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Identification and gene expression analysis of the CNGC gene family in
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Abstract: [Objective] As non-selective cation channels, the cyclic nucleotide-gated channel (CNGC)
gene family regulates calcium uptake to participate in plant signaling, biotic stress signaling, abiotic
stress signaling, and growth. High- quality apple varieties such as Fuji, Golden Delicious and Gala,
which are mainly grown internationally, cannot survive the winter in Gansu province, China. Xinjiang
wild apples are known for their strong cold resistance, but they are also characterized by high acidity
and poor fruit quality; therefore, they are commonly used as rootstocks for grafting. Despite the key
roles of the CNGC gene family in plant survival and environmental response, little is known about the
activity and function of this gene family in apples. [Methods] In this study, the cyclic nucleotide-bind-
ing domain (cNMP_binding, PF00027) and ion transport protein domain (lon_trans, PF00520) of
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CNGC were used to analyze and screen four apple CNGC gene sequences with tools including Pfam,
CDD, HMMER, and SMART. The protein length, molecular weight, isoelectric points (pl), instability
index, and hydrophobicity (GRAVY) were predicted by the EXPASy Server. The subcellular localiza-
tion of CNGC was determined using the WoLF PSORT online prediction tool. Four apple and Arabidop-
sis CNGC protein sequences were aligned using the ClustalX 2.01 program. The phylogenetic tree of
these CNGCs was constructed using MEGAT7.0 with the maximum likelihood (ML) method and 1000
bootstrap replicates. The exon-intron structure of CNGC genes was analyzed online using the Gene
Structure Display Server (GSDS2.0). The protein sequences of CNGCs were scanned for conserved mo-
tifs using the online MEME tool. Cis-acting regulatory elements in the 2000 bp upstream sequence of
the CNGC genes were predicted using the Signal Scan search program in the PlantCARE database. Col-
linearity analysis was performed using MCScanX, and intraspecific gene duplications were visualized
using TBtools- II. The CodonW1.4.4 software was applied to analysis codon usage index, ENc-plot,
PR2-plot, Neutrality-plot and RSCU analysis by the Python3.7.0 and R4.4.2 software. We downloaded
RNA-seq data related to four aspects of apple CNGC genes from the NCBI-SRA database: flower regu-
lation, fruit epidermal wax biosynthesis, hormone treatment, and biotic and abiotic stress expression.
The expression of twenty-two CNGC genes in Gala apple under salt stress was analyzed by quantitative
real-time polymerase chain reaction (QRT-PCR). [Results] Sixty-seven CNGC gene family members
were identified across the genomes of four apple species: Fuji (14), Golden Delicious (13), Gala (22),
and Xinjiang wild (18) apples. The four apple CNGCs are basic proteins with an average isoelectric
point (pl) of 8.63 (ranging from 5.53 to 9.57).Analysis of protein properties showed that the length rang-
es from 548 (MdjCNGC1.2) to 1733 (MsCNGC1.2B) amino acids (aa), with an average of 812 aa, and
the average molecular weight is 93.53 kDa (ranging from 63.24 to 198.90 kDa).A maximum likelihood
phylogenetic analysis categorized the CNGC genes from four apple species and Arabidopsis into four
distinct subfamilies (Groups 1 —1V). Genes within the same subfamily exhibit similar domain struc-
tures, gene architectures, and motif distributions. Group I subfamily comprises 7 to 9 exons, Group 1I
