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Bioinformatics and expression analysis of ubiquitin conjugating
enzyme gene family in maize
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Abstract: [ Objective ] The ubiquitin conjugating enzyme(E2) gene family members were searched by using bioinfor-
matics tools to analyze the physicochemical property, for studying how E2 genes expressed in maize seedlings when dea-
ling with low phosphorous. This would lay a foundation for further study on the molecular mechanism of ubiquitin E2
genes responsing to low phosphorus stress. [ Method] A phylogenetic tree was constructed using MEGA 6.0 neighbor-
joining (NJ) method based on arabidopsis, rice and maize E2 gene family members. The prediction of physiological and
chemical properties and sequencing analysis of 75 maize E2 genes were performed using bioinformatics method. Maize
seedlings were treated with low phosphorus, and root samples and leaf samples were collected at 0, 1, 6 and 24 h. The
real-time fluorescent quantitative PCR (QRT-PCR ) was performed to test the expression of E2 subfamily XVIII members
(ZmUBCI17, ZmUBC18, ZmUBC48, ZmUBC57, ZmUBCS58) in different parts responding to low phosphorus at 0, 1,6
and 24 h in maize. [Result] The arabidopsis, rice and maize E2 gene family members were divided into 18 subfamilies. A
similar function and the close evolutionary relationship were found in different subfamilies. The E2 genes number con-
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tained varied largely. Subfamily VI had the largest members, while X, XII and XV had the least(three members), X, XII
and XV contained one maize gene, one arabidopsis gene and one rice gene. The results showed that the coding region se-
quence(CDS) length ranged from 402 to 2616 bp, encoded amino acids were between 133 to 871. The numbers of E2 ex-
on varied from 1 to 12, while the most number existed between 4 to 6. The difference was large. 86.8% maize E2 proteins
were authenticated unsteadily. ZmUBC17, ZmUBCI18, ZmUBC48, ZmUBCS57 and ZmUBCS58 belonged to E2 subfami-
ly XVIII of maize , and they all had UBC domain whose sequences had high similarity except gene ZmUBC17. Genes
ZmUBCI18, ZmUBC48, ZmUBCS57, ZmUBC58 expressed in root and leaf, and almost had the same expression patterns.
The expression reached the peak at 6 h when dealing with low phosphorus. The expression level of ZmUBCI7 in root
changed slightly after treated with low phosphorus at different time points, but the expression in leaf increased during 0-24
h, and reach the peak at 24 h, which indicated that the response part of gene ZmUBC17 was in leaf. [ Conclusion ] Ubiqui-
tin E2 gene family of maize play an important role in maize phosphorus absorption. Gene ZmUBC17 has tissue specificity,
expresses abundantly only in leaf. It is speculated that it may be related to photosynthesis and affect the photosynthesis ef-
ficiency by regulating phosphorus absorption.
Key words: maize; ubiquitin conjugating enzyme(E2) ; bioinformatics; phylogenetic tree; gene expression
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HEME T —, A ETEZAIMh, 2 &R
gh A (B2) )7 Rk B B Gy, 2 58
FIUBE Y72 R AL FE | 300 5 18 7 B 1 355 2 17 52 i
HgeRy Ik, IR UEAE D iR A= A G sh A ek A 5
(Pickart and Eddins,2004) , T4 E22& (¥ &4 —4
PRSFREALZE A 38, K29 150 Z LR 2 A, Bl FR M
UBCHE Ak, J2& 2 11 BT A T e R 1 R A 1) T B3 4%
(Adam et al.,2011), FRZIREHEEREIEY,
Hps g m R E A A S Sa kAR, k7
ERZIGEZHZ N, WGE T 5 o HE 1
JIE 3 8 A e s AR AR bkaa , T E2ZEVE D I P i
Belit b ZAEEEAE N . BEE AR ATP A%
ik R i 25 40 I 1) o B 2 I e 28, R R A A T
AR R AR SRR A K R B A P R 5 AR
FCHERMESE,2014) o I, WFFEEARBE 25 14 T E25E
RIAE B KA R 2L i R R R S MR E2 8K
X TR MO T 2 VR AL B 2 [T A
FoE Ut JAL APk, B2 3L PR R T e B 18 T oM A9
PUH FERIR ST (Lau and Deng,2009) 85 (F 4 )
%5 .2010) . /K #§ (Bae and Kim, 2014) . F >k (Jue et
al.,2015) 175 # (Dong et al.,2016) 55 ELAZ A Y1
BRI, W57 I S PR A K R DNARUS
1652 KB 0 45 )5 16 . Broomfield%s (2001) fF 5%
KL, BARIT AtUBC1 2 5 8 1 N A i[5 51 55 1) K
DNAE il J5 i & 52, s/ B L %, DR IE 20
A= A 06 S T . XudE (2009) X4 R IF 4T
B A TR, 45 5 B R AtUBC I35 [ 3 2635 Al 4 i AR
PR TC 28 1 MR AL 38, 1 5 R AR X SR AR TR, 1) T 32
P WG AtUBCI3IE R UTER G , FEER DU 2 80 4 B 5 ) s

