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Identification and expression analysis of MADS-box gene
family in Docynia delavayi (Franch.) Schneid.

WANG Xiwei, CHEN Can, WANG Dawei’
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Abstract: MADS-box gene family is a significant transcription factor family that plays a crucial
role in regulating plant growth, development, signal transduction, and other processes. In order
to study the characteristics of MADS-box gene family in Docynia delavayi (Franch.) Schneid.
and its expression during different stages of seed germination, this study used seedlings at
different stages of germination as materials and screened MADS-box transcription factors from
the transcriptome database of D. delavayi using bioinformatics methods based on transcriptome
sequencing. The physical and chemical properties, protein conservative motifs, phylogenetic
evolution, and expression patterns of the MADS-box transcription factors were analyzed.
Quantitative real-time PCR (qRT-PCR) was used to verify the expression of MADS-box gene
family members during different stages of seed germination in D. delavayi. The results showed
that 81 genes of MADS-box gene family were identified from the transcriptome data of
D. delavayi, with the molecular weight distribution ranged of 6 211.34—173 512.77 Da and the
theoretical isoelectric point ranged from 5.21 to 10.97. Phylogenetic analysis showed that the 81
genes could be divided into 15 subgroups, among which DAMADS27, DAMADS42, DAMADS45,
DAMADS46, DAMADS53, DAMADS61, DAMADS76, DAMADS77 and DdMADS79 might be
involved in the regulation of ovule development in D. delavayi. The combination of the
transcriptome data and the qRT-PCR analysis results of D. delavayi seeds indicated that
DdAMADS25 and DdMADS42 might be involved in the regulation of seed development, and that
DAMADS37 and DdMADS38 might have negative regulation effects on seed dormancy.
Previous studies have reported that the MIKC”" subgroup is mainly involved in regulating flower
organ development. For the first time, we found that the transcription factors of the MIKC"
subgroup exhibited a high expression level at the early stage of seed germination, so we
speculated that the MIKC”™ subgroup played a regulatory role in the process of seed germination.
To verify the accuracy of this speculation, we selected DAMADS60 and DdMADS75 from the
MIKC” subgroup for qRT-PCR experiments, and the experimental results were consistent with
the expression trend of transcriptome sequencing. This study provides a reference for further
research on the biological function of D. delavayi MADS-box gene family from the perspective
of molecular evolution.
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Table | Primers used in this study

Gene ID Gene No. Primer name Primer sequence (5'—3")
Dder-R112-5347989.1 DdMADS25 F AACCGGGCTGATGAAGAAGG

R CTCTCGCCGCTACAGAACTC
Dder-R47-8084663.1 DdMADS37 F CAGGAGGATCGACTACTTGCC

R ACAGCAACTTCAGATTCACACAG
Dder-R47-8130571.1 DdMADS38 F GGAAGATCGACTGCTTGCCG

R CAGGGTTGGTACCTGGAGC
Dder-R47-10376031.1 DdMADS42 F GAGGATCGAGAACACGACGA

R GGGCAACTTCAGCATCACAG
Dder-R36-4175329.1 DdMADS60 F ACGATTGAGGATCTGAGTAACCA

R TTATCAAGGCTAGTCCAACAGC
Dder-R113-4062640.1 DdMADS75 F GTGTGCGATCAGAGGACAGA

R TTAGCGGGAGAATCGGAAACG
Reference gene Actin F CTGCGTTAGCCCCAAGTAGC

R GGACCTGATTCATCGTATTCTGC
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®2 ZEBIAI] MADS-box EERIEMK G152
Table 2 Members of MADS-box gene family in Docynia delavayi (Franch.) Schneid.

