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Abstract: The sequences of the polyphenol oxidase(PPO) gene family were searched from potato genome and were
subject to bioinformatics and expression analysis. The results showed that a total of 12 PPO genes, StuPPO1, StuPPO2,
StuPPO3, , StuPPO12 with exception of StuPPO9 localized on chromosome 2, were sorted out and all of them located
in the 276 kb range of chromosome 8. Further analysis of the PPO protein sequences with 3 typical structural domains
(Tyrosinase, PPO1_DWL, PPO1_KFDV) showed that the similarity of StuPPO1, StuPPO2, StuPPO3, StuPPO4 and

StuPPO6 protein sequences was more than 80%, and most of the StuPPO proteins are in chloroplasts. The analysis of
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cis-acting elements of the promoters showed that StuPPO1, StuPPO2, StuPPO3, StuPPO6, StuPPO8 and StuPPO9 have
elements responsive to MeJA; StuPPO1, StuPPO3, StuPPO4, StuPPO6, StuPPO7, StuPPO8, StuPPO9 have element
responsive to ABA; StuPPO2, StuPPO4, StuPPO8, StuPPO9 have elements responsive to IAA; A few PPO genes have

clements responsive to SA, GA and low temperature. The results of gene expression analysis showed that the expression

patterns of different PPO genes of potato were significantly different. StUPPO1, StuPPO2 and StuPPO3 were expressed

in the tissues of potato tuber, root, stolon, stem, petiole, young leaves, middle leaves and old leaves; StuPPO4 is only
expressed in the tissues of tuber, root, stolon and stem; StuPPO6, StuPPO7, StuPPO8 and StuPPO9 were not expressed in

any tissues tested. In addition, the expression of the same gene varied greatly in different tissues of potato.

Keywords: potato; PPO gene family; bioinformatic; gene expression
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1.2.2 L4435 PPO KR AWM &5 5 Bootstrap 1 000
Phytozome(https://phytozome.jgi.doe. 1.2.4 % RNA 69323 B % — 24 cDNA 844 A%,
gov/pz/portal.html) (
MultAlin(http://multalin.toulouse.inra.fr/multalin/) RNAprep Pure RNA
Simple Modular Architecture RNA RNA  NanoDrop
Research Tool(SMART, http://smart.emblheidelberge. UV (Thermo Fisher Scientific)
de/) LALIGN RNA Ao/ Asso
(https://www.ebi.ac.uk/Tools/ psa/lalign/) 19 21 1%
Target P 1.1(http://www.cbs.dtu. RNA lug RNA
dk/servi ces/TargetP/) DNA 20 °C
ProtParam(https://web.expasy. org/protparam/)
PPO 1.2.5 R RZARNELE PR 547
cDNA PCR Mix(
Phytozome )

( 2 kb) 94 °C 3
PlantCARE(http://bioinformatics.psb.ugent.be/webtoo min 94 C 30s 58°C 30s 75°C 12
Is/plantcare/html/) s 40 2%

PCR 2xT5 Fast qPCR
1.2.3 #ibkiotr . _AACH !
Mix(SYBRGreenl) 2
ClustalW StuPPO [19] 3
MEGA 7 1
(neighbor-joining, NJ) (18]
*1 AWMHREFASINYER
Table1 The primers used in this study
(5'-3" /bp GC /% ™
StuPPO1 T054_qPCR-F TCCGTCCCAATTCTTCGGTG 93 55.00 60.00
T054_qPCR-R TGAACCGGGGTATGAGGGAT 55.00 60.00
StuPPO2 PPO41 ATATCGCGACTGTTGATTTCC 133 42.86 56.51
PPO42 GTCGCACCTTCAATGGAGATA 47.62 57.82
StuPPO3 T681_qPCR-F GGGGTACGATTACGCACCAA 121 55.00 60.10
T681_qPCR-R CGCAAGTGGGAATACCTCGT 55.00 60.10
StuPPO4 T685_qPCR-F CCAATGGAAATATTACCTTTCT 119 31.80 51.82
T685_qPCR-R CATACTGCAACTGCTACTCTCC 50.00 58.55
StuPPOB T055-F CTCCTGGTGGTCCAGCAGTT 124 60.00 59.60
T055-R AGATGAGCAGGGGAACGGA 57.90 60.00
StuPPO7 T703-F TGTTTGGATACGAAGATGGGG 129 47.60 59.90
T703-R GAATACCTTGTTTGCTGGCTCA 45.50 59.70
StuPPO8 T679-F CGGTGTAACCAACGAGCCA 122 57.90 59.90
T679-R GGAGTGGTGGACAACATGAAAA 45.50 59.70
StuPPO9 T781-F ACTTTCCTCGGGGACCCTT 91 57.90 59.80
T781-R TCCAAACATGAACCGCACC 52.60 59.60
EFla EFla-F ATTGGAAACGGATATGCTCCA 101 42.90 60.00
EFla-R TCCTTACCTGAACGCCTGTCA 52.40 64.00
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Table 2 The information of PPO genes of potato