BRAEAR . E L FBEE(2013) P58 &, F #EMaUCE?
BRI TR ARR AT T I R A E B B T
1, R MaUCE23E N W B8 2 5 75 A2 B 2 R 425 2
£, Mario%5 (2013 )55 K 5. GmUBC2FE K A rd
PRI T IR 25 R R R AR BT R
FPTER a1 B8 . GuF (2009) BF5E R BT,
ARG FF AtUBCI M AtUBC2IE N Z S X & il
it E I AL FLCZEE , T R R T AE
WIGEARNR Atube 1 Atube 2 BRI H B I 19 L1 46 F
T JE R D I G2 T B A TR 9 A AR Atubel F
Atubc23R7) 5 WA= AU TC I i 25 7 U At UBC IR
AtUBC2 5 I T I RE I A7 75 H.4M% o Lau#l Deng
(2009) #F 5% % L, COP104F H E2-like 7K (1 , i i 5
DNA #1151 45 4 % F1DET1 FIDDB1AH H.45 5 16 i &2
A ¥ICOP10-DET1-DDBI, 2 5 #5818 7+ - A 1
O RO R . S-AESCAE(2016) F5E R IR,
T 5 BRI ME T B2 SorUBC3 IR 1A B
LGRS e LSRR i i 2 v T LA 2,
{H MDA, PODFISOD 5 G i % 25 57, £ 1
T E T SorUBC3HE R 12 3¢ 15 rT AR AR 15 P 41
W77 IR AT B o IEAh , Asuka i (2015) A
TR, NRUBE2THR AL 5 2351 ZAE ] R B MAE , I
SO R R ANFRE , B E R, [
A HAT, XSTE2RE T RE I 5 £ ZAE PRI L
WP S D T, T E235 PR AR AR R ACR BT R iR R
R FH B 2 2R 38 TR R S P I A 1 R DL AT 5
HRAE o [0 e 1 O e 1) it ) R A= 0 15 B 23002841
BT R B2 R G 1 1 BRAR P R A= 24 T g, IRl
I F ORI B HEA TR B, I SR O E it
PCR (qRT-PCR ) 4 3Z 2K E2 K& PR 1 AS ] i ] 5 e A
AU IR FRE , G SR ABFR B2 1 AEY)
SRR IS S
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1.1 XA
HEE AR £ oK A 22 ZB73, i E i £l

b2 6 pi AT VR AF 58 BT FOK B R o 4 it
RNA #2 B 57 & (Quick RNA Isolation Kit) i H It
UG AR AT BRS 7 5 00 5 s iR FISYBR . Pre-
mix Bx Tag ™A &4 A TaKaRa/A R, F2ALAR
5% : LightCycler"96 SZ I} 2 i fe PCRAY [ & [RIZ W
72 CEi ) A BN B JHIPRX-250 AR RN T A 4%
(i IR A BR A FDD

1.2 REHE

1.2.1 HRaA®ARE FTKHALRBIMF
K G HE TOCRER 56, R 1 xHoagland 55 77
ARSI SR iR 26l (26+1)°C, 12 hBIR/12 hiR
b o DT A AR, SRR S M ISR, Rt |
KB G W H 5 A AL B R RE2H . Ab 3
2 KT 1200 TR (W B R pn e s 5
W 1/20, HADE IR0 Lo S & e AR ) i A 7
% A ERR IR0 R IR (167124 hi SRAEL T AR
i BB (] o5 R ATLIE HCS AR , 37 BV TR
#,-80 CLRATFH o X HRAL K4 B T hriERs o7
Wb R B[R] AR S5 A BRAH — 30, T A g 3
WINEE,

