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Bioinformatics Analysis of PEPC Gene Family in Arachis duranensis

TU Jia-gi, GAN Lu, FENG Lan-lan, YUAN Liang-bing, LI Yin"

(Guangdong Provincial Key Laboratory of Plant Resources, School of Life Sciences, Sun Yat-sen University, Guangzhou 510275, China)

Abstract: To understand the function of phosphoenolpyruvate carboxylase (PEPC) in peanut, PEPC sequences of
the diploid progenitor Arachis duranensis genome database were analyzed. Nine gene family members were
found, and their sequence lengths ranged from 3 584 to 12 956 bp with 702—-3 168 bp open reading frame (ORF),
distributed in the 3, 5, 7, 8, 9, and 10th chromosomes. In the amino acid sequences of AdPEPC proteins, there
were conserved domains, such as HCO3; binding sites and PEP binding sites, et al. According to the sequence
characteristics, AAPEPC proteins could be divided into 3 groups as plant type, bacterium type and short sequence
type. Protein homologies of the same type were high, and the number of intron and exon in gene structures was
similar. Gene expression analysis showed that the expressions of most members were high in flowers or stems.
AdPEPC1;2 and AJPEPC4;2 had the highest expression in stem. Other family members, especially APEPC2,
AdPEPC1;5 and AJPEPCL1;3, expressions were significantly higher in flower than other tissues. APEPC1;5
expression was not detected in leaf. No expression of AUPEPC3 was detected in root, stem, leaf and flower, and it
was presumed to be pseudogenes based on its gene structure. These would lay a foundation for further study on
the functions of ADPEPC family genes.
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Table 1 Primers for fluorescent quantitative PCR

54 Primer J%1 Sequence (5'~3")

5|4 Primer 7% Sequence (5'~3")

AdPEPC1;1 F: CCACCTTAGAGCACGGTATGA

R: ACTCCTCTGTGGCAATGACG
AdPEPC1;2 F: TCCAAGCTGCCTTCCGTAC

R: CTGTATCCAGCCGACGTAGAA
AdPEPC1;3 F: ACCGCTAAGGGTCGTGCC

R: CCAAGCCGCAGAAAGACG
AdPEPC1;4 F: TGCGGCAAGTTTCCACCT

R: GTTCCTCGGACCATTCTCG
AdPEPC4;1 F: ATTCCCCGTTGCCATTCA

R: AGTGGTGAAAGAGTTGTGAGGG

AdPEPC4;2 F: AACAATGACAGACACCACAGATG

R: ACATCGTTGAAGAGATTGGCA
AdPEPC3 F: TAACACTGCCCGCTACTGG

R: GGTATTCTTTCCAGGCGTTG
AdPEPC1;5 F: TGCGGTCTTTATCCCTGTATCT

R: GGCTGTCCTCTTTCGCTTG
AdPEPC2 F: CAACTTTTGTGCTGTCAGAGAA

R: CAACTTTGCCCAAATAACCAT
18S rRNA F: ATTCCTAGTAAGCGCGAGTCATCAG

R: CAATGATCCTTCCGCAGGTTCAC

A 3 min; ARJE 95°CAEME 10 s, 60°CIE K 15 s,
72°CHEAH1 20 s, FE 45 MEIR. ADPEPC Z:[AIRER 5]
Yy K 18S rRNA WS 5|¥ 3% 1.

2 “E LR HT
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FIF LR T PEPC & 7518 & & 40 Ak £ A
HEYEFE, L3815 94 ADPEPC 3 F 41, FEA
BERT 543 59 Aradu. TPI8X . Aradu.HSW76. Aradu.
AL2DW. Aradu.H2SP1. Aradu.3EOD8. Aradu.5IN8U.
Aradu.2EOTL. Aradu.HLF4L F1 Aradu.D77KI, 1
5 35 R ZHL 0000 2 R A il i 4 (R 2). X 9 A
AdPEPC 73 A /0 A fE 5 3. 5. 7+ 8. 9. 10 54t
& B (B 10 A) . BERIZE R 7 dr s, XL () P
FIKEEZ RO, BN 3 584~1 2956 bp, U
T2 MRS T, ORF K 702~3 168 bp
(K 1: B).

