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Identification of CDPK family genes and their response to abiotic stresses

in Actinidia valvata
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Abstract: [Objective] The experiment was conducted to identify the CDPK family genes in Actinidia
valvata and analyze their expression patterns in different tissues and responses to salt and waterlogging
stress. [Methods]Based on the full-length transcriptome sequencing data of third-generation RNA-seq,
the CDPK family genes of Actinidia valvata were analyzed and identified by various bioinformatics
methods. qRT-PCR was used to analyze the expression of these genes in stem, leaf, petiole, pedicel, se-
pal and petal, as well as their expressions under different abiotic stresses. One year old KR5S kiwifruit
plantlets (16 cm x 16 cm) under waterlogging stress were placed in a blue plastic turnover box (45 cm x
35 cm x 16 cm) filled with water. The water level was kept at 2 cm above the soil surface. Four time
points of 0, 3, 7 and 11 d were set as sampling times. The root samples after waterlogging stress were
harvested as experimental materials. KRS potted plantlets (16 cm x 16 cm) were cultured in a plastic
container (39 cm % 29 cm x 12 cm) filled with Hoagland nutrient solution. Oxygen was supplied by an
oxygenerator. The concentration of salt treatment was 0.6% NaCl. The sampling time points were set as
0, 0.5, 1, 3, 5 and 7 d.[ResultsJA total of 63 CDPK genes, named as AvCDPK1-AvCDPK63, were iden-
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tified from the full-length transcriptome sequencing data of kiwifruit genotype KRS. They all have typi-
cal characteristic domains: variable domain, catalytic domain (activator domain), junction domain (auto-
inhibitory domain) and regulatory domain (calmodulin-like domain / CAM-LD). Furthermore, the CDS
sequence length, relative molecular weight, isoelectric point, EF-hand structure, palmitoylation and my-
ristoylation sites of AVCDPK family genes were analyzed. The CDS sequences of 63 AvCDPK genes
family members ranged from 1068 bp to 1893 bp, with amino acid length ranging from 355 (4vCD-
PK54 and 60) to 630 aa (AvCDPKI8 and 19), molecular weight ranging from 40.10 to 70.97, and iso-
electric point ranging from 5.10 to 9.13. Through statistical analysis, 53 AvCDPKs have four EF-hand
domains, and 10 AvCDPKs have three EF-hand domains (AvCDPK3, 14, 23, 25, 28, 51, 59, 61, 62 and
63). EF-hand domain is the site of recognition and binding of Ca*", which indicates that different mem-
bers of AvCDPK family genes may play a different rolein change of Ca’" concentrations. According to
the prediction of 63 amino acid modification sites of AVCDPK proteins, 37 members have palmi-
toylation site, 11 members have myristoylation site, and 15 members have both palmitoylation and my-
ristoylation sites. Through phylogenetic analysis, same as AtCDPK(Arabidopsis thaliana) gene family,
AvCDPKs were divided into four subfamilies. The genes in the same subfamily had similar gene struc-
ture and motifs. In addition, we identified 15 conserved motifs, of which motif10 was distributed in sub-
families III and IV, but not in II and some members of subfamilies [ . Motifl5 exists in subfamilies [
and III, while subfamilies I and IV are absent. Motif14 only exists in subfamily II. AvCDPK genes
have obvious tissue-specific expression. For example, AvCDPK11 was highly expressed in leaves, but
AvCDPK?29, 41 and 63 were low expressed; AvCDPK43 was highly expressed in petioles, but low ex-
pressed in sepals and flowers; AvCDPK36 was highly expressed in pedicels, and AvCDPK36, 38, 43 and
53 were low expressed in petals. These results suggest that different AVCDPK gene may play different
roles in growth and development of Actinidia valvata genotype KRS. The expression levels of AvCD-
PK6, 11, 28, 44, 45, 49 and 61 were up-regulated under salt stress, and the expression levels of AvCD-
PK36, 41, 44, 45, 46, 47, 48, 49 and 50 were up-regulated in waterlogging test. The expression levels of
AvCDPK44, 45 and 49 were up-regulated in both salt stress and waterlogging stress (all up-regulated
more than 2 folds). The expression levels of AVCDPK?2, 14, 21, 31 and 38 were down regulated by more
than 10 folds under salt stress, and the expression levels of AvCDPK28, 30 and 31 were down-regulated
by more than 5 folds under waterlogging stress. The expression levels of AvCDPK31 were significantly
down-regulated in both stresses. These results indicated that the different AvCDPK genes played differ-
ent roles in the process of salt stress and waterlogging stress in Actinidia valvata. In addition, there were
