Growth promoting effect of KLBMP0506 on Arabidopsis thaliana in pot experiment

Treatment Fresh weight (mg) Dry weight (mg) Stem length (cm)
CK (7d) 7.40£0.70 0.60+0.02 0.00+0.00
KLBMPO0506 (7 d) 14.63+0.92** 1.47£0.15%** 0.00£0.00

CK (14 d) 18.10£1.40 2.33+0.20 0.00+0.00
KLBMPO0506 (14 d) 82.4713.10%*** 8.00£0.62%** 0.00+0.00

CK (21 d) 159.70£2.40 18.50+2.48 12.00£0.58
KLBMPO0506 (21 d) 393.50+9.34*** 60.43+]1.58*** 23.67+0.33%***
CK (28 d) 350.90+21.78 41.83+2.15 15.3310.33
KLBMPO0506 (28 d) 557.80£16.47%* 90.93+5.96** 29.67+0.88***
CK (354d) 666.50£18.02 62.13+4.50 16.33+0.33

KLBMPO0506 (35 d) 1 030.00+41.90%**

141.90+3.10***

30.3340.33%***

**: P<0.01; ***: P<0.001; ****: P<0.000 1.

WAL, A5 LI H s b AL 3 400
FAIT AR T 2R 3 L AT PRl SRR R
F 5 SRR ST Mk KLBMPO0506 481 37 4 K
KB WIS AL PERE AR ME 2 y=0.004 2x+
0.095 9, R=0.9917; nl¥EM:E FIAnifE 2 b
y=0.001 2x-0.006 8, R=0.992 4. %53 /5
PRI 18 FL R I AR AR 1 I Gk 2B o AT S PR b
SREIEA e, KM gR S EAEBRG
5528 K ETHRZ, HOXF BRI 22.73%; W]
WEPERE SRR 7 K X REZH 3
39.01%. SR, AIEEPES 10 & i IF A Lo

HAW BRI, EBRES 14, 21 KX
HEZH 5 2R (3R 3),
2.3 KLBMP0506 S#IF7T 7 bR RS T
B ilFg IF L 5 KLBMP0506 T3 b F
Bt K 14dF, EREELARDY
KLBMPO0506 )8R REGE (2 HEI R I AE K . Xt
HEZH AR b, FITRR R 0 B e A 4 1R HOL R T 4 i 1 ff
I 165.5%, MR EMBKELE 6.12%,
{HR MG I 312.5% (F 4, & 5). H#EM]EE
J& KLBMPO0506 7EAE R A: T R L 1E )
Bt TR AE KRR E .

#*3 KLBMP0506 A IR/FHIRTTHERE. AR, aMtERS8TN
Table 3 Changes of chlorophyll, soluble sugar and soluble protein contents in Arabidopsis thaliana after

KLBMPO0506 treatment

Treatment Chlorophyll content (mg/g) Soluble sugar content (mg/g) Soluble protein content (mg/g)
CK (7 d) 5.12+0.07 2.21+0.06 14.7240.35
KLBMPO0506 (7 d) 5.61+0.10* 3.080.11** 14.74£0.06
CK (14 d) 5.04+0.09 2.9010.05 16.731£0.41
KLBMPO0506 (14 d) 5.83+0.23* 3.15+0.07* 14.47£0.19**
CK (21 d) 5.74+0.17 2.75+0.04 16.35£0.08
KLBMPO0506 (21 d) 6.69+0.26* 2.93+0.09 15.45+0.17**
CK (28 d) 6.05 +£0.08 2.7310.08 15.9240.05
KLBMPO0506 (28 d) 7.4310.07*** 2.90+0.06 16.1940.11
CK (35d) 5.54+0.09 2.57+0.05 15.7140.10
KLBMPO0506 (35 d) 6.47£0.12%* 2.78+0.02* 15.7540.12

*: P<0.05; **: P<0.01; ***: P<0.001.

http://journals.im.ac.cn/actamicrocn
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Figure 4
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Morphology of KLBMPO0506 co-cultured with Arabidopsis thaliana separator plates for 14 d.
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Figure 5 Effect of KLBMP0506 co-cultured with Arabidopsis thaliana separator plate for 14 d on growth of
Arabidopsisthaliana. A: Fresh weight. B: Taproot length. C: Lateral root number. ***: P<0.001.

