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Characteristics of elicitin gene family of Pythium porphyrae
and its role in infection
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Abstract: [Background] Elicitin is small molecule compound secreted by the Qomycetes Phytophthora
and Pythium that can induce immune response in the host. [Objective] Identify the elicitin gene family
of Pythium porphyrae and analyze its structural features and possible mechanisms of action during the
infection. [Methods] Screening the genome of Pythium porphyrae NBRC33253 for members of elicitin
gene family using homologous alignment method. Analysis of the physicochemical properties and
phylogeny of elicitin family using bioinformatics tools, combined with transcriptomic data and GO
functional annotation to discuss possible mechanism of action during the infection. [Results]
Twenty-two elicitin gene family members were identified in the Pythium porphyrae genome. 17 elicitin
genes were extracellular secretory proteins, four were localized at the plasma membrane and one was
anchored to the Golgi apparatus. The elicitin genes are simple and conserved in structure, containing
1-2 CDS sequences, with the number of amino acids ranging from 114 to 2 100 aa and the isoelectric
point ranging from 3.61 to 9.88. The phylogenetic analysis revealed an expansion of elicitin family in
Pythium porphyrae NBRC33253. Expression analysis showed that six elicitin genes was up-regulated
and seven elicitin genes down-regulated after infection, indicating Pythium porphyrae elicitin gene
presumably possessed multiple biological functions. As annotated by GO function to cellulose binding
elicitor lectin (CBEL) and modulation by symbiont of host defense-related programmed cell death.
[Conclusion] The elicitin gene family of Pythium porphyrae is structurally conserved and belongs to the
ELL (elicitin-like) subfamily. Due to the annotation, elicitins in NBRC33253 showed several kinds of
function, including cellulose binding excitor lectin (CBEL) which could accelerate programmed cell
death in host cells by binding cellulose, attaching to the host surface, performing protein kinase activity,
triggering host MAPK signaling pathway-mediated immune responses, and promoting HR cell death.
This study provides theoretical basis for further elucidation of the pathogenic mechanism of Phythium

porphyrae and genetic breeding for disease resistance traits in Pyropia.
Keywords: Pythium porphyrae; elicitin; red rot disease; infection mechanisms
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F B SR X P Y B AR Y R e AR
10%—30%I1 ™ 451 2k 1, 58 32 1 25 Js T 59 14 2
(Oomycetes) [ % H (Pythiales) J& % F+ (Pythiaceae)
JEE BB (Pythium) 7, JEA& FRUUFLLREHR,
Iz o A Tl KRR A iR, s
XONFEIRE TR, TEREE AR T, 538
JF& B TR 2277 HE ) B 91 B 7R 5 SR I TR SR
AT R, A RANMIRSET . HRrEr X
SR B TR RUR YT T ik, — B AR IR
o BAE 2 ISR PR 1) i L0 L 2 A, S BOR TR
o R A

1989 4, Ricci 55 & MAEFEHEFE (Phytophthora
cryptogea) FIBMUIE S (P. capsici)HIREF7 I8 K
A FEERSMENR, T EY 10 kDa, %E
AT A7 3 00 5 440 it 9 R 9552 W/ (hypersensitive
response, HR)™!, X Rl 43I0 2 FIFR Wik T
WIFERY, BUL T IR LR & (Phytophthora) Fl
J& 25 & (Pythium) ) Fh 53 WA (4 25 46 <7 1) i A1 25
FU, 43 elicitin (ELI)AN elicitin-like (ELL)M
KW Z I 17 44332, B 4 4~ ELT A 13 4~ ELL!Y,
MEERE BB, ELL ZG VA — IR 25
B, HAEHEZH 6 P EARIEEIE I 3 A
Al —#ifE; 5 ELIAHLL, ELL W2RM 0 HA
LG T RSN N A e 3R D W €% -4 = DS I o]
MR, 6 AFRLE PRI LR F Bt Al ELI
W2k 22502, ELL W2sHE C K i HA B K 45
Pt 32 X3 W R A W i T VL e i 5 7 A )
— 7>, W] ELL V.28 30K A E 16 40 i
M WIhAE FF, ELL Ml ELI W HA K
LA W2 REL), ELL W2 B4 J5UAH 56 43
F#5(pathogen-associated molecular pattern,
PAMP) Y FRAE , AT LABE £ 32 A B =R 1) 32 1
(pattern recognition receptor, PRR)FTFiRJ, 5|
B AE W 18 FE 0 AR G 4y Ok Y e g
(PAMP-triggered immunity, PTI)JZ 1Y, 415
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11 ZXRBEESEKREERARER
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i F§ MEME (http://meme-suite.org/) /¥ v 43
BT 28R S ROk TR KR PRSP F , motif
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AT ARALAL B, HERIHARSF motif 1) logo K.
1.5 BAFEEXRKNRFHMRGE