2.2 ADPEPC E: R IR B3 b i
%F 9N E 6 AJPEPC JE[H 4 MILFE JF APEPC

% 2 &1et ADPEPC HER 454

Table 2 Structure of AJPEPC genes in Arachis duranensis

R, 10 NKE GmPEPC J:[K A1k 5 KT E )
PEPC % i 1) 28 25 1R 7 41 g 2 gk A f (] 2) 0 45 2R
#H, ADPEPC KW LLsr Ny 32K, HH—KHEH
(AJPEPC1;1.AdPEPC1;2.AdPEPC1;3 1 AdPEPC1;4)
Pt (1) 28 R 7 41 [RIVE P 5, 1 60.91%~91.53%,
B K R S E SRR S AR Y AL PEPC RN
—3Z, JBTHEY PEPC; 5 251 AJPEPC4;1 Al
AdPEPCA4;2 J& [l 2 i 1) 2 2 R 7 41 ) 1) [R5 Ry
78.41%, ALICHR b5 IR IF AR S i A R A
PEPC LK KAt B H i) PEPC BA—3Z, J& T-41
B 2 PEPC; 2 —JRFL[F(AJPEPC3, ADPEPCL;5 il
AdPEPC2) %t ) I 1R 17 41 5 IR AN 73 Stk ik
PR, SHEPEAYE A PEPC M ZERRT S
R MEA L 20%, X LR g filh (1Y) 2 1 BH 2 LU AT R
FKMRZ, R A 77 PEPC 282,

2.3 AdPEPC & B F IR RF 13850

XA FIYFT PEPC HIRIEER 5143 Hr 2 B ix 44
B EHZMEST R RE S IR0, 0 dE N- i
PRERILAT T PEP S5 A0 05 . 140 E-6-BEER 45 & or
B M™ G A R . HCOs 45 &0 AR R R R 45

e KR FE R R AR R YIS W& FHE

Gene Group Locus Sequence length (bp) Transcription length (bp) CDS length (bp) Number of intron
AdPEPC1;1 I Aradu.TPI8X 5550 3487 2061 6
AdPEPC1;2 I Aradu.H5W76 7425 3531 2943 9
AdPEPC1;3 I Aradu.A52DW 5509 3320 2907 9
AdPEPC1;4 I Aradu.H2SP1 6 309 3290 2901 9
AdPEPC4;1 Il Aradu.3E0D8 7174 3893 3168 20
AdPEPC4;2 I Aradu.5IN8U 12 956 3596 3141 19
AdPEPC3 11T Aradu.2EOTL 4570 702 702 9
AdPEPC1;5 I Aradu.HLF4L 3619 1627 1341
AdPEPC2 I Aradu.D77KI 3584 1714 1428 10
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Fig. 1 Chromosome distribution (A) and structure (B) of AAPEPC family genes in Arachis duranensis
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Fig. 2 Phylogenetic tree of 24 PEPC proteins in Arachis duranensis and other species. Numbers on branches present bootstrap values.
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* phosphorylation site
.. MAKKLEKMASIDAQLHQLVPAKVSEBDKLIEYDA. LLEDRFLDILQDLHGEDLKETVREVYELSAEYEGKHDSKKLDELGNLITSLDAGDS IVVAKSF NEANLAEEVQIAHRR
MAATSRNIEKMASIBAQLALLAPRKVSDBDKEVEYDA . LLEDRFLDILQDLHGEDIRQTVQDCYELSAEYEGKHKTEKLEEBGNMLTGLDAGDSIVIAKSF NEANLAEEVQIAYRR
. -MATKKVEKMASIBAQLHALLAPSKVSDBDKEVEYDA. LLEDRFLDILOQDLHGPDIRETVRDCYELSAEYEGENDPHKLEERBGNMLTGLDAGDS IVVAKSF NEANLAEEVQIAYRR
0 v
Q) T,

MTDTTRDIAHEISFQSFDDBCRELGNLLNDT EVGTTVVDKLERIRVLAQSGCNMROAGIVDMAEMLEK SELSKMTLEEALTLARAFSHY GIAETHHRVRKR
TMTDTTBDIVEDISFQTFEDBCRELANLENDV] EVGTKFIEMLDKIRV. SGCNMRQAGIEDMAELLEK SKLSKLSLDEALTIARAL) GIAETRHRLREK .