1.2.2 ¥RNA#ZRAZCDNAS K S HERNAHE
T U B S i E A BLH G RE L AS [R5 AN
[F) R A [8] 25 AR i ELRNA, F- 2R FH I3 5% S5 &
A cDNA

1.2.3 AHBAAHRMUMMER TR AL BE
LR R FAK KR ARG T E2 B I K IGAH AR
77 W #EMaize Genetics and Genomics Database 54 4}
J% (https://www.maizegdb.org/) . The Arabidopsis In-
formation Resource %% i 155 &, ¥ (https: //www. arabi-
dopsis.org/ ) Fl7K FF 4= 3 K 21 £ )22 (http : //rice.plant-
biology. msu.edu/) H 8 2 T 4371~ U pg ST E2 &
(Kraft et al.,2005) .48/ ~/KFFE24 H (Bae and Kim,
2014)F1754 FKE2HE 741 (Jue et al.,2015) .
T AR EE2 8 (580 Al A [T R Clus-

£ 1 gRT-PCR3|#1F7
Table 1 Sequence of qRT-PCR primers

tal WX K LU R I+ FHZK A BT A 3 A UBCZE 4 355,
R E2 8 7 S0 AT LU X, JF 26 T ek 45 4L, 1)
MEGA 6.0 4[5 % ¥ (Neighbor joining, NJ) 4 ## /K
F BRI R ST E2 R (110 R Ge & & AL, il FHP-
P B AR, A VOB 1000, H A 2 T 4 g RN
B 2 BKraft% (2005 ) 1943207 0 KA L B OR A
PRI ITE28E A T G52
1.2.4 EZRBE2AR 5254  MMaize Genetics
And Genomics Database%{ 4z 4 (https://www.maizeg-
db.org/) FHE R FOKRE2IEH , A3 HA SR ECH 4
it X 7 41 (CDS) K & fndh i F R S5 8 . FIH
SMART (http: //smart. emblheidelberg. de/) #F 17 2 [
JrR 455 Fll , ] FHHExPASy Proteomics Server (http://
www.expasy.org/proteomics ) #4178 1 B AL 5T #
I, | A Plant-mPLocServer (http://www. csbio. sjtu.
edu.cn/bioinf/plant-multi/# ) #1785 1 5V A0 E A
1.2.5 qRT-PCR#&M b T fif KRB F A4 D)
LU FRIAR, DL R G R B SR X VT
F NG ERE2EE o X 4, AR 4l FL 3 X 5, R
Primer Premier 5.01%11qRT-PCR5G|4¥) (1), 43-5|L)
SXof R 2L R Ak 3 2 AN ) sf [ g3 ) S R AR T (1) cDNA
RS TQRT-PCREZI , LAB-Actin B N 2, H:
Sl L, KRR Z10.0 pL: SYBR Premix Ex
Tag TM™MIEA5.0 ul, 10 pmol/L b FiE5 | #141.0
ul, cDNABEHR 1.0 pL, ddH,O%h /& 210.0 pL, ¥ 14
FEIF 194 CHIAEPE30 5394 °C 305,58 °C 205,72 °C
40 s, HEATA0OMIEIR , RO RFINAR S B3 A, I
2RI RIS R
1.2.6 #¥EHH RHAISPSS 19.0iFF722 5 w1k
ST, A Excel 20163E 1 T84 BRAAEIA L
2 BR5HMH
2.1 EXE2EHRSZABTHUMSWTER

ARG LT I E LR IR ST KR
KAYE23E K 0] 5 43 R 184N W0 S0, 4% W 52k [ S 1A
IRE AL R AR (AE2 LA 22 R i, LA
WRWEVIRI I B %, M254, Horp T K B2 R %
AN, 435N ZmUBCI0 . ZmUBCI14 . ZmUBC23

