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Abstract: Phenylalanine ammonia-lyase (PAL) is a key enzyme in the metabolism of phenylpropane that regulates the biosynthesis of
flavonoids in raspberry. To elucidate the function and regulation mechanism of the RiPALI gene in raspberry, total RNA was extracted from
raspberry fruits to synthesize first-strand cDNA. The gene was successfully cloned, and related bioinformatics analyses were carried out. Our
results showed that the coding sequence (CDS) of the RiPALI gene was 2 133 bp in length, encoding 710 amino acids, with a molecular weight
of 77.5 ku and an isoelectric point of 6.21. The maximum hydrophobicity of RiPAL1 protein was 4.50, its minimum hydrophobicity was -4.50,
and its average hydrophobicity index was -0.49. Based on these, it was determined that it is a hydrophilic protein with no transmembrane
structure and no signal peptide. The RiPAL1 protein contained 4 N-glycosylation sites and 67 specific kinase sites. Its secondary structure was
mainly composed of a-helices, while its tertiary structure was a homotetramer. Multiple sequence alignment showed that the RiPAL1 protein has
a typical conserved domain of phenylalanine ammonia-lyase. Phylogenetic analysis indicated that the RiPAL1 protein is closely related to that of
strawberry. This study provides a reference for further research on the molecular mechanism of the RiPALI gene in the biosynthesis of
flavonoids in raspberry fruit.
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N2133bp (K 2a), Zwhd 710 MEKERR (B 2b).
1 2 M

2.1 W% RiPALL 2 & 50 1% RF 5| 04

RNV RS RNA J5, K HIW 58 cDNA 5
—5 ., LA cDNA AHEHR , F(ATGGAGTTTAATAAAAAC
GGCAAC)F1 R(TTAAGATATAGGCAGGGGGGCAC)
HEIIHHAT RiPALT BRI K1, ke RIB/RTE
2 000 bp i A 2 — i HAnskr (B 1D
YRR PCR oAy, 32814K4 2 133 bp

[FZER 751, 22 NCBI blastn Ht Ji i 44 A EE RiPALT B 1 W% RiPALT E[E PCR 47 HE/ = FR ik
A, Fig.1 Electrophoretogram of PCR products of RiPAL1 gene in

