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Abstract: To investigate the possible mechanisms of apoptosis in soybean stem and root rot pathogen
Phytophthora sojae, the apoptosis-related proteins in P. sojae were identified based on known apoptosis-
related protein sequences by using BLASTP, pFAM and SMART. Apoptosis-related homologous neigh-
bor-joining phylogenetic trees were constructed using Mega 4.0, and apoptosis-related genes transcrip-
tion levels in P. sojae growth, development and infection were examined by qRT-PCR and transcrip-
tome data. The results showed that endonuclease G (PsNUCI1), cytochrome ¢ (PsCYCS), apoptosis in-
ducing factor (PsAIF), serine protease (PsHtrA-1, PsHtrA-2 and PsHtrA-3), poly (ADP-ribose) poly-
merase (PsPARP-1, PsPARP-2 and PsPARP-3) and TatD nuclease (PsTatD1, PsTatD2, PsTatD3 and
PsTatD4) were identified by bioinformatics methods in P. sojae. In the phylogenetic trees, PsNUCI,
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PsCYCS, PsAIF, PsHtrA-1, PsPARP-1, PsPARP-2, PsPARP-3, PsTatD1 and PsTatD2 in P. sojae were

close to homolog proteins from Homo sapiens and Caenorhabditis elegans, rather than fungi, while

PsHtrA-2, PsHtrA-3, PsTatD3 and PsTatD4 were closer to related proteins from Saccharomyces cerevi-

siae. These results suggested that apoptosis genes had undergone great changes in P. sojae evolution.

Transcriptome data and real-time PCR analysis revealed that PsHtrA-1 and PsRARP-1 were highly ex-

pressed in P. sojae sporangia, and both PsHtrA-2 and PsRARP-2 were highly upregulated in zoospores.
Four apoptosis-related genes, including PsAIF, PsHtrA-3, PsSRARP-1 and PsRARP-2, showed a relatively

higher expression level during infection stages, while PsCYCS was downregulated during infection

stages. The apoptosis might function in P. sojae growth and pathogenicity.

Key words: Phytophthora sojae; apoptosis; gene identification; expression analysis

YRR TR AR MR S N TR ) 4 RSB
— PR E LR 2 A A R L ERRAS
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GTTGGTGGCCTCCATCAG-3'; PsAIF 3 [H 4 14 5|
I RTF: 5'-GACCGATACGACCACGCAGTGA-3'Fll
RTR: 5’ - AAGAGTCCACCTCGCCGATTCC-3', ¥
AN TR R & I 5% 5% )5 19 cDNA iE 17 52 i 26 O 5 1
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(poly (ADP-ribose) polymerase, PARP) PsPARP-1~
PsPARP-3 fil TatD #% fig i} PsTatD1~PsTatD4, .

PsNUCI ., PsCYCS, PsAIF ., PsHtrA - 1, PsSPARP - 1 ,
PsPARP-2 .PsPARP-3 . PsTatD1 .PsTatD2 5 A\ F155 i
FRVFT£2 LA AH DG B 1 TRV s v, T 5 B TR B B 1
FIVEPEEAR . UHERERGEFTTEER 73412
R ADP ZHER A1, 2R E A TEMFL A bR 7
SEL MR TR LI . 7E KGR R4 F
Caspase FI1 i fifi 2z -1 It 2008 & il ) R R 8 1
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Table 1 The information of each apoptosis-related homolog protein in Phytophthora sojae

B AL IR I
Epasm s RH KGR Mosiﬁél?ffpitem [RAFL R ATIBLE (i
Protein name  Gene ID Protein sequence [R] Conserved domain E-Value. of
length (aa) 4% Name domain
Homology (%)
PsNUCI Ps139372 335 CeEndoG 32.5 NUC 1.98e-81
PsCYCS Ps109170 112 HoCYCS 63.8 Cytochrom_c 1.8e-16
PsAIF Ps135211 561 HoAIF1 21.9 Pyr redox le-8
PsHtrA-1 Ps157071 521 HoHtrA 29.7 Trypsin 2,PDZ 4.4e-32,2.42¢-8
PsHtrA-2 Ps113916 875 ScNmalll 34.4 Trypsin_2,PDZ 2.2e-13,2.48e-1
PsHtrA-3 Ps133655 968 MgNmalll 29.9 Trypsin_2,PDZ 5.6e-19,1.6e-1
PsPARP-1 Ps136701 546 HoPARP1 35.0 PARP 5.1e-52
PsPARP-2 Ps136700 1063 HoPARP2 36.0 PARP 6.8¢-39
PsPARP-3 Ps128140 721 HoPARP3 36.0 PARP 6.6e-45
PsTatD1 Ps109568 307 HoTatD1 52.2 TatD DNase 8.9e-53
PsTatD2 Ps310392 309 HoTatD3 24.8 TatD_DNase 3e-44
PsTatD3 Ps108936 271 ScTatD1 24.8 TatD DNase 1.3e-28
PsTatD4 Ps117339 266 ScTatD1 30.8 TatD DNase 3.3e-36

