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Solanaceae is a significant plant family widely dispersed in the world, and most of them are important vegetable
resources. Transcription factors (TFs) play critical roles in regulating plant growth and various stresses. However,
there was no comprehensive and systematic analysis of TFs in all released Solanaceae genomes. In this study,
51,169 TFs were identified and systematically analyzed from 18 Solanaceae and 10 non-Solanaceae species. In
some Solanaceae species, whole-genome duplication/triplication (WGD/T) and tandem duplication (TD) were
the main duplicated types leading to the TF expansion. We further divided all TF families into 1,209 orthogroups
(OGs), of which 298 were unique to Solanaceae. Despite all Solanaceae species shared the recent WGT event, 10
species had more gene family contractions than expansions among the 18 Solanaceae species. Functional
enrichment analysis showed that 6 gene families (AP2, ARF, ARR-B, BBB-BPC, NF-YB, and NF-YC) showed
different contraction and expansion trends in Solanaceae species, indicating that these Solanaceae species have
different selection requirements for these gene families during evolution. In conclusion, our study provides an
understanding between the evolution of the TFs family and the gene duplications of other plants. Meanwhile, this
study also provides rich genetic resources for gene function research and molecular breeding of Solanaceae in the

future.

1. Introduction

Solanaceae belongs to Solanales, including about 90 genera and
nearly 3000- 4000 species (Gebhardt, 2016). Solanaceae plants occupy a
wide range of terrestrial habitats from deserts to tropical rainforests,
which can adapt to different environments, especially in South America
(Barchi et al., 2019; Song et al., 2022). According to the latest statistics
(2021) from FAOSTAT database (https://www.fao.org/faostat), po-
tatoes had the highest production of 371.14 million tons among all
Solanaceae crops, followed by tomatoes (189.13 million tons) and
eggplant (58.65 million tons). Solanaceae has become an integral part of
human civilization because of its edible fruits (Ghatak et al., 2017;
Wang et al., 2022). It mainly includes tomato, potato, eggplant, wolf-
berry, and pepper (Cao et al., 2021; Fidan et al., 2021; Wu and Tanksley,
2010; Wu et al., 2012). Potato is the most important economic crop and
the third largest food crops in the world after wheat and rice. It is also
the model for studying the development and inheritance of tubers (Niu
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etal., 2022). Similar, tomato is one of the most important vegetable crop
of Solanaceae and the typical model plant for studying the fleshy fruit
(Bai et al., 2023). Currently, the genome information of several Sol-
anaceae species has been deciphered, such as tomato, potato, eggplant,
and pepper (Kim et al., 2017; Pham et al., 2020; Su et al., 2021; Wei
et al., 2020). The important genes participated in species evolution and
improved breeding of Solanaceae were discovered, offering an impor-
tant support for the functional genomic research of Solanaceae (Cao
et al., 2021; Wu et al., 2012).

Transcription factors (TFs) can regulate almost all major biological
processes (Pei et al., 2021a; Yu et al., 2022a). The regulatory principle is
that transcription factor binding to cis-regulatory element of goal gene
by DNA binding domain (DBD) to control gene (Song et al., 2014). The
regulation of transcription factors is essential in plant growth (Pei et al.,
2021b; Wang et al., 2020). At present, many transcription factor families
have been identified in plants (Jin et al., 2017). The transcription factor
family of plants is generally larger than that of animals, and the TF
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family of higher plants is larger than that of lower harness thread plants
(Moharana and Venancio, 2020). Transcription factor family sizes in
higher plants are often associated with polyploidy events (Zhang et al.,
2022).

Polyploidization is considered to be the most important factor in the
evolution of plants (Soltis et al., 2014). Polyploidization in angiosperms,
has become an integral part of angiosperm biology. In all extant di-
cotyledons, at least one polyploidization event has been experienced
(Akoz and Nordborg, 2019). As a growing of species genome informa-
tion released, several WGD/T events were found after the ancient pol-
yploidization event. For example, in addition to the polyploidy events
shared by angiosperms, Arabidopsis thaliana had experienced a and p
polyploidization events (Blanc et al., 2000). In addition to the poly-
ploidy events shared with other angiosperms, all Solanaceae plants
share a lineage specific WGT event (Ahmad et al., 2021; Shen et al.,
2022; Song et al., 2022). In conclusion, polyploidy is widely recognized
as an essential condition for the domestication of plants to flourish
(Salman-Minkov et al., 2016). Besides the large-scale duplication events
that stimulate gene family expansion, small-scale duplication events
such as tandem duplication (TD) and proximal duplication (PD) also
play important roles in gene family expansion (Conant et al., 2014; Qiao
et al., 2018; Wang et al., 2011). Plants often experience gene loss after
polyploidization events (Zou and Yang, 2019). Nevertheless, some
transcription factor families are more preserved (Liang and Schnable,
2018).

