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Identification and expression analysis of apple PDHB-1 gene
family
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Abstract: Pyruvate dehydrogenase E1 component subunit beta-1 (PDHB-1) is a gene encoding
the B-subunit of pyruvate dehydrogenase complex, which plays an important role in fruit acid
accumulation. The aim of this study was to investigate the evolution characteristics of apple
PDHB-1 family and its expression in apples with different acid contents. Bioinformatics
analysis was performed using databases including NCBI, Pfam and software including ClustalX,
MEGA, and TBtools. By combining titratable acid content determination and quantitative
real-time PCR (qRT-PCR), the expression of this family genes in the peel and pulp of apple
‘Asda’ and ‘Chengji No.1’ with different acid content were obtained, respectively. The family
members were mainly located in chloroplast, cytoplasm and mitochondria. a-helix and random
coil were the main factors for the formation of secondary structure in this family. Tissue-specific
expression profiles showed that the expression of most members were higher in fruit than in
other tissues. qRT-PCR results showed that the expression profile of most members was
consistent with the profile of titratable acid contents. In the peel, the expression levels of
14 members in ‘Asda’ apples with high acid content were significantly higher than that in
‘Chengji No.1” apples with low acid content, where the expression difference of MAPDHB1-15
was the most significant. In the pulp, the expression levels of 17 members in ‘Asda’ apples were
significantly higher than that in ‘Chengji No.1’ apples, where MAPDHB1-01 was the most
highly expressed. It was predicted that PDHB-1 gene family in apple plays an important role in
the regulation of fruit acidity.

Keywords: apple; PDHB-1 gene family; bioinformatics analysis; quantitative real-time PCR
(qRT-PCR)
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Table 1 qRT-PCR primers for expression analysis of PDHB-1 in apple

Gene Forward primer (5'—3") Reverse primer (5'—3")

MdPDHB1-01 GCGGTCTTCGGCGTATTCGTTAG CCAGCAGATGCCTTAACAGAGAGC
MdPDHB1-02 GCCCGACTGGAGCGATTTCTTC GGAAGTAGTTGGCAGGAGTTGTCAC
MdPDHB1-03 CTTCGTCATCGCCGTCGTCTTC TCCGTGGTCTTGTCCAGAGTCTC
MdPDHB1-04 AGGAGGGTATTAGACGGCTGGTTC GCTCTCGCTGGATAAGGTCATACG
MdPDHB1-05 AGTAATCTGGGAAGCACGGTTTGAC CCATGAGGAAGCAACACAACAAGC
MdPDHB1-06 GGGTCGGAGTTGGAAGGAGGAG CGCTTGGTTGATGGCAGAGTAGAG
MdPDHB1-07 TGCCGCAATCACCGAGAACTTC CTCAACCGCCGTCACAATCTGG
MdPDHB1-08 CATTTCCCACCACGGCTCCAAC GAGGACGGCGATGACGACAAAG
MdPDHB1-09 AGGAGGGTATTAGACGGCTGGTTC TCTCGCTGGATGAGGTCGTAAGG
MdPDHB1-10 TGAGTGGACAACAGCAAAGAGGTTC CCGAGATCAGCAGCCCTATCAAAC
MdPDHB1-11 TGTTGTGATGGACCATTCCGTATGC TGTTGAAAGAAGAGACCGAGCCTTG
MdPDHB1-12 TGCCGCAATCACTGTGAACTTCC CTCAACCGCCGTCACAATCTGG
MdPDHB1-13 TCCTCTTCCTCCTCCTCCTCCAC CGCTTGGTTGATGGCAGAGTAGAG
MdPDHB1-14 GCTGCTGAGATACTCGCTAAGGAAG CCTTCTTCAACCGTCACCAGTCTG
MdPDHB1-15 GACGGTCCTACGCATTCTGGTTC GGTCATCTATGGCAGCAGCAGTG
MdPDHB1-16 CAGGCTGCTGAGATACTTGCTAAGG TCTTTCTTCAACCGTCACCAGTCTG
MdPDHB1-17 TCAATGGTTCAGAACTGCCTCAAGG ATGGTTCCGACAAAGCTGCCTAAG
MdPDHB1-18 TCTCCTTACCTACCGCCACTCTTG CGGAACTGGGTGCTTGCTTGTAG
MdPDHB1-19 GCTAAGGAAGGAATCCGTGCTGAG ACCAACACCATGCTGAGGAAACC
MdPDHB1-20 GCCTTCCTAACATGGTGGTGATGG GGTCATCTATGGCAGCAGCAGTG
GADPH TGAGGGCAAGGTGAAGGGTATCTT TCAAGTCAACCACACGCGTACTGT

