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Cloning and Expression of ZmPHQO2 Gene Family
Members under Low Phosphate Stress in Maize

TIAN Yuehui, WU Ling,LIU Dan,ZHANG Suzhi,NIE Zhi,ZHANG Xiao,
SU Shunzong, LUO Bowen, GAO Shibin”

(Maize Research Institute,Sichuan Agricultural University,Chengdu 611130, China)

Abstract; PHO2(encoding a ubiquitin-conjugating E2 enzyme) ,a negative regulator of phosphate transport-
er PHT1,is known to play a key role in the maintenance of phosphate homeostasis. In this study, nine
members of ZmPHO?2 gene family were identified from whole genome sequence of maize inbred line B73
based on PHO2 orthologs in Arabidopsis thaliana and Oryza sativa ,which can be subdivided into at least
three clusters based on phylogenetic relationship among several plants. The complete CDSs of all PHO2
homologs have been cloned from maize inbred line 178 ,and the conserved domain analysis revealed that all
proteins have the same topology and harbor an ubiquitin-conjugating E2 enzyme catalytic domain (UBCc)
which is fabricated of about 130 amino acids residues including a conserved cysteine. Based on quantitative
real-time PCR,the transcripts of all ZmPHQO2 genes were detected and exhibited different expression pro-
files in different organs and genotypes under low phosphate stress,but there are no distinct expression pro-

files among most of genes in the same tissue. Among them, ZmPHQO2; H2 showed decreased expression
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levels in roots and increased expression levels in leaves at all sampled time points in maize inbred line 9782,

indicating that ZmPHQO2; H2 in maize may be involved in the regulation of phosphate transport from leaves

to roots in order to maintain phosphorus homeostasis between the shoot and the root.

Key words: maize; ZmP HO2 gene family;low phosphate stress;gene expression
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RAD), fi| [ Bio-Rad CFX96 5L %¢ )6 5E 1 PCR X
PEAT SEFFEEA I . SN AR PO 95 °C 30 5395 C
5s8,T, 52 C~58 °C 30 s,40 MEH ., FH 2 ¢
PEAT A B HE X 7 B 20 A A Ak BE A I () B AR
HRIN [A] B A b X 18 3 D E A

®1 ZmPHO2 EEZKYE5| ¥ F 7
Table 1 Primers used for cloning of ZmPHO2 genes

A 4 Fr Gene name E 5% Forward primer JZ 15 %) Reverse primer Bk E T,/°C
ZmPHO2;1 ATGGATTTGTTTACAATTGACTC TTACCGGTCGCTGGTGA 54.6
ZmPHQO2;2 ATGAATGAGGAACATACAAT CAAACACGTGATTTTGTCT 53.2

ZmPHO2; H1 ATGGCTCTCAAGAAGTTGC TCAACACGATTTCACGCTA 53.4
ZmPHO2; H2 ATGTTCTGGCAGGGTACA TCAGCTTTCTGTAACGGTT 55.4
ZmPHQO2; H3 ATGGAGGATGATTGTGATGA TCAGGCGGCTGCAGGTTT 55.4
ZmPHO2; H4 ATGGCGACCCGCGCCTC TTACAGCCTCAACGTGGTGT 54.0
ZmPHO2; H5 ATGAGTTACCTCTGCGCG TTACAGCCTCAATGTGGTG 54.6
ZmPHO?2; H6 ATGGAAAGTCTACCAAATG TCAGCTCTCTCTAACGGG 53.2
ZmPHQO2; H7 ATGGACACCGAGTACCGC TCAGGTGCCTGCAGGTTG 54.0

