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Abstract MADS-box genes encode important transcrip-

tion factors in plants that are involved in many processes

during plant growth and development. An investigation of

the soybean genome revealed 106 putative MADS-box

genes. These genes were classified into two classes, type I

and type II, based on phylogenetic analysis. The soybean

type II group has 72 members, which is higher than that of

Arabidopsis, indicating that soybean type II genes have

undergone a higher rate of duplication and/or a lower rate

of gene loss after duplication. Soybean MADS-box genes

are present on all chromosomes. Like Arabidopsis and rice

MADS-box genes, soybean MADS-box genes expanded

through tandem gene duplication and segmental duplica-

tion events. There are many duplicate genes distributed

across the soybean genome, with two genomic regions, i.e.,

MADS-box gene hotspots, where MADS-box genes with

high degrees of similarity are clustered. Analysis of high-

throughput sequencing data from soybean at different

developmental stages and in different tissues revealed that

MADS-box genes are expressed in embryos of various

stages and in floral buds. This expression pattern suggests

that soybean MADS-box genes play an important role in

soybean growth and floral development.

Keywords MADS-box � Soybean � Phylogenetic analysis

� Duplication � Expression patterns

Introduction

The MADS-box gene family is one of the most extensively

studied transcription-factor gene families in eukaryotes

(including animals, fungi, plants and other organisms)

[1–3]. MADS-box proteins are characterized by the pres-

ence of a conserved domain of approximately 58–60 amino

acids located in the N-terminal region known as the

MADS-box domain. The MADS-box is a DNA binding

domain that binds to CArG boxes (CC[A/T]6GG) [4, 5].

Based on phylogenetic analysis, the MADS-box gene

family is divided into two categories, type I and type II,

which originated by ancestral gene duplication. Type I

MADS-box genes encode SRF-like domain proteins, while

type II MADS-box genes encode MEF2-like proteins and

plant-specific MIKC-type MADS-box proteins [6–8].

MIKC-type proteins generally contain four common

domains. In addition to the MADS (M) domain, MIKC-

type proteins contain the intervening (I), kertain-like

(K) and C-terminal (C) domains [4, 6, 9, 10]. The I domain

is the least conserved, which contributes to the DNA-

binding specificity and dimerization of these proteins

[3, 11]. The K domain is characterized by a coiled-coil

structure, which mainly contributes to the dimerization of

MADS-box proteins. The K domain, which is present in

type II proteins but is absent in type I proteins, is more

highly conserved [12–15]. The C domain is the least con-

served domain, with high diversity, but it has been shown

to play an important role in transcriptional activation and

the formation of multimeric MADS-box protein complexes

[16, 17]. Based on structural features, MADS-box genes

can be divided into five groups. Type I genes, which have

common ancestors, are subdivided into three groups, Ma,

Mb, and Mc, based on the M domain of the encoded

protein. Type II genes are subdivided into the MIKCc and
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MIKC* groups based on the diversity of the encoded I and

K domains. The MIKC* group has longer I domains and

less conserved K domains than the MIKCc group [8, 18].

The MADS-box MIKCc genes are the most well char-

acterized group of MADS-box genes in plants. These genes

play fundamental roles in many important processes during

plant growth and development, including the following:

determination of flowering time (SOC1 [SUPPRESSOR

OF OVERESPRESSION OF CONSTANS1], FLC1

[FLOWERING LOCUS c], AGL24 [AGAMOUS-LIKE

GENE 24], MAF1/FLM [MADS AFFECTING FLOW-

ERING] and SVP (SHORT VEGETATIVE PHASE) [19–

24]; floral meristem identity (AP1 [APETALA 1], FUL

[FRUITFUL] and CAL [CAULIFLOWER]) [25–27]; the

formation of floral organs (AP1, SEP1-3 [SEPALLATA

1-3], AP3 [APETALA 3], PI [PISTILLATA] and AG

[AGAMOUS]) [5, 28]; fruit ripening (SHP1, SHP2

[SHATTERPROOF 1-2] and FUL) [27, 29] and seed pig-

mentation and embryo development (TT16 [TRANSPAR-

ENT TESTA16]) [30]. The most significant role of MADS-

box genes is the determination of floral organ identity [31],

which occurs via the ABC model. This model describes

how the combined functions of three classes of MADS-box

genes, along with AP2, specify floral organ identity.

