FEE F 5 R R 2017, 23(5): 12761285 doi: 10.11674/zwyf.17078
Journal of Plant Nutrition and Fertilizer http://www.plantnutrifert.org

R EE ACCC31649 1 GFP Hric M H % B
TEFE A AEAE H

RSET, MR, R, JP4E4E0, £ P, men
(1 SEMITTE Ak Rl b, S FH 5500005 2 S N AP R BFSE T, 50 550006
3 FE g B B FHIR S Al X R, JEE 100081 )

WE: [ B ] BEETAITEN SRS EOIOEHE A (GFP) RN AKE (Trichoderma hamatum) ACCC
31649 WHART B, T EBHETEE 1Y GFP FRicke b, JFBIFTE % T bR 7L BRBURE Ik Hh 5 S DR AL 2 AR A
R A ) W AR B TR RBURR o o L K HG 5 OB L T 7 AR o R AR TP 8 e B8 . B AR A B A P B kil
([ ¥ )l HUE AT IR A 5 A BB AL Dk i e BB ARE 1 GFP i e fb ¥, Sl MEARSERN i RIZH ) Jr
MK B R 9 BRI TE T FAPIR A B3 TE BRABURE Pk v g B ok R RO BB S AR AE T . [ 55 2R ] 3RA% T st fe ke
GFP FRiC R EPR AR R AL 70 ZOL BAONEEERI, IR . 25 HAHZUPERIGINE] GFP ARIC MRV E . frid
BAR T JC e E T, SRR AR PR 4 o 20 o B B ZE R 2 Uk B AR BT RR R GFP i B R E AR 2
T4 HEHEBANT . 30 KJG, GFP FRiCEMESKALERT AH L, B EHEEE 13.5%, MK 16.2%, fif
EATE A G T 43.8% 1 45.3%, 10 HLEFAE BRIk 5 GFP fric 8 AR XU fe 28 VR IR R 3 25 % .
[ 459 ] BPRAR T REETE BB RAR . ZXFN 02U sE il , JF XA A B & e EAEM . R, GFP #Rid
B AR AR FR A — 2 ) W32 DR R E BROBURR o 2 A B R S PR A B R AR v R A T

KR SO M Bl BROREE; BRG feZEPEHT EE

GFP-labeled transformation of 7Trichoderma hamatum ACCC31649 and its
promotion on colonization and growth of pepper plants

ZHAO Xing-li', TAO Gang™, ZHAO Dai-lin’, MAO Ting-ting’, WANG Nian’>, GU Jin-gang®
( 1 Guizhou Normal University, Guiyang 550000, China; 2 Guizhou Institute of Plant Protection, Guiyang 550006, China;
3 Institute of Agricultural Resources and Regional Planning, CAAS, Beijing 100081, China )

Abstract: [ Objectives ] The green fluorescent protein (GFP) gene was transferred into Trichoderma hamatum
ACCC31649 by the Agrobacterium tumefaciens-mediated transformation. The growth-promoting effect and the
colonizing patterns in pepper plants of this strain were investigated in this paper, which would provide a technical
basis for the research of the rhizosphere colonization of 7. hamatum in pepper plants and biocontrol mechanism of
antagonistic fungus against pathogen. [ Methods ] The Agrobacterium tumefaciens-mediated transformation was
used to select the GFP-labeled strain 7. hamatum-GF21 which inherited stably, and the inoculation of 7. hamatum
by pouring root treatment and the observation of water slides of pepper tissue sections by fluorescence microscopy
were used for the growth- promoting effect of pepper plants and its colonizing patterns. [ Results ] The stable
GFP-labeled strain 7. hamatum-GF21 was obtained. Fluorescence microscopy observation confirmed that the
GFP-labeled strain 7. hamatum-GF21 colonized in the roots, stems and leaves of the pepper. It colonized on the
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roots firstly and then moved to stems and leaves through the vascular bundle of the roots. After 30 days of pouring
root treatment in the four-leaf pepper seedlings by the wide strain and the GFP-labeled strain 7. hamatum-GF21
separately, the GFP-labeled strain 7. hamatum-GF21 increased the pepper height by 13.5%, root length by 16.2%,
fresh weight by 43.8% and dry weight by 45.3% respectively, compared with the water control. There is no
significant difference between the wide strain and the GFP-labeled strain 7. hamatum-GF21 in the effect on the
plant growth promoting. [ Conclusions ] The GFP-labeled strain 7. hamatum can colonize in the roots, stems and
leaves of the pepper, and show a significant growth-promoting effect on pepper plants. Therefore, the GFP-labeled

strain 7. hamatum-GF21 can be used on the research of the rhizosphere colonization in pepper plants and the

biocontrol mechanism between pathogen and its antagonistic fungus.

