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Genome-wide ldentification and Bioinformatics Analysis of Maize
Growth Regulating Factor(ZmGRFs) Gene Family and Their

Expression Profiles under Abiotic Stresses
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Abstract: Arabidopsis was used as a seed sequence for Blastp sequence alignment, a total of 15 ZmGRF genes
were identified; and their physical and chemical properties, phylogenetic relationships, etc. were analyzed under abi-
otic stress expression. The results showed that according to phylogenetic tree analysis the relationship between GRF
gene of maize and rice of monocotyledon plant was close; 15 ZmGRF genes were located on chromosomes 1, 2, 4, 5,
6, 7, 9 and 10 respectively, which there were highly homologous; gene structure and conserved motif function of
each subgroup were relatively conservative; secondary structure of ZmGRF protein was mainly alpha—helix and ran-
dom curl in maize; according to the prediction analysis of phosphorylation sites, except ZmGRF6 and ZmGRF9 not
contain tyrosine, other ZmGRF proteins contain potential serine, threonine and tyrosine sites, and the number of po-
tential phosphorylation sites varied greatly among proteins; transcriptome data analyzed the up—regulated expression
of ZmGRF4 and ZmGRF13 genes under NaHCOs; stress, meantime, ZmGRF4 and ZmGRF 13 genes were found to
have high expression levels under heat, salt and drought stress; ZmGRF1/3/4/15 gene expression was higher under
cold stress; the expression profiles of different tissues were analyzed showed that ZmGRF4 and ZmGRF 13 were
highly expressed in various parts of maize.
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F1 EXKZMGRFsERIBLIERSH

Table 1  Physicochemical properties of ZmGRF genes in maize

LR AR FEHID PRGREN A IR (aa) 43T Ht(KDa) S K
Gene name Gene ID Chromosome location Amino acid Molecular Isoelectric point ~ Hydrophilic
ZmGRF1 GRMZM2G178261 1:272415607..272419742 593 61.9 6.60 -0.322
ZmGRF2 GRMZM2G018414 1:257246035..257248752 430 46.8 9.11 -0.696
ZmGRF3 GRMZM2G041223 2:12202775..12207171 381 40.7 8.58 -0.555
ZmGRF4 GRMZM2G004619 2:199378455..199380799 273 28.6 5.09 -0.677
ZmGRF5 GRMZM2G099862 2:225828392..225831803 369 39.6 9.31 -0.517
ZmGRF6 GRMZM2G 124566 4:155831893..155833246 229 24.2 10.19 -0.338
ZmGRF7 GRMZM2G105335 4:177152123..177154056 401 432 7.77 -0.772
ZmGRF8 GRMZMS5G853392 5:8709195..8711213 429 459 8.82 -0.479
ZmGRF9 GRMZM2G045977 5:196193200..196194593 221 23.0 9.54 -0.319
ZmGRF10 GRMZM2G034876 5:200344613..200348143 419 439 8.58 -0.423
ZmGRF11 GRMZM2G098594 6:60352788..60355613 382 40.8 9.18 -0.64
ZmGRF 12 GRMZM5G850129 6:108478031..108479754 395 42.8 8.91 -0.453
ZmGRF13 GRMZM2G096709 7:145016797..145019383 269 28.5 5.14 -0.717
ZmGRF 14 GRMZM2G067743 9:9818084..9819919 318 34.5 9.25 -0.708
ZmGRF15 GRMZM2G129147 10:140394154..140397947 374 40.1 8.80 -0.490

2.2 ZmGRFs EE R R Gt L2 HT

IF 1) AtGRF3 . AtGRF4 . AtGRF7 . AtGRF8 3t 4 /> i

B Hf ZmGRFs F 5 8 AL 6 & |, B R
IF KRG LKA R G IR . B 1 R, 154
ZmGRFs 430 4 AN, Horp ) % AN & 45 Pl rd

AtGRF9 @

AtGRF4 @\

B, R B IE K FKRS GRF 7 55 1 i 3N i
1, ZmGRFs 5 OsGRFs #E Ak ¢ R80T, AR M4
S E I G R

T T PSR E RN, [ R AR AU R T RS D, = I AR TR EIA . Zm 6K Sh oA s 5 Os K AR o

Note: Squares represent maize species. Circles represent Arabidopsis species. Triangles represent rice species. Zm:Zea may , Sb:Sorghum bicolor,

0s:0ryza sativa.

