T R A

Journal of Henan Agricultural Sciences

,2015,44(12) :6-10

5 $%%E StRab E/EE B HITFIL

O, EA A
(LA R B T W 4710035 2, 4 ehell kot [ bk

S

B , #1E :IX 430070)

BE: AT i —HIT SRab & & £ 54 F 0585 50 P 6 4 AL, KR BEE R A AL A
StRab & & 4 #4145, st L 4 F 0 0% 5% 1 i ??%u\éﬁ cDNA SCE 34T ik o 84t 30 9E (R p Ao pb 3F S
DM LIRFT 206 MER AR, X P L EES %5 h EOminsF ERF 2 RETF . 565
JUT BB ¥ 5AL M #3 Mhia % v%aﬂ StRab Y e Tl LTS e
A

XiEIF . BAE, StRab; BERER; ZHHZ 4G

REISES. S572 XBIREM: A XBTHES. 1004 -3268(2015)12 - 0006 - 05

Screening and Analysis of Potato StRab Interacting Proteins
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Abstract . To further explore the functional mechanism of StRab protein in potato late blight resistance,
StRab was constructed into the pGBKT7 vector as bait protein, and then used to screen the interacting
proteins by yeast two-hybrid technology in potato( Solanum tuberosum 1.. ) ¢DNA library. Twenty-six can-
didate clones were acquired by evaluation,sequencing and Blast analysis. Of the potential target proteins,
scaffold protein, polyubiquitin, ERF transcription factor, proteinase inhibitor, polyphenol oxidase and chiti-

nase were reported to relate with adversity stresses in plant. The results suggested that the StRab protein
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might play an important role in signal pathway of potato late blight resistance.

Key words: potato; StRab; yeast two-hybrid; interacting proteins

A% ( Solanum tuberosum L. ) &4 FRE 1Y
WAy . BUTE 2020 4E R EHK A 50% 1 45
BT A, DR A R Ml i A F
?Ejﬂﬁ%ﬂ‘ W 2 i s 4 BR D % S A 7 B ™ A T A
T DR, R T A R B L AR AR e SR
E@Xﬁ@,}@%ﬁﬁ%%ﬁlﬁtﬁtﬂ TERE %)), Wang
SR RS R A T I 4 2 I o L
G IR PP 9 bR % (ESTs ), JL 3545 348 K AUERA
[7) 5 DR 8y B WG 2 R 35 5 A T, AR 90 B T
Ji 2l A 1Y L R 8 B Y e AR S AR B RO
s R ) 22 S, HE— 2D B 9 OC i B TR E AT v B R T
RESI T o ot StRab i [F 7E W 2% 95 T 2 Fh /5 2 hJT
IR FRIA, 2 36 h Rk, 72 h F§ T, StRab 7] 4

I 75 B #2015 - 06 - 29
HETH :lﬂ%%%”%fﬂk&?kﬁi?m H (CARS -10 - P06)
EERN =

IR (SA) FBE ¥ B2 (ABA ) 5 53 2 1K, 7R B i il
(FE B HUERORE E3 KCEHUMER R QR) Hh A 3R
K, AR BOR AT R (X)) R IR 20k o HSE I 920 &
B PCR AT & B, StRab # 1 3K 1) 1 4% 2
Bl R A b R A A T Y ek B X i 23 A 2D
4 2 1 e 5 o3 T R W], StRab 8 33K 5 1 5 T X
MRS B B DT o PRI, 2% 35 DR X 6 % 285 060 8 0
YRR TR R SR A B2

KT Rab 3 H I BEMI AT 5T, A 1F 2 MK 1Rk
B JEHEA AT AR o 2 IR T AR R A
Je KRB RIS B0 18 2R S A A A R A O 1Y
DIRE , M ELik S5 T 5 AR AR AR AR Y
riaf o, ik, HOse HA Z Rk, - g s iy