®2 ZmPHO2 ZEERKXEESIWFTI
Table 2 QRT-PCR primers used for ZmP HO2 genes

N4 PR Gene name IE 1514 Forward primer

514 Reverse primer BARE Tw/C

ZmPHOZ2;1 ACTGGAGCGAACAGTAAAT

ZmPHO2;2 TGTTCTTGAGATTACCAC
ZmPHO2; H1 GCTCCTCTGTGAATGTC
ZmPHO2; H2 TGAAGTCACTAGAGATA

ZmPHO2; H3 CGATGAGAAGTTGAAGAAG

ZmPHO2; H4 TTGGGCGTTTAGGGACAC
ZmPHO2; H5 CAAGAATAAGCAAACTGT
ZmPHO2; H6 GCATACCTGAGAATAGCA
ZmPHO2; H7 GCAGGCTCATTTGATACT

GAPDH(N %) ACTTCGGCATTGTTGAGG

TGACCTGATAACGACCTC 54.0
GGTCCCAGTATATGACTC 54.0
TTCCTTGCTCTGTCCTT 53.6
ATGTAACGAATAAGAGG 53.6
CCACCAAGACCAGTTAT 53.6
ACAAGCTGAAGCTGAGGACG 54.8
AGTCATCAGAATAGTTGT 53.6
ATAGCATCCGAGTTTGAC 52.0
GGTCCTTCTTCAACTTCTC 56. 6
AAGTCGGTAGAAACCAGAT 56.0




8 PR . 55 T2k ZmP HO2 3K Rk vi I K FHARBE 0 F 1Y 33k 1517
TEE5 I, Plam B0 E P X B HAY 7 4 Zm-

gt B =/
2 HR 50 PHO? 3 A F B 53 Bl w449 ZmPHO2; H1 ~
2.1 ZmPHO2 ERZREKEREFFFES ZmPHO2; H7, X HA& A iy 50 2617 50 B 15 2 A

38 L [R] VR EE X A S R Y A 1 4 B, AE B OK
B73 MEKEAFINHEEH 2 4~ PHO2 FEH , 41 5H)
8 ZmPHO2 ;1 (F %5 GRMZM2G381709) Hl

IR I R B H L SE L S R4y T (R 3D
ZER IR AT R B L 0% 3 TR R ) R FE TR Y B R A FE
L MMz RE5A T E2 L4518 UBCe (& 1), H
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Table 3 Protein characteristics of ZmP HO2 gene family members from maize inbred line B73
HEM Z LR Putative amino acid

75 RN VA

Accession number Proposed name K Sy i S5 Location
Length/aa Molecular weight/kD pl

GRMZM2G381709 ZmPHO2;1 871 96. 37 4.77 Chr6
GRMZM2G464572 ZmPHO2;2 871 96. 37 4.74 Chr9
GRMZM2G010460 ZmPHO2; H1 373 41. 39 8.39 Chr3
GRMZM2G086583 ZmPHQO2; H2 267 38. 36 6. 83 Chr3
GRMZM2G123519 ZmPHO2; H3 384 43.51 4.91 Chr3
GRMZM2G085849 ZmPHO2; H4 507 56. 87 5.61 Chr6
GRMZM2G027546 ZmPHQO2; H5 520 58. 37 5.42 Chr8
GRMZM2G078360 ZmPHQO2; H6 1102 12. 20 4.55 Chr8
GRMZM2G122003 ZmPHO2; H7 438 49.63 5.14 Chr8
GRMZM2G381709 L o ; (—— ESVTR EVR N R.CLLE
GRMZM2G464572 Ly c ; [E—— ESVIR EVR N R 660
GRMZM2G010460 Y P, 5 | 2 C FE 144
GRMZM2G086583 jmumiiniasiusianatiatatiaiionsin MEWQG..... TGGRE F 5 R 42
GRMZM2G123519 NSHG R E R 133
GRMZM2G085849 EESREVCAV R KV R 274
GRMZM2G027546 I PTSREVQVVEKEPSK R KV R 267
GRMZM2G078360 HYI.ENIAQG ..... E S R 877
GRMZM2G122003 HY:-'NS*iE ...... R K R 197
GRMZM2G381709 B LFFF 720
GRMZM2G464572 LFFF 720
GRMZM2G010460 J58 LFFF 204
GRMZM2G086583 LEFF 102
GRMZM2G123519 B LFFF 193
GRMZM2G085849 B 334
GRMZM2G027546 327
GRMZM2G078360 937
GRMZM2G122003 257
GRMZM2G381709 f L 780
GRMZM2G464572 & L 780
GRMZM2G010460 L SENSA 264
GRMZM2G086583 L ERQV 162
GRMZM2G123519 L ESYA 253
GRMZM2G085849 L AMHA 394
GRMZM2G027546 L AMHA G 387
GRMZM2G078360 L ERQV G 997
GRMZM2G122003 8 L ESFA G 317

