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BIAR 5 MW < i 1k ) TR T A TR AR (F. Laterriti-
wm) B 5N K2 A A TR O 53 8 R A7 . Micro
Tom Z it (FUIF A ) F AR J0 AR M R 2477 ) P 2042 15t
s I 60 1 oA e i L AR AL B R Fold287 Fr M k2
WK BH 73 50 0 B2 15 W 5 4645 BR (538 2 J i i ) LIk
SR T KB B IR SCE 3R R A S
B YA RA

kL F R R B (hyg) Utk .GFP R B JBkL
pKohyg B PH R R 2% A2 W BOR ol BROK 20 5 B A5t
T, SN K2 P R 2 A R R R R BH
T ARG D RAE . 3k GFP 9GhR I B 219k
T 2 e Se s s A IR AT
1.2 EBmMEREIRIENES

Fe A I RS % SCER16 ], g A e sh .
4 Micro Tom FIEZE B+ 50 “C /K 25 min
J&  H10.75% AR ENIE 15 min, ZE1R/K I 6~
S UK, IV S K b TR Y TR K b 8 T 28 °C i 2F
3~5d. FRILRZFfE R 3R 5% (1) G
FH Micro Tom Z i #% 2 MS Hi 9o i E A K
(2) LG5 BR T AR IR B e K 35 8 TR (FK B 8
FEW 7 VLA A B ) e AT K B 55 5% 5 (3) Micro
Tom Z i ELEEFME T 38 HF IR 8058 .

V1% 214k )0 B 4 Bl & PDA BE 3R LR 3% 6~8 d
Je BREUR B 2 1/4 SDB WA Ks 77 He v F 28 °C 180
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5mL 1% 0.05% Tween 80 fZ&1# /K , B 4 dIZ R AL
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665.649 nm ZbE OG5 3 W, IR R IR
1.5 FELI R 71 E X & An i 2w P 1 A0 2 m Ak i

A T B T i AR B R Fold287 F PDA K
FEI L 27 CAKIOAE, BB 7R LT IF
J1 0.05% Tween 80 & % , ¥ 2 H ik i o 1107
CFU/mL. BEBUKEEIE 1A A LS ERE i, A FE
ZH N R BRZH 45 15 8k s X IR 4R 0.05% Tween 8077
AL PR GIHAR &R, AL B SR 1 X107 CFU/mL fik 21
i 0 R T BRI, 32 h ), SR 1< 107 CFU/mL
S A48 T B A0 T B TR Y X R 2 R kb B 2H e hh (FE
FEROMWEZR AL HE 35 min 5 FF LS BR T FE A L1
A 14 d e BRI AR K R R R o
16 HARITENSEMEDBEXBERRIX
7K B9 4G

28 110" CFU/mL it £1 8 J1 96§ B RR AR
REFE 20 .30 .40 d Y7 A R K oigk v e A
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FHAE TG hAR A R 8 3585 R e 1 H I B 3l
i S L N (GAPDH) AR A A B 3 0 3%
JH RT-qPCR ¥ £ I 7 7l b A= K R G oG B 56 A
SIYUCS KR A iR BEHL R SIICS T R AR A il
KA R SILOXD K SHHYHitEAT 5 i) — R A
e FE 1L SIPR 1a" S By 43k Ko B4 PCR R
HiEAT3WE R o S S A 95 CHIZEME 90 5595 °C
PR 55,56 “C Bk 155,72 °C ZEMH 30 5,40 IRAEFF .
SR 2 AR R IR A SRk i ST R B
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Tl FHERILHXKXEEPCRIY
Table 1 Primers for real time fluorescence

quantitative reverse PCR

R2 FELARIIEASLRZEEE E PCR 5| #1Hi%
Table 2 Screening of real-time fluorescent quantitative

PCR primers for F. lateritium

g . HAKJE /by K . PHEKE /b,
EIE/EA S i E.tgr;/ P GIL/ES AR HIRIZ/bp
Name of . Amplicon Name of . Amplicon