subfamily comprises 7 to 15 exons, Group III subfamily comprises 6 exons, Group IVa subfamily com-
prises either 6 or 12 exons, and Group IVb subfamily comprises 6 to 20 exons. All protein sequences of
the CNGC family in four apple varieties possess the two characteristic domain motifs: motif 1
(lon_trans, PF00520) and motif 2 (c(NMP_binding, PF00027). All the identified MSCNGC, MdfCNGC,
and MdjCNGC genes were unevenly distributed across 12 chromosomes. By contrast, MAgCNGC genes
were distributed on only 10 chromosomes, and whole genome duplication contributed to the expansion
of the CNGC gene family in the four apple species. Analyses of the ENc-plot, PR2-plot, and Neutrality-
plot showed that codon usage of the CNGC gene family in four apples was mainly driven by natural se-
lection, alongside other factors such as base mutations. RSCU analysis showed that high-frequency co-
dons in the four apple CNGC genes mostly end with A/U, while low-frequency codons end with G/C.
Codons with the highest RSCU values mainly encode arginine (Arg, AGA). Subcellular localization as-
says showed that all CNGC proteins from the four apples were localized to the plasma membrane. The
majority of cis-acting regulatory elements were light-responsive, and others are associated with growth,
development, low temperature, drought, and hormone responses, indicating the CNGC gene family po-
tentially plays roles in these biological processes. Furthermore, among the tissue- specific expression
patterns detected in flower samples of Golden Delicious, MdjCNGC7.3 was highly up-regulated at the
flower bud stage, MdjCNGC9.1 was highly up-regulated at the flower popcorn stage, and MdjCNGC7.2
was highly up- regulated at the full bloom stage. Furthermore, MdjCNGC7.1, MdjCNGC7.2, Md-
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JCNGC?7.3, and MdgCNGC7.2B exhibited significant responses to different hormone stimuli. Transcrip-
tome analysis showed that MAfCNGC1.3 was significantly up-regulated following apple stem grooving
virus infection, while MdjCNGC?7.2 and MdjCNGC7.3 maintained higher expression levels than the con-
trol across multiple time points after inoculation with Pythium ultimum in apple seedlings. Transcrip-
tome analysis showed that after 60 days of exposure to 5 °C, the expression level of MAfCNGC7.1 was
significantly higher than that of the control group. gRT-PCR analysis indicates that salt stress signifi-
cantly induces four genes, MdgCNGC1.2A, MdgCNGC7.1A, MdgCNGC5A, and MdgCNGC9.1A, in the
leaves and roots of ‘Gala’ apple seedlings. [Conclusion] In this study, a total of 18 genes from Malus
sieversii, 14 genes from Malus domestica ‘Fuji’, 13 genes from Malus domestica ‘Golden Delicious’,
and 22 genes from Malus domestica ‘Gala’ were identified as members of the CNGC gene family. This
study used bioinformatics methods to analyze the physicochemical properties, gene structure, chromo-
somal localization, phylogenetic relationship, collinearity, codon usage bias, subcellular localization
and cis-acting regulatory element characteristics of the CNGC gene family in four apples. Furthermore,
transcriptomic data of apple tissues, hormone-related stress, and both biotic and abiotic stressors were
subjected to additional analysis. The gRT-PCR analysis also showed that CNGC genes were highly ex-
pressed after salt stress treatment, while their expression was significantly lower under controlled condi-
tions. This study examines the CNGC gene family across four apple varieties. It aims to conduct an in-
depth analysis of CNGC-related data, thereby establishing a foundational dataset for subsequent trials
on stress resistance in apple varieties.

