P VEY #2026, 47(1): 165-175
Chinese Journal of Tropical Crops

HE AcOCPKs RIEEREENRKIEST

BRAREE ) TRIAR, BRIETS, FEET, REWN, HEZEY, LRB', )87,
% H

L MR RO, R 5702285 2. Fp ERAATF A A2 B 1 AR VI ST T/ A L AN R EAGHT SR L )~
S i A R PR 7 R SR AR B S IR AR SR, AR 5240915 3. HEBE AR A B = SAESERE, R
= 572025

it

B OE. SIREMEE DR (calcium-dependent protein kinases, CPKs) YA W EEGFSHE SN T, FEEME
ZUAEY B h, CPKs BRI FIEIYYE | 4028 KINREDTFANAL TR AL BBy, 2 5 5ma 1 18 43 DL AN 7, X
LG A2 o 8 et R el R SR TR R . AWER SRS i IR R A 2= b . B koE i . AR B 2E T K qRT-PCR 4541
FAY AR, WP AcoCPKs LR K GIHFITREM T . GR TR NIEFEKFFLLE H 18 4~ AcoCPKs Fk [ ik
WG, X AcOCPKs NS/ A T 8 1 9 Feafk o AWME R %M B/R, I AcoCPKs & ¥ EA ML
PRAyP I 5 45 M BRI o E B SE I 98 PCR (qRT-PCR ) SRRt — 380, 18 4> AcoCPKs FEPIFER S, it )y, 2R
WA EAF AL A FRE, HENH B WAL, P4 AcoCPKs ZEE 7SR . IKH & NaCl bk 4k
PR RSP RE B, 280, AR RGMAT T 32 AcoCPKs FE K MM 5L AL PE T . 8% FRAE B AR 3
FEa N AR B N A, ANUHER AR N AcoCPKs A5t 4 3 25300 35 1 17 43 F ML 42 1 B BRI , Wb R 2R
iR P REIR AR IO T B R R G SR T Bt L R I AR O TR A 2 R ST A

KR : W, AcoCPKs; AWE R 41T qRT-PCR; isghin

HESES: S668.3 NEIREG: A

Bioinformatics and Expression Analysis of the AcoCPK s Gene Family
in Pineapple

CHEN Linpanl’z, ZHANG Miaolin?, YAO Yanli®, HOU Xiaowan™*, WU Qingsongz, HE Junjunz, MA Wuqiangl,
LI Chuanling®’, ZHANG Xiumei***

1. School of Tropical Agriculture and Forestry, Hainan University, Haikou, Hainan 570228, China; 2. Institute of South Subtropical
Crops, Chinese Academy of Tropical Agricultural Sciences / Key Laboratory of Tropical Fruit Biology, Ministry of Agriculture and
Rural Affairs / Key Laboratory of Postharvest Physiology and Preservation of Tropical Horticultural Products, Hainan Province,
Zhanjiang, Guangdong 524091, China; 3. Sanya Research Institute, Chinese Academy of Tropical Agricultural Sciences, Sanya,
Hainan 572025, China

Abstract: Calcium-dependent protein kinases (CPKs) are a class of plant-specific key signal transduction factors. In
pineapple, an important tropical economic crop, the identification, classification, and functional characterization of the
CPKs gene family are still in their infancy, and the molecular mechanisms by which they participate in stress responses
remain unclear, which limits their application in the improvement of stress-resistant pineapple varieties. In this study,
we systematically investigated the AcoCPKs gene family in pineapple by integrating genomic analysis, chromosomal
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localization, bioinformatic prediction, and qRT-PCR-based molecular approaches. A total of 18 AcoCPKs family
members were identified at the whole-genome level in pineapple. Chromosomal mapping showed that these AcoCPKs
genes are unevenly distributed across the nine chromosomes of pineapple. Bioinformatic analysis revealed that all
AcoCPKs sproteins share similar conserved motifs and domain architectures. qRT-PCR expression profiling further
demonstrated that the 18 ACOCPKS genes are expressed in multiple tissues, including fruits, leaves, fruit peduncles, and
flower buds, with distinct tissue-specific expression patterns; moreover, the transcription levels of several AcoCPKs
genes were markedly up-regulated under high-temperature, low-temperature, and NaCl salt stress treatments.Taken to-
gether, this study systematically elucidates the physicochemical properties, genetic characteristics, and stress-responsive
expression patterns of members of the AcoCPKs gene family in pineapple. These findings not only provide an important
theoretical basis for further dissecting the molecular mechanisms underlying AcoCPKs-mediated stress responses in
pineapple, but also lay a solid foundation for the targeted improvement of stress tolerance and the breeding of
high-quality, stress-resistant pineapple cultivars through gene editing, transgenic approaches, and other modern molec-

ular breeding technologies.
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Tab. 1

Primer sequences of ACOCPKSs and reference

genes in pineapple

HE PR

Gene name

LuEgIMFs (5-37)
Forward primer
sequence (5'-3")

TSI (5'-3")
Reverse primer
sequence (5'-3")