. Prime sequence . Prime sequence
primers length primers length
SIUCSI-F  ATGTATGCTGGTCCTGTTG FlActin-F GTGTGATGTCGATGTCCGAAA )
o 06
133 T T A (s .
SICSI-R AATCACTTCCTTCCACTATCC FictinR - ACTTGCCOTOGACGATTCA
FlActin2F GGGTCTTGAGAGCGGTGGTAT
SIPRIa-F  GAGGGCAGCCGTGCAA 133
sl FlActin2 R~ TGGACAGGGAAGCAAGAATGG
SIPRIa-R  CACATTTTTCCACCAACACATTG FIEFla? F CCCGGTGACAACGTTGGTTT
86
SILOXDF  GCAGAGATTGTTGAAGCATT FIEF1a2-R ~ TCGTTCTTGGAGTCACCAGC
111
SILOXD-R ACCAGCACCACACCTATT FIEFla-F TGAGATCCAGGAGAAGATTG
204
SIYUC5F  GCAATGTTCCATATTGGCTAC FIEFIaR  AGGAGGGTAGTCAGTGAAA
155
SIYUC5-R  TCTAATGGCATCAGCAGAAG 2 %%5 ﬁ*ﬁ
GAPDHF GGCTGCAATCAAGGAGGAA
o 21 FELIGRTIEIE A KB

GAPDH-R

1.7 FOARIAEEMPEENNE

B MS 3535 5 b TC T HE 35 00 3 AR S i Mo e
38 GFP 2 e hric i % 204 JJ B 110" CFU/mL
7B, 22 °C #0814 hJF U B iif bk .
ZRABE K b Ok T 1 35 AR L A2 vk S 200
pg/mL {1 L £k 75 BE (propidium iodide, P1) . & F
37 °C Ki oAt G 25 A Yt 25~30 min, Y52 U
BAEYIR R 1 XPBS 8 il v % 4~6 Ik, Bk
DRI AN F 2 ming K G 040 B 5 ) MR A [ 2 7E
& 10% Hhm s A b I POt LR A H E B
544 % 45 (LSMO00, ZEISS) (2 & b 4T W %<
FEARE
1.8 FEAKEIIEEHEZENNE

P32 2 EAT 5 | W 0 , e 20308 S8 G 1 6 ) R
S FIEfla EATWE9E . 8 e # AR SC1.27 Tk R IR
BR IRt LR DT TR 6 d 5 WCHERG LT8R ) B AL, BT
TG WA 7K I R L B 4 5] R 10°,107,10°, 107 F
10* CFU/mL, ## He %1y 3k 90 47 46 % 5 B A o
L HIE . B RAE K 30 d i, 1 0.05%
Tween 80 ¥ fifz £1 #j J1 B £l e JB I 4% 2 1< 107
CFU/mL J& 1 7 i AR 0 152 3 78 96 - B v i8R 0.
6.12.24 .48 h ) Al AR Z FH K e 11 e W R U8
FPEEUE A DNA . i FHAR IR ) B gDNA 2 Bt
7 B R BURS 2158 T 8 DNA, $2 U 16 246 i B 156 1
P LTk ST PO E T PCR A5G b i i Ze il
TERGLTHR IR B TR

AAATCAATCACACGGGAACTG

IR AR AL BT 50 50 d S5 I a2 A KR A AH DS FE A
GEIR BRI T XA Sk AR T AL B F
TR 150 ST G, Ak B 2 P 3 kv kT BR A E n T
LI5A%(P<<0.01) (B 1A \B) ; b FRA M2 K a S it
GEF D P RO IR AN (116 A5 F0 1.47 £i%,
P<<0.01) (K 1C D) ; ik 21 4 JJ 1 Ak BRAE F 7 o A AR
WREBE T (E1E), HHAR R Y a8 E KT AL
fF BEZH (1.38 4%, P<<0.01) (R 1 F) ; R WAL 214 ]
PR E T Zam ARk AR
22 FHABRIEANEMMERITIERNZ N

ADNEE IR R A PR TS Ta 5Ch 45.16 %0 , T XF
R Ry 74.15% (& 2A B, b 3120 % B 2 995 17 48
BUOT B 2 B % 218l 00 B8 1 5 T 7 o A AR X T i
F 220 CI B TR Ry S At 70 B ) AR i o
23 BOABENEMNBEMPEYBEXBEERRE
EpA!

