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Prediction and screening of effector proteins of Puccinia helianthi
LIAN Xjao—Yu, WANG Yan, LU Yan, JING Lan"
(College of Horticulture and Plant Protection, Inner Mongolia Agricultural University, Hohhot 010011, China )

Abstract: Puccinia helianthi Schw. is an important pathogenic fungi for sunflower. To better understand their

pathogen—plant interacting, rust—effectors were predicted from secreted proteome of this sunflower rust pathogen.

Among 900 secretory proteins, 497 candidate effectors were predicted. Protein characteristics showed that their

length of open reading frame was mostly between 200 and 399 bp. Length of signal peptides were mainly (92.96% )

between 16 and 27 amino acids.The most frequent amino acid in signal peptides was leucine, followed by alanine

and isoleucine. Signal peptide recognition sites were mainly Sp I type. qRT-PCR on 7 candidate effector—encoding

genes in inoculated leaves showed that they were up-regulated compared with pure spores (control), indicating

their involving in pathogenesis of sunflower rust.
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537 D TR ) EL A v R R S SR

BT ROV A TR 2T EARY) 5 0 I TR AR ELAE
b R A, V2 R e R RN, T Y O T
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378 AT E RN T I RE Ao YA B S50 TR B2
97595 B T B3 41 PR 48 ( Trichothecium roseum ) 9 9760
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AP F M TN F . ITARR A LEHUN
P 2 R 8 8 DA =X L T R 2 4 6 R 2 0 ) 1) B
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FAE W I R S 448 ¥ # I RNAprep Pure 54
A RNA $2 B0 & (CRARAE AR FRA 7)) 484
A B AT , Al 50 & PrimeScript™ RT reagent Kit
(TaKaRa 2\ H]) #EFT cDNA 344 5% . K cDNA JZ 5 5%
FEOEARENIEAT qRT-PCR 4347 o i Primer 5. 0
BAFBOTE I (R 1) . WS EENBUE Wiz 3R el
(ubiquitin—conjugating enzyme, UBC) & K,z i
& Z 4 : cDNA sample 1 L, Forward primer 0. 8 wL .
Reverse primer 0.8 wL.SYBR®Greenl PCR mix 10
wL . Nuclease—FreeWater 7. 4 wL. W FEF A :95°C
PUAEE 30 5595°C 5 5, Tm (AR KL ) 20 5,72°C 20 s,
40 AR o AT 27429 T vE TH B AR R A A X R i
I

2SR50

2.1 HWAEZEETNSH

FE 43 WA EE A A 5000 S Aty T, AR I 500 B L RRAE
X 38N - HEAT T I 5 U . R Excel A8 XF
900 ™3I 3K 1 Y SCR 2 I BEA T vk . MR I K i
INFREF 150N MR P AR & & KT
3%, ik i 298 1~ 1@ T SCR & H -

TE 3 WA 2 1 rp 4R B A e B U B TR RO
L P A, o 192 45 A /INEE L TR ( Blu-
meria graminis f. sp. tritici )5V 25 [ Y/F/W xC ¥
g5ty b B YxC 5 A 781, BA FxC 451
A 964>, A WxCE5MIYA 181 13 M EA & A
BN RxLR 4514 5 20 4™ 3 A R o TR 300 # [ L/TXAR
g4, o BA LxAR S5 A 124, B A IxAR 45
IR 84 3 8 & A LR T AW 2% GI/F/Y][A/L/
S/TIR 4544 (HA& K GYLR .GFLR \GILR \GISR) , 3%
L Ok 1 2R 1S A B A s TR Y AR
ar T, R B A AL RE , AT RE SN RO .
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PF03330°", PFO5730F 1 PF 1034212125 F 35§, , 3 #E4%
Pl 2 2 BIE 55 5 B TR BUR A O, B X LS
RE A e S R (el Sy G VA = = S N S U B
TR RN 3K 1 6494~
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HEH

Ph b BA— A8 — A DL RRAE A 0 3k 2500 2R
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Table 1 Primer sequences of 7 candidate effector - encoding genes and UBC