FIF] ORF finder Ff§ 5 RiPAL1 & [RI [1)FF Jif e A respberry

a 1 ATGGAGTTTA ATAAAAACGG CAACGGGGCA GTCGAGTCAT TTTGCGAAGG GCACGACCCT

61 CTGAACTGGA ACATGGCCGC GGAGTCGCTC AAGGGGAGCC ACGTGGACGA GCTGAAGAGG

121 ATGGTCAGTG ATTACCGGAA GCCGGTGGTC AAGCTGGGAG GTGAGACCCT CACGATAGGG

181 CAGGTGGCGG CAATTGCGAG CCACGACGGA GGGGTGCGCG TGGAGCTGTC GGAGGAGAAG

241 CGGGCTGGGG TGAAGGCCAG CAGTGACTGG GTCATGGATT CAATGGGGAA GGGTACAGAC

301 AGCTACGGTG TCACCACCGG CTTCGGTGCA ACCTCGCACA GGAGGACCAA AAACGGAGGA

361 GCTCTTCAGA GAGAGCTGAT TAGATTCTTG AATGCCGGAA TCTTTGGCAG CAGCCTAGAC

421 TCTACCCACA AATTGCCTCA CACCGCCACG AGAGCAGCGA TGCTAGTGAG GATCAACACC

481 CTTCTCCAAG GCTACTCCGG CATCAGGTTC GAAATCCTGG AAGCCATAAC CAAATTCCTC

541 AACGGCAACA TTACCCCATG CCTTCCTCTT CGGGGTACCA TCACTGCGTC CGGGGACTTG

601 GTCCCCCTCT CATACATTGC GGGGCTTTTA ATAGGCAGGC CCAATTCAAA GTCCGTGGGG

661 CCCAAGGGAG AGACCCTAAG CCCAGCTGAG GCCTTTAAGC TAGCTGGGAT TGATGGTGGT

721 TTCTTTGAGT TGCAACCCAA GGAAGGCCTT GCTTTGGTCA ATGGCACTGC CGTTGGGTCT

781 GGTATGGCTT CTATGGTGCT GTTTGATGCC AACACTCTAG CTGTTCTCTC CGAAATCATG

841 TCAGCAATTT TCGCCGAAGT TATGCAAGGA AAGCCGGAGT TTACAGACCA CTTGACCCAC

901 AAACTGAAGC ACCACCCTGG CCAGATTGAA GCAGCAGCCA TAATGGAACA TATTCTTGAA

961 GGAAGCTCTT ACGTGAAAGA AGCGAAAAAG GTTCATGAAA TGGACCCTCT TCAAAAGCCT

1021 AAGCAAGACC GATATGCTCT AAGAACCTCC CCACAATGGC TAGGTCCACA GATCGAAGTG

1081 ATCAGGGCAG CAACCAAAAT GATTGAGAGG GAGATCAACT CTGTCAACGA CAACCCATTG

1141 ATCGATGTCT CCAGGAACAA GGCGTTACAT GGTGGAAATT TTCAAGGAAC TCCAATTGGT

1201 GTTGCCATGG ATAACACCAG ACTTGCCATT GCCTCAATTG GGAAGCTCAT GTTTGCCCAA

1261 TTCTCTGAGC TTGTCAATGA CTACTACAAC AATGGCTTGC CTTCGAATCT CACAGGTAGC

1321 AGCAACCCGA GTTTGGACTA CGGGTTCAAA GGTGCTGAAA TCGCAATGGC ATCTTACTGC

1381 TCAGAGCTTC AGTTCCTGC CAACCCTGTG ACCAACCATG TCCAAAGTGC TGAGCAACAC

1441 AACCAAGATG TTAACTCCTT GGGATTGATC TCCTCTAGGA AGACATCAGA GGCTGTCGAC

1501 ATTTTGAAGC TGATGTCATC CACATTCCTA GTTGCATTGT GCCAAGCTAT TGATCTGAGG

1561 CATTTGGAGG AGAACTTGAA GATCGTTGTC AAGACTACTG TAAGTAATGT GGCCAAGAGG

1621 ACCCTGACTG TTTCCCCCAA CGGCGAGCTT CACCCCTCTA GATTCTCCGA GAAAGACTTG

1681 CTCACAGTCG TGGACCGCGA GTACCTTTTC TCCTACATCG ACGACCCCTG CCTTGCTACC

1741 TACCCACTGA TGCAGAAACT GAGGGCAGAG CTAGTCGAAC ATGCTCTGAA AAATGGTGAG

1801 AGAGAGCGGA GTGCAAACAC TTCCATCTTC CACAAGATTT CTGCTTTTGA AGAGGAGCTG

1861 AAGACCCTCT TGCCCAAAGA AGTCGACAAT GCCAGGATCG AAATCGAGAA TGGGAAATCA

1921 GAAATCCCAA ACAGGATCAA GGAATGCAGG TCTTATCCAT TGTACAGGTT TGTGAGGGAG

1981 GAGTTGGGGA CTAGAAAGTT GACCGGTGAG AAGATCAAGT CACCTGGTAG AGAATGTGAC

2041 AAGGTGTTCA ATGCAATCTG TGCCGGAAAG CTGGTTGATC CTCTGCTGGAA GTGTTTGAAG
2101 GAGTGGAATG GTGCCCCCCT GCCTATATCT TAA

b 6 MEFNKNGNGA VESFCEGHDP LNWNMAAESL KGSHVDELKR MVSDYRKPVV KLGGETLTIG
61 QVAAIASHDG GVRVELSEEK RAGVKASSDW VMDSMGKGTD SYGVTTGFGA TSHRRTKNGG
121  ALQRELIRFL NAGIFGSSLD STHKLPHTAT RAAMLVRINT LLQGYSGIRF EILEAITKFL
181 NGNITPCLPL RGTITASGDL VPLSYIAGLL IGRPNSKSVG PKGETLSPAE AFKLAGIDGG
241 FFELQPKEGL ALVNGTAVGS GMASMVLFDA NTLAVLSEIM SAIFAEVMQG KPEFTDHLTH
301 KLKHHPGQIE AAAIMEHILE GSSYVKEAKK VHEMDPLQKP KQDRYALRTS PQWLGPQIEV
361 IRAATKMIER EINSVNDNPL IDVSRNKALH GGNFQGTPIG VAMDNTRLAI ASIGKLMFAQ
421 FSELVNDYYN NGLPSNLTHS SNPSLDYGFK GAEIAMASYC SELQFLANPV TNHVQSAEQH
481 NQDVNSLGLI SSRKTSEAVD ILKLMSSTFL VALCQAIDLR HLEENLKIVV KTTVSNVAKR
541 TLTVSPNGEL HPSRFSEKDL LTVVDREYLF SYIDDPCLAT YPLMQKLRAE LVEHALKNGE
601 RERSANTSIF HKISAFEEEL KTLLPKEVDN ARIEIENGKS EIPNRIKECR SYPLYRFVRE
661 ELGTSLLTGE KIKSPGEECD KVFNAICAGK LVDPLLECLK EWNGAPLPIS