different expression patterns of the same gene under two stresses. The expression of AVCDPK28 in-
creased significantly under waterlogging stress, but decreased under salt stress, indicating that AvCD-
PK28 may participate in different regulatory pathways under different stresses.[Conclusion]A total of
63 CDPK genes were identified in Actinidia valvata. Phylogenetic tree showed that these genes and
AtCDPK genes were highly conserved in evolution. There were significant differences in the expression
of AvCDPKs among different tissues. Three members were highly expressed, which were induced by
salt and waterlogging stresses, indicating that these members may play an important role in the response
to salt and waterlogging tolerance in Actinidia valvata.
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Table 1 The information of CDPK gene family in Actinidia valvata
R | K- i L. N = ferey M K AN B N NGk
length/bp aa weight/kDa point EF-hand toylation toylation
AVCDPKI  >i2 HQ K c21125/f2p5/2497 1695 564 62.92 5.35 4 72 Yes 75 No
AvCDPK2  >i2 HQ K cl147549/f28p1/2730 1698 565 63.03 5.36 4 /& Yes 75 No
AvCDPK3  >i3_LQ K ¢35528/f1p0/3203 1653 550 61.45 527 3 /& Yes 7 No
AvCDPK4  >i2 HQ K c74836/f14p3/2636 1689 562 62.79 5.20 4 /2 Yes 7 No
AvCDPK5  >i2 LQ K c161089/f1p1/2689 1602 533 59.50 5.10 4 & Yes 73 No
AvCDPKG6  >i2 LQ K c6353/f1p5/2582 1689 562 63.03 5.56 4 /& Yes 7 No
AvCDPK7  >i2_HQ_K_c124485/f2p3/2465 1689 562 62.96 5.55 4 & Yes 13 No
AvCDPKS  >i2 LQ K c118590/f1p4/2729 1689 562 62.80 5.38 4 7= Yes 5 No
AvCDPK9  >il LQ K cl11366/f1p7/1889 1539 512 56.86 5.91 4 /& Yes 75 No
AvCDPK10  >i2_ HQ K cl15014/f2p5/2044 1521 506 57.05 5.40 4 7 No 3 No
AvCDPKIl  >i2 LQ K c70057/f1p5/2049 1530 509 57.45 5.55 4 7 No 3 No
AVCDPKI12  >il_HQ K c69309/f4p4/1910 1518 505 56.69 527 4 5 No 3 No
AvCDPK13  >il_HQ K ¢32097/f7p5/1980 1527 508 57.01 527 4 5 No 3 No
AVCDPK14 >il LQ K c41869/f2p4/1817 1278 425 48.15 5.87 3 % No 3 No
AVCDPKI15  >i2 LQ K cl177755/f1p10/2123 1527 508 57.09 5.48 4 7 No 7 No
AvCDPK16  >i2 HQ K c36822/f2p1/2926 1791 596 66.17 5.20 4 2 Yes 75 No
AVCDPKI17  >i2_ HQ K c18939/f3p1/2954 1800 599 66.54 5.28 4 2 Yes 75 No
AVCDPKI18 >i2 HQ K c37889/f3p3/2483 1893 630 70.81 5.42 4 2 Yes 75 No
AVCDPK19  >i2 HQ K cl1894/f14p3/2746 1893 630 70.97 5.38 4 72 Yes 75 No
AvCDPK20  >i2 HQ K c38140/f2p9/2962 1731 576 64.18 5.54 4 72 Yes 75 No
AvCDPK21  >i2 HQ K c97170/£22p9/2875 1731 576 64.13 5.51 4 72 Yes 75 No
AvCDPK22  >i2 HQ K c75380/f4p9/2810 1731 576 64.13 5.56 4 /& Yes 75 No
AvCDPK23  >i3_LQ K c38155/f1p9/3434 1620 539 60.11 5.54 3 /& Yes 7 No
AvCDPK24  >i2 1LQ K c45006/f7p7/2885 1731 576 64.25 5.64 4 /& Yes 7 No
AvCDPK25  >i2 LQ K ¢77631/f1p6/2662 1620 539 60.16 5.67 3 & Yes 3 No
AvCDPK26  >i2 HQ K c40529/f2p6/2203 1731 576 64.17 5.64 4 /& Yes 7 No
AvCDPK27  >il_LQ_K_c74800/f1p1/2088 1545 514 57.97 6.07 4 & Yes 13 No
AvCDPK28  >i2_LQ_K_c21657/f1p1/2552 1506 501 56.14 6.98 3 & Yes & Yes
AvCDPK29  >i2 HQ K _c77430/f2p1/2407 1551 516 57.92 7.64 4 /& Yes & Yes
AvCDPK30  >il _LQ K ¢38133/f1p3/1750 1143 380 42.95 5.18 4 75 No 75 No
AvCDPK31  >i2 LQ K c79896/f1p1/2313 1548 515 58.04 5.99 4 /2 Yes 72 Yes
AvCDPK32  >i2_ HQ K c97752/f5p2/2510 1653 550 61.83 6.18 4 /2 Yes 2 Yes
AvCDPK33  >i2_ HQ K_c106462/f2p2/2695 1659 552 62.02 6.18 4 /2 Yes J2 Yes
AvCDPK34  >i2 HQ K c47885/f3p3/2533 1644 547 61.34 6.48 4 2 Yes J2 Yes
AvCDPK35  >i2 LQ K c45214/f1p3/2459 1656 551 61.71 6.39 4 2 Yes 2 Yes
AvCDPK36  >i2 LQ K c128445/f1p3/2661 1422 473 53.41 5.77 4 2 Yes 75 No
AvCDPK37  >i2 LQ K c79889/f1p3/2841 1644 547 61.45 6.69 4 2 Yes 2 Yes
AvCDPK38  >i2 HQ K ¢34350/f22p2/2182 1596 531 59.46 5.78 4 7 Yes 75 No
AvCDPK39  >i2 LQ K cl11136/f1p2/2129 1599 532 59.61 5.64 4 72 Yes 75 No
AvCDPK40 >4 LQ K c3984/f1p2/4202 1593 530 59.47 5.64 4 72 Yes 75 No
AvCDPK41  >i2 LQ K c67064/f1p1/2100 1614 537 61.09 6.92 4 72 Yes 72 Yes
AvCDPK42  >i2 LQ K cl142998/f1p4/2030 1602 533 59.91 6.35 4 /& Yes 75 No
AvCDPK43  >i2_HQ K ¢56585/f2p6/2307 1605 534 60.00 6.47 4 /& Yes 7 No
AvCDPK44 >l LQ K c79418/flp1/1460 1083 360 41.04 5.88 4 7 No 3 No
AvCDPK45  >i3_LQ K c19290/f1p22/3188 1557 518 58.80 5.91 4 /& Yes 7 No
AvCDPK46  >i2 HQ K c148412/f51p5/2614 1593 530 59.86 5.83 4 7= Yes 7 No
AvCDPK47  >i2 LQ K ¢103085/f1p3/2149 1593 530 59.77 5.70 4 7= Yes 5 No
AvCDPK48  >i2 LQ K _c41892/f1p6/2484 1281 426 48.44 5.62 4 7 No 75 No
AvCDPK49  >i2 LQ K ¢172339/f1p8/2500 1614 537 60.75 5.73 4 7= Yes 5 No
AvCDPK50  >i2_HQ_K_c1498/f2p10/2615 1614 537 60.71 6.03 4 JE Yes 73 No
AvCDPKSI  >i2_T1.Q_K_c21619/f1p4/3302 1524 507 57.21 5.98 3 7= Yes 7+ No
AvCDPK52  >i2_1.Q_K_c28981/f1p3/2718 1068 355 40.10 8.99 4 7= Yes 7 No
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Table 1 (Continued)