Fig. 1

B 1 Ek ZmPHO2 R %5 & SR )75 Heoxt
el 2k 30 4 J UBCe 457 S BRI, J2 54k S 4% 15 1) A B A AL 37 5

Alignment of amino acid sequences of ZmPHO2 gene family in maize

The conservative function domain UBCc is underlined,and the asterisk indicates the catalytic site in these sequences

ZRY
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L F 178 Wil cDNA Stk T PCR ¥ 1, 724
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WPy 85 R AT 5381 . 25 R ZmPHO2 F A 7 5
TEH3C AR 178 Fl B73 AL 5248 . I 5 30 Zm-
PHO2; H1.ZmPHO2; H4 fl ZmPHO2; H6 [ &
HIRITH KA (R 4, Hd, 7 ZmPHO2; H1
AR T 5 1) UBCe L7 <7 45 1 3 P i 20 1R 572 1y 2
o 2R L T B R ARV R A AR A R TE B R
S EH IR X — e & 5w is
A RAHHE— L5,
2.3 ZmPHO2 ik R ARARKES T
itk — 243 ZmPHO2 3 H 75 £ K i) 55
B, 2 b KR IE R B 38 R AR 178 A1 9782
RWFFEX S P LRI ZmPHO2 FEH K
T B B3 FE AT J 30 Ak B R 3 A ek B2 BRI Y
FRAE A, T BRI R R Y 2 ] 5 AR 4 21
ZEM G E 2SS (E 3., KB R, Zn-
PHO2 JEH 16 B 22 & 178 AR F0wyop |8 35 1)
Btk A 32 R 9782 BRI B2, Ho . L LA

ZmPHO2; H2M ZmPHO?2 ; HAtx W & . 1 ob

2 ARIEY PHO2 H N 2 £ 8 7 51 1) #E A6 43
Pl v 3 3 I BT 3278 Bootstrap Bk P AT 1 000 YK H %19
AR BT 23 b s hR RS AL R g 5 B T 9 PHOZ 3 1 741
SRR 7F PHO2(AT2G33770) /K &% PHO2(0s05g48390) |
K& PHO2(Glymal3g31290) .4 [G 4l PHO2(EU375892) |
KZF PHO2(GQ861514) Fl 45 4% L PHO2(Bradi2gl16960)

Fig. 2 Phylogenetic analysis of amino acid
sequences of ZmPHO2 genes from different plants
The number on the branches represents the reliability percent
of Bootstrap values based on 1000 replications; The scale bar
represents genetic distance; Amino acid sequences of ZmPHO2
with homologs from other plants: Arabidopsis thaliana PHO2
(AT2G33770) ,Oryza sativa PHO2(0s05g48390) ,Glycine
max PHO2(Glymal3g31290) , Nicotiana benthamiana PHO2
(EU375892) , Hordeum vulgare PHO2(GQ861514) and
Brachypodium distachyon PHO2(Bradi2gl6960)

x4 ZmPHO2L XHREFREBXR 178 FHIRTBA ST
Table 4 Analysis of mutant sites in members of ZmP HO2 gene family in maize inbred line 178

