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Abstract: [Objective] This objective is to reveal the structural characteristics of the PGIP gene family in
colored Zantedeschia elliottiana (calla lily) and their differential expression under Pectobacterium carotovorum
(soft rot bacteria) infection, so as to provide a theoretical basis for functional studies of ZePGIP genes as well as
the elucidation of the resistance mechanism to P. carotovorum in Z. elliottiana. [Method] Bioinformatics
methods were employed to identify and analyze the members of the PGIP gene family across the entire genome
of Z. elliottiana. The expression patterns of ZePGIP genes under infection by P. carotovorum were detected by
real-time quantitative PCR (RT-qPCR). [Result] A total of 6 ZePGIP genes, namely ZePGIP1, ZePGIP2,
ZePGIP3, ZePGIP4, ZePGIPS, and ZePGIP6, were identified in the genome of the colored Z. elliottiana.
Phylogenetic and conserved domain analysis revealed that these genes contained conserved motifs within the
same subfamily. Among them, MEME-1 and MEME-2 exhibited high sequence similarity, and MEME-1,
MEME-2, MEME-6 could be detected in all members, demonstrating a high degree of conservation. Promoter
cis-element analysis showed that ZePGIP promoters contained response elements associated with abscisic acid,
auxin, methyl jasmonate, light, low temperature, gibberellin, stress, and salicylic acid. Gene collinearity analysis
indicated that ZePGIP2 and ZePGIP5 were paralogous genes. Gene collinearity analysis across species in the
Araceae family identified two pairs of orthologous genes between Z. elliottiana and Pinellia pedatisecta, Pistia
stratiotes, Colocasia esculenta, and Amorphophallus konjac. The inoculation and correlation analysis of P.
carotovorum indicated that ZePGIP genes displayed differential responses to P. carotovorum infection, among
which ZePGIP2 and ZePGIP6 were inhibited in the early stage of infection but significantly induced in the later
stage. [Conclusion] The PGIP gene family mainly exists in the form of tandem repeats in colored Z.
elliottiana and exhibits a highly conserved structure. ZePGIP2 and ZePGIP6 show significant responses to P.
carotovorum infection, suggesting that they may play a crucial role in resisting P. carotovorum. [Ch, 8 fig. 37 ref.]
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KA LG Zantedeschia elliottiana /=¥ 5t WHAEY), W MEVIE, BARSHLTEME. A5
B AR AR R TP AT BB 2 2 B A A IR AR s e, R E AR A B N IRIRAT I Pectobacterium
carotovorum 73| 2 I 240 TR PERR B0 0 TR e dn B REA SUR A BB K, A S B MRAE
TP CYET, AR BIRIG DB SRR INE . TEA R RETERSR A R . MR kSR A T T
K HRUZR 914 it 8 /> T B 32 200 s o R ) A . AR B Y K B . AT AE FORG T (lemongrass essential
oil, LEO) XJ ¥ (0t B P HAT —E IBHAER . S A . U YRV T DL i 36 S5 A A
25 P REE R R EE2E Amorphophallus konjas &%