Key words: Apples; CNGC gene family; Bioinformatics analysis; Transcriptome analysis; Salt stress
expression
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Table 1 The primers for gRT-PCR of CNGC gene family

in Gala apple
I 24T 519 51
Gene name Primer Sequence (5'-3")
MdgCNGC1.1A  Forward primer ~ ATGACCCCGTGGCCATTG
Reverse primer GCGACCACTGAAACCGGA
MdgCNGC1.2A  Forward primer ~ TCGAGACGAGGTGCAGGA
Reverse primer AGATTCAGTTGCCCGCGG
MdgCNGC1.3A  Forward primer GAGGATCGCTTGGGCCAA
Reverse primer CGGCAAGCTCGCTCACTT
MdgCNGC1.4A  Forward primer ~ CAGGCGACTCCACAGCAA
Reverse primer TCATATGACGGCGCCACG
MdgCNGC1.5A  Forward primer ~ TGAAGGACAGGAGGGCGA
Reverse primer TAACGTCCCCGCTCCAGA
MdgCNGC1.6A  Forward primer GGAGAACCCGGCAGCAAA
Reverse primer GGAAGGTAAGGCCCCAGC
MdgCNGC1.1B  Forward primer ~ CCCTCGTCTTCCCTCGGA
Reverse primer CCACACGGGCTCGAGTTT
MdgCNGC1.2B  Forward primer GAGGATCGCTTGGGCCAA
Reverse primer CGGCAAGCTCGCTCACTT
MdgCNGC1.3B  Forward primer ~ CAGGCGACTCCACAGCAA
Reverse primer TCATATGACGGCGCCACG
MdgCNGC3A Forward primer ~ GCTCAAGACCCTGGCAGG
Reverse primer ATGTCACCGCATCGCCAT
MdgCNGC5A Forward primer CCGCTGGCTTCCACAAGA
Reverse primer CCTCATCCACACCGCGAG
MdgCNGC7.1A  Forward primer CAGTGACCCGGGCAACAT
Reverse primer CGCAGACCCCACCAGAAG
MdgCNGC7.2A  Forward primer ACTTCGCAACGAGGTGCA
Reverse primer ACGCCTTAGCATGCTCCC
MdgCNGC7.3A  Forward primer CCAAGTCTAGGCGCCACC
Reverse primer CACCCTTGCCTTCCGTGT
MdgCNGC7.1B  Forward primer CAGTGACCCGGGCAACAT
Reverse primer CGCAGACCCCACCAGAAG
MdgCNGC7.2B  Forward primer GGACTTGGGCAGCCACTT
Reverse primer GAGCTAGCCTCGGCCTTG
MdgCNGC9.1A  Forward primer TGCCGGACGAACAGAACC
Reverse primer TCGACGAAGAGGGCCAGA
MdgCNGC9.2A  Forward primer ~ AGCTTGCTTGGTGGCGAT
Reverse primer TTGTGGTCAGGGGCTTGC
MdgCNGC9.1B  Forward primer TGCCGGACGAACAGAACC
Reverse primer TCGACGAAGAGGGCCAGA
MdgCNGC9.2B  Forward primer CAGCACTCTGGCGGGAAA
Reverse primer GCAAGAGGCCAAGTCCGA
MdgCNGC11A Forward primer ATGCGGTATTGGTCCGGG
Reverse primer GCGCGTTGAAGATGGCAG
MdgCNGC11B Forward primer ATGCGGTATTGGTCCGGG
Reverse primer GCGCGTTGAAGATGGCAG
GAPDH Forward primer ~ AAGGCCGTCGGAAAGGTG
Reverse primer TAGCTTGCAGGCTTCGCA