ID DNA /bp /aa
PGSC0003DMG400029575  StuPPO1 1770 589 0 ch08:45630877..45632646
PGSC0003DMG400018916  StuPPO2 1797 598 0 ch08:45873422..45875218
PGSC0003DMG400018914  StuPPO3 1671 556 0 ch08:45888516..45890186
PGSC0003DMG400018917  StuPPO4 1791 596 0 ch08:45869004..45870794
PGSC0003DMG400018919  StuPPO5 414 137 0 ch08:45793702..45794115
PGSC0003DMG400029576  StuPPO6 1791 596 0 ch08:45676042..45677832
PGSC0003DMG400018924  StuPPO7 1767 534 1 ch08:45778567..45780333
PGSC0003DMG400018913  StuPPO8 2531 591 1 ch08:45904860..45907390
PGSC0003DMG400022430  StuPPO9 1855 539 1 ch02:34338587..34340441
PGSC0003DMG400018923  StuPPO10 495 164 0 ch08:45806485..45806979
PGSC0003DMG400018918  StuPPO11 495 164 0 ch08:45807634..45808128
PGSC0003DMG400018925  StuPPO12 969 322 0 ch08:45841423..45842391
} 276 kb !
. . B . SmPpOd
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Fig. 1 Relative location of PPO genes of potato on chromosome of potato
22 DHEPPOEEREEBFIISH *3 DHREPPO ZEHFIIRTHEMEBMNESFIHKE
12 PPO 3 Table 3 The location and sequence length of amino acid of
conserved domain of PPOs of potato
3 (Tyrosinase PPO1_DWL Tyrosinase _ PPOl_DWL _ PPO1_KFDV
PPO1 KFDV) StuPPO5 StuPPO12 1
( /aa) ( /aa) ( /aa)
2 StuPPO10 StuPPOT1 StuPPO1 171-378(208)  384-435(52)  455-586(132)
( 3) StuPPO2 172-385(214)  391-442(52) 463-595(133)
StuPPO3 131-344(214)  350-401(52)  421-553(133)
PPO StuPPO4  172-385(214)  391-442(52)  463-593(131)
Tyrosinase 95 215 StuPPOS5 36-130(95)
StuPPO6 170-384(215)  390-441(52) 461-593(133)
StuPPO5 CuB StuPPO7  148-324(177)  330-380(51)  400-531(132)
StuPPO7 StuPPOI12 CuA ( StuPPO8  165-374(210)  380-431(52) 451-586(136)
StuPPO9 105-313(209)  319-370(52) 405-537(133)
2) StuPPO10
PPO1_DWL 51 52 PPO1 StPPO11

StuPPO12  57-231(175) 237-288(52)