At present, many Solanaceae species have completed genome
sequencing, which provides rich resources for our study. So, we tried to
collect the genomic data of Solanaceae plants from as many public da-
tabases as possible. The main aims of this study are as follows, (i) to
identify all the transcription factor families in Solanaceae, (ii) to explore
the expansion and contraction of transcription factor family, (iii) to
explore the effects of plant polyploidization events on gene evolution of
transcription factor family, (iv) to perform the enrichment of expansion
and contraction of transcription factor family, (v) to explore the
phylogenetic relationship of enrichment transcription factor family in
Solanaceae. Therefore, this study will provide rich genetic resources for
gene function study and molecular breeding of Solanaceae crops.

2. Materials and methods
2.1. Genomic data sources and processing

We collected genome data of 28 species from several databases
(Table S1). Genome data of Capsicum baccatum and Capsicum chinense
were downloaded from Pepper Genome Platform (http://pepp
ergenome.snu.ac.kr) (Kim et al., 2017). Genome data of Solanum mur-
icatum were downloaded from TVIR database (Song et al., 2022; Yu
et al., 2022b). Genome data of Nicotiana attenuata, Nicotiana sylvestris,
Nicotiana tabacum, Nicotiana tomentosiformis, Petunia axillaris, Solanum
chilense, Solanum melongena, Solanum tuberosum, and Solanum pennellii
were downloaded from Sol Genomics Network (https://solgenomics.
net) (Fernandez-Pozo et al., 2015). Genome data of Physalis pubescens
and Solanum aethiopicum were downloaded from databases NGDC (http
s://ngdc.cncb.ac.cn) and CNSA (https://ftp.cngb.org), respectively (Lu
et al., 2021; Members and Partners, 2022; Song et al., 2019). The
genome sequences of other species were downloaded from NCBI
(https://www.ncbi.nlm.nih.gov) (Schoch et al, 2020). TBtools
(v1.098769) program was utilized to delete redundancy invoked by
variable splicing (Chen et al., 2020).

2.2. Determination and classification of transcription factors

We identified transcription factor (TF) families in 28 species ac-
cording to the PlantTFDB classification rules (Table S2) (Jin et al.,
2017). Firstly, we used the prediction function of PlantTFDB to predict
the TF families of each species (http://planttfdb.gao-lab.org/prediction.

Scientia Horticulturae 323 (2024) 112484

php). TFs were divided into 58 families according to their domains
(Table S2). Next, we counted the amount of 58 transcription factor
families in all plants using Perl script. Finally, the TF protein sequences
of 28 species were extracted by Amazing Fasta Extractor of TBtools
(v1.098769) (Chen et al., 2020).

2.3. Phylogenetic tree construction and orthogroup (OG) detection

We constructed species trees of 18 Solanaceae and 10 represent non-
Solanaceae plants utilizing single-copy gene families from whole
genome protein sequences. The construction of the phylogenetic tree
was performed by OrthoFinder (v2.3.12) software (Emms and Kelly,
2019). Firstly, an all-vs-all sequence alignment was performed using
DIAMOND software (Kelly and Maini, 2013). Secondly, we obtained the
orthologous groups (OGs) using OrthoFinder (Emms and Kelly, 2019).
Lastly, the Species Tree Inference from All Genes (STAG) algorism was
utilized to calculate the species tree based on the OGs using OrthoFinder
(Emms and Kelly, 2019).

We utilized tree file derived from whole-genome protein sequences
of the species as an inference tree and calculated hypermetric tree using
r8s (v1.81) (https://sourceforge.net/projects/r8s/). Specifically, the
input file for r8s is generated by one script of Computational Analysis of
gene Family Evolution (CAFE, v5) in GitHub (cafeteria_prep_r8s.py) (De
Bie et al., 2006). Then, the relative differentiation time of each species
was calculated by r8s. To ensure the accuracy of the results, the diver-
gence time of Oryza sativa and Arabidopsis was 152 Mya as a reference
(http://www.timetree.org/) (Kumar et al., 2017).