FEH 24 7% g5 —3") i K i 2 PR Ibp
Gene name Primer (5'—3") Tm/C Amplified product
F: ACGTAGCCATTCGAGTCCTT
Cluster32378 62 169
R: CATTCTTCTGCGGTTTATTGT
F: GAATGGTCAGGGACTACACT
Cluster38252.seq.Contigl 60 238
R: AGGTTTAACCGAACTCTTGG
F: ACTCTTGCTGCTCACTGGA
Cluster39758.seq.Contigl 60 162
R: GCTCGTTAGGATTGTGGATG
F: TCTGCTCCACTGTACTTGTC
Cluster40966.seq.Contig1 60 125
R: TTATGTATGCTCCATCTTCTCA
F: CTGAAGAAACAAAGGCAAGAG
Cluster17592 62 120
R: GATACACGAAGCGTCCCAAA
F: TTGGTGCTTCTCAAACGATCC
Cluster36818.seq.Contig1 60 194
R: CTCCCTCCTTCAAACCCTCT
F: ATATCCCAGGAAGCTTGCCA
Cluster29163 63 136
R: GTGGTGACCAAAGACTGAGACA
F: GTGGTGACCAAAGACTGAGACA
UBC 60 119
R: CGACAGTCAGCCAACCTACC
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765 % HE 17 5 SEA T RS 0 T , B 23R 15 497 4~
15 B b o 19 i 328 20 CBfF 5% 1, 3 0L 8 BT 0SID
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B 1. 41%.,
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9 5 25 117 8 B B B2 HE (ORF) K B
102 bp, &% K K B H7 1089 bp, ORF X - ¥ K B Hy
369 bp, ZEHTE 200 ~ 399 bp, £ 2251~ (45.27%) ;
HWH 400~599 bp, £ 11245(22. 54%) 3 /N T 200 bp
i A 91 4~ (18.31%) , 600 ~899 bp ) A 67 4~
(13.48%) , KT 899 bp YA 24~(0. 40%) (] 1)
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Fig. 1 ORF length distribution of candidate effectors in
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Number of ORFs

Puccinia helianthi

2.3 RERNEBNESKREFIE

X 497 AMBE BN 15 5 IR B R K 1747
Bro G5HRRIIE 2) , 200 8 55 IR B 2 g v
fE 16~27 AR Z A, A 462 4>, 5 S5
92.96%. 159K R 19 Z LR AR I MUK £
A 634,15 12. 68% ;20 MEFERR IR Z 15 11. 47%.,
KEEFE 16 MR IERRLL T B9 94, 15 1. 819%; K 7E 27
NREEEFRLL 261, 1 5. 20%.

W R IR AT 5 B 51 rp s B R 15 #
10 471 DA, Kb @R B2, A 1950
A, i 18.62%, RAAMED, H ki 0.81%, 20
SR B RS B R BN - 5 2 R
(18.62% ) >N & B2 (9. 82%) > 5L &M (9. 04% ) > 4%
MR (8. 88% ) >4 4 R (8. 66% ) >N E R (7. 56% )
> AR (6.49%) > 75 F TR (5. 77%) > Bt & 1R
(4.03%)>H &R (3. 19%) >Hi &L (2. 63%)>K %
PR (2. 44% ) >4 B IERE (2. 37%) > 2R (2. 15%)
> K A MR (2.09%) >4 5 R (1.73%) > I & R
(1. 67%) >0 &2 (1. 02%) > &2 R (1. 02%) > K4
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Fig. 2 Length distribution of signal peptides of candidate

effectors in P. helianthi

212 (0. 81%) (1 3) o v ir i Lo i de oKk AR
BB (A V.L.P.ILF.W. M), 3 6636 1, &
63. 38% ; H R W R LA B R (G LS. T.C. Y,
N.Q), i B it 28. 34% ; B VA IF L 24 B4R (K \R \H)
FIR PEAT B ZJE R (D E) 20 31 o5 S SE R B K
6.45%.1.83%.

g
8
3}
A~ 64
4
24
0 T T

LAISVFMTCGKNOQPRHYWED
HILFRFPZEAmino acid type
T« Lot B R A TR SR 1 5 B RS 22 8 V <20 I 1 R TR s ML
HRERT: P ER C AR G T R KA R N R A B Q- &
T 2 s P il 22 1R s R o 20 R H2H R Y < T R W (0 U R B A R s D
REAR

Note: L: leucine; A: alanine; I: isoleucine; S: serine; V: valine; F: phenyl-

alanine; M: methionine; T: threonine; C: cysteine; G: glycine; K: lysine;
N: asparagine; Q: glutamine; P: proline; R: arginine; H: histidine; Y: tyro-
sine; W: tryptophan; E: glutamic acid; D: aspartic acid
E3 [EHERSHEENNFESKP20FHEEBRN
H BT R
Fig.3 Frequency of 20 amino acids in signal peptides of
the candidate effectors in P. helianthi

I LipoP 1. 0 X i 1 55 35 1 5 KR 51 o7
ST T, A5 R R L 497 MR SN & v B
Sp I BUF S IRPUNAL S 2631, 15 52. 92%5 196
EA CYTRUEF S ARG, 5 39. 44%, 324
A Sp 1T BUAE 5 AR5 LA K 6 4~ 45 TMH B A5
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B 1) H S5 AR 55 T ) i 308 R 0 B R Al Sp T A
5 KA TR (] 4) .