Soybean is one of the most important sources of oil and

vegetable protein for humans and animals. The soybean

genome has been sequenced [32], which enables whole

genome analysis of MADS-box genes in soybean. There-

fore, in the present study, we determined the number of

MADS-box genes in the soybean genome and character-

ized the gene structures, phylogenetic relationships, chro-

mosomal locations, conserved motifs and expression

patterns of MADS-box genes in soybean.

Materials and methods

Identification and classification of MADS-box genes

Soybean genomic and protein sequences were obtained from

the Phytozome website (http://www.phytozome.net/soybean)

[32]. The Hidden Markov Model (HMM) profile of the

MADS-box domain (PF00319) was obtained from the Pfam

website (pfam.sanger.ac.uk) [33], which was employed as a

query to identify all possible MADS-box genes in soybean

using HMMER (V3.0) software [34]. All of the candidate

MADS-box proteins were aligned to Arabidopsis MADS-box

proteins for classification into different groups. All of the

annotation information concerning candidate MADS-box

genes was obtained from the soybean genome website, and

the numbers and distributions of introns in MADS-box

genes were investigated using soybean genome annotation

information.

Phylogenetic analysis of MADS-box genes

All candidate MADS-box protein sequences were aligned

using ClustalW with default parameters [35]. The phylo-

genetic trees of all MADS-box proteins were generated

using MEGA (V4.0) [36] with the neighbor-joining (NJ)

method, with the following parameters: poisson correction,

pairwise deletion and bootstrap (1,000 replicates).

Analysis of conserved motifs in MADS-box protein

The MADS-box protein sequences were analyzed using

MEME software (Multiple EM for Motif Elicitation,

V4.8.1) [37]. A MEME search was performed with the

following parameters: (1) optimum motif width was set

to C6 and B200; (2) the maximum number of motifs was

set to identify 10 motifs and (3) occurrences of a single

motif were distributed among the sequences with model:

zero or one per sequence (-mod zoops). The MEME motifs

were annotated using the Pfam database.

Chromosomal locations and gene duplication

of MADS-box genes

Sequences of putative MADS-box genes (genomic

sequences, CDS sequences) were obtained from the soy-

bean genome database. The soybean MADS-box genes

were blasted against each other to identify duplicate genes

in which the similarity of the aligned regions was more

than 85 % [38]. In addition, positional information about

all of the MADS-box genes was investigated; the locations

of the MADS-box genes on the soybean chromosomes

were plotted using Matlab (R2008b) with custom script,

and red lines were drawn linking duplicate genes on dif-

ferent chromosomes.

Expression analysis of soybean MADS-box genes in

silico

The genome-wide transcriptome data of soybean seeds

during several stages of seed development and throughout

the soybean life cycle (obtained with high-throughput

sequencing) were downloaded from the NCBI database

(http://www.ncbi.nlm.nih.gov; accession numbers

SRX062325–SRX062334). The transcript data were

obtained from plant material including seeds at five stages

of development (globular, heart, cotyledon, early-matura-

tion, dry seeds), vegetative tissue (leaves, roots, stems,

whole seedlings) and reproductive tissue (floral buds). All

transcript data were analyzed with Matlab (R2008b) using

Bioinformatics Toolbox.
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Results

Identification and classification of MADS-box genes

in soybean

To identify the full complement of MADS-box genes in

soybean, the MADS domain (PF00319) was employed to

search across the soybean genome. All 106 putative

MADS-box genes were identified in soybean, which is

similar to the number of MADS-box genes present in

Arabidopsis (Table 1). More MADS members were iden-

tified with the MADS-domain screening method than were

previously identified in the Plant Transcription Factor

Database (PlantTFDB; 94 members), which employed

protein homology searches [39]. By performing a homol-

ogy search against Arabidopsis MADS-boxes, we were

able to divide the soybean genes into two groups. A total of

72 genes were determined to be type II MADS-box genes

(including MIKCc and MIKC*), while 34 were confirmed

to be type I MADS-box genes (including the Ma, Mb and

Mc groups). However, while the total numbers of both type

I and type II MADS-box genes in soybean (106) and

Arabidopsis (107) are nearly identical, the number of type

II genes is greater in soybean than in Arabidopsis or other

plants, such as rice, maize, sorghum and cucumber. We

also determined that soybean type II MADS-box genes

usually contain multiple introns, with a maximum of 10

introns, while type I genes usually lack introns or have only

a single intron. However, GmMADS73, 85, 91, 97, 103,

104, 105 and 106 have no more than three introns. These

characteristics are consistent with those of MADS-box

genes in Arabidopsis, rice, maize and other plants [14, 15,

40–42].