i NCBI Pufi e, Fefs SCmk i iE iy it
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Table 1 Protein sequences of typical ELI and ELL
subclasses members
Yikh p i IS
Species Name Accession No.
23/ YR PYU-A  PYUIT008432
Pythium ultimum PYU-B PYU1T008434
PYU-C PYUITO008435
e VEX1 AAB34416
Pythium vexans VEX2 AAB34417
T POD-1b  KJ125072
Pythium oligandrum POD-1 AB217820
POD-1a KJ125071
POS-1 AB474241
POD-2 AB217821
OLI-D2 AB474243
OLI-D1 AB474242
OLI-S1 AB474244
PSR SOL10 ABB56002
Phytophthora sojae SOL5 ABB56028
SOL7 DQ229279
SOJ3D DQ229243
SOJ1E DQ229236
LTSl INLI1 ABB55931
Phytophthora infestans INL3a ABB55936
INL2 ABBS55935
INL6 ABB55941
INLS ABB55942
INLI11A ABB55932
INF2A AF004951
INF6 AF419843
INF5 AF419842
BRA P B T RAMIA  DQ229218
Phytophthora ramorum RAL4 ABB55965
RAL9 ABB55972
RALI2 ABB55949
RALI3A  ABBS55950

BN HERIAE . gap opening penalty 24 10.0, gap
extension penalty 4 0.2, F| ] MEGA 7.0 %% {44,
K 4R IT (neighbor-joining,, NJ)H: A4 @& T Y
EAPHNHEA, BIASEL: test of phylogeny
& NONE, substitution model 4 p-distance,
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gap/missing data "4 complete deletion, ¥4 %3 it 15 %)
AL F Evol View 7E4k 1. H.(https://evolgenius.
info//evolview-v2/#mytrees/) i1 jiE—43E4k .
1.6 EXRBEBRREIRHETFERRE
B o
45 %igﬁﬁi Bk R SR A B0, 4

ik gL 15 T SR R Mk TRy RIs R AR
ﬂﬁ FF2: il F B 1K (https://www.omicshare.com/)
PRI F R ik i
1.7 BEFIEEDH

i Blast2GOR7 % 48 5% i 75 9 & 1 JE K

R2 ERBEHATEERRERRERER

v

17 gene ontology (GO)INEE/HT, HEMI P A+
Al RER A I E Y - I BE

2 BER5H

21 EXBEHATFEERERREEFM
il
IEESEIE R NBRC33253 L4 AR
27 MR TR S R A DL, SRR BE A 5
()4 (1 541 5 NCBI ) CDD {5 51 45 #6) dul B 4 122
THOX, ok H Bk T AR R A
I 2R 22 MR T IR N IG5 (3R 2)

=

Table 2 Basic information on members of the elicitin gene family from Pythium porphyrae

BL[A ID GenBank V4 fifd 2 {7 CDS KJE  ZEMR AR HX 7Bt A8 IS8 BOPIN R
Gene ID B Subcellular localization CDS length Amino acid Molecular mass Isoelectric Grand average

