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Identification and Bioinformatics Analysis of PI4K Gene Family in Maize
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Abstract: Phosphatidylinositol 4-kinase(P14K), a key enzyme in the metabolism of phosphatidylinositol signal-
ing pathway, plays an important role in the growth of plants. Thirteen ZmPI4K family members were identified from
maize databases by bioinformatics, and the members of ZmPI4Ks were analyzed by phylogenetic, motif, gene struc-
ture, tissue expression patterns, cis— acting elements, induced expression, and reciprocal proteins. The results
showed that the maize ZmPI4K family was divided into three subfamilies: y, B, and a. The motifs and gene struc-
tures of the members belonging to the same subfamily were similar. ZmPI4Ks members were expressed in different
tissues. The results of cis—acting elements and induced expression suggest that ZmPI4Ks may be involved in plant
growth and development in response to environmental or hormonal stress; the results of interacting protein predic-
tion imply that ZmPI4Ks members may respond to abiotic stress by interacting with proteins involved in lipid synthe-
sis and transporting. This study aims to provide a theoretical basis for exploring the PI4K family of maize and other
species, and provide genetic resources for molecular breeding.

Key words: Maize; Phosphatidylinositol 4-kinase(PI4K); Bioinformatic; Drought stress

T B8 Ik LIS (phosphatidylinositol, PT)Jg: 2 ifd i) 5
SRR T, AL S5 AL N 5 2R G A ik [] A
JE AN D RE A A AT B i —E0) o AERE
BENEBENLEE & A7 Z2 Fh2 o3, P BN e LR 4- IR
(Phosphatidylinositol 4—phosphate , P14P) & & % 41 g
Hh S RS S, 24 i R 20 L R S T LI )

KHABH: 2022-12-31

ELUWH: HRARBEESTH(G1771797)

E&TIA: BEH(1998-), %, Trm A it Foe 5 1 h Bk A+
B, Tel:15628790190
E-mail : hmy_12345678@163.com
ZE ERURHA AR SGRIEES

80%"™ . T A Mok ML A A 1ok ML 4— % 18 (Phospha-
tidylinositol 4-kinase , PI4K)fE{k T A 1l PI4P , 83—
RYVBEIRAL AR , S A UL = W 2 (Inositol—tri-
sphosphate , IP3)F1 Pt H il (Diacylglycerol , DAG)™,
1999 4F , 1 Y4 F40h g It PI4KSs J8 0% 19 40 5
SR, 4TI T PIAK HIBFSY L4 h F Il
S EERE IR . W FL Y R R RS
PIAK Z5 3 A 1 R g0 & B =W, AN PI4K 22 1
Xl ) SRR A AR 25 5, DRI PLAK 43y 2 Fof
AL T AURT I ALSY, Horp, 1189 PIAK 2 — il 25
A A TR 55 kDa F B, 16 58 TR Ik e e Jie
FL UK (SDS-PAGE) 5 & T & 14 ; Il Y P14K 17 7E P
JE 110 kDa #1200 ~ 230 kDa", 7EHIRGIF A



13 A AE  TOK PIAK B R R A 58 08 B A W5 B AT 49

124~ PI4K & 1, £0.45 8 /> 1T I (AtPI4Ky1-AtPI4Ky8)
A1 4 A~ I 7Y (AtPI4Kal | AtPI4Ka2 ., AtPT4KB1 ., At-
PI4KB2)#E 1", AtPI4Ky5 A 28 A8 (AR ik M PR 15
R, APIAKIIIR 1 B2 XS AR PRTE i 1 2 Hp ot
R AR U, AR AER A 12 PIAK v, A HE
T i MR £ A4 5 s AT B A R GhPI4K F35 1
S TR

KR T PIAK FKRIEFEE ARATHE . A b
3 35 B I 98 3 PIAK SR 01, 6 LA 7 a0k
Tt BEIR 2 e R o ZHURIB R R
FHTClE 53T JE B A BAECR kR R
K PUK WK e 2%
1 ARSI
1.1 EXPUKERMEE

