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Abstract: The potato is one of the main food crops with high nutritional value and strong stress resistance, and
widely cultivated all over the world. The phosphatidyl ethanolamine-binding protein (PEBP) family members, StSP6A
and StSP5G, play important roles in tuber formation, but the roles of other StPEBP genes in tuber formation have not

been elucidated. In this study, protein sequences of Arabidopsis PEBP gene family were used for Blastp alignment in the
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potato genome. The conserved motifs, gene structure, cis-acting element, chromosomal localization, synteny analysis
and gene expression patterns in different tissues of StPEBP gene family in potato were analyzed. In total, 10 StPEBP
genes were identified from the potato genome. Most of the members of StPEBPs contained four exons, three introns
and conserved motif 5. Phylogenetic analysis showed that StPEBP family genes were divided into four subfamilies.
StPEBP genes contained cis- acting element associated with light responsiveness, hormone responsiveness and
defense and stress responsiveness. The identified 10 S{PEBPs were unevenly distributed on six chromosomes.
Synteny analysis showed that two pairs of StPEBP genes were duplicated in potato. The ratio of non-synonymous/
synonymous replacement rate indicated that the StPEBP gene family in potato was purified by selection. The results of
gRT-PCR revealed that StPEBP family genes were potential regulatory molecules to induce potato tuber formation.

These results could provide theoretical reference for further screening of genes involved in potato tuberization.
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Table 1 Primers used for qRT-PCR
FEH 2R HEID LiEGI(57-3") FESI(57-3")
Gene name Gene ID Forward primer Reverse primer
StPEBP1 PGSC0003DMG400006267 GGACCTAAGTTGCCAAATCATG CTTGTTTCCAAGTTTGAGCTCA
StPEBP2 PGSC0003DMG400007111 CTTTTGGAAGAGAAGTGGTTGG CCTCTGGCAATTGAAGAAAACA
StPEBP3 PGSC0003DMG400011707 TATTCCTGGTTCAACTGATGCT CTTGTTACTGGTGGTTTCACTG
StPEBP4 PGSC0003DMG400011709 TCTCATTGCTTCTAAACCTCGT CTGGGTCAGTCATGATAAGTGT
StPEBPS PGSC0003DMG400014322 CACTTGCAGTAGGGAGAGTAATAGG TAAGCAGATCTCATGTCTTCACC
StPEBP6 PGSC0003DMG400023365 TCACAGATATCCCAGCAACTAC CACTGTTTCACGTCTTGATTGT
StPEBP7 PGSC0003DMG400005654 CTTGTGGTTGGAAGAGTGATTG TCCAGGTATGTCTGTCACAATC
StPEBPS PGSC0003DMG400016179 GATTGGAGGAAATGGTCTTTCG GGCCTTGGACTCTCATAACATA
StPEBP9 PGSC0003DMG400016180 TATCTTATGAGTGCCCAAGACC GCTACCGGCAATCCAAAATTAT
StPEBP10 PGSC0003DMG400040097 GTTCTCTTCAAGCAGAAAAGCA GCAACAGGTTGTTCAAGATCAT
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Table 2 Genome-wide identification and molecular characterization of StPEBP gene family in potato

SRR 3AMASERE D 6.1 JRAIED D WG o Ta(kDa) B RKME WARNERE

Gene name  Gene ID in DM v3.4 Gene ID in DM v6.1 Subfamily MW pl GRAVY  Subcellular localization
StPEBPI ~ PGSC0003DMG40000626  Soltu.DM.09G008810.1 ~ PEBP 9.27 5.48 -0.45 Cytoplasmic

StPEBP2  PGSC0003DMG400007111  Soltu.DM.06G029780.1  TFLI 16.94 9.03 -0.47 Cytoplasmic

StPEBP3 PGSC0003DMG400011707  Soltu.DM.01G007030.1  TFL1 19.61 9.07 -0.32 Cytoplasmic

StPEBP4  PGSC0003DMG400011709  Soliu.DM.01G006970.1  TFL1 10.09 5.21 -0.29 Cytoplasmic

StPEBP5  PGSC0003DMG400014322  Soltu.DM.03G017110.1  TFL1 19.40 8.95 -0.35 Cytoplasmic

StPEBP6  PGSC0003DMG400023365  Soltu.DM.05G026370.1 ~ FT 19.60 6.90 -0.28 Cytoplasmic

StPEBP7 PGSC0003DMG400005654  Soltu.DM.03G033490.1  MFT 19.04 8.48 -0.08 Cytoplasmic

StPEBPS PGSC0003DMG400016179  Soltu.DM.11G004040.1  FT 19.83 6.83 -0.30 Cytoplasmic