GenBank (bp) number (aa) (Da) point of

accession No. hydropathicity
pp02529.t1 MZ636512  H4h Extracellular 6333 2110 220 295.09 4.35 0.005
pp00086.t1 MZ636492  Jfi4} Extracellular 351 116 12 678.79 5.28 0.155
pp00087.t1 MZ636493 4l Extracellular 351 116 12 678.79 5.28 0.155
pp07382.t1 MZ636511 Jfi4} Extracellular 345 114 11 975.90 3.79 0.500
pp09397.t1 MZ636498 4l Extracellular 621 206 20 491.57 8.89 —-0.075
pp05081.t1 MZ636509 Jfi4}h Extracellular 711 236 23019.22 3.84 0.088
pp09587.t1 MZ636500 A4k Extracellular 585 194 19 239.98 3.71 0.447
pp09588.t1 MZ636501  Jfi4h Extracellular 579 192 18 780.09 3.61 0.454
ppl0243.t1 MZ636503  f4h Extracellular 462 153 16 471.16 6.27 0.086
pp09398.t1 MZ636499  Jfi4} Extracellular 648 215 22 225.75 9.88 —0.136
pp04888.t1 MZ636507  JFifiX Plasma membrane 1 695 564 59 730.17 4.9 -0.049
pp13079.t1 MZ636496 Jfi4h Extracellular 1599 532 56 747.67 7.55 —-0.325
ppl0317.t1 MZ636504 H4k Extracellular 660 219 21723.40 4.5 0.129
pp10318.t1 MZ636505 Jfi4h Extracellular 660 219 21723.40 4.5 0.129
pp00795.t1 MZ636506 A4k Extracellular 627 208 20 027.45 3.97 0.287
pp02853.t1 MZ636513  Jfi4} Extracellular 525 174 18 179.69 4.64 0.251
pp09722.t1 MZ636502 A4k Extracellular 444 147 14 686.81 4.27 0.218
pp05114.t1 MZ636495  Jfifii Plasma membrane 1719 572 62 188.88 5.71 —0.005
pp04889.t1 MZ636508 i /RFLIK Golgi 894 297 31 816.69 4.78 —0.111
pp07637.t1 MZ636497  Jfifii Plasma membrane 828 275 29 489.76 4.06 —0.071
pp06440.t1 MZ636510 H#k Extracellular 549 182 18 720.22 4.93 0.011
pp05107.t1 MZ636494  [fifiii Plasma membrane 1 161 386 41 562.05 8.81 —-0.327
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g FRTIN £ 985 A~k BRI 91
1) 4% %2 ExPASy . Softberry 7648507 [ i,
o0 58 SR T B U A DR S i B T B 1 3Lk
PN A E AL 25 RERW, 22 MR 1Y
HEMEBH N 114-2 100 aa, BEHK,
Pp02529.t1 HAMARMRHB HRZE, LH 21
TRSFEERIE, BRIUR A C DRSSO, %
HEHiAH CBM_1 (PF00734)F1 PAN 4 (PF14295)
&zt fyt, Hov carbohydrate-binding module
(CBM_ )P L2AERR K Ak A 907 1 i (carbohydrate-
active enzymes, CAZy)" & BLAYEE H 45 #)38 ,
IRV S EAT NI Wieh 3 AW UES o e S S B s 1
ML F Pp02529.t1 A RES: 5 S BE X 1 £
HMLRERTIRG . F 5, WMk s
Vi vEmg Gl B AR IR DG o R T fE S

T B A F DR R R DR B A H R
(isoelectric point, PI)y 3.61-9.88, H#Ei1HA
HIZEAFT 57, RARWOR 240 M 457 i L &
G KW 17 DMEUR T8 T LA I

pp00086  pp00086.t1
pp00087 pp00087.t1
pp07382 pp07382.t1
pp00795 pp00795.t1
pp05081 pp05081.t1
pp09587 pp09587.t1
pp09588 pp09588.t1
ppl0317 ppl0317.t1
ppl0318 ppl0318.t1
pp09397 pp09397.t1
pp09398 pp09398.t1
pp05114 pp05114.t1
— pp05107 pp05107.t1
pp02853 pp02853.t1
pp09722 pp09722.t1
pp04888  pp04888.t1
pp04889 pp04889.t1
pp07637 pp07637.t1
pp02529 pp02529.t1
pp13079 ppl13079.t1
ppl0243 ppl0243.t1
pp06440 pp06440.t1

5, o a—

Pp04888.t1, Pp05114.t1, Pp07637.t1, Pp05107.t1
SEE TR, T Pp04889.t1 NI iE 0 T JR HLAA
2 WL FHON R W B A =S [y, F
Y i 6 TN 25 R SR B, — Sk TR T
BB R 7E O BR G I AN 20 i B 200, 22 ANk
FHAE 14410 BKER R 84 ARKEH,
Iy T B AE 11.98-220.30 kDa Z[a], B T
Pp02529.t1 73 F BT B KA, A 21 MK F
E DT REAE 11.98-62.19 kDa 2 8],
22 BETFEERBEEREHINRTERF
T b TR S B R T AR BRI
SRR OCFR , RO ok 1 22 N EOR T
FIEB AW E VTP IIE T ZREREEW, Ik
HEALRE SCE FAE % GSDS TEZE Ml , A5
Y i [X (coding sequence, CDS). E &% X
(untranslated region, UTR)MX N ¥ (intron)fE
A T 15 R 2 ) 5 S B B Kk F AR T
SiMpRER RE LA, EREEME TR
Rl 25 A 55 M TR 2R, U pp04888.t1 F1 pp06440.11

Legend:
@ CDS = UTR —+ Intron

"
‘@

w

1 ERBEHATFEAREERSN
Figure 1

0kb 1 kb

2 kb 3 kb 4 kb 5kb 6 kb

Structure of elicitin gene family of Pythium porphyrae.
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A 2 MwSIX, HAEAR T HA — A gRigIX,
M H RA pp06440.¢1 fFFFEAERIEIX, pp04888.11
W& FHGE IR 2, AT B8k T F05
RIERB A GG X, RKUIESEFEWAR T HH
FWERH ., Wik PR E, Bk T RE KT
G LLBARSY , TESEAR v R B 5500 1) A PR R 0
B 53 B A5 RE LA — o R A RLE .