SC(1973 =) 55, NSt AR UFIT , 1, B RR 5% EH TAFE, E - mail:tommoto@ 163. com



% 12 # &

L4 G4 ¥ StRab ZAER G 8 it 5 45 A7 7

RabA3" @SBRSS T DWF 25 (1035 v 98 57,
TS5 T e E NI YA . KFE
(g rgpl ") 2 RN 220K 5, Fe W% 2L R A5 R
WA AR G, 1R TP Rabl U AE R R
{37 ) — A ) % 7 I I £ 2 58 43 BT 2 1, 3% ik R
AR SRR % ARG . W5 M B T i) Rab 1™ 5 gfp
T3 5 2 L A3 BT 205 6 2% DR 1 8 30 o) 36 5%, 485
2 W 5 AR M T A K RN AR R A I S W A
o FHHHE) Rablla™ a0t 46 MRk AR
], 254 30 ik 32 36 4007, TE W B B T B 2 5 R S0k
PR . AR B T P AR RabA2M Rk,
LR W] % KN S 5 TR Y AR E
RE o MG T ZEERCIM P Rab7" 1 H %
i T EL7E 5 R W38 R 2 A 1 4 A K TE L UG
WY G5 R 30 R G o /N FE TR Y Rab2"' T 4
PH S 2 3k, Tw H AT A 45 /0N 22 R O 3
M, FEREY P, Rab 78 (109 732 7278 S H T fig
LR LAY A K R E T A BRI,

Gao %" P WRARIE T StRab K&K 7F T 5 2 1 4
FPUIE R E AR, B T — B BRI R AL
i, AHIF S R FH % BE WU 2R 38 5 AR 3RS StRab B AE
(978 1, 340 BT HAE B0 190 2% o i 7R LA T
R B e M R TR SRS %,

IR

1.1 iR D% E cDNA X EEE

T B B S B S W 2 i K F BT PE R
386209. 10, iy [H PR S48 rhots (CIP) 5 i o 5 Flh i
RERT B A /N W1 R H1 J5 36 h B BURE , R 57
i Eh BRI 2 BB RNA 5 PolyATtract System I
and IV 3505 €43 % - 4lifk mRNA, ¥ ff] Matchmaker™
Library Construction & Screening Kits i #| & & i
cDNA , 3 52354k pGADT7 - Rec 54 L EEHE AH109,
1.2 pGBKT7 - StRab #iiEHES B iEHER N

Ji BamH 1 1 EcoR 1 ¥ StRab )\ pMDI18 - T 2
WY, 5 pGBKT7 % 2 & 1 i 18 &£ ik #1K
pGBKT7 - StRab , % J5 #f H Fl 25 H # /& pGBKT7 43
e A ERE Y187, I 45 Ho 43 59l 3 Bl T SD/ - Trp
R3EFEFHp T 30 °C,250 v/min YR 3 3% 20 h, [A)
i}, #5454k T pGBKT7 - StRab 1) Y187 4 7E SD/ - Trp
1 SD/ — Trp/ — His 4 I, 78 30 C 13 3 d, W
Y187 (A KR L
1.3 5% E cDNA X EHIE

& #&  Matchmaker™
Screening Kits 57 & Ui , 20 5B 1 mL 15 mL ¢
PET bR AH109 5 Wbk Y187 T 2 L i = /i
1, 7E 30 °C AR AT PR (30 ~ 50 1/min) A 2458 15 5 20 ~

Library Construction &

24 h, SRJ5 M 200 WL 24 52 iR A WK AE 150 mm (1)
SD/ - Ade/ — His/ — Leu/ — Trp - #z I,30 °C % 3%
3~8 do FREKEER T 2 mm GBS R OB, 3 6 T
B 1wl 5 78 SD/ — Ade/ — His/ - Lew/ - Trp/X —a —
gal(SD/Z — buffer/X — a - gal) -4z I-,30 °C ¥ 3%
2 ~4 d, Gt i o B e R IR R
1.4 {RIEZTFER PCR &M 70 F 53 47

¥t SD/ - Ade/ — His/ — Leu/ — Trp/X — a — gal
S B E €0 BE PR v R R BT 4R RO R, /E A PCR
184, I3 F T7 sequencing F1 3’ — AD sequencing 5| ¥
HEAT PCR 4731, SR J5 #4480 A BER T 400 bp 1 kL
ALK AT DHSo B IR I Y o I P 45 R AE Gen-
Bank i Lt 4341, %025 00 25 1 BT Y D RE .