Phylogenetic analysis of MADS-box genes in soybean

To examine the phylogenetic relationships between

MADS-box genes in detail, independent phylogenetic trees

were constructed with type I and type II genes (Fig. 1). The

type I soybean MADS-box genes were divided into 13

subfamilies. Subfamily CAL/FUL/AP1 has the most

members, with 13 homologous genes. Many members are

also present in subfamilies AG/SHP (12 members), AP3/PI

(11 members), SEP (nine members) and SVP (seven

members), while other subfamilies have fewer members,

including SOC1 (four members), ANR1 (three members),

FLC (two members), AGL6 (two members), AGL12 (two

members), AGL15 (one member) and TT16 (one member).

In addition, five genes, which are in the same group, were

identified as MIKC*-type MADS-box genes. For type I

soybean genes, the total numbers of genes in the Ma, Mb
and Mc groups were similar to those of Arabidopsis and

rice. However, the Ma and Mc groups have more

members, with 18 and 11 homologs, respectively (Fig. 2),

while the Mb group has just five members, which is sig-

nificantly different from that of Arabidopsis and rice

[14, 40].

Analysis of conserved motifs in MADS domain

proteins

A total of 106 MADS-box genes from soybean were sub-

jected to analysis to reveal conserved motifs shared among

related proteins; ten conserved motifs, named motif 1–10,

were identified (Fig. 3). Among these, the conserved motif

encoding the MADS-box domain (motif 1) was found in all

soybean MADS-box genes; this is the most conserved

motif that was identified. Motif 5, which specifies the K

domain, was found only in most MIKCc group proteins (45

members). Motifs 2, 3, 4, 6, 7 and 9, representing the I

region, are not highly conserved, except among closely

related proteins, but these motifs were found in most

MADS-box genes, from type I to type II genes. Finally,

motifs 8 and 10, representing the C-terminal domain, are

also weakly conserved in soybean MADS-box genes.

These motifs are only present in some MIKCc and Ma
group proteins.

Chromosomal locations of MADS-box genes and their

genomic duplication

The physical locations of the MADS-box genes on soybean

chromosomes are shown in Fig. 4. Chromosomes 8 and 10

contain the most MADS-box genes (12 genes), while

chromosome 17 contains the fewest (one gene). Other

chromosomes contain between two and 11 MADS-box

genes, suggesting that soybean MADS-box genes are dis-

tributed across these chromosomes. However, MADS-box

genes are not randomly dispersed on each chromosome.

Some chromosomes contain gene clusters or gene hotspots.

For example, a short region of chromosome 10 contains ten

MADS-box genes, and other chromosomes (chromosomes

5, 8, 11, 13 and 18) contain similar gene clusters. In

addition, by performing gene duplication analysis, we

found that many MADS-box genes (38.7 %, 41/106) are

present in two or more copies. These gene duplications

arose from tandem duplications and segment duplications.

The soybean genome has undergone two duplication

events. Therefore, many soybean genes are present in

duplicate. Most MADS-box genes have undergone tandem

duplication (45 duplications), while others have undergone

segment duplication (17 duplications). Tandem duplica-

tions have produced MADS-box gene clusters or hotspots,

while segment duplications have produced many homologs

of MADS-box genes on different chromosomes, as indi-

cated with red lines in Fig. 4.
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Table 1 The MADS-box genes identified in soybean