B 2 RiPALT FFHURNSEE (a) RARFEXEEBRFS (b)
Fig.2 Open reading frame (a) and coding amino acid sequences of RiPAL1 (b)
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Fig.3 Analysis of functional domain of RiPALL1 protein
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RBEOR~F S5 IR B R IR AL D RE BRIl . X
WA RIPALT % fith o F I OR <7 45 K 380 73 A R 0T,
RiPAL1 2 A7 PLN02457 45thk, J&T Lyase |
_Like #5 % (B 3). 7E RiIPAL1 &) 192~208 fif

GRS R TN S IR AR S g LA R 1 oL, SR A
N GTITASGDLVPLSYIAG (& 2b). F|f] ExPASy-
ProtParam 7 ZH 4T RiIPALL &5 [ R ERAL S B 3R T 47
Mr, TS F 3N C3420Hs491 Nog9O1045S07, FHXT o
TN 77.50 ku, SJRTHON 10 934, FHSEH N 6.21,
AFasE 2H0H 35.00 (<40.00), HEM NFaEEA. 2k
FHIZM 30 h, FERIER%E RIPALL 2R (10 20 FPa St
b (Lew) MBS, M 10.80%; AR
(Trp) HILLBIEAK, N 0.60%. ARIIREIER 616 1,
i 86.80%; FEREIEMR 39 1, 15 5.50%; MRMER
FR 85 1~ 1 12.00%. X RiPAL1 & 15 5 LT
WorHras B3R, RIPALL 2&—FE SEA, Wi
HEM TR 2R IR (B 4). TMHMM 2.0 7Rk
B PRI ZE B 5 oR, RiPALL K I ANEE S B 45 1)
(F 5). FIH ExPasy-ProtScale HAF7ELE Tl 4wt 25
FRSEGKE, 45 EoR RIPALL & A Bk iR
N 4.50, f/MEN-4.50, “FIEKIEECN-0.49, MUt
MRZE A Rk tEEE (B 6).

2.3 RiPALI Z & 4 A A sl B AU (o0

A

AEEN P EAFEAR, E4RPESHRSA
FEERR AN IR A ST 7y, o B 1 IR
PR RRS R A SCBEERATY, HERmA R 3 B A
Bl O Sl g Vo N ks 4= [t = I = C sl i)
FEH A —, BRI 5 E ST
FasE v L 4B E A7, $E R HE (Protein
Kinases, PKs) AL, K =BERRIRE (ATP) W%
PR 5L (A AL B R B e SR IR I e, |
2 2 S G R R, R AR R R Bk
AR SRR IR 3 AR £,
JBIT NetNHlye 1.0 ZAF7EL TN RiPAL & H FIHE R4L
frri, RILE RIPALL & H HAELE 4 DMEAE N FEELAL
B, 039 NGTA254 . NLTG436 . NPSL442 F1 NTSI606

(& 7). 83T NetPhos 3.1 ZXAF/EL T RiPAL1 &2
(ISR AN A, FER I 105 ] REAELE IR RR AL AL A,
HoA b 67 N IEBEEAL A, ARG 38 MR
2 (S). 22 MNREIR (T). 7 MR (Y), Hrhwg
TR FEMGIES 102, 324, 345, 428. 429. 447.
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Fig.9 Prediction of secondary structure of RiPAL protein
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Fig.10 Prediction of tertiary structure of RiPAL1 protein
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Fig.11 Multiple alignment of the RiPAL protein with other plant PAL proteins
7E: 5 RiPALL % A7) best o S pbp At L B 2 M5 40 F: 3 A (FaPAL1, APB87287.1), 3% (MdAPAL1, XP 028961654.1),
7 (PaPAL2, AOC97438.1), #H2Hk (PaPALI, XP_021826706.1), & %L (PbPAL2, ADF59062.1), ##k (PdPAL2, BBG97806.1),
ML (PmPALL, XP_008233304.1), #tft.( PpPAL1, XP_007220630.2 ), #4% ( PyPAL2, PQQ06086.1 ), A % (RcPAL1, XP_024176620.1),
B3R (RrPAL, ACZ44834.1), BRAR (ZjPAL, XP 015877186.1).
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Fig.12 A phylogenetic tree between RiPAL and other plant PAL
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