112, 25 75 135440k oyt
Z, A 3DEN, HikZE 15, 155, 16 5
PEREE 2R, 35,55, 85, 105,
1SRk Ao 1A 2% 58 R 505 S b
HAEMEBE FZEEPE 182-1 019 aa,

MdPDHB1-05 LM /7 9 5, 5 182 &
K5k 3L, MAPDHB1-04 1l MAPDHB1-02 &Lk
JPAEAS, A5 1019 AN IERRER L AHXT 2
#/F 20 370.67 Da (MdPDHB1-05)-115 312.43 Da
(MdPDHB1-04); 4§ H i (isoelectric point, pI)
F 4.55 (MdPDHB1-05)-7.66 (MdPDHB1-10),

Hop 1 AR (p7.5), 12 MREEN
(pI<6.5), 7 P HEEEFI(p] 6.5-7.5); ARUEFEEN
F 32.59 (MdPDHB1-18)-46.32 (MdPDHB1-13); &
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Table 2 The physicochemical property and subcellular localization analysis of PDHB-1 gene family in
apple
Gene ID

Gene name  Amino Molecular pl  Instability Hydrophilic Full length LF-  Chromosome Subcellular

acids weight (D) index genomic cDNA location localization
(bp) (bp)

MDO01G1041300 MdPDHB1-01 714 76 859.13 7.09 35.79 —0.106 4171 2145 1 Chloroplast
MDO01G1122800 MdPDHB1-02 1019 115191.49 6.58 43.54 —0.429 5232 3060 1 Chloroplast
MD02G1207200 MdPDHB1-03 747 80561.92 6.29 34.53 —0.263 4002 2244 2 Chloroplast
MDO02G1281300 MdPDHB1-04 1019 115312.43 6.58 41.90 —0.454 5621 3060 2 Chloroplast
MD02G1281500 MdPDHB1-05 182 20370.67 4.55 38.09 —0.263 1209 549 2 Cytoplasm
MD03G1002200 MdPDHB1-06 363 39 632.52 6.41 42.37 0.034 3093 1092 3 Chloroplast
MDO05G1282600 MdPDHB1-07 406 43 894.37 6.61 35.76 —0.053 2 860 1221 5 Chloroplast
MDO07G1119500 MdPDHB1-08 747 80488.86 6.22 33.07 —0.243 4026 2244 7 Chloroplast
MDO07G1192300 MdPDHB1-09 1011 11434750 6.11 38.38 —0.438 5916 3036 7 Mitochondria
MDO07G1192400 MdPDHB1-10 519 58 767.00 7.66 32.75 -0.292 1798 1560 7 Cytoplasm
MDO08G1142600 MdPDHB1-11 715 78214.61 6.06 40.79 —0.041 5042 2148 8 Cytoplasm
MD10G1260900 MdPDHB1-12 263 28 739.20 5.47 33.42 0.054 928 792 10 Cytoplasm
MD11G1002200 MdPDHB1-13 369 40 135.96 7.04 46.32 0.003 3293 1110 11 Chloroplast
MD13G1125300 MdPDHB1-14 373 39 846.56 5.49 39.49 0.018 4787 1122 13 Chloroplast
MD13G1175400 MdPDHB1-15 692 74 136.60 6.52 42.08 -0.05 4090 2079 13 Chloroplast
MD13G1216400 MdPDHB1-16 288 30981.62 6.20 36.14 0.021 1001 867 13 Cytoplasm
MDI15G1119100 MdPDHB1-17 715 77954.25 6.11 42.17 —0.047 5078 2148 15 Cytoplasm
MD15G1309900 MdPDHB1-18 713 76 566.72 6.91 32.59 —0.094 3726 2142 15 Chloroplast
MD16G1126100 MdPDHB1-19 373 39984.80 5.83 35.68 —-0.013 4966 1122 16 Chloroplast
MD16G1177200 MdPDHB1-20 692 73 963.44 6.41 39.35 —0.064 4347 2079 16 Chloroplast
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Figure 1 Secondary structure of apple PDHB-1 family genes.
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E2 F¥ZEPDHB-1ZREEZREEFMLF 7 Md: MalusdomesticaL.; EXIM#i% Vv: Mitisvinifera
L.; 4H# Nt: NicotianatabacumL.; [1%% Pb: Pyrusx bretschneideri L.