2.4. Identification of duplication types of transcription factors

DupGen_finder (v1.0) software was used to identify the duplication
types of genes (Qiao et al., 2019). Due to the same gene may be assigned
to many repeat types at the same time. The DupGen_finder-unique.pl
program of DupGen finder software can ensure that each gene is
assigned to only one duplication mode (Qiao et al., 2019). Therefore, the
priority characterization sequence of gene duplication patterns was
whole-genome duplication (WGD) > tandem duplication (TD) > prox-
imal duplication (PD) > transposed duplication (TRD) > dispersed
duplication (DSD) (Qiao et al., 2018; Wang et al., 2012, 2011).

2.5. Estimation of gene family expansion and contraction

CAFE software was used to calculate the expansion and contraction
of the TF families (Han et al., 2013). The hypermetric tree generated by
r8s and transcription factor OGs produced by OrthoFinder were used as
input files for CAFE. Finally, all results were visualized using Evoview
(v3) software (Subramanian et al., 2019).

2.6. Enrichment analysis of contraction and expansion of family genes

We performed enrichment analysis of the genes that remarkable
expansion and contraction in accordance with the previous reports
(Song et al., 2021b; Wu et al.,, 2021). Firstly, the contracted and
expanded genes of all examined species were enriched based on the
statistical results of transcription factor families. Then, we performed
functional enrichment analysis of transcription factors using the scipy
package of Python (Virtanen et al., 2020). Bonferroni method in R was
used to correct the p-values (Song et al., 2021a). The identification
criteria of significant enrichment terms are fold-change > 2 and cor-
rected p-value (g-value) < 0.05. Finally, the results were visualized
using the online website (http://www.ehbio.com/test/venn).

2.7. Multiple alignments and phylogenetic analysis of gene families

Firstly, Tbtools (v1.098769) was used to obtain protein sequences of
obviously enriched genes (Chen et al., 2020). Secondly, Mafft (v7.475)
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and FastTree (v2.1) was used for sequence alignment and phylogenetic 3. Results and discussion
tree construction, respectively (Katoh and Standley, 2013). Lastly,
EVOVIEW (v3) software was used to illustrate the phylogenetic tree 3.1. Systematic identification and classification of transcription factor

(Subramanian et al., 2019).
Based on the transcription factor (TF) classification rules of the
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Fig. 1. Comparison and heatmap of transcription factor (TF) families in 18 Solanaceae and 10 non-Solanaceae species. (a) Absolute and relative numbers of
TFs in each examined species. The blue histogram indicates the TF number of 28 species, and the orange line represents the TF percentage of all genes in each species.
(b) The ratio of the number of 58 TF families in each species to grape (Vitis vinifera). The value > 1 indicates that TF families in corresponding species are larger than
grape. Numbers in brackets show the number of related TF families in the grape. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)
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PlantTFDB (Table S2), we characterized and sorted all TFs of 28 species
(Table S1). Amount to 51,169 TFs were characterized in 18 Solanaceae
and 10 other plants (Table S3), belonging to 58 transcription factor
families (Table S4). Among them, 39,505 transcription factors belong to
18 Solanaceae plants. N. tabacum and Selaginella moellendorffii had the
highest and lowest TF numbers of 3635 and 875, respectively (Fig. 1a).
The quantity of transcription factors in Solanaceae species was signifi-
cantly more than that in 10 other non-Solanaceae species. These results
might can be explained that the Solanaceae lineage had additional
polyploidization event.

The basal eudicot Aquilegia coerulea is a typical plant of core dicots
sharing the ancient triploid event (Akoz and Nordborg, 2019).
Compared with Vitis vinifera, the quantity of some transcription factor
families of A. coerulea is markedly higher, including GeBP (A. coerulea,
14; V. vinifera, 5) and B3 (A. coerulea, 61; V. vinifera, 50) (Fig. 1b,
Table S4). Reasons for taking V. vinifera as a model is that there was no
genome duplication event after the ancient triplication event (Jaillon
et al., 2007). Many remarkable species-specific expansions in Sol-
anaceae species were discovered, such as N. tomentosiformis compared to
V. vinifera (Fig. 1b), including MADS (180/78), ARF (68/19), AP2
(66/19), G2-like (109/44), NF-YC (40/10), Nin-like (38/9), HB-other
(26/8), and NF-YA (37/6) (Table S4). These transcription factor families
were also remarkably expanded in N. sylvestris, S. lycopersicum, S. pen-
nellii, and S. tuberosum. We hypothesize that these expanded transcrip-
tion factors might play an important role in the growth or stress in these
Solanaceae crops. For example, the number of flowering related tran-
scription factors MADS (M_type and MIKC) in Solanaceae (average
number, 144.5) was significantly higher than that in basal angiosperms
(A. trichopoda, 38), bryophytes (P. patens, 21) and ferns (S. moellendorffii,
17) (Table S4). These results showed that flowering related genes MADS
were significantly expanded in higher Solanaceae crops. This phenom-
enon was also consistent with the previous reports on the MADS family
in Cucurbitaceae and Fabaceae species (Moharana and Venancio, 2020;
Zhang et al., 2022). Similar, the previous study also proved that the
quantity of MADS genes in tomato and potato is significantly higher than
that of A. trichopoda (Cao et al., 2021). However, the number of FARI,