Name Gene locus Group Introns Name Gene locus Group Introns

GmMADS1 Glyma01g02880 MIKC 7 GmMADS54 Glyma02g45730 MIKC 4

GmMADS2 Glyma02g04710 MIKC 7 GmMADS55 Glyma14g03100 MIKC 7

GmMADS3 Glyma07g30040 MIKC 5 GmMADS56 Glyma08g42300 MIKC 7

GmMADS4 Glyma08g07260 MIKC 7 GmMADS57 Glyma18g12590 MIKC 7

GmMADS5 Glyma06g10020 MIKC 7 GmMADS58 Glyma13g29510 MIKC 7

GmMADS6 Glyma13g33030 MIKC 0 GmMADS59 Glyma15g09500 MIKC 6

GmMADS7 Glyma15g06300 MIKC 3 GmMADS60 Glyma08g12730 MIKC 7

GmMADS8 Glyma02g38090 MIKC 1 GmMADS61 Glyma04g43640 MIKC 7

GmMADS9 Glyma13g32810 MIKC 7 GmMADS62 Glyma06g48270 MIKC 7

GmMADS10 Glyma01g02530 MIKC 3 GmMADS63 Glyma05g29590 MIKC 4

GmMADS11 Glyma02g33040 MIKC 8 GmMADS64 Glyma09g40230 MIKC 6

GmMADS12 Glyma08g06980 MIKC 1 GmMADS65 Glyma18g45780 MIKC 6

GmMADS13 Glyma20g00400 MIKC 6 GmMADS66 Glyma05g03660 MIKC 5

GmMADS14 Glyma05g28130 MIKC 4 GmMADS67 Glyma20g29300 MIKC 6

GmMADS15 Glyma08g11110 MIKC 5 GmMADS68 Glyma13g02170 MIKC* 9

GmMADS16 Glyma12g17720 MIKC 1 GmMADS69 Glyma14g34160 MIKC* 10

GmMADS17 Glyma01g37470 MIKC 6 GmMADS70 Glyma07g35610 MIKC* 10

GmMADS18 Glyma11g07820 MIKC 6 GmMADS71 Glyma20g04500 MIKC* 10

GmMADS19 Glyma04g02980 MIKC 6 GmMADS72 Glyma05g00960 MIKC* 4

GmMADS20 Glyma06g02990 MIKC 6 GmMADS73 Glyma05g25930 Ma 3

GmMADS21 Glyma12g13560 MIKC 3 GmMADS74 Glyma05g35820 Ma 0

GmMADS22 Glyma18g33910 MIKC 3 GmMADS75 Glyma08g03790 Ma 0

GmMADS23 Glyma16g17450 MIKC 3 GmMADS76 Glyma18g20830 Ma 1

GmMADS24 Glyma04g42420 MIKC 5 GmMADS77 Glyma08g03820 Ma 1

GmMADS25 Glyma06g12380 MIKC 6 GmMADS78 Glyma10g10610 Ma 0

GmMADS26 Glyma13g09660 MIKC 6 GmMADS79 Glyma10g10930 Ma 0

GmMADS27 Glyma14g24590 MIKC 6 GmMADS80 Glyma10g10640 Ma 0

GmMADS28 Glyma05g28140 MIKC 7 GmMADS81 Glyma10g10770 Ma 0

GmMADS29 Glyma08g11120 MIKC 7 GmMADS82 Glyma10g10840 Ma 0

GmMADS30 Glyma11g36890 MIKC 6 GmMADS83 Glyma10g10860 Ma 0

GmMADS31 Glyma08g27670 MIKC 7 GmMADS84 Glyma10g10900 Ma 0

GmMADS32 Glyma18g50900 MIKC 7 GmMADS85 Glyma10g10690 Ma 2

GmMADS33 Glyma13g06730 MIKC 7 GmMADS86 Glyma10g11450 Ma 0

GmMADS34 Glyma19g04320 MIKC 7 GmMADS87 Glyma10g10920 Ma 0

GmMADS35 Glyma01g08130 MIKC 7 GmMADS88 Glyma20g27320 Ma 0

GmMADS36 Glyma18g00800 MIKC 2 GmMADS89 Glyma20g27330 Ma 0

GmMADS37 Glyma03g02210 MIKC 7 GmMADS90 Glyma10g40070 Ma 1

GmMADS38 Glyma07g08890 MIKC 7 GmMADS91 Glyma07g03400 Mb 3

GmMADS39 Glyma01g08150 MIKC 7 GmMADS92 Glyma19g07170 Mb 1

GmMADS40 Glyma02g13420 MIKC 7 GmMADS93 Glyma13g07720 Mb 0

GmMADS41 Glyma08g36380 MIKC 7 GmMADS94 Glyma15g23350 Mb 1

GmMADS42 Glyma16g13070 MIKC 7 GmMADS95 Glyma08g10080 Mb 0

GmMADS43 Glyma05g07380 MIKC 7 GmMADS96 Glyma03g19880 Mc 1

GmMADS44 Glyma17g08890 MIKC 7 GmMADS97 Glyma18g06010 Mc 3

GmMADS45 Glyma08g27680 MIKC 6 GmMADS98 Glyma11g26260 Mc 0

GmMADS46 Glyma18g50910 MIKC 7 GmMADS99 Glyma18g06040 Mc 1

GmMADS47 Glyma04g31810 MIKC 2 GmMADS100 Glyma11g33460 Mc 0

GmMADS48 Glyma09g27450 MIKC 2 GmMADS101 Glyma18g04760 Mc 0

GmMADS49 Glyma10g38580 MIKC 7 GmMADS102 Glyma11g30640 Mc 0

GmMADS50 Glyma20g29250 MIKC 7 GmMADS103 Glyma18g05980 Mc 2

GmMADS51 Glyma16g32540 MIKC 7 GmMADS104 Glyma11g30500 Mc 3

GmMADS52 Glyma09g36590 MIKC 6 GmMADS105 Glyma11g30630 Mc 2

GmMADS53 Glyma12g00770 MIKC 6 GmMADS106 Glyma09g11550 Mc 3
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Fig. 2 Phylogenetic tree of

soybean and Arabidopsis type I

MADS-box genes

Fig. 1 Phylogenetic tree of

soybean and Arabidopsis type II