BN AR

Gene name

AT RR E SRR A L 5
Mutant in nucleotide and amino acid sequences

B73

178

ZmPHOZ;1 GAG(2196) A+ & iR Glutamic acid

ZmPHOZ;2 GAG(2196) 4 % B Glutamic acid

ZmPHO2;H1
ZmPHO2; H2
ZmPHO2; H3

GCG(645) HZ R Alanine

J6 278 i & No mutant

CTC(332) 3 A M Leucine; TCG(1682) 22 & % Serine;

TAC(398) & % F2 Tyrosine; TAC(1012) & % 2 Tyrosine

GAA(2196) A& Glutamic acid

CTT(332) % %k Leucine; TCA(1682) 2 % iz Serine;
GAA(2196) A4 B2 Glutamic acid

TGC(398) Bt # Tyrosine; CAC(1012) 41 % f8 Histidine
GCA(645) A Alanine

Fo RS No mutant

ZmPHO2; H4

ZmPHO2; H5

ZmPHO2; H6

ZmPHO2; H7

AGT(484) 4 F 8 Serine; CAT(552) & B Histidine;
AAC(780) K[ T4 Bl Asparagine; TTC(1315) K N &
Phenylalanine; TGG(1318) {&, % fid Tryptophane

Je R 75 5 No mutant

GTT1073) & FR Valine; AGG(1775)#5 % i Arginine;

ATA(2110) 54 & B Tsoleucine; GGA(2162) H & R Glycine;

GAT(2371) K| TA& A Aspartic acid

GGTU8) HZ M Glycine; CAG(552) R &tk Glutamine;
TAC(780) it % 2 Tyrosine; CTC(1315) %% % R Leucine;
CGG(1318) K5 &k Arginine

Te R 757 1 No mutant

GCT(1073) N & % Alanine; AAG(1775) i & fR Lysine;
GTAQ110) # & R Valine; GAA(2162) A A & Glutamic acid;
CAT(237TDH A M Histidine

J6 28745 7 5 No mutant
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Fig. 3

The relative expression of ZmPHO2 genes between maize inbred line 178(A) and

9782(B) treated by low-Pi stress for different times
1.ZmPHO2;1;2. ZmPHO2;2;3. ZmPHO2; H1 ;4. ZmPHO2; H2;5. ZmPHO2; H3;
6. ZmPHO2; H4;7. ZmPHO2; H5;8. ZmPHO2; H6;9. ZmPHO2; H7

- rpfp 2 b R R AR R SR B T R L I s %
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KTE H A & 9782 MW % s h R 35 B Rk 1ET .
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£ AR A5 G ZmPHO2; 1 FEN 1 7 A SE 1 3%
PR TR AEAREE A 96 hoBR ZmPHO2; H4 {5
HAy PRSI A HoA 8 MR RN TR,
[, FEAR % ZmPHO2; H1 1l ZmPHO2 ; H5 {J
RN TS HAR 7T AR FARE.

ZE b ARC A& 9782 AR AN b R R B B JE £, 4
A HE AR B W38 T o AR b WSO 1Y B ) 1 5 i it e
] T 32 i B 1 RE 085S . A R TREE M i LR
TEARBE WA 24 F196 h, A2 &R 178 (R FIAR B
R L o T R A 2 Il 1 G B 1) B, AE AR 3
I (24 h) s ZmPHO2 He AR 0 v 1 8 3% 35 1 AR o
TR DA AR R 2 TR (R B L A R TR R
TE AN [7) 2H 28 ) 1 SF- 45 5 i 5 IRl Jolh 380 B ) A2 G % 96
b R R A I AR R R A R T B e
MR, Wik, i — 2% % ZmPHO2 F& H Z % R
o7 2 AR B Uk 300 19 ) i R T S R LA R AL A K
R 38 04 43 P

31 ®

B 00 2% R A% R 5 A A 4 4 4 AR A s S ) TR
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