Table 1
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Trihelix, TALE, and ARR-B gene families were significantly reduced in
Solanaceae compared with V. vinifera (Fig. 1b).

The Solanaceae experienced a recent WGT event shared by all Sol-
anaceae species (Song et al., 2022). The quantity of TFs was significantly
more in Solanaceae plants than in other non-Solanaceae model species
(Fig. 1a). Among the 58 transcription factor families, 46 families showed
an expanding trend in Solanaceae, compared with 10 non-Solanaceae
species (Table S4). More importantly, 12 TF families were expanded
in all Solanaceae species compared with V. vinifera (Fig. 1b), such as
ERF, Dof, GATA, C2H2, GeBP, WRKY, and MADS. These results showed
that the polyploid of Solanaceae tremendously increased the quantity of
transcription factor families.

3.2. Contribution of duplication types to TF expansion

We investigated the effect of gene duplication types on the scale of TF
family in Solanaceae. In Solanaceae plants, over 90% of the transcrip-
tion factor family have paralogous genes (Table 1 and Table S5). Only
the ratio of D. stramonium and N. tabacum deviated from this trend,
which might be due to assembly quality problems (Rajewski et al., 2021;
Sierro et al., 2014). N. tabacum evolved about 200,000 years ago
through the interspecific hybridization of the ancestors of N. sylvestris
and N. tomentosiformis. Although the quality of genome assembly is
better than that of other tobacco species, we speculated that there might
be lots of gene losses during hybridization. Our findings showed that
WGD and TD were almost the main types in Solanum and Nicotiana
species (Fig. 2). The change of TFs quantity in Fabaceae is associated
with the recent polyploidization event (Moharana and Venancio, 2020).
Therefore, we considered that after successive gene duplication event,
lots of homologous transcription factor genes were retained in Solanum
and Nicotiana. However, this trend was different from that of
S. aethiopicum, S. chilense and N. attenuata. Based on the collinear anal-
ysis, we found that the points in the dot plot were scattered and rare.
Therefore, we speculated that the level of gene assembly of the three
species affected the results. Overall, Solanum and Nicotiana had the most
transcription factors belonging to the WGD and TD types, accounting for

The number of different duplication types of transcription factors (TFs) in 18 Solanaceae and 10 non-Solanaceae species. The 10 non-Solanaceae species are indicated
with asterisks (*). WGD/T, whole-genome duplication/triplication; TD, tandem duplication; PD, proximal duplication; TRD, transposed duplication; DSD, dispersed

duplication.

Species WGD/T TD PD TRD DSD Singleton Total TFs
N. tabacum 714 91 56 340 524 1910 3635
N. tomentosiformis 0 1728 61 0 1247 138 3174
N. sylvestris 0 1367 33 0 1295 112 2807
S. lycopersicum 658 1194 111 325 230 112 2630
S. pennellii 667 1169 88 329 226 116 2595
S. tuberosum 496 1072 99 372 393 124 2556
S. commersonii 638 204 214 520 395 109 2080
P. axillaris 378 161 79 448 844 89 1999
S. muricatum 886 209 89 490 196 76 1946
N. attenuata 0 91 33 0 1753 47 1924
C. annuum 294 198 148 410 747 94 1891
C. baccatum 97 222 162 194 1114 86 1875
D. stramonium 47 119 51 74 1173 367 1831
C. chinense 179 229 101 234 1021 66 1830
S. melongena 741 192 80 453 278 85 1829
P. pubescens 500 260 127 438 302 95 1722
S. aethiopicum 279 157 60 352 691 79 1618
S. chilense 0 102 9 0 1412 40 1563
A. thaliana* 785 87 61 528 180 75 1716
V. vinifera* 577 201 70 470 203 70 1591
O. sativa* 587 69 22 449 167 58 1352
N. colorata* 477 121 22 368 166 67 1221
A. coerulea* 193 98 46 273 485 63 1158
G. biloba* 6 128 83 4 770 51 1042
P. patens* 360 60 37 292 254 37 1040
G. montanum* 0 102 17 0 783 74 976
A. trichopoda* 30 61 32 68 664 48 903
S. moellendorffii* 109 19 56 113 317 51 665
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TD, tandem duplication; PD, proximal duplication; TRD, transposed duplication; DSD, dispersed duplication. The asterisk shows the dominant duplicated type in each
species. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

