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Abstract: The MIKC-type MADS-box gene family plays an important role in flower development in plants.
This study identifies members of the MIKC-type gene family in Cannabis sativa L. at the genome level, with the
chromosomal location and linkage, evolutionary relationships, and identification of conserved motifs determined
using bioinformatics tools. The results show that C. sativa contains 39 members of the MIKC-type MADS-box
gene family (named CsMADSI-CsMADS39) unevenly distributed on nine chromosomes. The encoded proteins
range in length from 146 to 503 amino acids, and the theoretical isoelectric points range from 5.19 to 10.12. Molecular
weights range from 16 739.35 to 57 070.56 Da. The subcellular location of CsMADS genes is mainly in the nucleus.
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The result of conserved domain analysis showed that all genes contain the MADS conserved domain. The analysis
of GO showed that all genes were annotated to 331 GO terms, which were clustered by molecular function. A
phylogenetic tree showed that CsMADS genes could be divided into 14 subclasses, according to ABCDE homologous
gene model; CsMADS genes are clustered with SQUA/AP1, AP3, PI, GGM13, AG, SEP/AGL2 subfamilies in
Arabidopsis. There are abundant cis-acting elements in the upstream promoter region of CsMADS genes, mainly
light regulatory elements. The results of real-time fluorescent quantitative PCR showed that some CsMADS genes
are highly expressed in flowers and bracts, with tissue-specific expression. This study identified and analyzed the
MIKC-type MADS-box gene family in C. sativa at the genome level, and provides a theoretical basis for further
exploration of the function of MIKC-type genes and their role in regulating the growth and development of
medicinally important hemp.
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Table 2 The information of 39 CsMADS genes in Cannabis sativa

Locus name Accession No. Gene name AA PI MW/Da Subcel?ular MIKC-type
location Subclade
LOC115697576 rma-XM 030624644.1 CsMADSI 298 9.23 33797.65 Nucleus AG
LOC115697575 rna-XM_030624658.1 CsMADS2 250 9.02 28 894.13 Nucleus AGL17
LOC115698549 rna-XM_030625630.1 CsMADS3 255 7.63 29 534.55 Nucleus AP1
LOC115698701 rna-XM_030625845.1 CsMADS4 280 7.77 32324.74 Nucleus AG
LOC115699531 rma-XM_030626996.1 CsMADSS 204 7.8 23610.12 Nucleus PI
LOC115699728 rma-XM_030627267.1 CsMADS6 214 8.94 24 164.17 Nucleus AGL12
LOC115700576 rma-XM_030628159.1 CsMADS7 259 8.1 29 085.9 Nucleus AGL6
LOC115700653 rma-XM 030628272.1 CsMADSS 214 7.8 24 777.45 Nucleus PI
LOC115700827 rna-XM_030628489.1 CsMADS9 257 8.73 29 622.47 Nucleus SEP/AGL2
LOC115700828 rna-XM_030628492.1 CsMADSI0 254 8.95 29 273.06 Nucleus SEP/AGL2
LOC115700907 rna-XM_030628576.1 CsMADSI11 251 5.75 28913.85 Nucleus GGM13
LOCI115701144 rma-XM_030628850.1 CsMADSI2 268 6.52 30 700.9 Nucleus AGL6
LOC115701208 rma-XM_030628937.1 CsMADSI13 317 6.76 35912.35 Nucleus MIKC®
LOC115701438 rma-XM_030629241.1 CsMADSI14 263 9.44 30 090.31 Nucleus AP1
LOC115702704 rma-XM 030630128.1 CsMADSI5 318 6.49 36 768.27 Nucleus MIKC”
LOC115702756 rna-XM_030630191.1 CsMADSI16 318 6.49 36 709.25 Nucleus MIKC”
LOC115704295 rna-XM_030631508.1 CsMADS17 184 9.92 21 400.84 Nucleus SVP
LOC115706939 rna-XM_030634719.1 CsMADSI8 236 9.69 27 041.82 Nucleus SOC1
LOC115707234 rma-XM_030635120.1 CsMADSI19 243 7.14 27 867.62 Nucleus GGM13
LOC115708930 rma-XM_030636958.1 CsMADS20 181 10.12 21092.38 Nucleus SVP
LOC115709018 rna-XM_030637041.1 CsMADS21 251 8.56 28 557.3 Nucleus SEP/AGL2
LOC115709034 rma-XM _030637066.1 CsMADS22 181 10.12 21092.38 Nucleus SVP
LOC115710309 rna-XM_030638677.1 CsMADS23 255 6.98 28 863.59 Nucleus AGL15
LOC115712087 rna-XM_030640317.1 CsMADS24 244 8.78 27 934.64 Nucleus SEP/AGL2
LOC115712534 rna-XM_030640823.1 CsMADS25 234 9.26 26 902.74 Nucleus AGL17
LOCI115713471 rma-XM_030641955.1 CsMADS26 345 5.19 38374.17 Nucleus MIKC®
LOC115714329 rma-XM_030642992.1 CsMADS27 235 6.35 26 509.02 Nucleus SVP
LOC115714657 rna-XM_030643408.1 CsMADS28 305 6.77 34599.12 Nucleus AP3
LOC115716337 rma-XM 030645105.1 CsMADS29 226 7.84 26372.5 Nucleus AGL6
LOC115716986 rna-XM_030645911.1 CsMADS30 237 9.13 27211.99 Nucleus SOC1
LOC115717309 rna-XM_030646279.1 CsMADS31 218 9.49 25 581.53 Nucleus SOC1
LOC115718840 rna-XM_030647651.1 CsMADS32 265 9.27 30 442.75 Nucleus AGL17
LOC115720605 rna-XM_030649758.1 CsMADS33 228 9.01 26267.98 Nucleus SVP
LOC115720817 rna-XM_030649993.1 CsMADS34 146 9.59 16 739.35 Nucleus AGL17
LOC115721274 rma-XM_030650540.1 CsMADS35 220 6.98 25 044.69 Nucleus SVP
LOC115709360 rma-XM 030637447.1 CsMADS36 341 5.91 38297.35 Nucleus MIKC”
LOC115711048 rna-XM_030639386.1 CsMADS37 247 7.7 28 908.82 Nucleus MIKC”
LOC115715550 rna-XM_030644207.1 CsMADS38 503 591 57 070.56 Nucleus MIKC”
LOCI115725163 rna-XM_030654597.1 CsMADS39 193 6.93 22 068.24 Nucleus FLC
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Figure 1

Distribution of 39 CsMADS genes on nine chromosomes in Cannabis sativa
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Figure 2 The conservation domain of 39 CsMADS genes in Cannabis sativa
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Figure 3 Conserved motifs and gene structure analyses of 39 CsMADS genes of Cannabis sativa
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Figure 4 GO categorization and annotation of 39 CsMADS genes
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Figure 5 Phylogenetic trees of MIKC-type genes in Cannabis sativa and Arabidopsis thaliana
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Figure 9 The expression levels of the CsMADS genes in different tissues
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