StPEBP9  PGSC0003DMG400016180  Soltu.DM.11G004050.1  FT 20.01 6.90 -0.38 Cytoplasmic
StPEBPI0  PGSC0003DMG400040097  Soltw.DM.09G003550.1  TFL1 19.48 7.96 -0.34 Cytoplasmic
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Figure 1 Relationship analysis of PEBP gene family in potato, tomato, tobacco, pepper and Arabidopsis thaliana
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Figure 2 Phylogenetic tree, motif sequence and gene structure of StPEBP gene family in potato
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Figure 3 Prediction of cis—acting elements of StPEBP gene family in potato



ThERHE SIPEBP SR G b1 S HACH S PRI ——3K S0, 192028, M, 45 + 103+

2.5 EEEHSH LA B2 StPEBP R ZZ it 0 T A 2[R Ka/Ks ¥/ F
DL A JF PEBP J [B] 5% i Ay Xof B Ak 580 1 4% 25 1, Z2Naifeik$e, D48E T SIPEBP 3L N Z G
SIPEBP F: TR G AE A i B A g e 86 R J7 (3R 3) . IR T PEBP LR Z ik & A T k4L .

®3 DHREFMIEITPEBPEFEENSH

Table 3 Selective pressure analysis of PEBP in potato and Arabidopsis thaliana

WIRFIE D R LR T I SR 1l B ok I S ] B B
Gene ID in A. thaliana Gene name in S. tuberosum Ka Ks Ka/Ks
AT2G27550 StPEBP1 1.05 3.69 0.28
AT1G18100 StPEBP1 1.12 3.21 0.35
AT5G03840 StPEBPI 1.05 1.56 0.67
AT4G20370 StPEBP1 1.04 1.42 0.73
AT5G62040 StPEBP1 1.14 1.27 0.90
AT16G65480 StPEBP1 1.03 1.14 0.91
AT5G03840 StPEBP2 0.10 1.15 0.09
AT16G65480 StPEBP2 0.42 1.80 0.24
AT4G20370 StPEBP2 0.45 1.67 0.27
AT2G27550 StPEBP3 0.19 3.72 0.05
AT5G62040 StPEBP3 0.31 2.05 0.15
AT5G03840 StPEBP3 0.21 1.38 0.15
AT1G65480 StPEBP3 0.42 2.06 0.20
ATI1G18100 StPEBP3 0.56 2.19 0.26
AT2G27550 StPEBP4 0.22 2.83 0.08
AT4G20370 StPEBP4 0.36 2.78 0.13
AT5G03840 StPEBP4 0.23 1.74 0.13
AT5G03840 StPEBPS5 0.24 2.80 0.09
AT5G62040 StPEBP5 0.28 1.71 0.17
AT1G65480 StPEBPS 0.35 1.93 0.18
AT2G27550 StPEBP6 0.44 4.87 0.09
ATI1G18100 StPEBP7 0.15 2.36 0.07
AT16G65480 StPEBP7 0.49 1.76 0.28
AT2G27550 StPEBP7 0.47 1.40 0.34
AT5G62040 StPEBP7 0.44 1.26 0.35
AT5G03840 StPEBP7 0.51 1.08 0.47
AT56G03840 StPEBPS 0.44 3.10 0.14
AT5G03840 StPEBP9 0.41 2.12 0.19
AT1G65480 StPEBP9Y 0.23 1.21 0.19
AT4G20370 StPEBP9 0.22 1.12 0.20
AT2G27550 StPEBP9 0.41 1.44 0.28
AT5G03840 StPEBP10 0.15 2.75 0.05
AT5G62040 StPEBP10 0.30 3.18 0.09
AT2G27550 StPEBP10 0.10 0.76 0.13
AT1G65480 StPEBP10 0.46 3.17 0.15

AT4G20370 StPEBP10 0.45 1.37 0.33
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Note: A is the replication of StPEBP gene family in potato genome; B is the replication of PEBP gene family between tomato and potato; and C is the

replication of PEBP gene family between pepper and potato.
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Figure 4 Synteny analysis of PEBP gene family in potato
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Table 4 Synteny analysis of StPEBP gene family in potato, tomato and pepper

