F8 Y IEEAAR 2024, 25 (1):97-110
Journal of Plant Genetic Resources DOI: 10.13430/j.cnki.jpgr.20230621001

TR PDIE N A e HIREE BB

Xem ", AFEE, S B AER MK FaE
(IR A 5 H RSB B A8 43 T it e 3t 4 7RI 92005 WU 1500255
e AR BE R BRI A 43 T R TS50 % L3 100081)

WE : & G ;i —#ist 5+ M85 (PDI, protein disulfide isomerase) 1 A AL AL & & Rk e — R, 2 —F BAE R, 2 B E
T Y B AER T YT, ROR ARG R A 2Rl AR OB TR, EA SR QR EAREE I &
WEXER, AFRANEIPDI Zx B 55012 8 A ah , #) B BB A7) st 7 ik , KBRS 2 B 21 APDIA R R85
FEMRIEH GRS FELRLEROGRENR L, HAMIIT R, ZRPDIER Ry 4 NS L NIALFHE, Rl —
REBEMG AR EMFR T EBHI, RXAER T EA, PDI A B Rk & 54k 518 35 it KW & RERSLAF T+ &
KR XAE A A, REBX 5T R, PDIE A Lk ENE R AT E T R ETREG, £EHBE1020d0ELT RETE
TR KRG F AT EIM AR, A S MBSV K I ZmPDILI-1 AW AL %40, i 7 154 R &% ZmPDIL1-
| AL WA . AAFF 45 R £k PDI ik A B A AR A

K4 oK PDIR A ok s A kA R iR AT

Identification and Expression Pattern Analysis
of PDI Gene Family in Maize
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Abstract: Protein Disulfide Isomerase (PDI) , a member of the thioredoxin superfamily, is an
oxidoreductase widely exists in animals, plants and microorganisms. In plants, the formation and isomerization
of protein disulfide bonds, which are mainly catalyzed by disulfide bond proteins, are crucial in the correct
assembly and folding of proteins. In this study, based on the sequence similarity to the PDI gene family in
Arabidopsis thaliana, 21 PDI genes were identified and found on nine chromosomes of maize. The phylogenetic
tree analysis showed that the maize PDI gene family members were divided into four evolutionary branches and
11 developmental groups, and within each group the gene structure and conserved motifs were similar. The
analysis of cis-acting elements in the promoters identified cis-acting elements associating to stress, plant
hormones and endosperm specific expression. By quantifying the transcriptional profiles, the high expression
was detected in embryo, endosperm and grain. In endosperm, a downward trend followed by upward from 10 to
20 days after pollination was observed. Biodiversity analysis revealed that was diversity of ZmPDILI-1 gene. The
result of subcellular localization showed that ZmPDIL1-1 was located to the endoplasmic reticulum.
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Collectively, this study provided reference for the functional analysis of PDI gene family in maize.

Key words: maize; PDI gene family ; gene expression; subcellular localization
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Table 1 Primer information used in the transcriptional expression level detection of PDI gene family in maize

Elk/EA S E 519751 (5'-3") I 5 191751 (5'-3")
Primer name Forward primer sequence(5’-3") Reverse primer sequence(5'-3")
ZmPDILI-1 CCAAGCACCCCTTCATGGTC GTAGCAAGCGGCCTGTTCTT
ZmPDILI-2 CCAAGCACCCCTTCATGGT AAGCGGCCTGTTCTTCTCC
ZmPDIL2-1 ACTTCCCCTTCTATTTTTGGCA TTGTCTCGCTCCACAAAGAC
ZmPDIL2-2 CCCCTTCTATTTTTGGCAATCC CCTCACTGTCTCGTTCCACAA
ZmPDIL3-1 CTCCCGCCATACCACAAATC GCTTCACAGTCAACACACCAA
ZmPDIL4-1 TGGTTTCCCAAAGGTTCCCT TCAGAACCACGACGCTTGAA
ZmPDIL4-2 ATCCAATGGTTCCCGAAAGG CTCTGGGGTGAGAACCACAA
ZmPDIL5-1 AAGCAAGGACCTTTGGATTGTG TCCACCTTGTACTTGCTCATCA
ZmPDIL5-2 GGACATTTGGATTGTGG GAAAACCTTCCACCTTG
ZmPDIL6-1 CCGAAGAGACCTTCTCCGAC TCCGCACCTTCCATAACCTT
ZmPDIL7-1 GTCGATTTCTACGCGCCA AAAGCATGAGGGTAGGGAAC
ZmPDIL7-2 GTGCGGCCACTGCAAGA GCATGAGGGTAGGGAAC
ZmPDIL7-3 ACTTCTACGCTCCCTGG TCAAAGTAGGGAACCCAT
ZmPDILS-1 AGGTTGACTGCACTGAGGAA ACTCTCAGTATCACGTTCACCAT
ZmPDIL9-1 TGAGAATGAAAGTATGCACCCA AGCTAATAAGCGAGTCACGAGT
ZmPDIL10-1 GTCTCGACGGAGGGGTACT AACCCGTGGAAACATTGAGC
ZmPDIL10-2 CAGGGCTCCGGGGTCA AAAAGGGCACCACGAAGCAT
ZmPDIL10-3 TCGTGGAATCCGTTCTTGGT GGCACCACGAGGCATAGAAA
ZmPDIL10-4 TCGCGCAATCCGTCCTTAG GTGAGAATGGGCACCACGA
ZmPDILI11-1 CCGAAATCGCCATCGCCTT GATGCCGTAGTGCTTCTCCA
ZmPDILI1-2 GCTGGAGATCATGGATCGGG ATAGCTGGTACGTCTCCGGG
Maize-Ubi TAAGCTGCCGATGTGCCTGCGTCG CTGAAAGACAGAACATAATGAGCACAG