O Spl
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B TMH

39.44% 32.92%
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Fig.4 Frequency of signal peptide of the candidate effec-

tors in P. helianthi

2.4 qRT-PCR&#7

TEH 7 AN RN - 2% A4 22 A A 18 255007 2 1
FE (K 2), #4720 7 PCR. 45 R R, 5
Xof BR 267 AR LY, 35 3 d iy i H L 7 A 5 DR A AR
FREWE FHFEEL,E 440, BA cluster] 7592 3
A AR T4l T FRAR  cluster36818 FYAHXT Fe35 &
TEEEA TR AR cluster1 7592, clus-
1er29163 Fl cluster40966 7555 3 d I iy 26 1k B ik B %
B 5 cluster32378 ., cluster36818 . cluster38252 Fl clus-
ter39758 1E 55 5 d i ik B 54l ¥ 2 Hik B i i
Horpr cluster32378 LHFRIK 16145 (B 5) . LRSS,
FH 3K T A RN FAE ) H SR DA R G
RBEYA LI TR ESHRE BT LT HE
YEH .

3 WS4k

o D L TS 18 800 4 RV 20 S LA o A A
Bl o300 2 A E AN N BT A, S LR bR AT
AR, T EACHHEL 25 R AT 400 10 25 i 5l
B A AR BRSO N F OK S A I R T
(Curvularia lunata) 4= 3R H F 519 10 372 55 H
J5TJy 91 v S S5 Y 804 S b AR L b B AR Y
7.8% . /INZZ 555 (Puccinia striiformis . sp. tritici)
A v oy s 2 1 A 1088 4, (4. 8%, Tobias
RO e A5 TR s 2H B R AT 0 A5 31 599 4
WM . AT AR IR B E PR m H 250
TR i R 4 35 286 254 11 81 R s e 45 21 A 900 4>
I, 2. 56%

ROV A 2 B A R A DGR 1, SR L
WA A T SR R0 17 B O 8 2 i A
BEDR A S B L B A= A5 2 B D7 R A ik R
HBE AT o3 A, HE S 10N R R TN K DB
AORIESERS | AR AR 015 8.2 05 12 2 T -4 5
th 22 R 00 9 L T i 8 2800 AR P, 0 I JRR 5 T Y
1085 > 73 3 11 TP 4 E AT 762 A0 3 1 He
M A B AR F G B B PB4 AvrL567 ., AvrM
AvrP4 Fl AvrP 123" 4 B Mt 55 8 (Melampsora larici—
populina) (%) 1898 443 WA 28 [ A 1184 A g £ 280 i
[ NE T (Puccinia graminis f. sp. tritici)
149 1386 A~ 731 2 11, TN AT 1106 i 32 142850 1
M R S K R B B (Setosphaeria
turcica) E128A BRIAK 11 698 2585 H )7 5l 47 1l , 4k
73 60 MG RIE A IERUN L L 5 AR A
190.51%.

IR, A3 5 1) H SEAR 5 T A0 R800 2 113 oK B 41
B o G ) H ZE R 1R R 900 i 1,
I AATEN 479 MG H o BT A B 192 5%

R2 TAMRIER R B HVHEHE
Table 2 Characteristics of 7 candidate effectors

BEH 44 P TCHEH B SCR AR & 4  RCP £ 95d Al RETE

Gene name No domain Cysteine(>3%) RCP Motif Probability
Cluster32378 v 9.9% YxC FxC WxC 1.000
Cluster38252.seq.Contig1 N 12.07% WxC 1.000
Cluster39758.seq.Contig 1 N 8.13% - YxC FxC 1.000
Cluster40966.seq. Contig N 5.93% - YxC FxC 0.983
Cluster17592 N 7.97% - FxC WxC 1.000
Cluster36818.seq.Contig1 N - - YxC FxC 0.994
Cluster29163 N 8.77% - LxAR YxC 1.000