XF 22 AN EESERF TR F FE AR motif
HEAT 5B (B 2), Bom PIr A Ok - T 34 7E motif
1 F motif 2 PIMRSFIVIEST, pp04888.t1 &
motif 3 45#4, (B2 E&H motif 5 454, motif 4
IXAE pp002529.t1 F pp13079.61 HFELE . W&
pp04888.t1 ., pp05114.t1 1 pp07637.t1 5k, motif
1. motif 2 Fl motif 3 7£ 19 ML T HEBAAAE
23 EXBEHATEERERREN

PR BE R R 2 A A T R Jw PN S
JEY R, HRT O IZ IR RGO
Y & A5 bl R R W B R R 0, AR
fiRIER ELL WRBEK F{UA VEX1 fl VEX2
24 ARWFFEH, M NCBI M3k K15 8178 (1) ELI
M ELL W2 (174150 (68 1), ¥ HAE R ELI
M ELL WK SH 1T 275 i, I E R
GEib AR, X5 S B B T A GO L B iR AT
X(H 3).

BRI LIAH, ELL KN 8 NMEH
FPON RN —A0r 3, IR AR R,
SRR PR T Ik Z W 5 ¥ 5 ELL W28 1Y)
WMAMCREATFINR I — L. XH5RE AN
SR, BIFE LA 3 25 bt R BB T 1) ELT
WRRITETE, FA ELL WA0Y ) 238 E
Wk 7 Pp07382.t1 5 ELL W25 % 1 £ %1 SOL7
B, Pp02529.t1 Fl Pp13079.t1 5 INL6 £ %%
EWEG KR, AALREHEERRE T,
RIEFIFER KL TS ELL WRR A —K
14y % H5 ELI WK HE, #ElliX Lk ELL W2

3% % T 0l BEHA AT ELL W2 D gE
ik,
24 BRAAEEXBEHAFERRIE
BR

Rt TSR R OL TRy EE, JT
Ji& T IR T 5 S I A S N Y A b, IRAR
WOk TSR A e g B R e B
SEAEAR T, ppl0317.¢1 F ppl0318.t1 {E)EYe
i B AT AR A B IR ik, Bl T 458
JEEE 20 A3k SO N DL ) 2R s A
(F 4), 251 EoR, BgurE F ol B R WOk +
WM REIBEXAFALEZES . pp00795.41 |
pp13079.t1 , pp06440.t1 . pp09588.t1 . pp09722.t1
GHRN LRI R R AFRREENT
¥, pp00795.01 BTk 23.1 1%, pp07382.11
£ IS E SN VBT I GLHRVA = SN L
P<0.01), pp05107.t1. pp02853.t] . pp04889.t1
SRR FIRAEI 178 .1.26 F1 1.76 £,
W& BN o pp00086.¢1 . pp09397.11 . pp09398.11
F pp04888.11 F5FE AR L i J5 R ik i o i
FIASAE o AN TR K 3k PR R A 53 3R X i
25 5 RSB & O 6 i FE 5 ] RE A
1EZ A E T FIALH]
25 EXBEHATFIGEIN

LRBEME TFRN GO MRemgs R
W13 3), pp13079.t1 Fl pp02529.1 B N LT 4 R
GEOOR FRESEE CBEL, HE4EGAHEN
REJ), S50 2 25 0 B0 R 20 Mg BE TR, T
ppl3079.t1 F pp02529.¢1 BR T Bk ¥ 45 H9 15,
4k, i HA CBM_1. APPLE Factor XI like
il PAN_4 EZ5MhL, ARG G,
e H 2 5 R 4R 0y 202 8 F R -RROK A
G EAE, i 5508 Uk T R
HMLRELE A, IR M SRPBEm N . pp07637.61 .

pp05081.t1 F pp09588.11 %5 9 A IEHERZ 515
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A o Motif 3
pp02529.t1 —H—+H4+H—++—++—++—-++—-+—-+—-+H4+4+ Motif 2
pp00086.t1 4 ) Motif 1
pp00087.1 4 @ Motit 4
pp07382.t1 4 B Motif 5

pp09397.t1 +4—
pp05081.t1 Hd—r
pp09587.t1 44—

Pp09588.41 H4—
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pp09398.t1 44—
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ppl0317.t1 F4—
pp10318.11 H4—
pp00795.t1 +4—
pp02853.11 +4—
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pp05114.t] — 44—
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pp07637.t1 —H4——
pp06440.t1 +4—

pp05107.t1 F4—
5’. ‘3Y

0 300 600 900 1200 1500 1800 2100 2400

————————————————
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Motif 5 .