E1 WEF KENEXRGRFsEAHKLEXE

Fig.1

Phylogenetic relationships of GRF's proteins from rice, Arabidopsis and maize
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Fig.2  Gene structure analysis of ZmGRFs gene family in maize
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Note: Gray lines represent non—conserved sequences, and each motif is indicated by a box(numbered at the bottom). The lengths of the motifs in

each protein are drawn to scale.
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Fig.3 Conserved motif analysis of ZmGRF's protein in maize
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Fig.4  Chromosomal distribution of ZmGRFs family genes in maize

F2 EKZmGRFsE B RIBEEE L AL ST
Table 2 The predicted phosphorylation sites of ZmGRFs proteins from maize

HAAR 225 R pIx AN it 2 IR HEAATR 2254 R PN it 2 2
Protein name Ser Thr Tyr Protein name Ser Thr Tyr
ZmGRF1 56 14 2 ZmGRF9 16 5 /
ZmGRF2 46 15 2 ZmGRF10 40 11 4
ZmGRF3 32 7 5 ZmGRF11 42 6 5
ZmGRF4 12 3 1 ZmGRF12 31 11 4
ZmGRF5 34 12 2 ZmGRF13 10 4 1
ZmGRF6 18 6 / ZmGRF14 25 3
ZmGRF7 20 12 9 ZmGRF15 35 9 3
7ZmGRF8 46 6 3
2.7 ZmGRFs & B\ KRN 54 7.64% ~20.52% , B- 9 & W Lt B N F 3.72% ~

Xt ZmGRFs 8 1 "G4 Z LR H 354 7 F] 10.48% , 1L 20 , ZmGRFs =2 1) o— B2 Fi TG 4R
M, BILTR a1 TE L FIFE 17.02% ~ 34.40% , TokE Wi k3.
W& il eI EE 41.15% ~ 59.60% , GER4E 1 HE A T

%3 EXKZmGRFs ZH LMW ERBRE B tL 5

Table 3 Secondary structure amino acid number and percentage of ZmGRF's in maize

a5 iE FER ik - JEHLI A
EH a—helix Chain extension B-sheet Irregular curl
Protein i FE 151 (%) B Hef51(%) i FEA81(%) B Hef51(%)
Quantity Proportion Quantity Proportion Quantity Proportion Quantity Proportion
ZmGRF1 204 34.40 92 15.51 53 8.94 244 41.15
ZmGRF2 143 33.26 44 10.23 16 3.72 227 52.79
ZmGRF3 105 27.56 40 10.50 24 6.30 212 55.64
ZmGRF4 91 33.33 28 10.26 20 7.33 134 49.08
ZmGRFS5 65 17.62 71 19.24 31 8.40 202 54.74
ZmGRF6 40 17.47 47 20.52 24 10.48 118 51.53

ZmGRF7 86 21.45 55 13.72 21 5.24 239 59.60
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2ZE3R3  Continued 3
a2 iE SE A -1 s WIES ]
EH a—helix Chain extension B-sheet Irregular curl
Protein B 1l (%) B Hf5l(9%) Bt H il (%) B Hf5l(9%)
Quantity Proportion Quantity Proportion Quantity Proportion Quantity Proportion
ZmGRF8 143 33.33 55 12.82 20 4.66 211 49.18
ZmGRF9 46 20.81 34 15.38 16 7.24 125 56.56
ZmGRF10 137 32.70 32 7.64 28 6.68 222 52.98
ZmGRF11 65 17.02 67 17.54 34 8.90 216 56.54
ZmGRF12 115 29.11 63 15.95 27 6.84 190 48.10
ZmGRF13 89 33.09 31 11.52 19 7.06 130 48.33
ZmGRF14 90 28.30 35 11.01 22 6.92 171 53.77
ZmGRF15 99 26.47 46 12.30 26 6.95 203 54.28
— ZmGRF4 ||||||||||||‘|”||||||‘m|||||||||||1||||||1||‘||'|||||||M|’|‘|”mll1 IHHMN“Wlmﬂml"H"m"""W”“"""IIIIIIIM'II"Ilmwllull“"""“IW}m"”l‘llm
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Fig.5 Prediction of secondary of ZmGRFs protein
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Fig.6  The expression profile of ZmGRF genes in different tissues and developmental stages
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Fig.7 Heat map analysis of FPKM expression of ZmGRF's gene in NaHCOs;
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Fig.8 Heat map analysis of FPKM expression of ZmGRFs gene in abiotic stress
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