Gene name Gene ID Number of Molecular  pl Instability Aliphatic ~ Grand average of
amino acids weigh index index hydropathicity
DdMADSI Dder-R60-17200835.1 223 25378.71 6.25 55.86 84.39 —0.765
DAMADS2 Dder-R60-16510279.1 86 9766.54 10.08 30.62 97.44 —0.059
DdMADS3 Dder-R60-2842437.1 101 11784.53 9.63 56.18 75.15 —0.627
DdMADS4 Dder-R60-2830170.1 228 26 042.75 6.18 46.82 82.15 —0.561
DAMADS5 Dder-R60-2810727.1 255 29401.95 9.39 48.34 87.57 —0.435
DAMADS6 Dder-R60-2802550.1 263 30 595.63 9.01 52.53 89.70 —0.135
DAMADS7 Dder-R73-27147396.1 234 27 135.51 8.78 41.03 74.62 —0.909
DAMADSS Dder-R73-19914704.1 217 25089.61 9.54 55.07 73.69 —0.787
DAMADS9 Dder-R73-11171500.1 235 25941.97 7.66 31.87 85.83 —-0.227
DdMADS10  Dder-R73-9800388.1 156 18 054.02 9.26 49.68 88.78 —0.689
DdMADSI1  Dder-R73-3027676.1 359 41711.18 8.39 47.60 64.12 —0.849
DdMADS12 Dder-R73-2734435.1 243 27 349.90 5.88 65.26 85.51 —0.682
DdMADS13 Dder-R10-815876.1 174 19 586.24 6.04 4741 76.90 -0.714
DdMADS14 Dder-R49-6658204.1 249 28 925.64 9.41 27.08 88.51 —0.495
DdMADS15 Dder-R49-7566078.1 303 34 533.89 9.77 42.88 77.85 —0.598
DdMADS16 Dder-R81-4197556.1 197 23 338.59 9.54 46.58 70.25 —0.665
DdMADS17 Dder-R81-4191749.1 202 23 589.34 9.06 62.85 71.83 —0.750
DdMADSI18  Dder-R81-4183872.1 225 26 301.45 8.52 52.51 72.36 —0.679
DdMADSI19  Dder-R50-4956670.1 218 25215.42 6.54 57.47 74.68 —0.733
DdMADS20  Dder-R50-4966818.1 175 19 660.61 9.82 5554 80.29 —0.642
DdMADS21  Dder-R50-8083495.1 278 32 247.55 6.43  46.56 80.29 —0.661
DdMADS22  Dder-R50-20974619.1 220 24 856.33 6.76 41.12 71.32 —0.366
DdMADS23  Dder-R112-7761068.1 68 767296 10.22 51.55 91.76 —0.172
DdMADS24  Dder-R112-7627337.1 69 7893.17 10.53 53.36 83.33 —0.400
DdMADS25  Dder-R112-5347989.1 70 7899.43  10.68 34.32 98.71 —-0.177
DdMADS26  Dder-R65-1320353.1 240 27 487.48 8.84 61.50 63.75 —0.806
DdMADS27  Dder-R66-2337621.1 248 28 241.85 8.43 43.89 75.12 —0.703
DdMADS28  Dder-R66-2309129.1 255 29 306.05 8.95 60.30 83.80 —0.835
DdMADS29  Dder-R96-1718486.1 285 32 478.16 9.05 46.94 83.16 —0.539
DdMADS30  Dder-R7-19175173.1 156 18 179.29 9.56 51.08 89.36 —0.671
DdMADS31  Dder-R7-9064169.1 83 9261.84 9.84 36.87 108.07 —0.036
DdMADS32  Dder-R7-8943042.1 215 24 590.09 9.83 56.18 73.02 —0.796
DdMADS33  Dder-R6-3099037.1 279 31461.49 8.02 58.15 65.05 —0.673
DdMADS34  Dder-R58-1134103.1 250 29 487.60 9.84 49.90 71.32 —0.949
DdMADS35  Dder-R58-5987513.1 307 34 861.09 521 65.06 88.27 —0.554
DdMADS36 Dder-R59-651663.1 286 33 153.78 8.51 58.57 82.80 —0.660
DdMADS37 Dder-R47-8084663.1 84 9998.83 10.29 51.47 96.31 -0.121
DdMADS38 Dder-R47-8130571.1 83 9 647.28 9.85 49.16 82.29 -0.267
DdMADS39 Dder-R47-8139348.1 93 11 108.02 9.89 67.73 83.87 —0.404
GE)
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(8:3% 2)
Gene name Gene ID Number of Molecular pl Instability Aliphatic ~ Grand average of
amino acids weigh index index hydropathicity