2 HR G AT

2.1 SREXEMESH

B 0.2 pL B RNA 7E 1% Ay 38 B s 4 5 i o
YK (1), 28S 5 18S £ iy 42 AR L, 5S I AH
P55, UL BB RNA £5 65 T — il ge ik . %4
AIEIEEETT (UV = 2401PC, H A S ) I 52 3k K Ky
230 nm .260 nm 280 nm [ W G B AE, I 1HE 0 5 N
0.33.0.73.0.35, H:rh OD,,,/0D,,, =2.08, 3% W &
RNA W4l B A5 6 G el i 2ok o b iR &
A3 aifk mRNA I 52 % 5 1 ds ¢DNA |, % ] CHRO-
MA SPIN™TE - 400 Column i & ds ¢DNA D 25 &
400 bp DA HY/N B, LUK S5 R R B ds ¢DNA 2
LR AE 400 ~2 000 bp, /N Bewlise & L BR (18 2),
UL ds cDNA FT i 40 , fF & cDNA SCEEM A EOK

1 E#%ZEE RNA
1 2

2000 bp

500 bp
300 bp

1.4 F & bR MarkerIll 5 2 ;33 4 J5 KT 400 bp 9 ds cDNA
2 FHE4ER ds cDNA



8 T R A

44 %

2.2 BIEREFEHERBBEES W

P % ik 844k pGBKTT - StRab % BamH 1 Fi
EcoR 1 W] J5 345 750 bp (9 K B, HRK/N5 HFx
FBAHFE (B 3) , R E bR Bre Ak, i —
AT 4 A, 2 B 4E A 84k pGBKTT7 H1 Y StRab 3
A2 IE A B o

750 bp —»

3 pGBKT7 - StRab Bt & B

B4V T 25 (35 4& pGBKT7 1 41 #k f& pGBKT7 -
StRab () Y187 B ¥ 1) OD,, 3K 1. 56, 13 B 5 20 3%
& pGBKT7 - StRab ;= A= [l & X Y187 BIE TG
BHELICI S MEH . 448K pGBKTT - SiRab 15
SD/ = Trp M A K IE &, fH A BETE SD/ — Trp/ - His
MR EA K (E4) 2 — 0 B LA R A SRS
45 HE A (His) , BV EE 2 484K pGBKT7 - StRab A1 H 4
GEie 38

181 (p4BET-R)
B 4 pGBKT7 - StRab B % 14N
1 2 3 4 5 6 7 8 9 10

11 12

2.3 StRab EfFE A%

BOCE R bR AHI09 5iA M Rk Y187 Y24 3R
AW 200 pL ¥ 7E 150 mm Y SD/ - Ade/ - His/ -
Leu/ - Trp FAR b, F 30 CH3: 3 ~8 d, $hik H R
KT 2 mm (8 B 08586 (5 5, S 2845 3] 389 A4S B
ML, HE—47E SD/ - Ade/ - His/ — Leu/ - Trp/ -
X - o — gal (SD/Z - buffer/X - o — gal) F#x _F 7 1k
(FE15),8 h PYARTH i (5 B IR 1Y B S BE R 67 4

B 5 X-GalfEik
2.4 StRab EEZEAK PCR BN ENFERSH
i T7 sequencing f1 3’ — AD sequencing 5| ¥ X}

(X EFRIR)

67 A~ FH M e B #E 4T PCR &1, K I 45 21 (¥ 6) 3%
W, 46 AR B 2 Z AL T AE 400 ~2 000 bp, i#f — 25 i
B cDNA SCHEJRERAS . s 5 kil 2 4971
i, ATREA 2 547 ¢DNA 1Y pGADT7 - Rec # {4 it
AR, T B it — A R 2650 85 . ¥ K F 400 bp
F18y B P e e i UK, I % A K A AT B8 DHS o 47
WY o WF 25 R AE GenBank F4iE JE b 32 47 Lo X 43
BT, e 7 3 00 10 i i B 1 agE — 2B B R R o2t
PG 26 MEAEEA(R D), EMNPEEREA 2
Bz ECMMH T . ERF 3 H T 2 4Atk
filE LT B OO S