2.4 KLBMP0506 % EZif & M SR AIHEIE

3 2o A [R) A AL 00 X6 TR R e B 7 W i A T 2
B, W& W bE . LR BRI T W 437 2 HL
55 0.259 3 g. 0.3119 g 1 6.325 g Hy=4) . il
T WG 4 2 B A R [R) ZE BU™ Wy 1) 355 5 S v 4
TR RKRBL (R 4), KIS b B
MRPARE ST B, IE T BRI RN 2R O BREEBUY)

Iy iR I ST R 32.1%F 42.2%, A, 7E
IE T EESR I R Bl R T EAR KK 128.2%,
Xof B 5 G e A 0™ W 28 i 0 e O 40 T
A AL, I T ARG YA OB SR AR
B B R T I T 35 ZMA o Rtk
I KLBMP0506 HA7 {2 A= AE F (4 5 53 32 B A7 7
FIE T RS EU AN 8 LR U b

&4 KLBMP0506 % B2 A EHEEVRT B T IR E ZUR
Table 4 Growth promoting effect of different extracts from KLBMP0506 fermentation broth on Arabidopsis

thaliana

Treatment Fresh weight (mg) Taproot length (cm) Lateral root number
CK 3.63+0.07 1.30+0.00 0.00+0.00
Methylene chloride extract 3.1710.12%* 1.1340.03** 0.00£0.00
N-butanol extract 4.80+0.15%* 2.97+0.15%** 3.33+0.33%**

Ethyl acetate extract 5.17+0.18** 1.10+0.06* 3.6710.33%***

*: P<0.05; **: P<0.01; ***: P<0.001.
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2.5 qRT-PCR &M

PN RNA S FE 435 cDNA JEi#k1T
qRT-PCR #il , I % &tk KLBMP0506 40 3 5 4
T AL DR ) Rk A L

Hibk KLBMP0506 %4 ol rg 7+ AR % H
FISEIE L AN 6 B, JEH ABI4,
FLAL [ 31k SRR TR, ABI4 (R ikE
TERIR TR T EE 7. 21, 28 11 35 K435 Jy %ot i
ZH1Y 0.01, 0.40, 0.33 F10.26 ff; FLAL %Kik
1 5 AR B B AT BEZH Y 0.04, 0.51, 0.69,
0.11 A1 0.19 %, KM HARER AT RE# LT 5 50
HOE ARSI R b R R T R AE KR R S

#Fk KLBMP0506 X8+l rg F EARA K
FHOCHE DR 5 S s Qi ] 7 i o AR WIS e L)
PR T AR AR KA AH DG SE B HB52 7626
14 K. PLT3 1£55 35 RIWE A BAAHEN
FrEsh, HADEER RSB ARA BE 2B, UH
FEHT T P B a1 BE , KB AR KLBMPO0506 X4
TR I R 5 AR A KA S S R R A B
(R IR A

*%

4.5 B 1814
¥ | — 12
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2.0 Z
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1.0

Relative expression to UBQS

0.5
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7d 14d 21d 28d 35d
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Figure 6 Effects of KLBMP0506 on transcription

of genes related to lateral root number in Arabidopsis
thaliana. *: P<0.05; **: P<0.01.
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Figure 7 Effects of KLBMP0506 on transcription

of genes related to taproot growth in Arabidopsis
thaliana. *: P<0.05; **: P<0.01.
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Figure 8 Effects of KLBMPO0506 on transcription
of genes involved in regulating auxin synthesis and
transport in Arabidopsis thaliana. *: P<0.05; **:
P<0.01.
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