22 J 2 FLMEIE R B 40 1 25 11 (polygalacturonase-inhibiting protein, PGIP) T 1971 4F# T IR A PL, 7EH.
T BOW A P S BRI PGIP PS5 H3E H R 10 MARSE RN E &2 2 MR W E &2 /741 (LRR)
B, BAEETFIA 24 5k, B2 A p-rE, Hh 1 MrE SIS FrNDEAm, JHaEEXS
WY1 Z KL ZNEERR R (endo-PG) A B AEH 2 CE LAFRAY . ZRLZUNERR B F PGIP Z 8] A9 AH BLAF
LR EE T 3P I ERR 1 (OG) MITERL, T FUMEIE W2 11 2 & P b5 18 S . 35 5010 M) PGIP B
SRR F 2 DR EEHA M, LR RS RMEY 5k, Rk 2~16 A%, i fURSIT
Arabidopsis thaliana A 2 W61, KHE Oryza sativa 1A 7451, WM3E Brassica napus 1A 16 4 A%
GBI BRI S AN G AN, RE8PGIP A TN &, BARE — A [ a 51 5
PR 4 HAT e BE AR, AE B ATZEAR I AN [ A 4 R 8 B B A B % AN [ St pR sl B I, Rk A
I 222 U SRR R (R 2R, R R AR LA M 3R 2 S 4 I [ 4 A2 AR B R A A
- Bifi BRI fish &2 AR L B8 B AL . PGIP (R A2 AR ) — D3, T BeARr S b BEL 5 T 0 e D 1 22 5
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FUBERE R B 15 1, A AKBH (R B R A 5978 TR, PGIP if BB JERE ) 14 ) S5 3 P FUBEIRE TR 1) 3R
L, T R BT SN, e 2 i A R AR, A6 GhPGIP 2R AL Gossypium hirsutum Hi
W 1 2 b B A DR AR B S AR Ak ) B Fusarium oxXysporum B T R 0 ) 50 2005 Ak AR R A AT PR
Bacterium tumefaciens /- 3354 PGIP ' A% 1E Chrysanthemum % morifolium fhFhr, 1] DL &5 45 £ X H
B E R PLERY; PgPGIP1 WYk 5E T ¥ KL /NG Triticum aestivum 4109w S5 8 i Ho e,
AT UL VRABIGY PGIP HEF GG IRE, A TSR Y A KUyt iiae )y, Sy AR
HEAEZEE N,

ARHFFEAE A FE LA DA R 60, T B Y ZePGIP SN FIGHAT T R Y M HT, 588 T ZePGIP
FERPER 0 By B S s e 3 VR T, DT IR AS#ST PGLP BRI S5 M D REZSE T B 5Ll

1 MEEF&®

1.1 YA Fn4bE

TR A S % 5L FHG’ Zantedeschia elliottiana  “ Jingcai Yangguang® , #& b T E
Wo ARIGHFM N A 25 C, MHXNREE 60%, JEEMI 16 h G HR/8 h JAMWE . HUAARAL R AR 35 U1 R 1Y
SEAJRITN , SEAE TR AN 0.5% UCGE R AN TR 20 min, FEAHICREZERKEE 2 Ik, BT
EIEE T T H. 8% MR E Pectobacterium carotovorum W3RN 27 LUZZATTO 5523 1 J5 ik i3k
7o TAEE NI AT B TR AR S B A K I8 A7 £ S G AR BR L0, IFPRAFAE—80 °C UKAR . BIHT, Kok
7 BRIEF T Luria-Bertani (LB) [EI{& 5 3: 5L, 28 °C 555% 16 ho BUANHTE A 4.0 mL LB A R; 773
Hr, 28 G 150 r-min ' FF T RERIEFR 10 he BJSH 2.0 mL 405520, TR T 12 000 r-min ™' 2.0
3min, FE EWHREA 1.0 mL B LB BiFR3E G2AFE C1). Fe/risligiR )5, M 0.1 mL C1 filA 0.9 mL
Bt LB 3725 (C2), FRRIBAEIRST . ff H 20 66 BT O BE [D(600)], FEARHE A X D(600)= 1.0
(= 10° CFUP 18 C1 MR LB F C1 AR E 107 CFU-mL ™ YE R TAE LB, T8RP 587 ik
SR R KA 6 S XTFRASEST 0.1 mL 4N R VRIR . HEAE AR E T 28 C TSR, JFFE 0. 6.
12, 24 F1 48 h WEIFICRRA . FrAFE R E B AR A T vk, IR T80 C UKAE#& .
1.2 ZePGIP ERFIREERAXZE S

M A W) FE DR 2H B0 3 % (https:/plants.ensembl.org/index.html) 38 B K A% OsPGIP 3 A ¢ 51, If 38 o
BLASTP %1 i BE foe e FE X . Bl J5 78 Of 57 45 #4050 35 /22 (https://www.nebi.nlm.nih.gov/Structure/bwrpsb/
bwrpsb.cgi) R R AT, LU IA T 5508 P AN 4 6 5 s B A5 A Bk . LUK FE OsPGIP B2 7%, Xt
ZePGIP JEH# 4T3 . ] MUSCLE $1f% CBRIAZS ) X 2K EH P HITZ P9I bR, JF3T ot 4s
JRTE IQ-TREE 2 H I R G LB .
1.3 ZePGIP ERMRFERF T