HELH HEEID GIFAIKE  KE  TRE A PN N-R SR
Gene name  Gene ID Coding sequence Length/ Mqlecular Isqelectrlc Number of N-palml- N-my'rls-

length/bp aa weight/kDa point EF-hand toylation toylation
AvCDPKS3  >il LQ K ¢60909/f1p15/1885 1617 538 60.73 9.13 4 & Yes & Yes
AvCDPKS4  >i2 HQ K c23266/f2p3/2495 1068 355 40.55 6.82 4 7 No 7 No
AvCDPKS5  >i2 1LQ K ¢31074/f1p2/2373 1677 558 63.20 9.06 4 /& Yes & Yes
AvCDPKS6  >i2 HQ K cl1612/f6p2/2483 1698 565 63.87 9.08 4 72 Yes 7 No
AvCDPK57  >i2 HQ K c3785/f3p3/2376 1683 560 63.53 9.08 4 & Yes & Yes
AvCDPKSS  >i2 HQ K c42770/f2p1/2385 1689 562 63.52 9.05 4 /& Yes & Yes
AvCDPK59  >i2 LQ K c52187/f1p3/2041 1716 571 64.95 9.00 3 & Yes & Yes
AvCDPK60 >3 HQ K ¢29347/f2p0/3369 1068 355 40.49 6.62 4 75 No 7 No
AvCDPK61  >i3 LQ K c22929/f1p0/3823 1158 385 44.50 6.84 3 & Yes 7 No
AvCDPK62  >i2 HQ K c2006/f5p3/2405 1677 558 63.12 9.02 3 /& Yes & Yes
AvCDPK63  >i2 HQ K c170830/f3p1/2097 1599 532 59.36 5.75 3 & Yes 7 No

I

1 FELMRPEANEIE ST CDPK ER M REFH L
Fig. 1 Phylogenetic tree analysis of CDPK proteins between Actinidia valvata (Av) and Arabidopsis thaliana (At)
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Fig. 5 Relative expression of AvCDPK family members under salt stress
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Fig. 6 Relative expression of AvCDPK family members under waterlogging stress
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