13 14 15 16 M

2000 bp
19895
<—500bp
«— 250 bp
M & DL2000; 3kif 1.2 3---16 J&¥4 B 7o b
B6 EmAREHNPCREE
*®1 FEZTENFI Blast 5474 R
e StRab H A EH P StRab B {f: % [ A2 StRab HAEEH 5 StRab HAE#E 11
1 KWEA 8 2 Iy S AL il 14 A 2 5 470 i 551 21 fREA
2 TR W6 24 1 Tl 9 b W ik 2 15 T & A 22 Poly(A) &5 & H A
3 ZREE 10 C2 #EH 16 129 JL T J5 i 23 SRR TR 3 i il
4 [ LN S 11 2 A A B L 2B A 17 P69C H H 24 22 5 R R T RS Tl
5 ERF # 5N F 0 M4 2k s 5 11 18 LeArcAl & H 25 K 2 B i 1A
6 i PERE R A 20 i & 25 el 19 g MKS 26 ERERFIREA
7 EdEl Al 13 b e R B N 20 2 2 1 H2A




% 12 # &

X4 G4 % StRab ZAER G 6 Tk ik 5 45 A7 9

3 Ziwhitw

AWFERY], Rab EAE S 5IF L A EYH
38 B R, 7E 3 AL S 8 S5 F T, Rab ik IH] 7E 18
B LR IT AN ZE HeLa 20 i (9 5% 55 3R 3538 Hh 244 1
BT {HE Rab 8 (U T R 00 0 ) B AT
ANEHE, (ALY K IR (SA) I A2 9 5t 18 175
ST, UHEIF 10 AtRabG3e SEN S 2h &3k L R
H TR NaCl % R R 5 BN T 09 7 5 F B 5k
( Pennisetum glaucum ) W) PgRab7 [N | H &35, M
37 5L D B MR B X NaCl,H 72 B b ok 30 6 7 £
B FE /N 0 B (Puccinia triticina ) 15§
T /NEN Rab2 JEIH i FK . R BF g 45
R, RS bk A Y T, Rab HI S
RZMBMEH K,

TR 2, AEAE X W 30 64 Bl5 8 99 46 v Rab 25 1 2
W R #EIEeRy , HETA 2 FOULAL, B T Rab GTPases
FR9 4% G2 D) RE A2 T8 5 1 i /N, s i /NI iy 7 A S
B A5 5 ARG S, BRI E o b, s s i
AR — B S B W) S5 A A L E AR AL A
T IR] 4 b 2 5 7 R Wy By A0 B 17 o L J2: 3 i /0N 9 5 B
TSR 22 ) B ELAAR S R H AT ARSI L TR B
AN, Rab EHABEES S 1Y) P 2N AF 5
P25 5 FR GE , TEAN AL O3 24 VA R T VR RS e
JU B LA K R e T LB L A TR B IR A
AW AE TR I LE A Ve T R PR A
20 L - (U E | RS 7/ B SRSV S LS R 23
MAPK SA (ET JA % ZFi {5 5k 7. UM 5k
F2 S AH HLI 2R T A 2 ok 57 Ml R HEVE D AR IS R
25 2 DR SCAR AR BRI (e
WAl 2 R AL B AL B R AL IR B 1 55 ) F T A
R S B & )/ SR P <E Sk E T SN e S
Yt JLT BAE) B9k, LU N A Rl 8 BN

