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Genome-wide identification and effect of MdPEPC family
genes during axillary bud outgrowth in apple (Malus
domestica Borkh.)
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LIANG Bowen
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Abstract: The PEPC family proteins are ubiquitous in various plants and play an important role in the
process of photosynthetic carbon assimilation and have many non-photosynthetic biological functions.
However, PEPC genes have not been reported in apple. In this study, the members of apple MdPEPC
family were identified based on the new apple genome data by bioinformatics analysis, and their
expression patterns in different tissues and the apple axillary bud transcriptome treated by decapitation
and TDZ (cytokinin) were analyzed in order to explore the role of MdPEPC genes in apple axillary bud
outgrowth. The results showed that 6 MdPEPC family members were identified in apple, which
distributed on 6 different chromosomes, and had similar physicochemical characteristics. Phylogenetic
tree and sequence alignment analysis showed that the MAPEPC could be divided into two subgroups
(Group [ and Group II), in which four members in MAPEPC family were clustered into Group [,
belonging to plant-type PEPCs. However, MAPEPC4 and MdPEPCS5 were clustered into Group II with
AtPPC4, belonging to bacterial-type PEPCs. There were 7 pairs of fragments repeats among MdPEPC
members, but no tandem repeats existed. The promoter cis-acting element analysis showed that
MdAPEPC genes were not only affected by light and stress, but also regulated by multiple hormones. The
expression profiles showed that all MdPEPCs except MdPEPC4 and MdPEPC5 were expressed in
different apple tissues. Transcriptome data analysis showed that the expression levels of MdPEPCI and
MdAPEPC3 were up-regulated after decapitation and TDZ treatment, whereas MdPEPC2 was significantly
down-regulated at 48 h after treatments. In conclusion, MdPEPCI, MdPEPC2 and MdPEPC3 were
selected as the candidate genes involved in axillary bud outgrowth regulation for further study.
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®1 FJR MIPEPC ERREMAMEE
Tablel Identification of MdPEPC gene family in apple

Gene ID Gene name Amino acid (aa) pI  Molecular Instability index Average hydrophilic Subcellular
mass (kDa) coefficient localization
MDO03G1242000 MdJPEPCI 967 6.00 110.304 47.91 -0.379 Cytoplasm
MDO09G1237900 MdPEPC2 967 6.05 110.536 45.27 -0.416 Cytoplasm
MDI11G1261900 MdPEPC3 968 6.00 110.608 47.30 -0.382 Cytoplasm
MDI13G1049200 MdPEPC4 1041 6.51 117.261 52.76 —0.433 Cytoplasm
MDI16G1050300 MdPEPCS5 1041 6.46 117.246 54.32 -0.450 Cytoplasm
MD17G1230800 MAdPEPC6 967 5.97 110.225 45.78 —0.392 Cytoplasm
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Figure 1 Chromosome distribution of MdPEPC family in apple.
A N terminus B C terminus
100 @ MAPEPC1 #isvenifRTAS (BRQLe bvEAKvSERDREY . BvpaL (ER vorepc1  ErEroi e DR |
63 —:’MdPEPC?, MANRNLEKMAS IBAOLRELVEAKVSERDELY . EYDALLECR vorercs  Bri v« CIENNE NIRE
0 @ MAPEPC?2 i~k ERiASBAGTA 1A BcRVSERDREY . EVOATTEOR vorrecy Bl R R
2 100 @ MdPEPC6 firsiticins iBvorspinsckvsagoRis . svoani@of varrece  PrilripvCEate OEme C'lroup 1
@ AtPPC2  wrrnibxunstBroref1nPcKYSERDRET . EvDALIEOE aveecy  Boviof<EENS LG Plant-type
l—.AtPPCI MANRKLEKMAS BVHLEDLvEGKVSEEDREV . YDA ] arprcl G TAACHENTG]
97— _@AtPPC3  iacRNifRiASIRAGTRbIvErRVEEEDRY . EVOATIE ~cpecs B < ENe
®AtPPC4 ... wrorrfgprazstsrosrobficREtcsiritlol acercs  BrlniliEEEEN
100 ’MdPEPC4 ....... MTDTTEDTAEEESFOs FEBECEMLGSLLOEVEOR vaprrca IR B 1 2.0 08N T Group H
_]()():.MdPEPCS ....... MTDTTEDTAEETSFOs FERECENMIGS LLOEVEOR Mapzrpcs !AjLLI!INm_ Bacterlal-type

2 FRIHEIF PEPC Rk R Gt (LA FFI LIS 547

Figure 2 Phylogenetic tree and sequences alignment of PEPC family members in apple and Arabidopsis. (A)
Phylogenetic tree of the PEPC in apple and Arabidopsis. (B) Sequences alignment of the N terminus and C
terminus of PEPC family.
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Figure 3 Conserved motifs of MdPEPC proteins in apple.
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B 5 3R MdPEPC ERE&MH
Figure 5 Gene collinearity analysis of MdPEPC genes in apple.
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Figure 6 Analysis of cis-acting elements in the promoter regions of MdPEPC genes. Different numbers in
the boxes of the heatmap represent the number of cis-elements.
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Figure 7 Heatmap of the expression pattern of MdPEPC genes in various tissues/organs and developmental
stages.
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HIEL R MdPEPC4 1 MAPEPCS 1 Fit K6 it 20 23
[ BRI R, H 4 SR PTPC
RUBL TR R 2N WA Rk (B 7), %
HHATRES 50T .

R A, KBREYBFTRERARKRERDY
ARG, T T 34, A a0 25 i i &
TDZ HATRA ML o R R TGV, v B3 e gt
FPIAR 2 A B0, S 25 TR A IR 4
Sy F AL HA] B A R R P,
FLTGRI TDZ Ab B 5 S 5 i 27 e s 41 5080 v S 2R
MAPEPC ZJ5 8 0% B 335 1 i e Mo A & 3
MAPEPCI #1 MdPEPC3 Wiy £ TiAb ¥ iR
ik, H7E TDZ A B 48 h AN 2B B iRk,
KU AT e B AL ZF i L Thee;
MdPEPC2 JER7E LT TDZ ARG 48 h =ik
R T, RULTREAERERZEE XS
MdPEPCI1 1 MdPEPC3 HAG M AER , B4
PE— 25 TR A A 58 A T B IE o

H IO T A A IR ) 53 B R B
FERD, HAH SRR By B0 ) REAH ST IR FE 44
AR AT IE A3 5 6 AR A DG PEPC
FERZEER B, %55 H 6 NSER: MdPEPC 2,
Hrb 4 AR PEPC,2 A A E Y PEPC,
FERT AT 1A DA WA R 5 40 b L S it
B TURT TDZ Ab 3 A S LR 2 e st 20 B3040 i
‘W MdPEPCI1. MdPEPC2 1 MdPEPC3 {E R
W R Wk L N, b — 5 E
MdPEPC JEPRTE SR & & i /E 24
JE HIF LA
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