50-70% of all TFs (Table S5) in Solanum and Nicotiana, which was
consistent with the previous report about tandem duplication effect of
Solanaceae species (Huang et al., 2022). However, the dominant type
was DSD in 8 Solanaceae species (Fig. 2, Table S5). After examination, it
was found that the assembled genome of these 8 species were the scaf-
fold level. Therefore, we speculated that the prediction might be inac-
curate due to the poor genome assemble level. We found that WGD-type
was the predominant in O. staiva, A. thaliana, V. vinifera, Nymphaea
colorata, and Physcomitrella patens. Nevertheless, DSD-type was the
predominant in A. coerulea, A. trichopoda, Ginkgo biloba, Gnetum mon-
tanum, and S. moellendorffii (Fig. 2, Table S5). These results demon-
strated that polyploidization events played a very important role in the
expansion of transcription factor family.

3.3. Phylogenetic analysis and contraction/expansion assessment

To explore the multiplicity of transcription factors in Solanaceae, the
transcription factors were classified into 1210 orthogroups (OGs). A
total of 78% (938/1210) groups contained Solanaceae TFs and 298
groups were specially owned to Solanaceae (Table S6).

To explore the evolution of transcription factor families in Sol-
anaceae, we analyzed the expansion and contraction of gene families at
different nodes. The result showed that all Solanaceae plants experi-
enced a lineage specific WGT event in addition to the polyploidization
shared with other angiosperms (Fig. 3). Interestingly, the quantity of
contracted transcription factor families is larger than that of expanded
transcription factor families in all 10 non-Solanaceae and 10 Solanaceae
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plants. However, the reverse trend was found in other 8 Solanaceae
plants, including S. melongena, S. lycopersicum, S. pennellii, S. tuberosum,
C. annuum, N. tomentosiformis, N. tabacum, and N. sylvestris (Fig. 3). This
expansion tendency was also conformed to the expansion of WGD/T-
type and TD-type TFs in these species (Fig. 2). This phenomenon
showed that WGD/T and TD pushed the expansion of large transcription
factor families in Solanum and Nicotiana species.

3.4. Functional enrichment analysis of genes in significantly contracted or
expanded gene families

Functional enrichment analysis was conducted on genes with
remarkably expansion and contraction. The result showed that the
quantity of expansion gene families was remarkably more than that of
contraction gene families in Solanaceae and non-Solanaceae species. In
the significant expansion and contraction groups, we identified 4235
expansion genes and 781 contraction genes (Table S7). Totally, 4037
genes were remarkably expanded, and 781 significantly contracted
genes in Solanaceae (Table S7). More importantly, most of these Sol-
anaceae expansion genes were derived from Nicotiana and Solanum,
accounting for 41.52% (1676/4037) and 47.68% (1925/4037),
respectively (Table S7). In addition, there were many expanded genes in
P. pubescens, P. axillaris, C. baccatum and C. annuum (Table S7). How-
ever, the number of contracted genes was more than the number of

expanded genes in N. attenuata and S. chilense (Table S7), which might
be caused by gene loss after the WGT event.

