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Abstract  Verticillium dahliae is a soil-borne fungal plant pathogen that causes the destructive vascular wilt on
many hosts, including economically important cotton and potato crops. Generally, the extracellular proteins
secreted by V. dahliae play a crucial role in its virulence on the host. The objective of this study was to construct
a yeast two-hybrid library from cotton infected with V. dahliae and treated with hormones., and evaluate the
library quality by screening the interaction proteins of a known V. dahliae effector VCR1. To construct the
library, the RNA was extracted from the cultivar Gossypium barbadense ‘Hai 7124’ inoculated with V. dahliae or
treated with hormones. The high quality of library was assessed by the high ¢cDNA library titer (1.18X10°* cfu/
mL), the distribution length of insertion size is 300 — 2 000 bp, and the absolute recombination efficiency.
Subsequent screening of this library for the known V. dahliae effector VCRI1 yielded 27 candidate interaction
proteins, and one of them was proven to interact with VCR1 when validated using the yeast two-hybrid system. In
conclusion, a high-quality sea-island cotton yeast two-hybrid library with good efficiency for identifying the
interaction proteins of V. dahliae effectors was constructed in this study, which would be helpful for revealing
molecular mechanisms underlying the interactions between V. dahliae and cotton.
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Vd991: Highly virulent strain of Verticillium dahliae; SA: Salicylic acid; ET: Ethylene; MeJA: Methyl jasmonate. M: 1 kb DNA Ladder

1 BRREBENRITCEFEMBIE RNA 25
Fig. 1 Total RNA extraction of samples for the sea-land cotton yeast two-hybrid library
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SRR PRI sE B TR 7 2 mT 708 4 AR B A
K 10026, JF H 4 3 R B K/ 43 A A8 300 ~
2 000 bpZ A (J&] 2¢) o Z5 45 R UL A 50 4 1
AR A AR P S SR AL BT AR AE I B XU 58 cDNA
SCHE T e WA AR e S K e A TR R 2R Y
e 4

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23

a: WHECDNARI G b: MR B BRI (10 IR AESD/-Leutfi 373 b5l id v S o ¥4 B BERL I ST T s o TR %
PCRAG:IN B BE XL 4 A2 SCEEFR N\ BE K /. M: DNA ladder (1 kb DNA Marker#i15 000 bp DNA Marker)

a: Synthesized double-strand cDNA; b: Detection of the library titer by diluted yeast suspension (10-*) on SD/-Leu medium.
The colony number was counted and calculated for library titer; c: colony PCR identification of the insertion size range of the
yeast two-hybrid cDNA library. M: DNA Ladder (1 kb DNA Marker, 5 000 bp DNA Marker)
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Fig. 2 Construction and evaluation of the yeast two-hybrid cDNA library
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BER AR 7E YPDA K53t B A K — 8 (& 3d) . £
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a: VCRIEEERAK 043 F-I030F; b: B E) % 8 S 41T kipGBKT7-VCR1; c: VCR1 H MEMASII; d: VCR1FE A

SD/-Trp-His-Ade

bp M 1

10 000

1 000

c =

d

a: Identification of the VCRI recombinant in the bait vector of pPGBKT7; b: Confirmation of pGBKT7-VCR1 by digestion; c: Verification
of the self-activation of VCR1 in the yeast-hybrid system; d: Identification of the toxicity of VCRI in the yeast-hybrid system

B3 XmMHHEMEER VCRI HiFHEEEE
Fig. 3 Construction of a bait vector of the Verticillium dahliae effector VCR1
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i
i EIR AR pGBKT7-VCR 1 i 16 3
24i1t SD/-Leu 3537 5 F#i B 100 15 09 B V% B0
415 ~,1 000 f5H 48 4>, SD/-Trp-Leu 3533 E 7
B 10 RIS B 55 45,100 5 RY 10 A4~ THEAGH
SD/-Leu 10 SD/-Leu 103

