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Abstract: The phenylalanine ammonia-lyase (PAL) is the rate limiting enzyme and key enzyme in phenylpropane metabolism
pathway, which plays an important role in plant growth. In this study, a total of 8 gene family members (StPALs) in potato
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(Solanum tuberosum L.) were identified by BlastP and Hmmer 3.1 software, and their bioinformation were analyzed by the Ex-
PASy, CELLO, PlantCARE, and other online tool. We analyzed the relative expression pattern of StPAL genes in different tissues
of double monoploid (DM) potato, as well as under abiotic stresses by RNA-seq in Potato Genome Sequencing Consortium
(PGSC) database. We performed RNA-seq on white, red, and purple tuber skin and flesh of three potato cultivars, and the relative
expression levels of StPALs genes in different colors tubers (flesh) of three hybrid progeny potatoes were detected by qPCR. StPAL
genes were distributed on chromosomes 3, 5, 9, and 10, and eight StPALs were closely related to tobacco (Nicotiana tabacum)
PAL. The cis-acting elements revealed that the promoter regions of StPAL genes contained many elements, including light re-
sponse, stress response to adversity, hormone response, growth and development, and transcription factor binding elements. The
results showed that StPAL2 was specifically expressed in stolons, and StPAL3/5/8 were mainly expressed in tubers and stolons.
The relative expression level of StPAL3 gene were down-regulated under mannitol treatment, and the relative expression levels of
StPAL3 and StPALS genes were up-regulated under heat stress. The above results suggested that StP4ALs might be involved in the
tuber growth and abiotic stress response. By transcriptomic and qPCR analysis, the relative expression levels of 5 StPAL genes
(StPAL3/4/5/6/8) were up-regulated in the flesh of color potato, suggesting that they may participate in the biosynthesis of antho-
cyanins in flesh. These results provide a theoretical basis for further understanding the StPAL gene family and analyzing the func-
tion of StPALs in potato.

Keywords: potato; PAL genes family; abiotic stress; anthocyanin biosynthesis; expression analysis
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(molecular weight, MW) ( KR116) DNA
(point isoelectric, pl), CELLO (http://cello.life. cDNA SuperReal
nctu.edu.tw/)*! StPAL PreMix Plus (SYBR Green FP205) CFX96
1.3 StPALs (Bio-Rad, ) qPCR, 3
MEGA7.0 (36] 20 puL: 2 uL ¢cDNA (50 ng pL™")
[39] [33] [40] [41] [18] (10 yumol L™") 0.6 uL 2xSYBR Green Master
[42] , PAL Mix 10 uL  ddH,0 6.8 uL. qPCR :95°C 30,
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Table 1 Primer for qPCR used in this study

Gene name

Forward primer (5'-3")

Reverse primer (5'-3")

StEF-1a

PG2021549
PG0031457
PG0005492
PG0023458
PG1021549
PG2021564
PG0019386
PG0031365

GGTCGTGTTGAGACTGGTGTGATC
CTCACAGCAGGAAGGAATCCAAGC
CTCACAGCAGGAAGGAATCCAAGC
ATCCGACTAGGTGGTGGTGAGATG
CACAGCGTCTGGTGACTTGGTAC
CTGCTGAGGCTGTGGACATCTTG
TGGAACGGTCACTGCCTCAGG
ACTGCCTCGGGTGATCTTGTCC
GCCGAAGGAAGGACTTGCTCTTG

GCTTCGTGGTGCATCTCTACAGAC

TGAAGTTCCGAGCAGTAAGAAGCC

GCTCGGCACTCTGAACATGGTTAG
ATCCAATCACTGCTCGCCTTGAC
GCGTCCAACAGTTCTCCATTAGGC
TTGGCTACTTGGCTTACGGTGTTC
CACTAACACCAGCCACACGGAAC