A5 ZePGIP FH 2K E A BUTS], FHoMr RS . Wi, RIZ 915750 T.H MEME
(Multiple Em for Motif Elicitation, v5.5.0; http://meme-suite.org). S & . TEHFKFH h 37 A9 H LR
e “owel 1 IR, e RIEFECH 20, {R5FET 45040 1 TBrools A 447 AT ¥4k
14 EFRSEBKESHMEERHKEES T

BT R (0 1 I 3 11 4 e DR 2R AT R PRI R S, SR MCSeanX BRFAEBRIAS T S Rk &
S R LR L M R P, FIH Circos X4 (http://circos.ca/, Fe/NRK/INE Ky 30) %45 R 47 AT Mk
ZePGIP FERFE G AR I 14534 {57 & Hi MapChart /4 (https://www.wur.nl/en/show/Mapchart.htm) 2, #F
— I R0 Ey B SR AL oA . ER IR A RPN A b, DA ROR € B S KR B A R 2 L
B KR 2B Araceae FHY) . ZL%E Anthurium andraeanum . JE% Pinellia pedatisecta. K% Pistia
stratiotes . - Colocasia esculenta FEE Y- Amorphophallus konjac -5 %6, T I 3% JEA 7R ] 36 R S gt 4087
15 ZePGIP EREZE# K Az FHIIRK(ER TS

ZePGIP S 4515 B (AE SN+ & FRnaE BIIR X)) DAKE R 20 T B S k45, R Gene
Structure Display Server (GSDS) % ¥4 (https:/gsds.gao-lab.org/) ¥E47 AT #0 4k o Ji 2l F 0t = AE F oo 448 o
PlantCARE %445 /% (https://bioinformatics.psb.ugent.be/webtools/plantcare/html/) T , 434/ ¥l Bl Sk e 4 2 A%
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F_E37 2 kb J751 . FF TBtools BEx I 31w A A R e Rk AT rT AL 27
1.6 RNA REFERA S

TEFERV BB S 0. 6. 12, 24 F1 48 h, W AEMEER H 20 2 em W& (A BB M 204, &
RNA 25U F§ EASYspin Plus #i4) RNA $2BURH] & (Aidlab, "), I8 i BUIS S H Ik Fll Nanodrop
2000 YIS ASOR I HL BT B I . &R RNA B 28 NEBNext Ultra RNA Library Prep Kit(NEB, 3E[H) 44
SCPE, Ff-7E Tllumina NovaSeq 6000 ~F- 5 b #4757 (PE150). 3R45 B9 I0 7 Btk 28 B s 4= il Je . R
HISAT2 3 F LU B R A B S H LN . X455 i FeatureCounts A #EA T W40, LAARTH4S
IR A JRLR count fH ., PSS, {dFH TBtools #f count {E¥#t &y FPKM, Ff¥g 2| ZePGIP JE K TEH M 5
MIFRIBHAE] . ZePGIP BEH [ A Fe ik A OGS T4 AE Fh Y FPKM {H, i A R A2 i 3 R R b A G M #
1.7 SEESEEEE PCR(RT-qPCR) 447

RT-qPCR it — 0 T Uik ZePGIP SEITE4EAPER 25 N RICHF IR G 0~48 h iy ik i, BRI T7E4
8] 25 45795 3 AT AR N 3 AN R EE . i HiScript 1T 1st Strand cDNA Synthesis Kit(Vazyme) &
& cDNA, RT-qPCR JZ i # i ChamQ SYBR qPCR Master Mix(Vazyme) & Z#VE . 2860 &5 il 2%
R A YIFARAE B AL (NCBI) 1 primer-BLAST T H: (https://www.ncbi.nlm.nih.gov/) #&i1 . HIXfRikE
K 27 IR, LA Zedctin fE NS IR AT hREAL . RIXFEARIE 1 GraphPad Prism 9.5 224l ,
255 o PR ST KBS T, IFAE P<<0.05 BEFRIE