SD/-Trp-Leu 10! SD/-Trp-Leu 102

T RE US4 B R 2 1. 33 % (] da), iE— 2
M SD/-Trp-Leu-His #5575 ik A4 IE# 19 5w
[ 480 PMEFT SD/-Trp-Leu-His-Ade 35548 F—
U 18 » foe 2 3R A% A K OE W 1Y s B 422 A,
pGADT7 3@ 519X} 422 4 5ikEif {7t PCR %58 , 3K
P48 A BOK T 500 bp BYFERE 201 4~ (J&] 4b),

500 -

400

300

FHESERESL/ A

Number of positive clones

200

100

TDO QDO >500 bp

a: FEIHE A pGBKT7-VCR 5 BERESC PR S5 RRAGN; br KN FE R 0N 2 H VORI i% AR 2 A I b, TDO: SD/-Trp-Leu-His
B3R B 00 ARAR A IEH 1 SE R QDO: SD/-Trp-Leu-His-Ade %37 BE T JR A AR R IEH 1 b

a: Binding efficiency of the bait vector pPGBKT7-VCR1 with the yeast two-hybrid library; b: The number of clones during the yeast two-hybrid
screening procedures. TDO and QDO represent the positive clones grown on SD/-Trp-Leu-His and SD/-Trp-Leu-His-Ade media, respectively

E4 KTHEEERHZER VCRI HIREEEEAGR

Fig. 4 Screening the candidate interaction proteins of the Verticillium dahliae effector VCR1
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2.5 KBHEEMMES VCRI HIEFEEEER

HR A5 b3 o B I 485 SR A3 A i B, A F 5 A O
WE) T 5 KIAek o 8 1 VCRLGTEBAER &
H 27 AR D, it pa) o 5o ae i Bk il , 1L
18 A EE B H THRERFD . 45 R WoR U R
H VCRL H5H A 4 MEAEEAEE A (VCRI-IPOOL
VCRI1-1P005 ., VCR1-1P009 F1 VCR1-1P027) 5 [ 4

X B (pGADT7-T + pGBKT7-Lam) {X 7£ SD/-Trp-
Leu 85753 FIE# 4 K. fF SD/-Trp-Leu-His-Ade
1 SD/-Trp-Leu-His-Ade/X-a-gal 335 5L % A4
KRN & 11 VCR1 #il VCRI-TP003 5 BH 1 %) 1R
(pGADT7-T + pGBKT7-53), £ SD/-Trp-Leu,
SD/-Trp-Leu-His-Ade 1 SD/-Trp-Leu-His-Ade/
X-orgal }i 773 FIREMS IEH AE K, 28] VCRI AT L)
5 VCRI-TP003 HAE(KEl 5),

Fx1 AWMBHEAHLEAR VCRI BEEEEER"

Table 1 The candidate interaction proteins of the VCR1 effector in Verticillium dahliae

semais o T shit A g /b IR

Gene code Bl se Function Subcellular localization Length Transmcrr'lbranc Slgr%al