MAPK 348 75 W BF 19 52 0 L 25 60 A9 98 0l | B T8 22
149 A R RS L A0 v 2 38 e 08 9 19 S50 2 07 TR $EAE
JHo SteS B R (" B MAPK 317 145
MAP kinases Z [A] i U0 45 S M 3 i, [) of 4 o 17 4%
it MAP kinases Z i) 4 {5 & fZ 38 % . Cullin3 {12
TETFERRGE NI —F LR E N, 5 NPRI
I FIAEY) RGEPAGPE (SAR) 6. W HIZ R -
EHM A EREEEY A K KT &A1 A #H
L RRGER R, WRE N 2 R S5
M CNAT G o TEABIESE b, H e B W% 58 H A 4l 4%
75 StRab EAEME A, KA X BREAMZ R,
PRI HED , StRab SR Rl HEAEEH HES S T

X AR 3 B A A 0 4% 8 Y AE N . 9 A BR S
ZUE I ANZ R Ah, A ERF 5 5t F 8 G i
T LT B 2 W A AL T S Y SR B e A
Ko W ERF ¥ K18 2 5 31 W95 O K F R X
2T REPR T DRNRE D, BEE
ik ERF % 5 K ¥ B U g 97 X5 JK B3 06 ( B. cinerea ) I
BRI B (P, cucumerina ) 4L VERE 38 > . & 1
Tt 400 ) 5 o A PN 97 D sz R ) O B PR, AR
A R R rh R SRR A R HL B
AL R R o AR [0 DL B 4 A Bk A 2R g A
A A 7 A T 2 B AR A I A AR AR
J5T, 25 Wy S A T A AV ) W 36 ) A v 1 2 AR TR
A G M (ROS) o ik B2 Y ROS ] H #2168 735 41 i
R B2 I SCRT PR S 3 A5 AL 0 5 B . mBRIZSE
P 75 o X B B MO AT B ( Pseudomonas syringae ) WY #50Jg%
Ph3 i, M B R T R 45 W, StRab
EHTRE R HEMFEEAHESS THEY P
B o

SE ik

[1] Harwkes J G. The potato evolution, biodiversity,,and genet-
ic resource[ M ]. Lond on:Belhaven,1990.

[2] Salaman R N. The potato famine: Its cause and conse-
quences| M ]//Harwkes J G. In the history and social influ-
ence of the potato. Cambridge Univ Press,1985:289-361.

[3] WangB L,Liu J,Tian Z D, et al. Monitoring the expression
patterns of potato genes associated with quantitative resist-
ance to late blight during Phytophthora infestans infection
using ¢cDNA microarrays[ J ]. Plant Science,2005, 169(6) :
1155-1167.

[4] Gao Wen,Tian Zhendong, Liu Jun,et al. Isolation, charac-
terization and functional analysis of StRab,a ¢cDNA clone
from potato encoding a small GTP-binding protein[ J]. Sci-
entia Horticulturae ,2012,135(24) :80-86.

[5] KangJ G,Yun J,Kim D H,et al. Light and brassinosteroid
signals are integrated via a dark-induced small G protein
in etiolated seedling growth [ J ]. Cell, 2001, 105 (5) .
625-636.

[6] Sano H,Youssefian S. A novel has-related rgpl gene enco-
ding a GTP-binding protein has reduced expression in 5-
azacytidine-induced dwarf rice[ J]. Molecular General Ge-
netics,1991,228(1/2) :227-232.

[7] Goncalves S, Cairney J, Rodriguez M P, et al. PpRabl , a
Rab GTPase from maritime pine is differentially expressed
during embryogenesis[ J]. Molecular Genetics and Genom-
ics,2007,278(3) :273-282.

[8] De Graaf B H, Cheung A Y, Anderyeya T, et al. Rabll



10

Ty R A A

44 %

[9]

[10]

[11]

[13]

[15]

[16]