MADS-box genes
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Fig. 3 Distribution of

conserved motifs in soybean

MADS-box proteins identified

using the MEME search tool.

Different motifs are indicated

by different colors, and the

names of all members and

combined p values from

different groups are shown on

the left side of the figure. The

order of the motifs corresponds

to the position of the motifs in

individual protein sequences.

(Color figure online)
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Expression pattern analysis of soybean MADS-box

genes

Because high-throughput sequencing and gene expression

analyses have been performed on many types of soybean

tissues at various developmental stages, many soybean

genetic sequences are available in the NCBI database. We

therefore examined soybean transcriptome sequencing data

from different tissues and developmental stages and col-

lected all of the available MADS-box gene expression data.

These genes were clustered into five groups based on their

expression patterns. Most soybean MADS-box genes have

a broad expression spectrum, except for group C, which

has few transcripts across all tissues and developmental

stages. There are 24 group C genes, most of which are type

I MADS-box genes, mainly from groups Mb and Mc.

Group A includes 28 members that are highly expressed

during embryo and floral development. Most group A

genes are in the MIKCc group, which includes most SEP

and AG/SHP subfamily genes, which is consist with pre-

vious reports [43, 44]. MADS-box genes from the Ma
group, which are group B genes, have specific expression

patterns at several stages of embryo development. Group D

genes (21 genes), mainly comprising CAL/FUL/AP1 and

AP3/PI subfamilies genes, are expressed in different tis-

sues, including floral buds, leaves, roots and stems. How-

ever, these genes are mainly expresses in floral buds, as

previously observed [45]. Finally, group E (15 genes),

comprising the subfamilies SOC1, FLC, ANR1 and SVP,

have broad expression patterns. These genes are expressed

from embryo development to floral development and even

in dry seeds. An SOC1 homolog gene was identified in

soybean, and its expression pattern was similar to that of

SOC1 in Arabidopsis [46].

Discussion

By performing comparative genomic and phylogenetic

analysis, we determined that some characteristics of

MADS-box genes that are present in species such as Ara-

bidopsis and rice are present in soybean as well. However,

there are more MADS-box type II genes in soybean than in

other species. There are 45 and 43 type II MADS-box type

genes in Arabidopsis and rice, respectively, whereas soy-

bean has 72 MADS-box type II genes. This suggests that

soybean type II MADS-box genes have undergone a higher

rate of duplication and/or a lower rate of gene loss after

Fig. 3 continued
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duplication [47, 48]. Among soybean MADS-box genes,

most are MIKC genes, while only five are MIKC* genes.

Therefore, there are many MIKC genes in soybean,

including complete subfamilies of MIKC genes. This

indicates that the MIKC group genes are conserved among

different species, while other groups are not. Therefore,

MIKC group genes are enhanced in soybean, while other

MADS-box genes have been lost or were never present.