ACTAATACCAGCAACACGGAACGC

CGGGCTTTCCATTCATCACCTCAG

PG: PGSC0003DMG40.
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NCBI (PRINA541919) 9 10
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2 BRSO StPALI~StPALS , StPAL
2.1 StPALs 391~722 aa , 43.55~78.49
HMM 3.1 BlastP StPAL kD, 5.41~6.62
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PAL , (2
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Table 2 Physicochemical properties and subcellular localization of StPAL genes family
Gene Amino acid Molecular Point Subcellular Chromosome
name length weight (kD) isoelectric (pl) localization localization
PG0031457, StPALI 435 48.34 5.84 Cytoplasmic Chr03
PG0005492, StPAL2 667 73.69 5.41 Cytoplasmic Chr05
PG0023458, StPAL3 707 77.51 6.07 Cytoplasmic Chr05
PG2021549, StPAL4 391 43.55 6.62 Cytoplasmic Chr09
PG1021549, StPALS 722 78.49 6.04 Cytoplasmic Chr09
PG2021564, StPAL6 719 78.23 6.15 Cytoplasmic Chr09
PG0019386, StPAL7 689 75.46 6.28 Chloroplast Chr10
PG0031365, StPALS 711 77.54 5.86 Cytoplasmic Chrl10
2.2 StPALs 6  StPALs ( StPAL1  StPAL4)
StPAL , 8 motif7 motif9 motifS5 motif2
63 PAL motif§ motifl motif6 PAL
3 ,63  PALs 6 s motif7  motif9 C , motifl
(CI~CVI), 4 9 14 7 12 motif6 N
15 PALs 8 StPALs CIII 2.4 StPALs
R 4 PAL StPALs
(NtPAL1/2/3/4) 2 PAL  (AtPAL3 , PlantCARE
AtPAL4) , PAL 2000 bp
, ( 5), StPALs TATA-
box CAAT-box , 21
2.3 StPALs Motif )
StPAL ; , 10
4 TCT-motif G-box  GTl-motif ), 2
, 8 StPALs R 2 (
(StPAL1/4) , 6 StPALs MBS TC-rich repeats), 3
1 MEME R (
StPALs , 10 ABRE TCA-element
R 10 motifl~motif10 AuxRR-core), 2
motif2 motifl motif6 motif3 motifl0  motif4 (HD-Zip  CAT-box) 4 MYB MYC WRKY

8 StPALs ; motif7  motif9
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Fig.3 Phylogenetic tree of PALSs proteins of different species
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The red circles represent StPALs, the green pentagrams represent AtPALs, and the green hexagons represent NtPALs.
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Fig. 4 Evolutionary relationship, gene structure, and conserved motif of StPALs gene family
A: StPALs B: StPALs / s /
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A: StPALs evolutionary tree. B: the exon/intron structure of StPALs. The blue boxes represent exons, and the black lines of the same length

represent introns. The upstream/downstream area is indicated by a red box. C: the distribution of conserved motifs in StPALs. Different col-
ored boxes represent 10 motifs.
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Fig. 5 Putative cis-acting regulatory elements in the StPAL gene promoters
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Fig. 6 Relative expression pattern of StPALs genes in different tissues (A), different abiotic stresses treatments (B), and different
potato skins and flesh (C)
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A: the relative expression level of 8 StPALs is taken as the logarithm with base 2, and the color scale is plotted using the log,FPKM of each
gene. B: in the three abiotic stresses (salt, mannitol, and heat stress), the ratio of treatment to control is used. The logarithm based on 2 was
taken, and the color scale is drawn with log,FC. C: the ratio of color cultivar/white cultivar in different potato skins and meat, take the loga-

G

rithm based on 2, and draw the color scale with log,FC. XDS, LTS, and HMS represent the potato skins of “Xindaping”, “Lingtianhongmei”,

and “Heimeiren”, respectively. XDF, LTF, and HMF represent the potato fleshes of “Xindaping”, “Lingtianhongmei”, and “Heimeiren”, re-
spectively.
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Fig. 7 Relative expression pattern of eight StPAL genes in potato tuber (skin and flesh) with different colors
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XDF LTF HMF «“ ”o o ” 3 (+SE)
P<0.05
The relative expression pattern of 8 StPAL genes in white and colored potato skins and flesh. XDS, LTS, and HMS represent the potato skins

of “Xindaping”, “Lingtianhongmei”, and “Heimeiren”, respectively. XDF, LTF, and HMF represent the potato fleshes of “Xindaping”, “Ling-

tianhongmei”, and “Heimeiren”, respectively. Data are means (+£SEs) from three independent biological replicates. Different letters above the
bars denote significant difference at P < 0.05.
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Fig. 8 Relative expression pattern of eight StPAL genes in potato flesh of three hybrid progenies (Y, R, P)
8 StPALs Y R P qPCR 3 (+SE)
P <0.05 2
The relative expression pattern of 8 StPAL genes in Y, R, and P flesh. Data are means (+SEs) from three independent biological replicates.
Different letters above the bars denote significant difference at P < 0.05. Abbreviations are the same as given in Fig. 2.
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