GTPase-regulated membrane trafficking is crucial for tip-
focused pollen tube growth in tobacco [ J]. Plant Cell,
2005,17(9) :2564-2579.
Lu C,Zainal Z,Tucker G A, et al. Developmental abnor-
malities and reduce fruit softening in tomato plants ex-
pressing an antisense Rabll GTPase gene[ J]. Plant Cell,
2001,13(8) :1819-1833.
Blanco F A, Meschini E P, Zanetti M E et al. A small
GTPase of the Rab family is required for root hair forma-
tion and preinfection stages of the common bean-Rhizobi-
um symbiotic association [ J]. Plant Cell,2009,21(9) :
2797-2810.
George S,Parida A. Over-expression of a Rab family GT-
Pase from phreatophyte Prosopis julifora confers tolerance
to salt stress on transgenic tobacco[ J]. Molecular Biology
Reports,2011,38(3) :1669-1674.
B, R, BT, % /NG HH Rad2 RS
ANFE GBS BRI DRSS [T]. AR bR 7 41, 2010, 25
(4):1-5.
Vandenbroucke K, Robbens S, Vandepoele K, et al. Hy-
drogen peroxide-induced gene expression across king-
doms: A comparative analysis[ J]. Molecular Biology and
Evolution,2008,25(3) :507-516.
Mazel A, Leshem Y, Tiwari B S,et al. Induction of salt
and osmotic stress tolerance by overexpression of an in-
tracellular vesicle trafficking protein AtRab7 (AtRabG3e)
[J]. Plant Physiology,2004,134(1) .118-128.
Agarwal P K, Agarwal P, Jain P, et al. Constitutive over-
expression of a stress inducible small GTP-binding pro-
tein PgRab7 from Pennisetum glaucum enhances abiotic
stress tolerance in transgenic tobacco[ J]. Plant Cell Re-
ports ,2008 ,27(1) :105-115.
Moshkov I E, Novikova G V. Superfamily of plant mono-
meric GTP-binding proteins:2. Rab proteins are the regu-
lators of vesicle trafficking and plant responses to stresses
[J]. Russian Journal of Plant Physiology,2008,55(1) :
119-129.

[17]

[18]

[19]

[20]

[21]

[23]

[24]

[25]

[27]

Tena G,Asai T,Chiu W L,et al. Plant mitogen-activated
protein kinase signaling cascades [ J]. Current Opinion
Plant Biology,2001,4(5) :392-400.

Xiong L, Zhu J K. Abiotic stress signal transduction in
plants : Molecular and genetic perspectives [ J]. Physiolo-
gia Plantarum,2001,112(2) :152-166.

Levin D E, Errede B. The proliferation of MAP kinase
signaling pathways in yeast[ J]. Current Opinion Plant
Biology,1995,7(2) :197-202.

Spoel S H, Mou Z, Tada Y, et al. Proteasome-mediated
turnover of the transcription coactivator NPR1 plays dual
roles in regulating plant immunity [ J]. Cell, 2009, 137
(5):860-872.

Sullivan J A, Shirasu K, Deng X W. The diverse roles of
ubiquitin and the 26S proteasome in the life of plants
[J]. Nature Reviews Genetics,2003,4(12) :948-958.
Moon J, Parry G, Estelle M. The ubiquitin-proteasome
pathway and plant development [ J]. The Plant Cell,
2004,16(12) :3181-3195.

Craig A,Ewan R,Mesmar J, et al. E3 ubiquitin ligases
and plant innate immunity [ J]. Joumal of Experimental
Botany,2009,60(4) :1123-1132.

Lorenzo O,Piqueras R, Sanchez-Serrano J J,et al. Ethyl-
ene response factorl integrates signals from ethylene and
jasmonate pathways in plant defense[ J]. The Plant Cell,
2003,15(1) :165-178.

Berrocal-Lobo M, Molina A ,Solano R. Constitutive expres-
sion of ETHYLENE-RESPONSE-FACTOR1 in Arabidop-
sis confers resistance to several necrotrophic fungi[ J].
Plant Journal ,2002,29(1) ;23-32.

Habib H,Fazili K M. Plant protease inhibitors: A defense
strategy in plants[ J]. Biotechnology and Molecular Biolo-
gy Review,2007,2(3) :68-85.

Thipyapong P, Stout M J, Attajarusit J. Functional analy-
sis of polyphenol oxidases by antisense/sense technology

[J7. Molecules,2007,12(8) :1569-1595.