SRERGT L 21 i T B A BE A S AR R
&3 17 AR 2 e g A K B B i JHC X H Al g TR BT 1Y) Bt
P, 8 53 RT-qPCR A 1 X H8 4 K i 215 J1 12 4
AFR 5 (20,3040 d) Y 7 5 R AR HHORE 0 T8 3R AH DG R
ik, SR ER, ERKRESBOCHILH S/YUCS
i HRAL B 20 d 5 5 A b 1 X IR 4 A LGt 3 2
St AEARER 30 K 40 d J& , SIYUCS 385t B4 AH b 3=
k2 L4516 £%, P<<0.01) (B 3A) ; /K%
PR & I OCARJE IR SICS TR IR R AL B 20 d J5 5 R Ab PE
X HEZH AR L TG W 3 25 5 (HAR IR 30 K40 d e, iR
TR K30 A2 AH Lt 35 R 41K (45.36 % F1136.13 %,
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[CFAR: PANPLBLER
F. lateritium
Loy T LT 7] T
[EFAR: PANCPLBLE) Xﬁ,ﬂﬁi’ll Ab B AL
F. lateritium Control | i 1ateritium
B D K
—kk v 6
25— n=20 n=20 ; 1.5~ == X} 4] Control
.:. g w LI TR AL F. lateritium o L
. = - sk <
= = ;
= | - E gl
= T = & 1
] &} o F
= 20 $ — Lo et
o 20 iz
ke = 8
£ = T H#
3 il W
= <E_ | B
b Ak
| ﬁ 0.5 | | 0 |
XA RELLRTIE LAl < M4k a Chla M4 b Chlb XFIREH T 214k ) T AL AL
Control F. lateritium o Control F. lateritium
A Treatment MH4¢ 5 F12 Chlorophyll type A Treatment
A BRI R0 AR R R T 5 B« AR A BRI e ik = e i C « A R 5 6 R e ih v e 6 285 D - b B AN BR A e in 4 K a b

o E A TRZ NS B2 A AR AR A S F - AL AR B AR TR ST B SRR S 3 U AR WA A A B AR v 5 e
AR A B2 55 T B ZH A 0 35 M A0 B 45 5 (P<<0.01) 5 A C il R 10 em; B HUBIIR R 2 em, A: Plant height phenotype of the treatment
with F. lateritium and the control; B: The plant height statistics of the treatment with F. /ateritium and the control; C: Leaf phenotype of the
treatment group with F. lateritium and the control; D: Tomato chlorophyll (a,b) content statistics of the treatment with F./azeritium and the the
control; E:Roots phenotype of the treatment with F. lateritium and the control; F:Roots dry weight statistics of the treatment with F. lateriti-
um and the control.Results are means = SD from three biological replicates; “**” indicate significant differences between treatment group and
control group(P<C0.01).Scale bar is 10 cm in A,C; Scale bar is 2 cm in C.
E1 ®aOBmNEdEmLkSAB . HHC.DFRRE.PBIFME
Fig.1 Effects of F. lateritium on tomato plant height(A,B),leaf (C,D) and roots(E,F)
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T

TR FE 80/ % Disease index

|
XPRRAL ik 21 e ) T b 3R 4R

Control F. lateritium
AbFE Treatment

AR 14 d S5 FA A RIS (IR 2 em) s B: 14 d G & At 6508t 1. Az Incidence of tomato leal disease 14 d post root
soaking with F. lateritium (Scale bar is 2 cm) ; B: Statistics of leaf disease index 14 d post root soaking with F. lateritium.
B2 REAFEIENERMHEROZM