59 307

fATLLLT, 45 SEH CNGC 3K SR 4 58 M ik 43 i 2331

FEPRIAH 23 5% 5E HY 181 MsCNGC . 14 > MAfCNGC
(H:H ptg000020 J& T~ scaffold, 1% 3 K 4 iy 44 - Mdf-
CNGCptg1) .13 MdjCNGC F122 > MdgCNGC 3 [X]
TR 5 T HR SR DR A Yt A A B 1 2 S G 5 e
AR AT a4 o I e A R,
MsCNGC K % & [ & % 8 7 4 K & N 694
(MsCNGC11A.11B)~1733(MsCNGC1.2B) aa, 7 1
Jii BN 79 624.97 (Ms-CNGC11A. 11B)~198 896.01
(MsCNGC1.2B) Da, % s pl 47.83(MsCNGC9.1A.
9.1B)~9.57(Ms-CNGC7.1B) ; NFa i #5511 40.88
(Ms-CNGC1.1A)~52.80(MsCNGC1.2A) 2 [a] ; &
T 15 i 7K 18 # ~ -0.225 (MSCNGC5B) ~0.004 (Ms-
CNGC9.2B) (¥ N /K PEE H) (£ 2). MIFCNGC
K& A DR 7 5K JE N 606 (MAFCNGC1.4)~
1480 (MdfCNGC5) aa, 4 ¥ Jii 1 N 70 412.25 (Mdf-
CNGC1.4)~170 410.33 (MdfCNGC5) Da, 2 H, £ pl
4 5.59 (MdfCNGC1.2)~9.36 (MdfCNGC7.3) ; A~ 4
IR B A T 41.99 (MAfCNGC1.4) ~52.08 (Mdf-
CNGC7.1) 2 [A] ; & F - 4 i /K $6 £ -0.525 (Mdf-
CNGC5)~0.004 (MdfCNGC9.2) (N /K P& )
(£2). MAICNGC K EE LA ERIT I KEN
548 (MdjCNGC1.2) ~1283 (MdjCNGC1.3) aa, 7} T
J7i &y 63 248.3 (MdjCNGC1.2) ~147 713.85 (Mdj-
CNGC1.3) Da, % H i pl A 5.64 (MdjCNGC1.3) ~
9.55 (MdjCNGC7.D ; A~ %2 52 fi5 £0 A~ T 40.91 (Md-
JCNGC9.1)~52.23(MdjCNGC1.4) 2 [f] ; £ 4 P44 7k
T N-0.266 (MdjCNGC7.2)~0.02(MdjCNGC1.5)
(B MdjCNGC1.5.MdjCNGC9.2 N3 /K& [ , H
RYIAGKIEE ) (£ 2). MdgCNGC 5%k E &
K ¥ K N 590 (MdgCNGC1.5A) ~1453
(MdgCNGC1.2A) aa, 43 T Jii & v 68 003.02 (Mdg-
CNGC1.5A)~168 964.13 (MdgCNGC1.2A) Da, £ Hy,
Hpl 45.53(MdgCNGC1.3A)~9.52(MdgCNGC7.1B.,
7.1B) s AN &2 5 B0 T 40.91 (MdgCNGC9.1A) ~
51.91 (MdgCNGC7.3A) Z [1] 5 £ [1°F ¥4 B /K 48 £k
-0.299 (MdgCNGC1.1B)~0 (MdgCNGC9.2A) (4
MdgCNGC1.2A.MdgCNGC9.2A Jy3E K 1 & 1 4t
HAYIAGUKEEA)
22 ¥R CNGCHIERRARGHILME ERFELE
%0 motif 947

FI I B K AUAR V2 (ML) % 18 4~ MSCNGC . 14 4
MdfCNGC. 13 4> MdjCNGC. 22 > MdgCNGC #11 20

A~ AtCNGC = (K] g it 11 2 BE TR 5 471 ) 28 55 e i A v
(B D . R4 RG AL 87045 44T 7% (group