AcoCPK1

AcoCPK2

AcoCPK3

AcoCPK4

AcoCPK5

AcoCPK6

AcoCPK7

AcoCPK8

AcoCPK9

AcoCPK10

AcoCPK11

AcoCPK12

AcoCPK13

AcoCPK14

AcoCPK15

AcoCPK16

AcoCPK17

AcoCPK18

Actin

GGCACTATTGACTATG
GAGAATT

GCTACTTTGACAAGAA
CGGGA

GTGGGTGCTAATCTCA
AGGAA

GCCTTAAAGGTCGTCG
CAG

GATGGACGGATCAGC
TATGATG

GCCTGTGAGGAGTTTG
GTATAG

CGAGATCCAGATTATG
CACCA

GAACATTTGGTAGCGG
CATTT

AGTCGTCGGAAGTCCC
TATTA

GAGAACTTCCTCCTGG
TCAATAA

CGGTACAATCACCCTT
GAAGAA

CCTATTAAAATCGACA
AAGGAGG

CGAAGAATTGAGAGA
AGCCCT

CATGGCTCCGGAAGTT
CTAAA

GTGGAAGAAGTAGCC
GACATAA

CTGCTGATGCTGATGG
AAATG

CTTCCTATTGCTGTTG
AGGAT

ATTTCAGCATCTCATC
GAGGTG

GTATGGAAGCTGCGG
GTATT

ATCAGTGAGGCCGA
ATTCTC

ATTCCTCCAGTCTGT
TCCAGC

GGCTATGAACTCGC
CGTAAT

GTACCCAATTTTGG
TAAACCGG

GAGGCTGTTGAATC
TTCCTCTC

CATTGTAGTCGATC
CTTCCATCA

CCTCTCTGTATGATT
CTGTCGAA

TCGGTCATGTTATG
CTCCTTAC

CCGCATAGCAAGAT
GTAGAGAA

CAGTACCTCAGGAG
CAACATAG

CTACATCAGCTGCC
TCCATAAG

AACATCTGATTCAG
GGCCA

CATCGCTACAAACT
CCTCG

AGGGACTCCACAAA
GAAGAATG

TCCAAGCTTACGAA
GACCATAC

GCTCCTCTCTGTCCA
TTCTATTC

ATCTTTCTCACTGTA
GCGG

TGGCAAGGCCGAAA
TCTG

CACCACTGAGCACG
ATGTTA

2 RS54
21 HEEEMEAT AcoCPKsERRLE

ARG IFET 2024 FHGH KB E Yugafu.
3C FERZ, XTE5HHE H IR (CPKs ) FERRZ
Wt T LN K, HEEH 18 )~ AcoCPKs
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Fig. 1 Chromosomal locations of ACOCPKS gene
% 2 AcoCPKsIELiEFESH
Tab. 2 Analysis of physical and chemical properties of AcoCPKs
FE K 24 FR FH ID VGRS DA KB T AR i EREENE
Gene name Gene ID Chromosome location Length/bp Exon  Amino acid Molecular weight /Da pl
AcoCPK1 Aco03.3C17g0156.1 LG17:1215807-1221063 1434 7 477 53 340.23 5.03
AcoCPK2 Aco03.3C17g0364.1 LG17:3008393-3012703 1755 8 584 65 086.43 5.72
AcoCPK3 Ac03.3C07g0372.1 LG07:2475391-2479048 1698 7 565 62 700.36 5.37
AcoCPK4 Aco03.3C16g1150.1 LG16:9233893-9238494 1668 8 555 62 555.3 5.89
AcoCPK5 Ac03.3C23g0305.1 LG23:1293188-1299818 1665 8 554 61 906.25 6.31
AcoCPK6 Ac03.3C09g0347.1 LG09:2137407-2143804 1965 9 654 70 964.11 5.75
AcoCPK7 Aco03.3C04g0486.1 LG04:3429183-3437184 1911 9 636 69 847.76 541
AcoCPK8 Aco03.3C22g1274.1 LG22:8479722-8485798 1641 8 546 59 996.06 5.37
AcoCPK9 Aco03.3C24g0019.1 LGO1:11817937-11821313 1815 8 604 67 446.78 5.67
AcoCPK10 Ac03.3C03g1889.1 LG03:13480443-13486593 1671 7 556 61 783.45 5.83
AcoCPK11 Ac03.3C03g1979.1 LG03:14204424-14207595 1569 8 522 58 314.1 5.81
AcoCPK12 Ac03.3C09g1825.1 LG09:11169837-11176123 1617 12 538 60 514.61 8.08
AcoCPK13 Ac03.3C09g0576.1 LG09:3850655-3857485 1653 7 550 61 949.42 5.89
AcoCPK14 Aco03.3C07g1230.1 LGO07:6917777-6923722 1653 9 550 61 568.34 7.25
AcoCPK15 Aco03.3C09g1032.1 LG09:6968222-6974752 1628 8 541 60 275.62 8.25
AcoCPK16 Aco03.3C23g1256.1 LG23:6386682-6390137 1389 8 462 52 205.6 5.58
AcoCPK17 Ac03.3C07g1428.1 LG07:7636228-7656082 1434 13 472 53 263.56 7.29
AcoCPK18 Ac03.3C22g1040.1 LG22:6452665-6457829 915 5 304 33 380.39 5.77
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Fig. 2 Phylogenetic tree of CPKs gene family in pineapple, Arabidopsis and rice
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Fig. 3 Conserved motifs and protein structure analysis of CPKs in pineapple
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Fig. 4 Transcriptional levels of ACOCPKS genes in diferent tissues of pineapple
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Fig. 5 Transcriptional levels of ACOCPKS genes under low temperature induction
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Fig. 7 Transcription levels of ACOCPKSs genes under NaCl stress
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