Fig.2 Effects of F. lateritium on resistance to tomato fusarium wilt

> lateritium
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P<<0.05, P<<0.01) , 1M %F B2 SIICST 44K 5 i
P RARE LR T R T SHCS1 335 (E 3B) ;
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KPP A A SIPR1a 78 20,30 #1140 d 1y E A&
P BT 7.894% 5. 77 5 A 1.8 4% (P<<0.01) , %
B AR ) 7 480 ] BE A7 e O R A (81 3D) o 25 1, 3R
AT P A 1 21 5k DT B A ok R i e ih R S A A K
FIPUIGHH 5 1A 0 0 28 36 9 A 238, DT A2 0F e i
AR ISR HA M

25 = XF R4 Control
E w21 B T AL BRAL F lateritium
g
> 20—
S
izt
H L5
5 g %“ n.s.
';) < 1.0
7 05
z
0.0 20 30 40
AL B 5 I [8)/d
Time post root socking
~ 25 = X R4 Control
g w5 LU TI AL FEAL FL lateritium
S 20F
S
o S
I <
4 i/_) 15 *% s
w3 S
2%
S = 1.0~ ok
% <
705
L
z
0- 20 30 20

R AR AL T ) 15 [R)/d

Time post root socking

FIFH RT-qPCR 46 0% BOAZHLAL BEZH SIYUCS (A) (SUCS1(B) (SILOXD(C) J SIPR1a(D) 3 H )ik it , UL FIEF lafE RN N S35k
A, FIEFla was used as reference gene. The relative expression levels of SIYUC5 (A) ,SICS1(B),SILOXD(C) and SIPR1a(D) genes in
control group and root soaking treatment group were detected by RT-qPCR.

3 REARIEMEERPEYHEEERRIE

Fig.3 The expression of plant hormone-related genes is mediated by F. lateritium

24 BARIEEEMPEENARER
Sy A il T 453 70 DR A T AR R b BE AR O
Al FH I3 R A 0 ) A LS s 21 4l ) T B 1
Bl GEIRL PN, AL 14 h 5 7E 7 AR AR Ak g M 5K F
GFP bric it £1 50 ) TR 18 22 , I FAEAR 20 it oy W %¢
IR LLR )B 2K (B 4) . R WTE 208 0 0 g
5 9 A e T TR R
2.5 FARIAEEMPHNERER

i Atk ST 43k 00 B A T 50 AR 0 FE R B

it qPCRAGIMHE I K . LL FIEF1o-F/R A5|49), %
il it 2148 70 TR 4 0T R b o T 2k, 5 SR 3 W 21 4k
JIHEAL TS Cq EAME (B 5A) , LA hRIfE 2 2
% 454 qPCR 45 5 WG 21 9 ) TR RE A% 76 35 i A Bk
WO BE , HTE 6~48 hHo i 5 6 bl 4 o FE I (] A9 28 4
T Z 3 (& 5B) .

3 it #

BT A AEAI TS 0 S -5 A ) B e B
f A R A 5 AL P 87 R DE T, LR PR A T
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B4l

Fik GFP Wit 21 Hie )1 w1 Ab PR3 14 h 5 OGO 0 (e T W4 B3R5 GFP M TR B IR 22 . A0 T3 B PTG (4
C:GFP#IEIE ; DR PLRL G GFP 9GaG W AIEER . Bl R=50 yum, After tomato was treated with GFP expressing F. lateriti

um for 14 hours, the vegetative hyphae of GFP expressing F. lateritium were observed under laser confocal fluorescence microscope.A : Differ-

ential interference; B:PI staining; C: GFP fluorescence image; D: PI staining and GFP fluorescence microscopic images of roots were com-

bined.Scale bar = 50 pm.

B4 RIZGFPHIRAEINEEENRZANEMUE

Fig.4 Microscopic image of tomato roots stained with Pl

36
o4 .
z .
AE 3R
et *
H 30
R
L]
28 IIIIIIIII IIIIIIII| IIIIIIII| IIIIIIIII
3 4 5 6 7

FHFE Number of spores

FEF%L Number of spores

10x 107~

8x 10°

6x10°

4%10°

2x10°

0 | | | |
12 24 36 48

IZHALBLAT (] /b Time post root soaking

A G LT T 4 %) E BARUEINZR s B DL FIEF 1o i 51 Wi 58 % 214§ ) 1 56K . A« Absolute quantitative standard curve of F. lateri-

tium; B:Colonization rate of F. lateritium determined with F/EF la as primer.