DdMADS40  Dder-R47-9268327.1 84 9267.03 10.29 43.80 117.38 0.212
DAMADS41  Dder-R47-10310489.1 215 24 652.81 8.67 53.67 90.33 —0.203
DdMADS42  Dder-R47-10376031.1 61 7 110.29 9.93 43.72 89.51 —0.521
DdMADS43  Dder-R30-559981.1 70 7940.46 10.59 26.19 93.29 —0.129
DdMADS44  Dder-R30-645230.1 343 38 925.28 6.95 54.12 70.76 —0.487
DdMADS45  Dder-R30-4446889.1 257 29 490.75 8.65 48.04 83.11 —0.604
DdMADS46  Dder-R30-11122071.1 228 26 228.53 9.63 58.74 70.61 -0.912
DdMADS47  Dder-R109-25233626.1 55 6211.34 1097 38.62 104.55 —-0.175
DAMADS48  Dder-R109-11100656.1 227 25671.28 9.45 41.65 69.91 -0.612
DdMADS49  Dder-R109-11097095.1 237 26 284.25 9.20 40.16 78.61 -0.313
DAMADS50  Dder-R105-109114.1 705 73 352.98 6.06 40.57 85.22 —-0.230
DAMADS51  Dder-R100-298141.1 1740 173 512.77 6.52  35.01 88.02 0.012
DdMADS52  Dder-R107-3573148.1 213 24 359.44 8.67 51.22 65.45 —0.780
DdMADS53  Dder-R107-4036801.1 253 29 089.95 9.39 52.73 79.80 —0.762
DdMADS54  Dder-R48-6628510.1 185 20 618.21 529 4322 75.46 —0.664
DdMADS55  Dder-R5-735151.1 201 22 882.32 6.60 40.26 88.21 —0.408
DdMADS56  Dder-R3-4724216.1 212 24 593.44 9.02 53.29 70.42 —0.823
DdMADS57  Dder-R3-4716053.1 186 21 704.39 9.28 45.26 74.41 —0.760
DdMADS58  Dder-R36-3528734.1 246 29 101.14 9.18 51.56 84.07 —0.859
DdMADS59  Dder-R36-3536948.1 302 25017.30 6.61 34.41 63.31 —0.345
DdMADS60  Dder-R36-4175329.1 351 39 575.89 7.11  60.59 77.55 —0.601
DAMADS61  Dder-R36-7568715.1 239 27 314.06 8.53  40.72 82.89 —0.624
DdMADS62  Dder-R36-24733227.1 141 16 343.91 9.23 4631 87.80 —0.716
DAMADS63  Dder-R35-6768733.1 439 48 315.16 5.55 38.51 64.15 —0.571
DdMADS64  Dder-R32-3123699.1 751 84 520.91 6.69 49.23 80.32 —0.410
DAMADS65  Dder-R89-4352032.1 138 15 974.58 9.44 56.38 91.81 —0.536
DdMADS66  Dder-R89-17644525.1 237 27 825.51 9.24 43.71 77.38 —0.919
DdMADS67  Dder-R89-25928527.1 67 7683.02 10.23 36.71 87.31 —0.400
DdMADS68  Dder-R89-26728294.1 224 25319.72 6.93  54.00 90.98 —0.663
DdMADS69  Dder-R31-10365570.1 358 40 494.20 531 64.70 82.51 —0.609
DdMADS70  Dder-R31-6356456.1 253 28 871.07 9.41 59.16 69.80 —0.728
DdMADS71  Dder-R31-6002897.1 172 19 036.37 10.25 4597 86.74 —0.144
DAMADS72  Dder-R31-4428905.1 195 22 388.05 9.11 49.34 91.95 —0.298
DAMADS73  Dder-R31-4165149.1 61 7 110.29 9.93 53.19 91.15 -0.518
DdMADS74  Dder-R113-3422030.1 207 24 342.85 9.28 53.08 88.12 —0.843
DAMADS75  Dder-R113-4062640.1 438 50016.18 8.99 56.95 71.03 —0.572
DAMADS76  Dder-R113-7688676.1 250 28 629.23 7.70  40.81 80.80 —0.704
DAMADS77  Dder-R68-2869495.1 198 22 546.60 7.66 5245 80.81 —0.601
DdMADS78  Dder-R68-2889721.1 254 28 949.78 9.40 54.44 73.35 —0.863
DdMADS79  Dder-R68-9726991.1 89 10 211.71 9.59 51.14 84.27 —0.582
DdMADS80  Dder-R68-10925994.1 229 25 690.14 9.67 55.49 71.53 —0.773
DAMADS81  Dder-R68-11392595.1 227 25331.74 7.88 58.79 80.79 —0.485
&: 010-64807509 : cjb@im.ac.cn
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Figure 1 Conserved motifs of MADS-box predicted by MEME in Docynia delavayi (Franch.) Schneid.. The
abscissa is amino acid position and the ordinate is the proportion of amino acid at a site.
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A S 2k R R 3 9 4 MADS-box JE K £
Wt 3 2 38 i AR B AE , IR AESS 3 AN v ¢
ZEFFE; 15 4> MADS-box D78 H s i 3 1k
IR 28 N MADS-box HEINTE R %Kik
WAk, MG REEREN TR, i
MADS-box F&[FITERT 4 I B AR Fe ik A
W SRR SR TR, 7 B 0k B0
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9N AP1.SVP MIKC Hl AG/STK W20 %5 .
Tk Bl A SVP WAL DAMADS37, 18 Hi
HA 65 R ik 241.68, EE AN 10 5L F,
I I ELFE T 7 B A o R R R 4 R A
EH .
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DAMADS75
DAMADS14
GL63

3 ZTREB[ARIR] MADS-box B FE KL 24
Figure 3 Phylogenetic tree of MADS-box gene family in Docynia delavayi (Franch.) Schneid.. At:
Arabidopsis thaliana; Dd: Docynia delavayi.
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AR R IEEE 5HT 2 DRI LY R TR DAMADS42 15T R A F A 5 ik B E(E
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Figure 4 The expression heatmap of MADS-box transcription factors in Docynia delavayi (Franch.)

Schneid.. S1: Seed period; S2: Swelling absorption period; S3: Germination period; S4: Germination period;
S5: Seedling establishment period.
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Figure 5 Quantitative qRT-PCR expression analysis of MADS-box genes in Docynia delavayi (Franch.)
Schneid. S1: Seed period; S2: Swelling absorption period; S3: Germination period; S4: Germination period;

S5: Seedling establishment period.
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