S -
o e ek ekt

—EoN~1nln OCSORIC-I0NS OOSUn—-1CS

RIKLKK . GDFAD! 23
RIKLLKKGDFADENSAITESDIEETFKRLMTELKKSBQEVFDALKN TOLYAKDITPDDKQEL 23
RIKLLKKGDFVDENSBITESDLEETFK QMNKT; FDALKN TQLYAKBITPDBROEL 23
TAQTAKSCDDIFNQEVOGG . VSBDELY DTVCK DYNDRPPLTIEBREMVI 21
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SYFHETI IGINERVEYNAPL) YSQIE RVRADELNRSSRKDAVAKHYIE 33
SYFHET INKGVBKE y NIGINERVBYNAPL FSQIE LRVRADELHVSSRRD. .AKHYIE 35
SYFHET THKGTBK IGINERVBYSAP FSQIE RVHVDELLRSSKSD. .AKHYTE 33
LNIVEQSLWKAVEHY KHTG. KPLBLTCTPEK IREVDS 0 SRLEHEILEEANHENRHE! 33
LNIVHQSLWKAIBRY KHTG . KPLBLTCTP IQEVDS IVGDANNENHRE; 34

FWKKIPAN

FWKVIPEN 3
FWKQIPPN 3
FWKQVPPN 3
BVSRSQS......o.. LEKQLPARAHLPSFAENGEAQHPRLDI PGEDHSQHENHKEGEVSSTLFKIGETSANSGASAAAISESSSFN . SIQQLGORKSSAGSQIGRSSFOKLMEPKLEQLE 44,
PTSRSQSKQPNQOASSLPTHLPATAHL PTFAAHGES HHPRLDMPGRDPKQPKNKASEVSCPTTSKKDGQS . . . TKSETMQRSPSFNSSSQLLAQRKLFAESQIGRSSFQKLLEPKPSDGE 45

GYSBIPEEAS 18

RSR GHSEIPEEET, F 48
RAR GTSDIPEETT) Fi 46!
R GTSEIPEETT 46
LELLEEDVSCONDPLDYYETT 55
RLEFLEEDCPCEQNPSDFYETT 5

YWTEKFAKPTSLGIED.

DNYKEDIVISE] RRD. ..
DNYKEDIVISE]

Z FANAS]
—tdtnbkbin~l— fRnlunk-o—n OOWhRRDO—=0Nn OOCKREIRN OO

8
7
7
FGEDEPTT 27
FGRDLPKT 57
FGPDLPKT 35
GPDLPKT A 55
PHSTEVP A ARLSVAGDLGRECPGGT 67
PESIQVA s A ARLAVHGEKGSPCPGGT ?161
¢
GY[BGKVDCLK
2+ gindin ite
R 39
68
67
67
79
78
AdPEP 23
AdPEPCI; 24
AdPEPC2 27
AdPEPCI; EQHLCE RF| EHGMN .. AVEATEE] 508
AdPEPCI; EQHLCE RY| HGMH .. AVEIATEE 804
AdPEPCI; EEHLCFETLORF EHGMHP . AVIATKE| 792
AdPEPCI: EEHLCE RF| EHGMES .. AVEIATKE 790
AdPEPCH4;, LPQIAVHOLE I YT TAVLLATLRE i . WRKM1EE 1sNTsCoC R . 912
AdPEPC4:2 LPDTAT LATLRP . WRSEMEDISKESCOS) - © 003
ﬁggggg% LAEEVQIAYR DENSAITESDIfET TELKKSPQEVEDALKEQ sl osv [sLEnfioInE L Enap s R %g%
AdPEPC2”  1aE QIAYRﬁIKLLKM DENSAITESDIIETlll:I:TILKKSLQExIDALKEK mHLTst EINE:I... INAPi'gISS.gIR 384
« aspartate binding site XV = aspartate binding site