2 HERHAAHM

2.1 HBODEE ZePGIPEEMEERRTEFE SN

FEER AT EE Y ZePGIP 224, 1 LIKAE OsPGIP R£H ¥ 5157, FIH BLAST 3K EF
0, h I S 0 3 X 81 R i e e B (R RIS , WPKAR S R (D ER) PGIP SR T2 P8 e, Jf3k
FIRKPREWERGE L BN (B 1), S5REKW . Ba DR HEILFA b I e B 6 4> ZePGIP 3, K
W RAETE N —43 32 . Hh ZePGIP3 Y5 ZePGIPA MM ficimy, HK K ZePGIP2 5 ZePGIP1 . iX 4 -3
K5 ZePGIP5 WAL EE Y T 5 ZePGIP6 .

LOC_0805g01370 OsPGIP2
LOC_0805g01380 OsPGIP1

1400|: LOC_0S05g01430 OsPGIP3
LOC_0S05g01444 OsPGIP4
LOC_0S07g38130 OsFOR1

95
— LOC_0S09g31450 OsPGIP7
LOC_0S08239550 OsPGIP6
91 Ze14G194400.1 ZePGIPG6
Ze11G024000.1 ZePGIPS
7e09G008400.1 ZePGIP1
94 05 709G008200.1 ZePGIP2
0.1 99 7e09G008600.1 ZePGIP4
7e09G008300.1 ZePGIP3

A1 HELIEFKE PGIP LB A%LE £ %
Figure 1  Phylogenetic relationship between PGIP genes in colored Z. elliottiana and O. sativa

it — AT ZePGIP 85 AR, SEATIRSFIT 0T (K1 2). 455RFRW] . RAERHEKEfAEE
5, (BRA ZePGIP A B/ EH 4 MRSFEY , HIRKRZEH S EIRSF . BR T ZePGIP1 1 ZePGIP6,
Hox ZePGIP (A & WRIE NI R 6 R {RSFILF, b MEME-1 Al MEME-2 J381 5 BEAHAL, 7T
A B A 4G 2] MEME-1, MEME-2 8 MEME-6, iji W i 46 3% FF HoA7 85 m A ~r vk o Rk, AN
ZePGIP FE I [ B B PP HES I P B A — 3, $8/Rm HARSF X2 AR/, AU RS
22 HBEOHE ZePGIP EEAEBRKES RERALLN T

TER OB BN 16 £ Je ik, ZePGIP B: KX 43 4 T Chr09. Chrll F1 Chrl4 | (& 3A), Hr,
Chr09 | B % & i ) 3 A Ze09G008400.1 (ZePGIP1). Ze09G008200.1 (ZePGIP2) Fil Ze09G008300.1
(ZePGIP3) M j, T — 4 FPEXEE A FE N, FEE bt firb, SRR R B E AU B TRE Ry 5K, ik
A eI ) 7 A 5 A B ) R o 1 [ 05 AL T AR A s o P A

R T WA HAS B ZePGIP FE AR QL fk b 0 A Rp Ak SO IEZR G R, il T s 2 R A gt
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Figure 2 Identification of conserved motifs in ZePGIP proteins of colored Z. elliottiana

TR B 18, DU R s B BT TR 55 &R ) 95 OC &R B HL i Ak DG HK (81 3B). 5 R KW . £ T Chrll Y
Ze11G024000.1 (ZePGIP5) 5 Chr09 | (1) Ze09G008200.1 (ZePGIP2) #4 ji— X155 R AR FL K, 4278 W & ]
REVR 22 D A1 5 = e kA B e s e i oA sl b
23 XEEMNATEYM PGIP EEMELE ML