Key words: green fluorescent protein; genetic transformation; 7richoderma hamatum; pepper seedling;

plant growth-promoting; colonization
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Fig. 1 Inhibition of different concentrations of hygromycin
B (ng/mL) on mycelium growth of T. hamatum
ACCC31649
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2 ACCC31649-GF21 7EFRHUEMK P HY ETE
Fig. 2 Colonization of the ACCC31649-GF21 in the
pepper plants

[ (Note) : A—HBII R IEFAERIT Bk ACCC31649 MIZZ; B,
D—DAPI FI-RIKHZECY @K C—W T my B 2L 2L bk
ACCC31649 5rA ¥ Ktk /R4iMit% . A—Hyphae of T.
hamatum ACCC31649 under bright field; B, D—DAPI and
Calcoflour white stained epifluoresence microphotograph;
C—Conidia of 7. hamatum ACCC31649 under bright field; The
arrows indicate nucleus.]

3 #KKE ACCC31649-GF21 B GFP 3R EA KL
(FrR 25 pm)

Fig. 3 Expression of GFP fluorescent proteins

in T. hamatum ACCC31649-GF21 (bar 25 pm)
[IF (Note) : A— W3 i GFP FRiCH#k ACCC31649-GF21 1Y
BZZ AT B—INRR LT 9 GFP ARIZE bk ACCC31649-
GF21 [ M4 fF. A— Hyphae and conidia of . hamatum
ACCC31649-GF21 under bright field; B— Hyphae and conidia of T.
hamatum ACCC31649-GF21 under fluorescence microscope.]

vz, LA AR, HRAER2E6ER, A6z
JRAEE, A3 A7 A T EUR B EGIR B B EOE 1y 7
filfEd, PRI ESER, VA6, W
HESE, SR KA ACCC 31649-GF21 [H 7% K

100 —

4 #IRARE ACCC31649-GF21 HIEIE Zric £ E
PCR &
Fig. 4 PCR detection of Hyg B gene of T. hamatum
ACCC31649-GF21

[ (Note) : ki 1~5#¥} Marker IT (DL1200, KARA=#)), B
XTI, B4R AR B ACCC 31649, ACCC 31649-GF21-1, ACCC
31649-GF21-2, Lane 1-5: Marker Il DL1200 (TIANGEN Biotech),
Negative control, 7. hamatum ACCC 31649, T. hamatum ACCC
31649-GF21-1, T. hamatum ACCC 31649-GF21-2.]

W22 kik, HEERSE6, THLaEKa,
ALY GFP bRiC GF21 RIBRTEAS IR LU, P
VRN GRS, P22 1A% 1~T7 pm, M fLT4R
HHERIIE , K/ (3.9~5.6) um x (2.8~4.0) um, 2%
Y, AR alH R RIE s RAEWZ LW
1508 (LY A X a1 O € 283 A £ LR N T N Yl
1~2 DA AR, JHAE A BEFR ] - 28 T00 Q3% 7 4i
4, w1l A IR O K (8 5).
23 HHEBSRAUFEEEKERERENENE
i 3 RHARIC H R B R 00 8 3R AR R AT WO 8¢
FE , WL KA. FIREEH XTI AT
1, AL FHEP ARG 25, e R R 4%
T, GFP FRic#itk ACCC 31649-GF21 &K
R L A RUARE T, i ACCC31649-GF21 P4 &
WP A R LA N T, RZE TR I Y i R T A
EWEITI, ACCC31649-GF21 5B 4F B B bk A
—FH(F 1),
2.4 ACCC31649-GF21 fESHUEMR P B EFE
ot D) 7 Ot WO ER , R ACCC
31649-GF21 J5 1) 24 h, GF21 FRH 22 A T RAELEHR
FH (K 6A. B); 48hJ5, GFP ARic HARTE EARYE
EARHAERKEM (B 6C); #4583 d, 22955 KR
JLAE AR e 3B 5 (1] 6D),  [R] ke SR 253 A
I (& 6E) WS BN BRI e FE s H2Fh 5d,
LR (K 6F) AR ZEE AL (K 6G) B 253BA AL
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B 5 #IRAKE ACCC31649 5 ACCC31649-GF21 IR ASHFE
Fig. 5 The morphology of T. hamatum ACCC31649 and T. hamatum ACCC31649-GF21