JEIH Gene Ui %1 Upstream sequence T Ui#F%1 Downstream sequence
ZmUBC17 5'-CCTGCTTCCACCCCAACGTCGA-3' 5'-CGCGGCGGGCTTGTAGATTTTCT-3'
ZmUBCI18 5'-CCTACCAGTTGCAGGTTGACTT-3' 5'-GCTTTGCTGGCGAACTAGACAACA-3'
ZmUBC48 5'-CCACCGGACTACCCATTCAAACCA-3' 5'-GGACCAACGGATCGTCAGGGTT-3'
ZmUBC57 5'-CCCAACAGCCCGCCATCAGTAA-3' 5'-TGCTGGAGACTCGTCATTCGGACT-3'
ZmUBC58 5'-CAAACAGCCCGCCATCAGTCAGA-3' 5'-TGCCTCAATGTTTGCTGGAGACTCA-3'

p-Actin 5'-CTCCGTGTTTCGCCTGAAGATCAC-3'

5'-AACGAAAGAACAGCCTGGATAGCAAC-3'




8 REESE, ERZELLBARA

F A W13 & F BARE AT

* 1479 -

ZmUBC26 . ZmUBC32 . ZmUBC46 . ZmUBCS52 . ZmU -
BC61FZmUBC62, /' T KE23E K B ALY 12%, 17
I K AE E2 5 RS 43 301 2 841, 4303l o 4% 1 B2 58
R B 121.6%H116.7% 5 LV ZE X XTTAIXV T A
B B R34 HLAS W K% 443 0 U R
It KT EKE2HE K 45 14 (AKX : AtUBC22 .
OsUBC33MZmUBC68; WK% X11: AtUBC37,0sUBC -
48 M ZmUBC27; V. Jti XV : AtUBC27 . OsUBC44 Fl
ZmUBC64) , 32 Wi 3 ZE R E2 B R FE Ak o i v
FEXTRSE , FEFA R I K R ALK Dy fi s FEE AR AR
J& T H AR A
2.2 EARE2EFEZREN ZEL RTINS R
FAKRB2HE R G5 L 1 0 P 91 o B 45 R an g2 ot
TN BORE2FE R 1Y 2 fis X )7 51 (CDS) K J k402~

2616 bp, 45 133~871 P2 iR . £ K E2 FEHHh
BAHBEEAENEES U4~ EZ, mDh
1~ (ZmUBC41 . ZmUBC59 . ZmUBC60 . ZmUBC61 Fll
ZmUBC74) ,ix % H 124> . ARRERRER/ NN E
FIAeUE 555 , AN FeUE PR EC-400 T A e M ANFRE
B, ARETR <40 B E N FER M. K
E2%5 1 B AN Fa GE 5 B <40 i & B H AU 104, 05
FEARGEE13.2%, 586.8% 1 T KE2EE F1 A
FOER . S AR A T & 30, B FoKRE2 4R
H & 7 F 240 B 2%, A ZmUBC28 ., ZmUBC34 FlI
ZmUBC407E {7 T4t i .

VR R Gk B A (D) HP O ZEX VI &
KE2HE I FE R G2, S R 7 S A T X, 45
RANE2 755, I 0 73 B H kA58 =R A= ) 2

1 ETFUET KBNEXREASERFIINENRER LR
Fig.1 Phylogenetic tree based on amino acid sequence of E2 protein in arabidopsis, rice and maize
O #IRIFE28E H ; M KFRE2EE H; A OKE2EEH
O': Arabidopsis E2 protein; [l : Rice E2 protein; A : Maize E2 protein
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fit., ZmUBCI18.ZmUBC48 .ZmUBC57 F1ZmUBC58
TEE FTUBCES My P41 L s 42, {H 5 ZmUBC17
A B 25, 280 ZmUBC18 . ZmUBC48 . ZmUBCS57
M ZmUBCS8HE A 1 R IR AN A= 2= T e I vl g
AL = FEAR U 1H'—ﬁZmUBC17ﬁEIﬁTED%E§EO
2.3 BE2EEEFERARALPHIRIESHT
FKETSAE2EH, Ei@ LA B2, il XA
YA A 1% S AT )R 45 (Jue et al.,2015) . ASHESE
PRI 5 X VI 5 E2 5L ], 4391l & ZmUBC17 .
ZmUBCI18 ., ZmUBC48 . ZmUBCS57 Ml ZmUBC58, %
K Gy 1 AR A 3, A [R] B[R] 53k 5 A 35 TR A