Ph £ K (Zea mays L)PIAK ZZ 5 {4 5F 45 #4) 35§
PI3_PI4_kinase(J7 415 : PF00454) /7 41| 7£ NCBI(https:
/www.ncbi.nlm.nih.gov) F1 Phytozome(https://phyto—
zome.jgi.doe.gov/pz/portal.html) £ 4 JF (E- value<0.1)
FEAT RIS,y 1 By ks I , )i i
LR ST ALPIAK 79 7025080 12 rh EA TR 38 LU X, R
Ja ¥ T 3 8Y Fy 41 38 1 CD- Search(https://www.ncbi.
nlm.nih.gov/Structure/bwrpsh/bwrpsb.cgi) % 4 /2 #f) &
MR T PUK Kk (y WHR G R RZ &4
PI3_PI4_kinase Z5 4 31 Ubi Z5 4 5, o SV 52 1 54
£ Pl4Kc_IlI_alpha %5 #4 3% , g 0 % W i 52 & A
PI4Kc_IIT_beta Z5#435) , F1| FH DNAMAN %X {4 2% B[]
—JE R [A) e s AR B TUAR T4 o 7E EnsemblPlants
(http://plants.en—sembl.org/index.html) £ 4§ 22 H 7 4%
KB BN S R ORF KB | 4 At 24 2 R 5K
i, A H Plant—PLoc2.0(http://www.csbio.sjtu.edu.cn/
bioinf/plant—multi/)#F 47 2K PI4Ks V. 241 Jfd 7 {57 1) T3
W, ) F ExPASy(https://web.expasy.org/protparam/) &
REA TR A A
1.2 PUKZEBREUKSF IS

A MEGA 6.0 F P (BRACFC 2% , B BN
1 000 )X} E K AL B I PI4K 2 (8 3 T R 4 ik
e A8 . ) AE 26 X i MEME (https://meme—
suite.org/meme/tools/meme) ¥ 17 motif 43 #r , I F H
TBtools F XS motif #E47 AT HLAL
1.3 ERK PUKER LGN

FI FH GSDS2.0(http://gsds.gao—lab.org/) HEAT E K
PI4Ks FERI 25 5347
1.4 FKPUKEBEEM KA E S

7. EnsemblPlants B4 J25 H 25 4% 2% 5 A ) 9 (4

RSENL, A MG2C (http://mg2c.iask.in/mg2c_v2.0/)ift
(Y SER N AR Y A
1.5 EXKPUKREEEMWALREER D

W FRAFRIA LM 25 0 F2 5 6 d TR %
¥ 13 d TR BHE 15 d TR0 BRI 19 d T80
WARGER , BT -80°CL-AT, I FHEELRNA
1.6 EXRPUKERKREBZHFHH

7E Phytozome FC4f8 5 T 280554 oK PI4K 2
3% 1500 bp 197 504 4 ) 8+, f# A The Plant-
Care(https://www.plantcare.co.uk/) %§ i X AE F oo 4 17F
AP AN 2347 , 3 FH TBrools #E4 T AT AL .
1.7  ZmPl4K1,ZmPI4K5,ZmPI4K13 7 T 2 i
THRIESH

SERG A RRE oK A 28 &R B73 A TS0, B
Kz 2 L0 A KB4 17 20%PEG6000 4k
FELMPI7E0.2.4 12,24 48 h SRAEM | & TR A 8
I, JEIRAFAE-80°CURA o BB T34 .

H Trizol 1 $% B RNA , 3f 3 17 [z % 5% 15 3
cDNA . | FHEZE W 3 (https://sg.idtdna.com/Scitools/
Applications/Real TimePCR/)¥5 11 ZmPI4K1(F:5  -CT-
CAGGGTGCTGGTGCTA-3" ,R:5 ~CTCTTTCCTCAA-
CCCACTT-3"), ZmPI4K5(F: 5" = CACATTTCAAGC-
TAAGCCACG-3",R: 5’ ~GATAGGATCTCCCCTGC-
TAAAG-3),ZmPI4K13(F:5 ~GCCCTCGCACAATA-
CAAAAC-3",R:5 ~TGCCGATGACTGTACACTTC-
3NG4, B TUB-#ZHESEAL IR T R hr i
Z i I SYBR=Green 51| 7E Bio—Rad CFX Connect™
EHEAT RT-PCR I o SR 2 ik ATt o5, or
AN EE 3R
1.8 EXKZmPl4K1 BEEEB TN