[ ~group IV, H i 58 4 W7 ji% L 43 4 group 1V a F
group IV b, & /> 015 £ F A [R] £ & 1) 5K 5 B 01 o
group [Vb WV ek i %2 (28 4N) , Herh I 47 3 A 11
AN ERERA 64, B LERA 7 HrEE R
44~ . group IV % % /b (104, H 4l mg I F 4
AERCERAG 2, S RA LA B R RA L
A BrEEFSEIRA 24 . W H LR 454 (B 2) 474y
BT R BLIR]— T CNGC S5 52 [R A% it A AR ABL I
FER &5, group T WEJE S 7~9 M4M R+, group 11 E
W& 7~15 A7, group TIHE % & 6 AN 4 &1,
group IVa Wi j% & 6 5% 12 A~4h 7, group IVb % L
T 6~20 MM T 7R R CNGC FjR 2 R % 71 b
P 10 A4S motif 2 /5, I @y 44 28 motif 1~motif 10
(B 2), i & KR, 4R R CNGC Kk E H P
FI) R AL S B R AR R 4 M B 2 motif 1
(lon_trans, PF00520) #i1 2 J3* motif 2 (c(NMP_bind-
ing,PF00027) . 7Egroup I iV j%,4 F3E 5 CNGC &
[ 5 A 4 2 motif 1~motif 10 f£ 5¢ %&£ JF ( H
MdgCNGC1.1A.MsCNGC1.1A.MsCNGC1.1B % &
motif6) ; 7F group I MV j%& 1 group II13V j#% , 4 Fh 3¢ 5
CNGC & [ % motif 1~motif 10 T {5 57 3 7 s 78
group IVa i ji% , 4 F 3 2 CNGC % [ £ & motif
1~motif 10 AT & 57 3L J¢ (H # MdgCNGC9.2B % A
motif5) , 7E group IV b Fj% , 4 F 3 J CNGC & [
57 3 3 A motif 1. motif 2. motif 4. motif 6.mo-
tif 9. [Al UL, lon_trans 45 #4315 ) cNMP_binding £ 1)
B P AE 4 PP 3 CNGC Z 3 ] Hh A2 R SF 11, 3R
B AT 7 Hh 5 0 1) L R gt 2 CNGC A
2.3 FERCNGCEEZRREMALLEME ST
Yt A o A5 2 W], MsCNGC & [R5 i 0 5 fr
F 12 4 (ChrlA.1B, Chr3A.3B, Chr5A.5B, Chr7A.
7B, Chr9A. 9B, Chr11A.11B) 4 a4k |, MdfCNGC
5 MAjCNGC 2 [F 5 % Jik 51 34 5€ A T 6 5% (Chrl,
Chr3. Chr5. Chr7. Chr9. Chril) %% {4 {& F (Mdf-
CNGCptgl 5E 37 7£ ptg000020 %t {44 ), MdgCNGC
B R 5% K B 5E A7 T 10 46 (ChrlAL 1B, Chr3A,
Chr5A, Chr7A.7B,Chr9A.9B, Chr11A.11B) § fafk
L CRLIAE 3. f# A MCscanX 844 Xt 4 Ff 3 1
CNGC FJik 5 Rl AT L 2 M o3 Hr , 45 R (I 3R,
£ MSCNGC 1 Jif 5 [A v 47 30 % 3 2k 4 ZE ], Mdif-
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Table 2 Analysis of the physical and chemical characteristics of CNGC gene family in apple