¥ : Probability 7% EffectorP T8 1 28 114 1T AL BIE sV Fom FLAT AR AIE s 2R JE A

Note: Probability means the class probability threshold for the EffectorP classifier; v means having this characteristic; — indicates no such feature



1146 rERiRHEY2AR 2021,43(6)
0.35 1 clster17592 0.25 4 clster29163
0.30
8 £ 020
i § 024 i
2 0.201 ) 2 0.151
= g 0157 & £ 0101
£ E 0.10- RE
< " 5]
= 5
0.05 i = 0.0
0 - T T T __| 0-
CK 3d 4d 5d CK 3d 4d 5d
AJA]EFE] Different time N[AJFTR] Different time
450 - clster32378 16.00 - clster36818
£ 400 14.00
% 1 3501 £ 12,001
& & 3007 fg £ 10.00-
Z ¢ 2507 R 7 800
Z=E 2004 20
- > = 4
150 z= g 600
&= == i
1.00 = 4.00
0.05 4 2.00 1
0 0-
/f\]u Fﬂ leferent time /]\lu FTI leferent time
0.50 1 clster38252 4.00 A clster39758
0.45 4 3.50 1
£ 0401 2 o
o % 0.35 N .
# £ 0301 3 B 2907
K E 0.25 £ 2007
== 015 Lk R
- = i
£ 0.101 = L0
0.05 0.507
0- 0
CK 3d 4d 5d 3d
AN[EIBsHE] Different time AN sfa] DlﬁPrPl’ll time
1.40 1 clster40966
. 1.20
7 2 0.801
"é‘ E 0.60
* £ 0404
= 0204
01
CK 3d 4d 5d

AN E] Different time
T : CKFon ) H SEAW S 4l T
Note: CK represents the pure spores of P. helianthi
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Fig. 5 Relative expression levels of 7 candidate effector—encoding genes at different infection stages
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MFRHEFI ST V2, EffectorP TEZ S BAR IR E A K

AN S /R 2N 1A = = s e 28 B W= N eSS VA o4
E[E/J«/T SN QL NG 7 o e Sl i R I

1, HEf B 535 80% LA 11, EffectorP £ 8% H T 1
Ty b 3 e 2500 4 T, AN SR SR ] T EffectorP 45 4
ASERAE N 3 A4S /N 22 85 i TR BRI TR AR 08-5-9-2
(KHTT) | 13-5-28-1 (JHKT) F1 13-5-72-1 (THSN)
F14) % i 2 B50HE v SR A T 1 15 3] 357 A5 18 AL 2R
H o ASHIFFE L 2 T 5] 497 AL RN 2 1, BT



TR [R) H SRS TR A R 0 T A e

1147

H He o B R 1. 419%., BLTE ROV 5 F E S
K 914 BE 2243 A 7E 15~28 A 2 5L 1R ik L =22 ],
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HEBME SR T 30N E IR . 497 Mgk
o7 2 A 0 A5 B (9 455 IRV A7 o 222 R Sp 1 &Y,
SuHEEE R —5

EIN R o /% = 1 S i 1. VA S =
(R AREAIE T FE R RN 1) A 1 2 PR T A 1 28
I 2R [, AR 43 ELA 80 2K A D AR I 2R 1 1T BB
BRI Ry A S KR (I Svie) B IR I 155 4 I
T 1 EA Plam ThAESS F I, (5 4 E 92 A 8ok A
L, W i B TR AU 2 [ Ecp6l, A SEAK N
EER S KN § RN N g = s R T NI 1 BB
JI 996 T AR08 2 11 AviLm 1 HEAT — A2 e iR,
STV JRR A T 02800 2 1 AvieM 20 e KU, BT, 3
1B B AN R S Y R BRI kK
S AR A, 2 0TI A5 6 A5 B 1 R A BLOE 2 5 0w
T AR ) —Fp EE LB RS T AR RN 2R
P19 5 3 R HEA T T S i 5 i ik A 25 SR R T
A 3 4N R [ PR AR Y A RIS RN A R
JE Rk K A 2 — A5 U B T AR S S 5 1Y)
i 36 0N B A T S L (A A S TR A i e A
T TAER ] AR — B, BT REFEAR e B B AN ]
b e) & PR o DI, 10— 2 00 F o e R0 26 1
D RERE LA Je Se b AN /D1 TAE .
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