of clones domain peptide
VCRI1-1P001 7 BEEH nucl: 7, cyto: 3, chlo: 1, mito: 1 768 0 N
VCRI1-IP002 7 REEH nucl: 4, cyto: 4, plas: 3, chlo: 2 354 0 N
VCRI-1P003 5 REEA mito: 7, nucl: 4, chlo: 3 891 0 N
VCRI1-1P004 4 BEEH extr; 7, cyto: 5, chlo: 2 189 0 N
VCRI1-1P005 3 BEEH nucl: 13, extr: 1 720 0 N
VCR1-IP006 2 BEEEH cyto: 10, nucl; 3, plas; 1 528 0 N
VCRI-1P007 2 RE&A chlo: 14 438 0 N
VCRI1-IP008 2 BEEH nucl: 6, chlo: 5, mito: 2, cyto: 1 477 0 N
VCRI1-IP009 Z 12 R L5, cyto: 9, cyto_nucl: 8, nucl; 3, chlo; 1 1299 0 N
VCRI-IP010 2 BEEH E.R.: 4.5, E. R _plas: 3.5, nucl: 3, cyto: 2 1785 0 N
VCRI1-IP011 1 BREZEH chlo: 9, nucl: 4, mito; 1 1332 0 N
VCRI1-IP012 1 BEEH extr; 7, cyto: 6, golg: 1 300 0 N
VCRI1-1P013 1 BEEH mito: 11, chlo: 3 429 0 N
VCRI1-IP014 1 BREZEH extr; 7, cyto: 6, chlo; 1 501 0 N
VCRI-IP015 1 BE & chlo: 9, mito: 4, nucl: 1 921 0 N
VCRI1-IP016 1 2 [ X 8, pero: 13, cyto: 1 1761 0 N
VCRI-1P017 1 WD40 25 F4)38 chlo: 11, vacu: 2, nucl: 1 1 566 0 N
VCRI1-1P018 1 BREEH plas: 8.5, cyto_plas: 5, E.R. : 4, golg: 1 1461 0 N
VCRI-1P019 1 MIF4G 2435} cyto: 11, chlo: 1, cysk: 1, golg: 1 1236 0 N
VCR1-1P020 1 IR A4 15 plas: 8, E.R. : 3, chlo: 2, nucl: 1 2 208 1 N
VCRI1-IP021 1 AR 125 38 /ST YK e 435 4448, cyto: 6, nucl: 4, mito: 2, plas; 1 1425 0 N
VCR1-1P022 1 BEEEA chlo: 11, nucl; 2, plas; 1 1 356 0 N
VCR1-1P023 1 HEiE nucl: 6, cyto: 4, cysk: 3, pero: 1 993 0 N
VCRI1-1P024 1 BEHEHA nucl: 5, chlo: 2, cyto: 2, mito; 2 2 130 0 N
VCRI-IP025 1 fBLE chlo: 14 1620 0 Y
VCRI1-1P026 1 5 E 2 H 18,/ SapB 4544 35, chlo: 8, vacu: 4, extr: 2 1 545 1 Y
VCRI1-1P027 1 5 R 45K 38/ Amb 4544 15§, nucl: 12, extr: 2 1 365 1 Y

D) nucl: 40Mik%; cyto: 4T ; chlo: MK ; mito: ZEkifA; plas: A0 extr. MIAN;ER: MM ; golg: Mi/RIEMA; pero. 13 E ALY ;

vacu: JIL; cysk: HfIEAE,
WAESIK.

BEREE P 0 FOR B BEES IR 1 2085 A1 1 MBS IRES IR, F5 Ik Y 2m A E Sk NFoR

nucl: Nucleus; cyto: Cytoplasm; chlo: Chloroplast; mito: Mitochondria; plas: Plasma membrane; extr: Extracellular; ER: Endoplasmic

reticulum; golg: Golgi apparatus; pero: Peroxidase; vacu: Vacuole; cysk: Cytoskeleton. 0 indicates no transmembrane domain, while 1

indicates one transmembrane domain. Y indicates there is signal peptide, N indicates no signal peptide.
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pGBKT7-VCR1+
pGADT7-1P001

pGBKT7-VCR1+ [
pGADT7-IP003

pGBKT7-VCR1+
pGADT7-IP005

pGBKT7-VCR1+
pGADT7-IP009

pGBKT7-VCR1+ [
pGADT7-1P027 |

pGBKT7-Lam+
pGADT7-T

pGBKT7-53+
pGADT7-T

pGBKT7-53+pGADT7-THIpGBKT7-Lam+pGADT7-T 4} 3 A B BEN A4 38
Bk 2 i B XS AN B A XT . DDO: SD/-Trp-Leut 35 4E; QDO:
SD/-Trp-Leu-His-Ade}%3%3E; QDO/X: SD/-Trp-Leu-His-Ade / X-a-gal
Bigrdk
pGBKT7-53+pGADT7-T and pGBKT7-Lam+pGADT7-T represents the
positive and negative controls in the yeast two-hybrid system, respectively.
DDO, QDO and QDO/X represent the SD/-Trp-Leu, SD/-Trp-Leu-His-Ade
media and SD/-Trp-Leu-His-Ade/ X-a-gal, respectively
5 BENEZEEWIEAWEREANNER
VCR1 W EEER
Fig. 5 Validation of the candidate interaction proteins with
the Verticillium dahliae effector VCR1 by using

the yeast two-hybrid system
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Y5 A3 BT AT X B 3 R 1 4 K e 9 5 R 47 D R
T, & PR RE W 27 M AR A 18 AR
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