R 2 EXAREEREKEHEXER

Table 2 The related information of maize E2 gene family

HR A o ) 2 R 1 L B 3BT R o AE B oK I FIAR
W, ZmUBCI17. ZmUBCI8 . ZmUBC48 . ZmUBCS57 Fll
ZmUBC58KE H 78 Ab 6 Fl124 hisf 1 36 15 5 1 45 ik
FHHT (0 h) 3 THE (P<0.05, TR, [RBEALFET

ZmUBC17 55 PR AE MR v AN [R] Bsf [) 5 1% 326 368 1 728
BN ABAE M 0~24 hE 4 3 35 8 5 8 W T )
i a s, HAE24 hif RSB ER R . 28 LT
R, EHKRE2IHE ZmUBCI8 . ZmUBC48 . ZmUBCS7H
ZmUBCSSTEARME AT, HIE AT Rk 5 AE Tk
HEFI ) e A W A8 Ak, SR SE BRI AT B S 5
HE PR RN X6 2R ) W SRz i, 1T ZmUBC1 73 A

N F27EE CDSKJE(bp)  AMETEH S HREH AFEREL V2 Jif 5 o7
Gene Serial No. CDS length Exon number ~ Number of amino acids  Instability index  Subcellular localization
ZmUBCI GRMZM2G070047 483 5 160 53.37 Yl fz
ZmUBC2 GRMZM2G150867 552 6 183 55.44 itz
ZmUBC3 GRMZM5G824629 945 5 313 51.79 EiiliiokA
ZmUBC4 GRMZM2G312693 483 5 160 56.39 I A%
ZmUBCS GRMZM2G007381 486 6 163 76.31 E4lifiiok
ZmUBC6 GRMZM2G053764 1113 11 370 54.83 g4 l1fiiuk3
ZmUBC7 GRMZM2G116840 417 6 138 72.40 g4 l1fiiuk3
ZmUBCS8 GRMZM2G022859 486 5 161 28.97 plifiiuk
ZmUBC9 GRMZM2G120674 459 5 152 69.18 4%
ZmUBC10 GRMZM2G102471 447 4 148 50.03 g lifiiak
ZmUBCI1 GRMZM2G038851 480 5 159 55.68 g lifiiak 3
ZmUBCI2 GRMZM2G341089 762 5 253 56.13 paiifiiak s
ZmUBC13 GRMZM2G016176 447 11 148 48.44 YAz
ZmUBC14 GRMZM2G000601 480 2 159 51.18 YAz
ZmUBCI5 GRMZM2G113396 573 4 190 40.67 YAz
ZmUBCI6 GRMZM2G022206 459 5 152 68.79 YAz
ZmUBCI7 GRMZM2G010460 1122 7 373 42.14 Yl iz
ZmUBCI18 GRMZM2G123519 1155 5 384 47.90 YAz
ZmUBC19 GRMZM2G086583 804 4 267 34.48 Yl iz
ZmUBC20 GRMZM2G002830 552 3 183 43.66 EiiliiokA
ZmUBC21 GRMZM2G434519 525 4 174 48.20 A%
ZmUBC22 GRMZM2G018447 486 7 161 78.15 A%
ZmUBC23 GRMZM5G866947 447 4 148 49.38 g4 l1fiuk =3
ZmUBC24 GRMZM2G007300 510 6 169 53.99 p4l1fiiuk3
ZmUBC25 GRMZM5G862131 462 8 153 50.39 g lifiiuk
ZmUBC26 GRMZM5G814314 444 4 147 39.89 Ak
ZmUBC27 GRMZM2G157605 1734 7 577 57.02 piifiiak
ZmUBC28 GRMZM2G106143 954 12 317 41.77 g lifiahoRe
ZmUBC29 GRMZM2G461533 402 4 133 48.80 piifiiak s
ZmUBC30 GRMZM2G161545 474 5 157 44.62 YA
ZmUBC31 GRMZM2G027378 447 4 148 24.61 YAz
ZmUBC32 AC233922.1_FGT008 447 3 147 44.79 YAz
ZmUBC33 GRMZM2G007260 618 6 205 55.59 YAz
ZmUBC34 GRMZM2G090172 501 5 166 37.43 411 5
ZmUBC35 GRMZM2G148130 495 6 164 71.09 Ytz
ZmUBC36 GRMZM2G146374 624 4 207 40.34 itz
ZmUBC37 GRMZM2G115939 555 5 184 42.54 A%
ZmUBC38 GRMZM2G466265 1149 7 382 52.69 A%
ZmUBC39 GRMZM5G828302 474 5 157 43.23 E4iifiiok
ZmUBC40 GRMZM2G411771 984 6 327 33.55 g4 iifiolo
ZmUBC41 GRMZM2G147579 1437 1 478 58.96 E4l1fiuk =3
ZmUBC42 GRMZM2G110983 537 6 178 60.79 g lifiiok
ZmUBC43 GRMZM2G102421 552 5 183 47.26 A%
ZmUBC44 GRMZM5G895435 762 6 253 50.03 Y%
ZmUBC45 GRMZM2G116919 720 9 239 56.82 g lifiiak
ZmUBC46 GRMZM2G156517 447 4 148 47.08 g lifiiak
ZmUBC47 GRMZM2G012052 510 6 169 51.78 YA
ZmUBC48 GRMZM2G085849 1524 8 507 43.73 YAz
ZmUBC49 GRMZM2G381709 2616 8 871 35.21 YAz
ZmUBCS50 GRMZM2G007122 465 8 154 50.13 YAz
ZmUBC51 GRMZM2G433968 534 3 177 51.79 Ytz
ZmUBC52 GRMZM2G173756 447 2 148 50.09 itz
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ZE3R 2 Table 2(continued)