Figure 2 The phylogenetic tree for apple PDHB-1 family candidate genes. Md: Malus domestica L.; Vv:
Mitisvinifera L.; Nt: Nicotiana tabacum L.; Pb: Pyrus x bretschneideri L..
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Figure 3 The structure of PDHB-1 gene family in apple. The green parts indicate exons; Yellow parts
indicate untranslated 5'- and 3'-regions; Slash parts indicate introns.
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Figure 4 The conservative motif analysis of PDHB-1 gene family in apple.
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%3 R PDHB-1 REEEEFRFEERRTFY

Table 3 Conserved motifs for apple PDHB-1 family candidate genes

Conserved motif Length (bp) Amino acid conserved sequence

Motifl 31 RVFDVPIAEQHAVGFGAGLAAEGLKPFIEIV

Motif2 41 EGKDVAJLGYGSMVQYCLQAAKELEKEGIDVEVIDARSCKP

Motif3 41 FMACLPNMIVMAPSDEAELABMVATAAAIDDRPSCFRFPRG

Motif4 50 CYRRFGHNEIDEPSFTQPKMYKVIRNHPSALTIYQNKLLESGQVTKEDIE
Motifs 29 DHAILSVIGBGVMLAGQDYEAMTFAGYLD

Motif6 29 AAAKADELLRGMIRDPGPVLFEELGLYYI

Motif7 50 HEILITVEEGSIGGFGSHVAHFLSLDGLLDGPLKWRPIVLPDRYIDHGSP
Motif8 41 VELTVAJHHVFNAPQDKIIWDVGHQSYPHKILTGRRGKMHT

29-50 zZ[a], HH motif2. motif3 Fl motif8 3
A 41 DEIERRFE L, motifd Al motif7 A 50 >
FILMR LI, motifl F 31 PNEIFEREKIL,
motifs Fl motif6 fix/b>, HA 29 MMM
(#3). HE4FH, BR ClassINE RS, HAlE
N motif /AR B A B A3, BARK
UF B PRSI 7 P L2 4 B 1) e SR A7
BEEAMRIE, £ Class I REH, 4505
N ¥ 5 A motif8, C ¥ A~ motif7; 7 Class 1
W, £5 N 4% motifl, C Ml
motif2, 3 7b motifd H /34 7 Class I,
motif7 Fll motif8 HAFE7ET Class I %, motif3
ANTE Class DE %N 4ii, MAPDHB1-05 R4
motif5 H. 5 HAtha 53 A b 25 55 9 8
2.5 3R PDHB-1 Rk &E40
A& SA AT, SESJR PDHB-1 K% A 5 22 [
fEAE 7 X4t 2 ¢ 3t [ X (MJPDHB1-02 5
MdPDHB1-04, MdPDHB1-04 5 MdPDHB1-09.
MdPDHB1-02 5 MdPDHB1-09. MdPDHB1-01
5 MdPDHB1-18, MdPDHB1-11 5 MdPDHB1-17.
MdPDHB1-15 5 MdPDHB1-20, MdPDHB1-03
5 MdPDHB1-08), Hi I HEWMTX 7 XF B PR & 280
KA B 2 e s . KRN S8R
Iv . AR A AT AT, Al 5B
i, SERGL AR BRI 21 AR SR
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FrAEgE, 16 AN SHiA 4. PDHB-1
SRSV S AE G Ak B A ANy, it DAY
AR b AEAE IR LM O R W L DR B ERAR T
3, Hrp Chr07 1 Chrl6 A5 3 A& S54RI IF
281k, Chr13 Ml Chrl6 bA7 3 A5 5%
ek, X 3 FRYL AR FAAERIN SR R .
6 %Yt {4 K (Chr04 . Chr06. Chr09. Chrl2,
Chrl14 . Chrl17) b %A Bk AL 5 00w 57 FH
ALt
2.6 R PDHB-1 RIEIRNXAER T2
W TSR R R IR B 1 3l 2 kb I
KAEHTCH A ATE AN 6 Fizs, ik e
JUf(3-AF1 binding site, Box 4, G-box. Gap-box .
I-box. P-box. chs-CMAla., chs-CMA2a,.
GATA-motif. GT1-motif, TCCC-motif.
TCT-motif. Spl); FAEA B A CHI1E T
140 45 IR 40155 5 [ JG44: (anaerobically induced
response elements, ARE). KM W ot (low
temperature response element, LTR), MYB 454
A7 13175 5 T 50 L UG (participate in drought
induced MYB binding site, MBS). [jF1iia
SR . oG 44 (cis-acting element involved in

1t
)
1t
N

defense and stress responsiveness, TC-rich repeats) .
FKA% PR Wi v TG (Cis-acting element involved in

salicylic acid responsiveness, TCA-element); 5
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Arabidopsis thaliana