Ho: A ; Ce: N FaUFT£ B Sc: FREMEELE; Mg: IR ; Ps: K% . Ho: Homo sapiens; Ce: Caenorhabditis ele-

gans; Sc: Saccharomyces cerevisiae; Mg: Magnaporthe grisea; Ps: Phytophthora sojae.

22 HAATRIBEEAMRSHL ST

RIS M4 S B, T8 sh W) R EC T Hh 4n e
AT ER F HEARAT & R R 14 7 1) ORI 55 i B
FREE LI B PR 200 R 00, [R] Ry L 114 TR PG e
MBREMEARELREIE, MK ZIEE
PsNUC1 .PsCYCS . PsAIF 15 3 i 4H 56 2 1 [R5
PETE R, 5 B AR G R %O R ; K%
PsHtrA-1 5 A4 HerA 5] J5 M 58 5 | 11 PsHtrA -2 £l
PsHtrA-3 21 5 B4 1Y HirA 3 %% 56 & B3It ; PsTatD1
1 PsTatD2 5 A 14 TatD [a] ¥ ¥ 55 &5 , PsTatD3 #il
PsTatD4 5 R % 1F 1) TatD [R5 P e (& 1), 3
— UL K S R A T A R A S e R A
FeA R 25 5, HAE A s R v T BB AR 32 5 BRI
PEPEE T .

23 AT ERERSEREELMBHREST

K GFETF 124 A P8 T AR DG [ (PsTarD2 6
SRR ) FE B 224k AT i sh AT RAE A
PR 1AL e A2 G i 0 SR 25 R B R, 24 i
P13 2 5 096 7= A Fn A2 e ad B i A 4
PsHtrA-1 Fl PsRARP- 1 7£ 1l T # W Bt ifs 3 R 1k,
PsHtrA-2 Fl PsRARP-2 75 i sh 41 Hr Bt 2 15 1
PsAIF . PsHtrA-3 . PSRARP- 1 . PSRARP-2 1 PsTatD4
TEAZ G By B B35 5 33k | ) PsCYCS TEAR Y B BE
TR (E2),

R 1 2SR K R R A A T AR DGR A Y
FeIk I FH AL e 5 B PCR A8 T PsNUCT |
PsCYCS Hl PsAIF 3£ e K PR R Y B ik .
el SRR 2 D, PsATF TEAZ YLy B 155
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NPT AR B B ek AR L UL AN -0 PsRARP-2 . PsRARP-3 2 [a] {3 545 20 HH B A TA] (1]
eSS R EERARK P AR YA f, mARE  2), K S EAMEET iR B2 NG S
TR R R AR 22 5, U HRR 5 A, 0 JEEE .
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Fig. 1 The phylogenetic tree of apoptosis-related proteins, cytochrome ¢, endonuclease G, apoptosis-inducing factor
and serine protease of Phytophthora sojae
Ho: A ; Ce: FHmiFaFT£e B Sc: FREELE; Mg: FJEE ; Ps: KT % . Ho: Homo sapiens; Ce: Caenorhabditis ele-

gans; Sc: Saccharomyces cerevisiae; Mg: Magnaporthe grisea; Ps: Phytophthora sojae.
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Fig. 2 Heat map of expression profiles for Phytophthora sojae apoptosis-related genes
LU0 Rk S0 RIBEAL; MY: W22 SP: 74, ZO: WiFahfil ¥ CY: IKIEfL; GC: IRIEFHT % ; IF1.5 h~
IF24 h: 2242 Y K5 F1.5~24 h, Red indicates high expression, and green indicates low expression. MY : Mycelia; SP: zoo-
sporangia; ZO: zoospores; CY: cysts; GC: germinated cysts; IF1.5 h—1F24 h indicate samples from 1.5 h to 24 h after infection of