[7E (Note) : A, B. C. D— ¥4Ik E. F. G. H— GFP FRiC Hkk ACCC31649-GF21,
A. B. C. D—ACCC31649 T. hamatum ACCC31649; E. F. G. H— T. hamatum ACCC31649-GF21.]

x1 HRAEFERHRMBUFERKERR, “HEREYENLER
Table 1 Comparison of growth rate, biomass and conidiation of 7. hamatum ACCC31649 and
T. hamatum ACCC31649-GF21

o
173 H K (cm/d) FHI4E (< 106 conidia/plate) A4yt Biomass (g/plate)
Strains Growth rate Spore yield 7 Fresh weight F1f Dry weight
ACCC31649 2.04+038a 5.93+£0.60 b 0.25+0.02a 0.05+0.01a
ACCC31649-GFP21 1.03+0.12b 46.37+5.03a 0.29+0.02 a 0.05+0.00 a

7 (Note) = [FFNEIREAFE/NEG FHE/REKEI 25 B3 (P < 0.05) Values followed by different lowercase letters in the same column

are significantly different between two strains (P < 0.05)

(Bl 6H); 25 d 5, P22 303k MU RE 1 25 — R Jot
H AR (B 61, J) At f (Bl 6M ., L) 8, M
30 K270 KI5, HAALIHAIR 0T LOUEE B 4 o e
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HERNEEIRAR ST 30 K, BN fokker . AR
FAE AR T 8 R SRR g T A R R Y], &R
TR RRAL BRI, OB R =5 LT RS 15.9%, #RK
W 19.4%, BEFIMN 36.3%, TEIM 43.4%, B
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b GF21 Ab PR BAI 1, BRBSUA PR i Lo X
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BEm 45.3% , AT AR R B0 2 A 42 AR AE
(K7, £2), FRSEREWN, ik GF21 F¥FA4:
RUTARRARRE % I 0 A E BRI B i A

3 e
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VTR . A SRR SRS AR R R,
IFi) s 30 RE A (R AR A AR A 1o DT I 3 e 0 P 3
fEJI. AMFFELL GFP SR NPRICER, FIH ATMT
TS T GFP 2 H M # IR K% ACCC31649 it %
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6 ACCC31649-GF21 7EFRHEM PRI ETE
Fig. 6 Colonization of the ACCC31649-GF21 in the pepper plants
[ (Note) : A— FRICEARAYIE 22 FI5M LT FTEBAUNAR & 4 B— 43490 T W BHTEBBUR 3 1 ; C— FRic Bk e 7l T B AR
D— FRIC BRI 22 2715 12 A0 80 B T8; E— FRic B RRTE BRABCE TR BB vh e B, F— FRic AR ) b B BIR 253K G— MR85
IbSRAE A 1E 22 H— T 22 e Bl BT AAL; 1, J— B2 BRI e 5E; K L— ARIC B BRTEBIABI 5l 4 (G BPIR AR 25
TER P RIS O B AR (0, 20 (0 WM H & 966, A— The hyphae and conidia of labeled fungus clustered on the branch roots of the
pepper; B— The conidia formed on the surface of the roots; C— The labeled fungus grew into the vascular bundle of taproot; D— The labeled

fungus penetrated into the phloem of taproot; E— The labeled fungus penetrated into hadromestome of the stems; F— The labeled fungus

colonized on the surface of the stems; G— The labeled fungus colonized into the junctions between roots and stems; H— The labeled fungus

colonized into the stomata of stems; I, J— The labeled fungus colonized into the petioles; K, L— The labeled fungus grew in the tissues of

leaves; The labeled T. hamatum presented in green or yellow-green, while the tissues of pepper presented in red by auto fluorescence.]
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Fig. 7 Effects of the T. hamatum on the growth of the pepper seedlings
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Table 2 Effects of the T. hamatum on the growth of the pepper seedlings

i) B (cm) HK (em) e (g) T (g)
Treatment Plant height Root length Fresh weight Dry weight
CK 14.57+0.33b 15.69+0.81b 576+0.28 ¢ 0.53+0.04b
ACCC 31649-GF21 16.54+ 024 a 1823 +0.56 a 8.28+0.33a 0.77+0.07 a
ACCC 31649 16.89+0.27 a 18.73+0.51 a 7.85+025b 0.76 £ 0.06 a

7 (Note) : [FFIEIREAE/NG TR HIE 2% 5 5.3 (P < 0.05) Values followed by different lowercase letters in the same column

are significantly different among treatments (P < 0.05).
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