i E RGME ZIEME WEREE NS TRE SR AREERE KR

iﬁjﬁe fegﬁ)% Chro_mosomal Start_ End _ Number c_>f Molecular Theoretical !nstability Hydrophobicity
location location  location ~ amino acids mass/Da pl index score, GRAVY
MsCNGC1.1A  Msi_01A008090 ChrlA 19670413 19673732 748 85701.91 9.02 40.88 -0.143
MsCNGC1.2A  Msi_01A019870 ChrlA 31775385 31787830 827 95 772.93 9.43 52.80 -0.123
MsCNGC1.1B  Msi_01B007910 ChrlB 19097283 19100067 699 80 064.27 9.26 43.24 -0.209
MsCNGC1.2B  Msi_01B016600 ChriB 27961251 27976834 1733 198 896.01 9.44 47.45 -0.018
MsCNGC3A Msi_03A009720 Chr3A 10541669 10545200 700 80 388.28 9.28 44.67 -0.128
MsCNGC3B Msi_03B007650 Chr3B 8301303 8304836 700 80 388.28 9.28 44.67 -0.128
MsCNGC5A Msi_05A003780 Chr5A 7121517 7124960 742 84 921.59 8.88 51.01 -0.222
MsCNGC5B Msi_05B004000 Chr5B 7313300 7316743 742 84 939.62 8.88 50.75 -0.225
MsCNGC7.1A  Msi_07A012800 Chr7A 22235326 22238195 748 85 925.45 9.55 47.89 -0.216
MsCNGC7.2A  Msi_07A023340 Chr7A 33974858 33978565 797 91 864.42 8.99 50.99 -0.074
MsCNGC7.1B  Msi_07B012520 Chr7B 21882759 21885628 748 85973.53 9.57 47.89 -0.213
MsCNGC7.2B  Msi_07B023360 Chr7B 34039703 34043544 744 85 582.98 8.98 52.61 -0.111
MsCNGC9.1A  Msi_09A003740 Chr9A 2739146 2742794 710 81 219.29 7.83 40.91 -0.110
MsCNGC9.2A  Msi_09A008740 Chr9A 7337100 7341494 716 82 587.00 9.24 50.50 -0.004
MsCNGC9.1B  Msi_09B002540 Chr9B 1863753 1867401 710 81 219.29 7.83 40.91 -0.109
MsCNGC9.2B  Msi_09B007410 Chr9B 6227680 6232074 716 82 587.00 9.24 50.50 -0.004
MsCNGC11A Msi_11A009400 ChrllA 10088834 10092177 694 79 624.97 9.00 46.61 -0.102
MsCNGC11B Msi_11B009010 ChrllB 10196133 10199476 694 79 624.97 9.00 46.61 -0.102
MdfCNGC1.1 MdF0017651.1  Chrl 21129436 21133749 721 82 666.33 9.32 43.60 -0.201
MdfCNGC1.2 MdF0025365.1  Chrl 25480034 25491459 1316 151 318.07 5.59 43.82 -0.258
MdfCNGC1.3 MdF0036129.1  Chrl 33209893 33214486 713 82 485.30 9.05 51.28 -0.145
MdfCNGC1.4 MdF0043866.1  Chrl 33524776 33529897 606 70412.25 8.91 41.99 -0.028
MdfCNGC3.1 MdF0030679.1  Chr3 5267566 5275739 1124 129 418.72 5.82 46.37 -0.105
MdfCNGC3.2 MdF0017144.1  Chr3 10763336 10768035 700 80 405.27 9.31 44.12 -0.128
MdfCNGC5 MdF0006410.1  Chr5 7260654 7271306 1480 170 410.33 8.51 51.35 -0.525
MdfCNGC7.1 MdF0049837.1  Chr7 34766585 34771114 710 81 898.66 9.12 52.08 -0.130
MdfCNGC7.2 MdF0001118.1 Chr7 26161383 26170279 677 77 762.02 8.63 50.35 -0.266
MdfCNGC7.3 MdF0021597.1  Chr7 21566281 21570774 730 84 144.37 9.36 49.75 -0.175
MdfCNGC9.1 MdF0018420.1  Chr9 2283400 2287809 740 84 770.66 8.20 42.56 -0.095
MdfCNGC9.2 MdF0047217.1  Chr9 6762788 6767547 716 82 587.00 9.24 50.50 -0.004
MdfCNGC11 MdF0018657.2  Chrll 12238194 12242456 694 79 685.08 8.97 47.20 -0.097
MdfCNGCptgl  MdF0043862.1 ptg000020 13510183 13518446 1073 124 007.02 8.25 45.88 -0.172
MdjCNGC1.1 MD01G0061000 Chrl 18740908 18744856 731 83 941.62 9.32 43.84 -0.259
MdjCNGC1.2 MD01G0091500 Chrl 23024836 23029677 548 63 248.30 8.79 47.24 0.044
MdjCNGC1.3 MD01G0092200 Chrl 23138615 23149910 1283 147 713.85 5.64 44.44 -0.259
MdjCNGC1.4 MDO01G0179400 Chrl 31072925 31084579 839 96 791.29 9.09 52.23 -0.228
MdjCNGC1.5 MD01G0182700 Chrl 31396495 31408475 576 66 946.12 8.58 42.32 0.020
MdjCNGC3 MD03G0100300 Chr3 11238131 11242957 700 80 388.28 9.28 44.67 -0.128
MdjCNGC5 MDO05G0033900 Chr5 7009088 7013501 742 84 939.62 8.88 50.75 -0.225
MdjCNGC7.1 MDO07G0122000 Chr7 21736570 21739660 739 85 168.50 9.55 47.73 -0.253
MdjCNGC7.2 MDO07G0152500 Chr7 26435496 26444444 677 77 762.02 8.63 50.35 -0.266
MdjCNGC7.3 MDO07G0239000 Chr7 34895679 34900145 710 81 805.59 9.04 51.91 -0.119
MdjCNGC9.1 MD09G0031200 Chr9 2185190 2189110 710 81 245.37 7.83 40.91 -0.103
MdjCNGC9.2 MD09G0082300 Chr9 6822185 6827291 788 91 186.14 9.27 47.66 0.027
MdjCNGC11 MD11G0109500 Chrill 12779395 12784136 694 79 657.03 8.97 47.27 -0.101