100 Mo ow fE

7Ol o

25 %

TR 98 CHIAENE30 5598 CAEE 105,60 RS s,
72 CHEM 2 s, AR A P AE AL 30 MR 52 72 C
1 min, PCRPMITE 1.5% BIBEIEMEEERE bIEE .,

1.2.8 SLREEEEPCRAH  FHNCBIEITE
WHIY, UK Ubi SRR N2, fi ] SuperReal
PreMix Plus (SYBR Green) if, 7| & #1796 & & &
PCR 55 (QRT-PCR) , /& Z S A B Bt B 5, SR
2 AT R ek 2, L SPSS AT i

129 SHMUSH AR MaizeGDB I 7 45

Xt 29 3 A 32 2 M RFR ZmPDIL1-1 35 R 95 X 354 7
4307, FH MEGAX X 2 4% tHh T 10 M8 J A i 2 )7
G XS o

1210 THEAEALRL N 1 PDIFENZ 5 E AR
TE AR A AT B A D RE , BEHE 1A T000 5 57 76 3 5T 1)
B SE A T I IE o AN AT ZmPDIL -1 7151,
PLEK A3 R B73 82815 10 d [FF KL cDNA hy 5t
M, P38 ZmPDIL1-1 3£ A (/) CDS J7 41, K B 5 55417
JiZ a1 1 4 3 38 FH 4% 1k T&B Zero b 3 i 47 — 1%

Sanger M /5 , M| ¢ 45 5 5 B73 2% 5 4] HL X 1B .
LU 22 7 41— 5 T&B-Zero-ZmPDIL1-1 754 %%,
PR ASEAR , F1 FH [RIVR 40 7 K ZmPDIL -1 A4S T %
155057 (1) CDS 3 41 32 21 7% ¢ 8 58 6 8 11 GFP
A5 DR ) FOK IR F ik 2K pANS80 |, #4%E 35S
J& 31 9K 3l 1) pANS80-ZmPDIL1-1-GFP 3 [K 3 15
AIRA A . TRl K5 ZmPDIL -1 A5 4 1501
(1) CDS J3° 41 % 2 21| 7 4 (0.5 6 26 11 GFP i 15 5L [
A B B I 6 IR 2R CPB |, M2 35S Ji3 3 1Bk 5h
Y CPB-ZmPDIL1-1-GFP J& R ik AU gl 2 1A

2 HER559H

2.1 EXRPDIEEREHEE

PIBIRG I 21 4> PDI G FE R E AP 5 S
X ARG B R R RE TS R T
Blast fl Hmm 8 2% , %72 tH 21 1~ PDI L . #idf &
KPDIEM S IFPDIE MRS RT LR
HoAw 4 ZmPDIL1-1~ ZmPDIL11-2., 32 w41,