KFDV 131 136 ( 3
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Table 4 Proteins sequence similarity matrix of PPOs of potato
/%
StuPPO1 StuPPO2 StuPPO3 StuPPO4 StuPPO6 StuPPO7 StuPPO8 StuPPO9
StuPPO1 - 86.9 88.4 86.6 84.2 70.5 77.8 70.4
StuPPO2 - 934 92.0 84.3 71.1 76.8 70.1
StuPPO3 - 93.7 90.1 73.9 76.8 69.7
StuPPO4 - 85.3 71.6 77.7 69.4
StuPPO6 - 69.8 73.0 68.3
StuPPO7 - 66.3 72.3
StuPPO8 - 74.5
StuPPO9 -
PPO StuPPO8 PPOE StuPPO8 PPOE
PPO PPO PPO
3 ( 3) MdPPO1 MdPPO2 PPO
MdPPO3 MdPPO6 StuPPO9 PPO
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PPO PPO
10— PPOA(Q08303.2)
PPOC(Q08305.1)
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05 PPOD(Q08306.2)
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SmePPO1(GQ246219.1)
PPOB(NP 001296326.1)
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SmePPO3(HQ731444.1)
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Fig.3 The genetic evolution of potato, tomato, eggplant, appple PPO genes
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Table5  The prediction of subcellular of potato PPOs
/aa
StuPPO1 0.939 0.076 0.008 0.102 C 1 48
StuPPO2 0.875 0.086 0.015 0.132 C 2 45
StuPPO3 0.150 0.130 0.076 0.872 - 2 5
StuPPO4 0.916 0.071 0.012 0.106 C 1 45
StuPPO6 0.961 0.074 0.015 0.089 C 1 45
StuPPO7 0.979 0.026 0.017 0.063 C 1 44
StuPPOS8 0.757 0.038 0.076 0.306 C 3 33
StuPPO9 0.017 0.245 0.294 0.156 S 5 47
2.5 StuPPO ERELIERD PPO
( 6) PPO
.04 43. =5 , _ . —
60365.04  67643.66 2.6 DH#HEPPOREREEEBHFIRRIEMT

StuPPO7 60 365.04 StuPPO6 B4R
67 643.66
PPO
5.82  7.57 StuPPO7 (5.82)
( 7 StuPPO2  StuPPO4
StuPPO4 (7.57) StwPPO2 StuPPO4
10 StuPPO8 StuPPO9 1 2 1IAA
IAA StuPPO4
40 PPO StuPPO2
StuPPO7 PPO MeJA
StuPPO4
MelA StuPPO2
Table 6 The physicochemical properties of PPOs of potato StuPPO4 1 SA
SwPPOl  6.63 6644613 0480 40.87 SA StuPPO1  StuPPO8 1
StuPPO2 6.61 67143.67  —0.479 36.02 GA StuPPO1 StuPPO2 StuPPO9
StuPPO3 5.90 6297146  —0.445 41.19 1 LTR StuPPO1
StuPPO4 7.57 66 612.49 -0.442 39.24 StuPPO4 StuPPO6 1
StuPPO6 6.00 67 643.66 -0.457 50.79 .
TC-rich repeats
StuPPO7 5.82 60 365.04 -0.492 44.23
StuPPOS8 6.44 66 817.73 -0.430 45.17 PPO IAA MeJA ABA
StuPPO9 6.41 60410.37 -0.452 40.30
x7 SHEPPOEERBIFINNIERTH
Table 7 The function of cis-acting element of PPO genes promotor of potato
T1AA MeJA ABA SA GA
AuxRR— TGA- CGTC.Af TGAQGf ABRE TCA- TATC—box LTR TC-rich
core element motif motif element repeats
StuPPO1 N N N N N N
StuPPO2 J J J v J
StuPPO3 J x/ J
StuPPO4 \/ N N N
StuPPO6 J \/ J 3
StuPPO7 J
StuPPO8 v N N N J
StuPPO9 J J v V J
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2.7 DHE PPO ZEEEIHREREIBAIAIRE StuPPO1 StuPPO2
8 PPO
StuPPO3
( 4  SWPPOl StPPO2 StuPPO3 SwPPO4
8 StuPPO4
SWPPOS 3 hip Siip
StuPPO7 StuPPO8 StuPPO9 8
12 PPO
StuPPO9 2 11
PPO 8 276 kb
EFla
PPO
StuPPO1 PPO
SPPO2 12 PPO StuPPO7 StuPPOS8
StuPPO9 1
StuPPO3
PPO Tyrosinase PPO1_DWL
StPPO4 PPO1_KFDV
StuPPOB . StuPPO5
StuPPO10 StuPPO11 StuPPO12
SwPPOT StuPPO7  Tyrosinase CuA
StuPPO8 StuPPO5 StuPPO10 StuPPO11 StuPPO12
StuPPO9 StuPPO7
StuPPO5 StuPPO10 StuPPO11
18 StuPPO12 8
E4 SHRE EREDSRETRIMMRIE SWPPO2  SwPPO3
E 4 D4E PPO REEDUERREEMAMRIA
_ il TR PR ZIR StuPPO4 90% StuPPO3
Fig.4 The expression of PPO genes in different tissues of potato
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[9, 21-22]
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Fig.5 The relative expression of 4 StuPPO genes in tissues of potato MeJA  ABA IAA
SA GA IAA SA GA
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