Functional enrichment analysis of transcription factor family was
performed on the varied OGs genes. The results indicated that 33 and 17
transcription factor families showed obvious expansion and contraction
trends, respectively (Corrected P-value <0.05) (Fig. 4a-d, Table S8).
Among them, 23 TF families were specifically expanded in Solanaceae
and 16 TF families were specifically contracted in Solanaceae (Fig. 4a,c).
We found that some TF families in Solanaceae species have both
contraction and expansion, including AP2, ARF, ARR-B, BBB-BPC, NF-
YB, and NF-YC (Fig. 4c). AP2 family genes has profound effects on
flower development, embryonic development, meristem and leaf
growth, and determines the identity and fate of floral organs (Zeng et al.,
2021). We found that the AP2 family showed significant expansion in
N. tomentosiformis, N. tabacum, P. axillaris, S. chilense, and
S. lycopersicum, while it showed contraction in N. attenuata, N. tabacum
and S. chilense (Fig. 4b). This result indicated that the AP2 gene family
showed contraction and expansion in both N. tabacum and S. chilense
species, which might be the selection of different AP2 subgroups in the
same species. We found the NF-YC was expanded in N. sylvestris, N.
tomentosiformis, S. lycopersicum, S. tuberosum, and S. pennellii, while it
contracted in 4 different other Solanaceae species, including
N. attenuata, N. tabacum, S. commersonii and S. muricatum (Fig. 4b). This
suggests that different Solanaceae species have different selection
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Fig. 4. Functional enrichment analysis of genes in significantly expanded and contracted orthogroups (OGs). (a) Petals with different colors indicate
different TF families with significant expansion, and numbers indicate the species number involved in this family. (b) Diamonds indicate the distinct expansion of
different TF families. Circles connected to the diamonds show specific species involved in the family. Bright green indicates Solanaceae, and dark green indicates non-
Solanaceae species. (c) Petals with different colors indicate different TF families with significant contraction, and numbers indicate the species number involved in
the family. (d) Diamonds indicate different TF families with obvious contractions. Circles connected to the diamonds indicate specific species involved in the family.
Bright red indicates Solanaceae, and dark red indicates non-Solanaceae species. (For interpretation of the references to color in this figure legend, the reader is

referred to the web version of this article.)

requirements for the NF-YC gene family during evolution. Transcription
factor NF-YC has the strongest ability to induce oxidative stress (Hack-
enberg et al., 2012).

We constructed phylogenetic trees of 6 transcription factor families
(ARF, AP2, ARR-B, BBB-BPC, NF-YB, and NF-YC gene families) based on
the genes with significant expansion and contraction in Solanaceae
(Fig. 5, Fig. §1). In the ARF family, we identified 93 expansion genes and
42 contraction genes (Fig. 5). The expansion genes were from
N. tomentosiformis and S. tuberosum, and the contraction genes were from
N. tabacum, P. pubescens, S. aethiopicum, S. chilense and S. commersonii
(Fig. 5a). ARF can directly bind to the promoter of auxin response genes
and is widely involved in the process from root and bud development to
flower and fruit development (Kumar et al., 2011; Zouine et al., 2014).
We also identified 129 AP2 expansion genes and 46 AP2 contraction
genes from Solanaceae species (Fig. 5b). As a major regulator of plant
cell totipotency, AP2 plays a vital role in plant growth and development
and various stress response (Song et al., 2013, 2016). In addition, 60, 83,

50, and 162 expansion genes were identified in the ARR-B, BBB-BPC,
NF-YB, and NF-YC families, respectively (Fig. S1). A total of 4, 17, 28,
and 22 contracted genes were identified in the ARR-B, BBB-BPC, NF-YB,
and NF-YC families, respectively (Fig. S1). Overall, WGD/T and TD
events enlarged the size of major transcription factor families to increase
the resisting power of Solanaceae to adapting to the environment and
regulating development. These expanded or contracted gene families
offer abundant biological resource for future in-depth study on the
function of related genes and molecular breeding in Solanaceae.

4. Conclusions

In our study, a genome-level comparison and analysis of the TF
families from 18 Solanaceae and 10 non-Solanaceae plants were per-
formed. A total of 51,169 TFs were identified and systematically
analyzed from these 28 species. Of which, the number of transcription
factors in Solanaceae species were significantly higher than that of non-
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this article.)

Solanaceae species that had not experienced recent polyploidization
events. We speculated that the recent Solanaceae-specific WGT event
have greatly increased the number of transcription factors in Solanaceae
species. The WGD/T event and TD event are the main types for the
expansion of transcription factor families in most Solanum and Nicotiana
plants. Due to the limitation of genomic data of other plants, the effect of
WGD/T events on its transcription factor family needs further investi-
gation. Functional enrichment analysis showed that six gene families
(ARF, AP2, ARR-B, BBB-BPC, NF-YB, and NF-YC) showed different
contraction and expansion trends in Solanaceae species, indicating that
these Solanaceae species have different selection requirements for these
gene families during evolution. This study offers abundant biological
resource for comparative and functional genomic studies of Solanaceae.
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