2 HAFRIERR motif £5#I(A)FA motif logo [E(B)

Figure 2 Motif structure of elicitin family member (A) and logo diagram of motifs (B).
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Table 3 The GO functional annotation of elicitin genes

JE[A 1D GO 47k GO i
Gene ID GO name GO category
pp13079.¢1  Catalytic activity; cellulose binding elicitor lectin (CBEL) MF
pp02529.¢1  Catalytic activity; cellulose binding elicitor lectin (CBEL) MF
pp07637.t1  Modulation by symbiont of host defense-related programmed cell death BP
pp07382.t1  Carbohydrate binding; modulation by symbiont of host defense-related programmed cell death MF; BP
pp09397.t1  Carbohydrate binding MF
pp05081.t1  Modulation by symbiont of host defense-related programmed cell death BP
pp09587.t.1  Cellular anatomical entity CC
pp09588.t1  Modulation by symbiont of host defense-related programmed cell death BP
ppl10243.¢t1  Cellular anatomical entity CC
pp09398.t1  Modulation by symbiont of host defense-related programmed cell death BP
pp04888.t1  Modulation by symbiont of host defense-related programmed cell death BP
ppl0317.t1  Modulation by symbiont of host defense-related programmed cell death BP
pp10318.t1  Modulation by symbiont of host defense-related programmed cell death BP
pp00795.t1  Modulation by symbiont of host defense-related programmed cell death BP
pp02853.t1  Transmembrane transporter activity MF
pp05114.t1  Protein kinase activity; phosphorylation MF; BP
pp04889.t1  Cellular anatomical entity CC
pp06440.t1  Modulation by symbiont of host defense-related programmed cell death BP
pp05107.¢1  Kinase activity; hydrolase activity; phosphorylation MF; BP

WFFTUER, JE % BLL WKk FRE LS
TN 32 [ 1 S g 5B, i g 5 2 5 4 0 R e
WAHEAE R ZAB B, A48 1 32 R0 [ 22 1]
RS« W0 )y D 2R 0 1) T8 R S it B s i)
A RO 2 bk R R 2 11 TE B 11 —
SRS R FAS AR R ESCEEL, 1 ELL W2k
HE R I R 5 35 =2 1] 19 [ B A A e 22 e 1Y
HEM ELL V.28 505 94 5K 7] 6e S0 A A1) T 5 2 0t
BRI AR B, AN [R) 8 & 225 18] 25 44 335 o AN
[ THBIIE2E . ELL WY 5K K i 5 1 &
Pk, RS ZRRIREE, Bk 7
i BJE R EE R ACE BT, AT BE e ik ok
5 E R AT A b R R %
— XY pp00795.¢1 F pp09722.¢1 K ik 5,
FEIR YL 3 5 12 T R(P<0.05), ppl10243.t1
pp05114.¢1 KRR Rk BB B3, HE
WSRO N, MY 5K SR F Z %

DRI AT 6 A 47 34 i 55 S B 92 28 0 SRR K il B Dt
P IRPLVE I, FTRERG R B SRR S 1E
F AR E AR BE AR
3.3 MARFEREBRRIERHIERNG
LR IE TR T pp05114.¢1 T pp05107.t1
£ 35 A Tk 45 #4) Jak (catalytic domain of
protein kinases, PKc). 22242/ 75 2 FR W A4k
2t ¥y 35 (catalytic domain of the serine/threonine
kinase, STKc)FIHE [ 5 M 2 B A T 45 F4) duk
(catalytic domain of protein tyrosine kinases,
PTKc)55, 415 22 24506 AL 8 1 38 (mitogen
activated protein kinase, MAPK){5 515 Fi&1%
AR ARV, 5K MAPK {55
14 558 F TR IS, SR IR SR
MAPK (5515 Fa s e h BRI £, 1
T 5 SR B W A 15 R A T S i B D Y L
P2 il % T MAPK 4T B S {5 5% Sl %
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