ILZEME AT A5 IR (K] 4) TR BREZLESL, AR PGIP BRI Y5 F 0 5 B 8 A7 AE 2 X [m] P54
Xt o ELE TN AT ] LT AR e R R FEARDRSE PR %Eﬂﬁ%P@T%.ﬁ %0, I [ 3
Z IRy et HEM 21 % 09 PGIP SE N 28 I 7 AR X Al S7 ) oAbt 72 o €8 5 6 35 1Y Ze11G024000.1
(ZePGIP5). Ze09G008200.1 (ZePGIP2) UL M. Ze14G194400.1 (ZePGIP6) ¥ 5 e 3 . K | 2E I 3 Y
PGIP R A 2P S S R . T4 AW R . ZePGIP2 5 ZePGIPS 22 [8) i) 55 £ [Rl I ¢ £ I R AE 1§
B ORME ., FERPEER PGIP SR PSRRI PR L R 2 6 mT B R AE A oAb 5 7= A Y
2.4 %ﬁ&ﬁﬁzwmwgl s R ESFIRXIERTHES R

SR EE (B SA) B AFEPSEFRBSNE TN G TREAAEES, WOoREMNEE 1450

ﬁ% 6Aﬁlﬂﬂﬁ BN T EE R, mzﬁammﬁlﬁzWa¥ ¥ Ze09G008300.1
(ZePGIP3) Fll Ze11G024000.1 (ZePGIPS) A NS 454, A, (HAREREME: ZePGIP3 A 1 MK
%W@%oﬁm@%fﬁ%%ﬁﬁ¢ﬁ55*m%%ﬂfﬁ% P T Re A & Z2 A =X AE FH oo siom
PR, kA SR 2R AL . [N, KNS FIXEUAFTRE S B B . Qe X
RNA 8742 30 R S5 W FEAHOC, MIMAE G sk G e 5 R I R IR Mt S fp Rk R EZAEH . Wi,
ZePGIP3 K N & F MAETE /R iZ B R AT e B B hn &g Z s L], JF T geAEm B AR R S 8k &
P AR DR

FEDH IR 0 il 2 R A R A AR SR AR B B, TR B R A v AR P A I rh R O A
Mo B0 — a0 ool 5 LRIl . $EH ZePGIP J& 3l 5 5 JF XS A 0 8 45
S AT T B4 (K 5B). S5 AP . FE ZePGIP J5 8T IF 5 R /3 A A 22 -5 182 R 30 40 54 X i 17
Jol, ALEE & R W v JCF (ABRE) ., A K ZE W i Je4F (AuxRR-core), =<1 iz H g i )7 JoF (CGTCA-
motif) . JGIE W T (G-box). KR MR JCAF (LTR). 258 Z W B Jo 4 (TATC-box) ., ik i L ST 4 (TC-
rich repeats) DL KK AZ R N To 4 (TCA Jef). i, AR H figmw B T 7E 24> ZePGIP JA 8+ iz
FETE (B 5B),  [RIULHE ISR FT R 1T BE 2 % ZePGIP SR FIR M EZHER .
2.5 HBOEE ZePGIP EERIAKTERBEESHT

TER (O L BN Fr B3R T S ARIRA I (18] 6), JFEXSHERPIS 0, 6. 12, 24 Fll 48 h 45 ZePGIP Jik
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Figure 3 Analysis of tandem duplication and gene synteny of six ZePGIP genes in Z. elliottiana
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Figure 4 Synteny analysis of PGIP genes in six Araceae species
D 5 S 2 S 3k K HEAT T 0. S5 R WIR : ZePGIP6 () 36 1k 1 i 4 W 25 v T HUM & i il 61, i
ZePGIPS Fik KAk, JLFAbFHEGE 0 BRE (B 7A). (EAEERIE, BR ZePGIPS A, HAR KL HTE
Hevd 5 R AN R AR B R, UARAEH S N SRR B AR L v] R e ] PGIP BRI 3R K H 55
A BB, DT 2590 D P 4= a7
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Figure 5 Analysis of gene structure and promoter cis-acting elements of ZePGIP genes in Z. elliottiana
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Figure 7 Heatmap and correlation analysis of ZePGIP gene expression in Z. elliottiana leaves after P. carotovorum inoculation
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