AdPEPC1;1 aarkxfiToRpvRNLN 1] PGERALNER KDLWPFBE KYEEFKKLL LEGDEYEKORERLRDSY 1TT YT 628
AdPEPC1°2 EAFRHWIGKDIKNLH L PGIAAL QDLWSEFEEQLRTKFDERKKLL) LEGDBYLKOQRLRLRDSYITT YT 924
AdPEPC1'3 SAFKHAIEKDPENLLI | PGIASL EELLPFBERBRTKYEEEKSFL) LEGDEYBKORLRLRDSY ITT YT 912
AdPEPC1°4  xaFku@TEEDPKNLO L) LY¥BK EELWLFGERBKSKYEE@KSLL) LEGDBYLKQRLRIRDSYITT YT, 910
AdPEPC4'] AGLEGACEKG. .HTEE 1 IPIAKH KERQELGRELRSELMTAEKF' ONNRSLRRLIENRLEFLNE 030
AdPEPC/—lEZ AGLQGACEKG . . HIEE] I 1Y ETKEYDD, EKRKDLGR ELITEGKFI KEQQONNRIERRLEESRLPFLNP 8%%

AdPEPC3
-5 DGNPRETPEVTRDVCI arnLEfsoTEflErErse. . .[crABRFOPPFRECBPPFNNBRRDLKLLPFPLLFBFONCSILG. . 446
ngggéj DGNPP.ITPBVTRDVCLI::I:MNmSQIE.pIFsp ..IESHFQPPE‘RHCITPFSHI:DLKLLPPPLL:IFQNCSILI., 475

= aspartate binding site

AdPEPCI;1  nynvnvEPRPRISKESLDISKSADELVSLNPTSEYAPGLEBTHT 686
AdPEPCL.2  wynvsiR. . PHISKEYIEISKPADELITLNPTSEYAPGLEDTLI 980
AdPEPCI1;3  pvevKLR. . PHLSKEFMESSKPAAELVKLNPESEYAPGLEDTHI 968
dPEPC1:4 DysynLK. .PHLCKDYTESSKPAAELVKLNPKSEYAPGLEGTHI 966
;1 powrkr L 1035
DDNTKAR. . . . 1046
233
446
475

C-terminus

¥l 3 AAPEPC A R 2 791 L X B A P4t 0 . RST45 M3 . VLTAHPT (Box 1); DXRQE (Box I1); GYSDSG/AKDAG (Box Il1);
FHGRGGXXGRGG (Box IV); GSRPXXR (Box V).

Fig. 3 Multiple alignment and conserved domain analysis of AdPEPC in Arachis duranensis. Conserved domains: VLTAHPT (Box 1); DXRQE (Box Il);
GYSDSG/AKDAG (Box I11); FHGRGGXXGRGG (Box IV); GSRPXXR (Box V).
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Table 3 Physical and chemical properties of 9 PEPCs in Arachis duranensis
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(Asp+Glu) (Arg+Lys) (GRAVY)
AdPEPC1;1 686 78.40 6.33 95 90 f&E Stable -0.355 88.44
AdPEPC1;2 980 112.29 5.92 145 127 ANFRSE Unstable -0.386 91.46
AdPEPC1;3 968 110.74 5.91 144 128 ANF45E Unstable -0.399 89.29
AdPEPC1;4 966 110.30 5.65 144 122 ANF&5E Unstable -0.387 89.15
AdPEPC4;1 1055 118.48 6.25 144 132 ANFRE Unstable -0.384 92.26
AdPEPC4;2 1046 117.32 8.30 128 133 ANFRSE Unstable -0.405 97.93
AdPEPC3 233 26.53 6.85 27 27 FasE Stable -0.485 77.81
AdPEPC1;5 446 51.08 4.94 67 47 ANE2E Unstable -0.135 95.54
AdPEPC2 475 54.60 5.29 70 56 ANF2E Unstable -0.150 100.15
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Fig. 4 Expression of family genes in different tissues of Arachis duranensis. 18S rRNA was used as reference gene; R: Root; S: Stem; L: Leaf; F: Flower.
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