et i T il ESHBEE A 1D et fi i R EIIN Y T
Chromosome number Gene ID in S. lycopersicumor or Capsicum annuum  Chromosome number Gene name in S. tuberosum
chrl2 PHT65067 chrll StPEBP9
chr9 PHT71587 chr9 StPEBP10
chr6 PHT80015 chr6 StPEBP2
chr6 PHT80015 chrl StPEBP4
chr5 PHTS82541 chr5 StPEBP6
chr3 PHT87214 chr3 StPEBP4
chr3 PHT88651 chr3 StPEBP7
chrl PHT94378 chrl StPEBP4
chrl Solyc01g009560.1.1 chr6 StPEBP2
chrl Solyc01g009560.1.1 chrl StPEBP4
chr3 Solyc03g026050.3.1 chr3 StPEBPS
chr3 Solyc03g119100.2.1 chr3 StPEBP7
chr5 Solyc05g055660.2.1 chr5 StPEBP6
chr6 Solyc06g074350.3.1 chr6 StPEBP2
chr6 Solyc06g074350.3.1 chrl StPEBP4
chr9 Solyc09g005060.2.1 chr9 StPEBP1
chr9 Solyc09g009560.2.1 chr9 StPEBP10
chrll Solyc11g008640.2.1 chr5 StPEBP6
chrll Solyc11g008640.2.1 chrll StPEBPS
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Figure 5 Expression analysis of StPEBP gene family in different tissues of potato
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Figure 6 Expression patterns of StPEBP gene family in different tissues of potato



L SIPEBP SR SR B RS RO —HSCHT, PR, i, 4 +107
SURIRRE, (AR NP RIA RS, R RR RN 120" RGA R R R, FERE TR

KN . StPEBP2 A5 ) E) 2525 84 £ B2 M 60° 2]
120° 48 fb R e, R 2R E AR R 3 150°
i StPEBP2 F ikt T FEIF R R . StPEBP3TE
KRk TR, HIRAES BN 150714
FEAUNE PRI RE S, EREZERT N HA
Wy B 23k AR . StPEBPS 76 /N8 vh 65k i i
m, FER R ZEHAL R T BeR A AL, 7EE S
FE R 150° (B B 25, StSP6A(StPEBP6) ) 3
KB RIGI, INEFIRE D SiSPOA 1)1k
Ay, FEHAbE R IR R AR, StPEBP7 1E )

K AL T ) B 2R AR O 1507 I Y Rk
XTI R 225 BN 12078 Rk . SiSP3D
(StPEBPS) 15 ) &) 2525 46 ff BE o 30° B 22 3K 1t i
T, LR B 2R A R 90° Rl /N v ik o
v, HAbE R KB, SISPSG(StPEBPY)
TER) B 2 A R N 120 A R i, 7 E
SRS B A 30° 1907 I Bk e i, HoAh A
TR FRAL . StPEBP101E ) 5 25725 54 £ BE H 60°
Bf 3R 0K i ey, 7E ) R 2R B AR R 90° B TR
FhRIBEE S

StPEBP1 StPEBP2 StPEBP3
— 30000 — 201 — 251
T B T
E £ £,
- = B = 15F =~
Q-g 20 000 ¥ = %4515
L H £ ok o g
g g ¥ z1o
g g 1000 = Zos =
oo > Nt D 2
= -,g = = = E’ 0.5
< = <
= = 0 = 0
1 2 3 4 5 6 17 1 2 3 4 5 6 17 1 2 3 4 5 6 17
KB Development stage K B Development stage K& BT Development stage
StPEBPS5 StPEBP6 StPEBP7
— 4 r —_— 15 r — 4
§ g §
Bz 30 B g Bz 3F
%z ¥ 2 L0k %z
2 g 2
il K& osl il
= o < o Y = o
E Lo g £ ﬂ ERE ﬁ
s = E
QEO 0 ﬁ 1 il ﬁ = | | Qg 0 [Tl m il ’l\‘ | | | :;:0 0 m m m | | ﬁ |
1 2 3 4 5 6 7 1 2 3 4 5 6 17 1 2 3 4 5 6 17
ELNE: evelopment stage LR evelopment stage ELNE; evelopment stage
K Devel KH W Devel KHE I Devel
StPEBPS StPEBP9 _ StPEBP10
— 20 —~ 067 = 15
3] [ 2
z ) o
=z Nl sz
X L S =
A £ = Z 2o04r 2 2 10F
g e 107 i R g
s 4= 02 = L 0.5+
ﬂf;’ 5] ~m o Y = q;
= 2 05F Z z Z
"ol l-alln *
;;2 0 I I I ’l\‘ I I I Qg 0 = 0
1 2 3 4 5 6 17 1 2 3 4 5 6 17 1 2 3 4 5 6 17

&% B I Development stage

K B Development stage

& B Development stage

T AR 1~7 705 30R 1 R 2N N 307, 2. MEZESAMEN 607, 3. MEZETMMEN 0", 4. MEZETHMEN 1207,

5. MEZELHIMEE N 1507, 6. /N, 7. K&,

Note: In abscissa, 1. stolon hook angle 30”; 2. stolon hook angle 60°; 3. stolon hook angle 90°; 4. stolon hook angle 120”; 5. stolon hook angle

150°; and 6. small tuber; and 7. large tuber.

E7 D®RESPEBPERRKEAEERBEIRFHREERN

Figure 7 Expression pattern of potato StPEBP gene family during stolon development in potato
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