MdgCNGC1.1A Mdg_01A007110 ChrlA 17688324 17691108 699 79907.09 9.08 42.92 -0.172
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=2 (4) Table2 (Continued)
. e 2 RN E b E FEEREE A T SEHLA NEVeEh €
(ﬁfjﬁe éieg’ﬁf a%ﬁgcgo%al ét-:r?_uﬁ Enﬂ:_uﬁ ﬁuﬁﬁfﬁ? ﬁcﬁéﬁiﬁi 'ﬁi%retical Ijlr:sjftaﬁ:[tz‘/ﬁ jyﬁiﬁﬁbicity
location location  location  amino acids mass/Da pl index score, GRAVY

MdgCNGC1.2A Mdg_01A010810 ChrlA 22152091 22172191 1453 168 964.13 6.80 48.34 0.275
MdgCNGC1.3A Mdg_01A010920 ChrlA 22285263 22295927 1285 148 010.13 5.53 44.70 -0.266
MdgCNGC1.4A Mdg_01A019110 ChrlA 29789899 29793128 713 82 492.38 9.10 51.76 -0.144
MdgCNGC1.5A Mdg_01A019490 ChrlA 30161920 30168294 590 68 003.02 6.84 4471 -0.036
MdgCNGC1.6A Mdg_01A019520 ChrlA 30197270 30214366 1316 151 661.43 8.51 41.49 -0.114
MdgCNGC1.1B  Mdg_01B009200 ChriB 19997260 20007899 1269 147 343.95 8.10 48.45 -0.299
MdgCNGC1.2B  Mdg_01B009340 ChriB 20183787 20194481 1283 147 606.66 5.64 44.08 -0.263
MdgCNGC1.3B  Mdg_01B014860 ChriB 25113593 25116820 713 8 2485.30 9.05 51.28 -0.145
MdgCNGC3A Mdg_03A010210 Chr3A 11044736 11048269 700 80 388.28 9.28 44.67 -0.128
MdgCNGC5A Mdg_05A004380 Chr5A 7726992 7730443 742 84 939.62 8.88 50.75 -0.225
MdgCNGC7.1A Mdg_07A013570 Chr7A 19695261 19698131 748 86 041.50 9.52 47.64 -0.216
MdgCNGC7.2A Mdg_07A016410 Chr7A 23742028 23750726 677 77762.02 8.63 50.35 -0.266
MdgCNGC7.3A Mdg_07A025230 Chr7A 32520475 32523743 710 81 805.59 9.04 51.91 -0.119
MdgCNGC7.1B  Mdg_07B009470 Chr7B 13654388 13657258 748 86041.50 9.52 47.64 -0.216
MdgCNGC7.2B  Mdg_07B017720 Chr7B 21881015 21884283 710 81 891.75 9.12 51.49 -0.125
MdgCNGC9.1A Mdg_09A002940 ChroA 2127468 2131141 710 81 245.37 7.83 40.91 -0.103
MdgCNGC9.2A Mdg_09A007790 ChroA 6375925 6380990 710 81 897.22 9.24 50.30 0.000
MdgCNGC9.1B  Mdg_09B003550 Chr9B 2472643 2476306 702 80 464.45 8.06 41.60 -0.118
MdgCNGC9.2B  Mdg_09B008330 Chr9B 6917703 6922888 676 77 831.49 8.85 50.53 0.043
MdgCNGC11A Mdg_11A012110 ChrllA 13336507 13339851 694 79 689.09 8.97 47.49 -0.104
MdgCNGC11B  Mdg_11B010430 ChrllB 11063314 11066647 694 79 657.03 8.97 47.27 -0.101

M3 S Malus domestica “Gala’

4763 R Malus domestica ‘ Golden Delicious’

135 Malus domestica ¢ Fuji’

HTERET S Malus sieversii

LR JT Arabidopsis thaliana
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Fig. 1 Phylogenetic analysis of CNGC gene family in Malus domestica Fuji’, Malus domestica ‘ Golden Delicious’, Malus

domestica ‘Gala’, Malus sieversii and Arabidopsis thaliana
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Fig. 2 Analysis of the gene structure and motif of CNGC gene family in four apples
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Fig. 10 The expression of the CNGC gene family in response to hormonal stress in apples
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