F| H STRING(https://string— db.org/) T8l Jll Zm-
PI4K1 [ HAER A
2 HR500r
21 EXKPUKERERREEMBUERS

16 R BE 2 rh % 13 4 PIAK JE A f H:
5% N ZmPI4K1 ~ ZmPI4K13, W& 1 HE 1, Zm-
PI4K] ~ ZmPI4K13 N5 T8O R), TR e 2 AE 78
1 332 ~ 5 280 bp, Zrt 2 JE R K BEAE 443 ~ 1 759 aa,
E )y T HAE 47.12 ~ 183.67 kDa, 25 i, 5 7E 5.31 ~
8.51. V4 L 5 v Fii & 7R , ZmPI4K1 . ZmPI4K4 |
ZmPI4K5 & f5i T W 444K | ZmPI4K2 . ZmPI4K3 . Zm-
PI4K8 . ZmPI4K10 . ZmPI4K11 . ZmPI4K13 5€ {5f T 4l
WMo A% , ZmPI4K6 . ZmPI4K7 . ZmPI4K9 , ZmPI4K12 1¢
LR R A A% A Rk



50 £ ok B KPES
£1 EXKPUKERERIEK
Table 1 PI4K genes family in maize
T G HH 1D W& TERURBEHE AR K (aa) ATt P STV 290 it A 500
Gene code Gene ID M KJE (bp) Amino acid (kDa) PI Subcellular location
Number of introns ~ ORF length length MW prediction

ZmPI4K1 Zm00001d005966 0 1917 638 70.37 5.31 EJIN
ZmPI4K2 Zm00001d007520 5 1761 586 66.35 8.51 A%
ZmPI4K3  Zm00001d008265 0 1332 443 47.12 5.90 il A%
ZmPI4K4 Zm00001d009741 1 1662 553 59.31 6.80 IESSEN
ZmPI4K5 Zm00001d013442 23 5280 1759 183.67 5.83 RSN
ZmPI4K6  Zm00001d020828 0 1908 635 70.03 5.41 iR A0 A%
ZmPI4K7 Zm00001d026559 0 1886 621 68.75 5.81 ISRk 20 A%
ZmPI4K8 Zm00001d030412 5 1749 582 66.78 5.68 A%
ZmPI4K9  Zm00001d037056 1 1707 568 62.74 5.47 IR A A%
ZmPI4K10  Zm00001d040398 1 1485 494 52.25 5.98 A%
ZmPI4K11  Zm00001d045757 0 1929 642 72.03 5.46 Y
ZmPI4KI2  Zm00001d046016 1 1707 568 63.25 5.95 AR 20 A%
ZmPI4KI3  Zm00001d049076 16 3804 1267 140.79 5.64 A%
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Fig.2 Phylogeny and gene structure analysis of PI4K genes family in maize
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Fig.3  Chromosome localization of PI4K genes in maize
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Fig.4 Tissue expression pattern analysis of ZmPI4K1, ZmPI4K5 and ZmPI4K13
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Fig.5 Putative regulatory cis—elements in maize PI4K family gene
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Fig.6  Expression analysis of ZmPI4K1, ZmPI4K5 and ZmPI4K13 under osmotic stress
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Table 2 Analysis of ZmPI4K1 interaction protein in maize

H AR

Interaction gene

HPIR

Gene description

GRMZM2G114162 R e 4T3 ol
GRMZM2G446108 SORLR T -3~ R I 28 SDP6
GRMZM2G145446 ABCHEIZTE 1 C KIS 8
GRMZM2G087850 WRNRTEIURE A 2
GRMZM2G110646 WENRTENUE 4 il
GRMZM2G105570 ABCHHZHE A F RIGHEM 1
GRMZM5G831486 WENRBEILRE- 4,5 BERR RS 1
GRMZM2G103721 R RIS 3t
GRMZM2G317382 B3 I KAT3

IR (aa) HAERH
Amino acid length Interaction coefficient
1936 0.860
629 0.808
305 0.677
215 0.656
215 0.656
705 0.614
137 0.612
803 0.593
1594 0.591
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