soybean leaves.
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Fig. 3 Transcriptional profiles of selected Phytophthora sojae apoptosis-related genes
MY : [##Z; IF3 h~IF48 h: 22z Je R &M 7 3~48 ho K EEE - BRI DR o * A% 3 [] — 5 PR RN R AR ot 1) 28 ¢
T B8 246 56 7 P<0.05 Fll P<0.01 /K22 5%+ 3 . MY : Mycelia; IF3 h—IF48 h indicate samples from 3 h to 48 h after infection of

soybean leaves. Data are mean+SE. * or ** indicates significant difference among different samples with the same gene at P<0.05 or

P<0.01 level by # test.
3 itit

TEA A rh A MR T B R A 52 22 Bl R 2 L
W HRE B A5 5 W28 4% . 7E AFIFLsh v, ok
TETF ISR B A B 98 T 15 5 3 1% Caspase MK A5
2% 75 k2 AET- (Nufiez et al., 1998) , [A] i Bel-2
G M (Bak \Bax ( tBid 45 ) fie 2 sl 400 1) 200 g o =
1% £ (Willis et al.,2003) o ZEAH)FIELE H , 2 i
FT-mAR I AN , R & PR Caspase F1 Bcl-2 25 11, 1H
C A AT 5T 3R B O 51 2 1R — 2 D 2 R 1 il 9 4
M T ¢4 I T (Khan et al., 2005; Coll et al.,
2010;Hill et al.,2014) . SHFLEY AW FIEEAHH
P, 7R R SR g T A A 31 6 25 13 M T AR G
B, UEZRNYVIEEG AR o Wik TH
T LR TR EE AT 25 ADP MR Al 1 TatD #%
T2 Tt 25 2R AR 240 B BT 2 1, oK & R Caspase il i
W TR P R R R IR . T HOR R %
ANPLPA T ARG HE A S PR T e A B
2250, RN VI G A AR o JHTiE TR 2
5 ADP MR A i 55 AR o 8 1 5 AR sh i [)
PR RGO R T, M 21 22 2 B2 45 1 il TatD
TR 5 NN BT AR DGR R I AN A (9 21 2% ¢
Fo RGN TR SR AR AR 5, Ui
A TE S Ao o v 3 21 5 PRI T I P R i T
TER PR A FEh T REC G B 2/E . FEmR
T R RN 9 B JEL B8] Colletotrichum gloeosporioides
HB AN Bel-2 1, [RFEREAEF T 5l 4 L
AT (Chen et al.,2003;Barhoom & Sharon,2007) ,

LB A W T REAF 6 2 AN A TR s 18, T 2
E— 2SR IR R o

AT TE 2 AN AR K B MRS i 4
F5 5507 1 A& 45 4 F B4 (Taylor et al., 2008) . &
A5 R I AEIE T 7 2P 22 R I B 1R Gt R rh
A R PEEEVE R, 640 ih 85 18 Aspergillus fumi-
gates FIUJKEE R AEAZ YA, AR % B B 240 i
T HE PR B FRIB I 27 32375 2 A i P 4 L O o
(Shlezinger et al.,2011;2017) . K G AMIET
HH I B 11 PsTatD4 2% % il 1 0 2 s S 1 0 i R T )
RA, BAER—DF K AR PR RE i E 2
39 i DRI 5 AT DT S B S AR O i AEAR e I
W Rk WA S A T R A B S KB e
T A DU g )5 B E— 25 97 B (Chen et al.,
2014) o AFL 2 4 I T ZEAR P D 22 R TR R A 9
FERURLA N Z D MR SR B AN S o e
i PCRZMT, & IS (R A0 LR T A DG S R e K G %
B SRR B R AR R E R W
W PsATF TEAZ YL B B B IREIR | 1 PsCYCSFEAR Y B
BRI, B Ui AR T2 SRR K
ERMAEREEMEY, 2 — M EWE R0E S
LS i P R s T3 | e
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