WL EE PCRIZW ML LRI M AT H I EEE

&5

Fig.5 Colonization rate of F. lateritium in tomato detected by fluorescence quantitative PCR
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RERRA K K R SRR R DU BE K
FRAFFERE DU FR o SR, A W T 22 BH PN A TR 2 L fig
FEAR R A K B [ Bk B A A B 2 el e T
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FT R DX o 5 R T — R, N AR LT D) g Y R 44 )
FEACH T 15 T 72 FEA ) , 3 2 ik R AR 400 114 5 2% B 40
G0, 5| KA B AR R O 35 PR A0 s R A G B 1 kR
PRIaWEIK"" . AROFFE 4R R, F e Fh A
A B LG T S HAR KR A UM DGR R SIYUCS 3
KK B R, SR A K R Y A K T
B— . SR, A R R R IK R G s AR DG B g
SUCST R IR TE T, ARG MO K] SI-
LOXD Fs B A0 3¢ 85 U L I SIPR 1a 19 2R 35 7K1
A F LI, YA 5 2T 4R 00 TR T R A 1 e
()5 =X, 7 I A A SA T AR 1 S B A R B
SRR A AH G B 1 R 1) 3638, B SR A 1 o
PE SBUR AR SPUR MG — . AR BRI K i R
B BT AR R TSR FT R G 1 A i WL A R
TRA BRI 5 N A 05 20 9k 00 TR 10 2 8 305 th iR 22 1k —
0 R A Rt LT R Rk R B B S
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Effects of an endophytic Fusarium lateritium on growth
and disease resistance of tomato

XIAO Qing"?, L1 Yongjie', WANG Jiankang',ZHA Xingping',
HUANG Jianming', HE Zhangjiang', KANG Jichuan'

1.Engineering Research Center of Southwest Bio-Pharmaceutical Resources ,Ministry of Education,
Guizhou University, Guiyang 550025, China;
2.College of Life Sciences , Guizhou University , Guiyang 550025, China

Abstract The previous studies in authors’ group indicated that an endophytic Fusarium lateritium
from the Nothapodytes pittosporoides (Oliv.) plant may promote the growth and disease resistance of pota-
to.In order to expand the application scope of this strain, tomato , which is also a Solanaceae crop , was used
to study the effects of F. lateritium on the growth and disease resistance. The results showed that the plant
height of tomato increased by 1.15 times compared with the control group after 50 days of root-soaking
treatment with F. lateritium.The content of chlorophyll a and chlorophyll b were 1.16 times and 1.47 times
higher than that of the control group. The root biomass of the treatment was 1.38 times higher than that of
the control, indicating that F. /ateritium promotes the growth of tomato. The results of bioassay showed that
the fusarium wilt disease index of tomato (45.16% ) in the treatment group with F. lateritium was about
28.99% lower than that in the control group (74.15%) , indicating that F. lateritium enhances the resis-
tance of tomato to fusarium wilt. The expression patterns of key genes in the auxin synthesis, salicylic acid
synthesis and jasmonic acid pathway of tomato were analyzed after 20, 30 and 40 days of treatment. The re-
sults showed that the treatment affected the expression of key genes of plant hormones to different degrees.
The GFP-labeled strain was further used for fluorescence colonization observation and the colonization rate
was calculated by qPCR method. After 14 hours, the presence of F. hiyphae was observed in the root system
of tomato. The colonization rate of F. hyphae gradually increased with the extension of the treatment time
within a certain period of time, indicating that F. /ateritium can endogenously colonize the root system of to-
mato.In conclusion, it is speculated that F. /ateritium can mediate the expression of phytohormone-related
genes through the endogenous colonization in roots of tomato, thereby affecting the plant growth and dis-
ease resistance of tomato.
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