5 Chr@
Malus domestica

N e 1] & 3
Vitis vinifera e

B 5 ¥R PDHB-1ERAREMARSHEIT. AEMELELH
Figure 5 Inter synteny analysis of apple PDHB-1 gene family and synteny analysis of PDHB-1 genes in
apple, grape and Arabidopsis. A: Synteny analysis of MAPDHB-1 genes. B: Synteny analysis of PDHB-1

genes among Arabidopsis, grape, and apple.
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Figure 6 Cis-acting elements distribution in the 2 kb region upstream the PDHB-1 gene family in apple.
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MdPDHB1-18 7t iR P iy ek & W AR T
e AR B2 i R ik &, MdPDHBI-03 |
MdPDHB1-07. MdPDHB1-08 I MdPDHB1-20
OESSry i SR S Sy = NI o) g 8 & SN ES
B KR A ek AR
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Figure 7 The specific-tissues expression profile of PDHB-1 gene family in apple.
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Figure 8 Titratable acid content of different varieties i 375.30 £, MdPDHBL-08 75 i1k
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Figure 9 Expression analysis of PDHB-1 family genes in peel and pulp of apple varieties with different acid
contents. Different small letters indicate significant differences (P<0.05).
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Tk R LWE R 4705 5. RAF,
MdPDHB1-01 . MdPDHB1-04-MdPDHB1-07 .
MdPDHB1-09-MdPDHB1-20 7« ¥ ik i 3
KEEERTWL 15, MAPDHB1-01 7&K i
RIS R, EORL 1 5 REEN
829.98 £i%,

3 W54 ®

SRR S A LR S SRR AN Horp
Xf T BRSSP IR AR R R A BE R 5 A5 2
Ktk HFTE IFREAFE Y 52 M R S AT PR 5 &
MIEEAMRZ, Bl ALMT ZEFEEKE . MYB K
A TDT ZKGSF . RS PR R 15
(aluminium activated malate transporter, ALMT)/&
PR LR — 28 1, 7EP R IR L IZ TR R |
T 5 R e Sl b A RN, TR
ALMT ZGH, ZJALMT4 50 5 R a0 3 L
MR I i AR B, AL R R R A ™
ALMTA4-like Fil ALMTO-like 7£ 2% 5 52 41 Jfg v B 5
P RIREINRESN, SERIAMR . PR SF 4
AR WAT G, AR S G AR PSP R R
A AR TN, SALMTO 2% R 3
PR R RS, MYB 2251
R AR R R AN T2 —, £ MYB
ZEH , MAMYB1/10 i#id IEJH 1Y MAVHA-B1 il
MdVHA-B2 i 15 2 5 PR S SR i 45 4 20 S 2R
M2 o i T A A UY MAMYB73 i ) S
MdALMTY9., MdVHA-A il MdVHP1 ik, f¢
A RCER IR LeMYBS #5355 A6 5
P B R 025 3 TR AR RS R E 2 44, U
A2 L TR 5 2 SR A0 2 DDA OGRS R R i
Jii %% iz 26 1 (tonoplast  dicarboxylate transporter,
TDT)J2 —Fh 2 5 30 3 B AAT 1 2 5 Wi 5 oz
WS IZE N, 78 TDT K%, PSTDT 13k
KK A A/ G R R EF R 2
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FiR dh A, ARHR fh P AL SR S % S SR R AR AL FT B
W% PEPC FE R F, A7 i ot 4 W B
SR, RN A kAR 20 4
PDHB-1 &ML, P4 PDHB-1 5 M 1E
Shkg e b R W AR, A B
BT B R . U 2 kb A TR b 2
WY, Sotm A Mo R R, e
K, Ut Bl MAPDHB-1 54 4/ i iy 4% YT AH 3¢
734 MdPDHB-1 17534 & 4 -5 B A= 4 k8 4H ¢
SN0 S B o (A DAV SN PN = W a3 L DA
. TR TS, BFE R, K
VAL R A PR AR DL A T R R ek
TR A MRS R i TR,
I MdPDHB-1 3 35 51t i L7 52 W 48 40 ' & Rk
HETT S M AR SRR BE AR R, [A]E MAPDHB-1 2 [
R 3 W o7 A TR S5 PR 3, el A5 R 5
HR A B FH . MAPDHB-1 805 & 4 1 2
NG, AL R 8 2 T I 9 12 i N T
P, fARE R A RLRE B, WKL
TR, i MAPDHB-1 57 AT L3 4o w1 o
TR FMRAIE, MR RS RR T . A 2R
G SR A ZE 15 2 AN AR S
B2 IR P B AL E IR % =t 5 PDHB-1 %
RGO #RKxE, PR MdPDHB1-02,
MdPDHB1-03 1 MAPDHB1-08 4, 4 i 51 i)
Feak AR R RS A E R R AR R —
B, BRI R IBACHLER S R 1 3k
hm TR B L 15, miiEm
PDHB-1 X525 7 R RS EH Bl .
Hrf MdPDHB1-01 7E 3Bk SR A b Rk i iy
1, MdPDHB1-15 73 iik SR iz 3Rk K F
R, M MdPDHB1-01 75 37 5 5 A ik 1 1
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