This notion is supported by the distribution pattern of

introns; soybean MADS-box genes contain a bimodal

distribution of introns. MIKC and MIKC* genes have

many introns, while type I (Ma, Mb and Mc) genes lack

introns or have single introns. Genes with many introns are

considered to be conservative. In addition, different groups

of soybean MADS-box genes have different distribution

patterns in the genome. MIKC genes are distributed across

all 20 soybean chromosomes, while other groups, including

Ma, Mb, Mc, are mainly located on chromosomes 10 and

11. These two chromosomes account for approximately

9.5 % of the genome and contain 4.5 % of the MIKC

genes, whereas they contain 47.1 % of type I genes,

including Ma, Mb and Mc. In eukaryotic transcription

factor families, genes expand by gene duplication, while

type I and type II group MADS-box genes expand through

different mechanisms [1, 49]. By performing homology

analysis between genes, we determined that all type II gene

duplications occurred between two different chromosomes

via a process known as segmental duplication. However,

the duplication of type I genes tends to occur within a

single chromosome, which is known as internal chromo-

some duplication or tandem duplication. Both tandem and

segmental duplication have played major roles in MADS-

box gene expansion in the soybean genome. Because tan-

dem duplication or internal chromosome duplication occur

more frequently in soybean MADS-box type I genes, these

genes originated and diverged more recently than type II

genes, which indicates that type II genes are more con-

servative than type I genes in soybean.

Thus, different groups of MADS-box genes, with dif-

ferent duplication patterns, are under different evolutionary

constraints. Therefore, type II genes are conservative and

accumulate in the soybean genome by natural and artificial

selection. Finally, the soybean genome contains 72 MADS-

box genes, more than are present in Arabidopsis. Why are

type II genes evolutionarily conserved in the soybean

genome? Soybean MADS-box genes are selected or

affected by many evolutionary constraints, which are still

unknown. However, these genes are linked to soybean

growth and development. As expected, soybean MADS-

box type II genes are more highly expressed at different

developmental stages and in different tissues than type I

genes. There are 24 MADS-box genes clustered into group

C (Fig. 5), which have very low expression levels or are

not expressed. Among these genes, eight (11.1 %, 8/72) are

type II, while 16 (47.1 %, 16/34) are type I genes. In

addition, the 12 group B genes, which belong to group Ma

Fig. 4 Chromosomal locations of soybean MADS-box genes. The markers represent the group to which each MADS-box gene belongs, and the

red lines connecting the MADS-box genes indicate segmental duplications on soybean chromosomes. (Color figure online)
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of type I, are expressed at low levels during embryo

development. These genes are mainly located on chromo-

some 10, and they have similar expression patterns. Groups

A, D and E are type II genes and are highly expressed

across all developmental stages and in all tissues. Among

these genes, most are highly express in floral buds or

during embryo development, while some of these genes are

also present at other organs, such as leaves, roots and

stems. The genes that are expressed in floral buds and

during embryo development are mainly from large sub-

families. For example, group A genes, which are expressed

during four developmental stages and in floral bud tissue,

mainly comprise subfamilies AG/SHP (12) and SEP (9).

Group D, which comprises subfamilies CAL/FUL/AP1

(13) and AP3/PI (11), are expressed in different organs,

with the highest level of expression in floral buds. How-

ever, group E genes are expressed across every develop-

mental stage and in every tissue, even in dry seeds and

whole seedlings. Group E comprises small subfamilies

such as AGL12 (2), SOC1 (4) and ANR1 (3), which is

similar to other species [41, 50]. This indicates that soy-

bean MADS-box gene redundancy and functional diversity

also exists in subfamilies of soybean MADS-box type II

genes. Subfamilies CAL/FUL/AP1, AP3/PI, SEP and AG/

SHP exhibit high degrees of gene redundancy, while FLC,

AGL6, AGL12, AGL15, SOC1, TT16 and ANR1 contain

few members, without redundancy. Therefore, large sub-

families have conservative functions that are likely present

in all species, while small subfamilies exhibit little con-

servation and may have been lost in some species. For

example, the AGL12 and FLC genes are absent in

cucumber, but their functions are not conservative and are

therefore performed by other genes.

Conclusions

In summary, we have identified 106 MADS-box genes in

soybean, which are clustered into the type I and type II groups.

These results are consistent with previous studies. However,

the soybean genome has more MADS-box type II genes than

Arabidopsis or rice. By phylogenetic analysis, genes structure

analysis and chromosome location analysis, we found that

type II genes are more conservative than type I genes, which

has played a major role in soybean development, growth and

flower formation. In addition, soybean MADS-box gene

expression patterns were investigated using high-throughput

sequencing data. Type II MADS-box genes are highly

expressed during seed development and in floral buds, while

type I genes are not expressed or are expressed at low levels

during seed development or in floral buds. While we were able

to classify soybean MADS-box genes and elucidate the evo-

lution and expression patterns of these genes, further func-

tional analysis of these genes will be required to advance our

understanding of their biological roles in soybean.
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