FEH JF 41 CDSKJE(bp)  AMNETEH RAALIREH PNV VA 5E A
Gene Serial No. CDS length Exon number ~ Number of amino acids  Instability index  Subcellular localization
ZmUBC53 GRMZM2G056501 486 4 161 27.95 Yl
ZmUBC54 GRMZM2G072506 555 4 184 43.01 A%
ZmUBCS55 GRMZM2G007057 765 2 254 50.07 A%
ZmUBC56 GRMZM2G078360 3309 7 1102 42.92 A A%
ZmUBCS57 GRMZM2G122003 1317 7 438 54.30 YAz
ZmUBC58 GRMZM2G027546 1563 8 520 40.67 il A
ZmUBC59 GRMZM2G015287 462 1 153 48.29 il
ZmUBC60 GRMZM2G007276 510 1 169 55.55 il A
ZmUBC61 GRMZM2G132759 520 1 169 50.68 A
ZmUBC62 GRMZM2G086088 444 4 147 39.42 Yl Az
ZmUBC63 GRMZM2G115828 468 8 155 55.76 A%
ZmUBC64 GRMZM2G134176 594 5 197 46.23 A%
ZmUBCG65 GRMZM2G085600 510 6 169 51.79 4%
ZmUBC66 GRMZM2G177276 720 9 239 55.51 4%
ZmUBC67 GRMZM2G464572 2616 11 871 35.79 4%
ZmUBC68 GRMZM2G153924 759 6 252 44.09 YA
ZmUBC69 GRMZM2G163398 483 5 160 53.34 YA
ZmUBC70 GRMZM2G121303 552 5 173 53.81 YA
ZmUBC71 GRMZM2G440918 957 4 318 48.78 A%
ZmUBC72 AC149818.2 FGT006 552 6 183 53.88 A%
ZmUBC73 GRMZM2G063931 483 5 160 54.61 A%
ZmUBC74 GRMZM2G109582 1053 1 350 4425 A%
ZmUBC75 GRMZM2G146142 1146 9 381 4551 A

et f b K2k, N ZmUBC L 74E Ry 45 8 1
Z 5MYOCEER TR s i 8 AR X o
TCER MRS T ) 252 M AR ' VR FH AR
3 it

H AT, Bk Bk 22 4 35 R 2 T 91 2 I A
Iy, sl T A SR 4K E R G A F
TR, DAL TR 23 A 45 P b 8] 1) & & Ik fb C & .
TEBE PR T HA e DR 04 35 PR B R o iV Ry
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Fig.2 The protein amino acid sequence of maize E2 subfami-
ly XVIII member
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