xR2

EXPDIERFERRNERER

Table2 Basic information of PDI gene families in maize

P ID LR A PR AILIRE (aa) iy IX A< (bp) 53 ¥ (Da) SNRTINE }iﬁiij
Gene ID Gene name Number of amino acid CDS length Molecular weight Exon/intron isoelectric point
Zm00001eb168910 ZmPDILI-1 514 1542 56873.65 10/9 5.01
Zm00001eb112590 ZmPDILI-2 512 1536 56683.22 10/9 491
Zm00001eb229180 ZmPDIL2-1 561 1683 61888.65 11/10 4.74
Zm00001eb210140 ZmPDIL2-2 568 1704 62417.13 11/10 4.69
Zm00001eb375710 ZmPDIL3-1 515 1545 57506.75 13/12 5.05
Zm00001eb282710 ZmPDIL4-1 355 1065 38836.45 11/10 6.24
Zm00001eb131360 ZmPDIL4-2 367 1101 40122.76 10/9 5.91
Zm00001eb314620 ZmPDIL5-1 430 1290 46012.47 9/8 5.66
Zm00001eb100620 ZmPDIL5-2 439 1317 47096.66 9/8 5.58
Zm00001eb013190 ZmPDIL6-1 150 450 16835.46 4/3 5.16
Zm00001eb422640 ZmPDIL7-1 410 1230 45908.61 3/2 4.96
Zm00001eb082680 ZmPDIL7-2 418 1254 46962.8 5/4 4.86
Zm00001eb243460 ZmPDIL7-3 420 1260 46469.16 5/4 4.90
Zm00001eb106180 ZmPDILS-1 381 1143 42824.43 15/14 7.24
Zm00001eb295030 ZmPDILY-1 441 1323 49358.3 12/11 7.20
Zm00001eb410330  ZmPDIL10-1 303 909 33772.3 4/3 8.93
Zm00001eb042300  ZmPDIL10-2 178 534 19457.61 4/3 9.87
Zm00001eb255320  ZmPDIL10-3 178 534 19598.73 4/3 5.67
Zm00001eb194120  ZmPDIL10-4 323 969 36148.48 4/3 8.76
Zm00001eb105800  ZmPDILII-1 456 1368 49526.39 4/3 8.40
Zm00001eb322440  ZmPDILII-2 461 1383 50049.97 4/3 8.38
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Zm00001eb168910 ZmPDILI-1 32.69 82.06 -0.251 4 A BT 1)
Zm00001eb112590 ZmPDILI-2 31.53 82.56 -0.268 2 T
Zm00001eb229180 ZmPDIL2-1 37.59 86.45 -0.258 5 2k 205
Zm00001eb210140 ZmPDIL2-2 36.38 85.9 -0.224 4 EESEN
Zm00001eb375710 ZmPDIL3-1 31.58 92.45 -0.167 9 EESEN
Zm00001eb282710 ZmPDIL4-1 29.01 86.28 -0.247 6 VAL %)
Zm00001eb131360 ZmPDIL4-2 24.56 85.1 -0.255 3 PAL BT %)
Zm00001eb314620 ZmPDIL5-1 33.35 84.44 -0.138 7 A, ST, 4B A%
Zm00001eb100620 ZmPDIL5-2 32.19 85.58 -0.145 2 RS fA, ST, 240 A%
Zm00001eb013190 ZmPDIL6-1 31.04 95.4 -0.106 1 I
Zm00001eb422640 ZmPDIL7-1 35.01 93.44 -0.111 10 AR 2
Zm00001eb082680 ZmPDIL7-2 36.91 99.81 -0.019 2 kIR AT, A%
Zm00001eb243460 ZmPDIL7-3 41.93 96.71 -0.009 5 RSN
Zm00001eb106180 ZmPDILS-1 39.64 77.98 -0.37 2 TN
Zm00001eb295030 ZmPDILY-1 39.98 77.26 -0.283 6 TN
Zm00001eb410330 ZmPDIL10-1 53.70 101.75 0.167 10 NI
Zm00001eb042300 ZmPDIL10-2 4213 89.94 0.211 1 ESNEN
Zm00001eb255320 ZmPDIL10-3 4571 104.1 0.374 5 EENEN
Zm00001eb194120 ZmPDIL10-4 52.78 89.23 -0.059 4 ESSEN
Zm00001eb105800 ZmPDILII-1 4991 82.94 -0.221 2 EESEN
Zm00001eb322440 ZmPDILII-2 48.98 82.91 -0.233 7 IEJEN
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Fig.1 Phylogenetic tree of PDIs in Zea Mays L. (Zm) , Arabidopsis
Thaliana (L.) Heynh. (At) and Oryza sativa L. (Os)
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