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ABsTRACT. The DNA binding with one finger (Dof), as an important transcription factor, plays an important role in
growth and development, primary and secondary metabolism, stress resistance, and plant hormone signal transduction.
However, the identification and analysis of the Dof transcription factor family in Rosa is rarely reported. In this study,
28 Rosa chinensis Dof (RcDof) members were identified, which were located on seven chromosomes. The RcDofs were
divided into 12 subfamilies according to evolutionary analysis. Through motif, gene structure, and cis-acting element
analyses of the 12 subfamilies, the functions of RcDofs were analyzed and predicted. Furthermore, the Dof members in
R. chinensis ‘Old Blush’ and another three species (Arabidopsis thaliana, Oryza sativa, and Zea mays) were systemati-
cally analyzed. Twelve subfamilies were found in these four species and the motifs and gene structures of Dof members
in each subfamily were similar, which further proves that the RcDof$ analysis is accurate. Through an intra- and inter-
species collinearity analysis, it was found that the collinearity between A. thaliana and R. chinensis is closer in compari-
son. Tissue expression analysis of RcDofs was by quantitative reverse-transcription polymerase chain reaction (PCR).
Quantitative real-time PCR analysis showed expressions of the RcDofs are tissue specific. The RcDofs had higher
expression in leaves, roots, and flowers than other tissues. Taken together, this study provides valuable information for
future research on functional exploration of RcDof genes and molecular breeding in Rosa.

The Dof transcription factors contain a DNA binding single
zinc finger, and the Dof proteins are one of the plant-specific
transcription factor families with a single zinc finger conserved
domain (Dof domain) rich in a unique cysteine residue that
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belongs to the C2C2 single zinc finger protein superfamily (Diaz
et al., 2002; Gupta et al., 2015). The Dof proteins usually contain
only one copy of the conserved Dof domain, which consists of
the nucleotide residues from 200 to 400, the N-terminal highly
conserved DNA binding domain, and the C-terminal transcrip-
tional regulatory domain (Yanagisawa, 2004). In the binding
domain, it conserved the CX2CX21CX2C motif forms a single
zinc finger structure, and four conserved cysteine residues in the sin-
gle zinc finger structure covalently bind to one Zn*" (Yanagisawa
and Schmidt, 1999).

There are similar DNA binding properties for all Dof
proteins. The C-terminus contains a transcriptional regulatory do-
main with multiple functions, which can interact with a variety of
regulatory proteins and activate gene expression. There is great
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variation among different Dof members because of the poor
amino acid conservation of the Dof domains (Yanagisawa and
Schmidt, 1999), which leads to the functional diversity of the Dof’
proteins (Kisu et al., 1998).

As an important transcription factor in plants, Dofs play
essential roles in growth and development, primary and second-
ary metabolism, stress resistance, and plant hormone signal
transduction (Gupta et al., 2015). Some Dofs are involved in
regulation of fruit ripening (Khaksar et al., 2019). In terms of
plant growth and development, the maize ZmDofI protein nega-
tively regulates the expression of the pollen-specific gene Zm401
to control pollen development (Yang et al., 2011). The overex-
pression of ZmDofl in Arabidopsis thaliana activated the ex-
pression of the phosphoenol/pyruvate carboxylase (PEPC) and
pyruvate orthophosphate dikinase (PPDK) genes, which in-
creased the amount of plant nitrogen in all of the examined or-
gans in transgenic plants (Kurai et al., 2011). AtDof4 (a Dof in
A. thaliana) directly activates the cell wall relaxation factor
AtEXPA9, which regulates the development of the seed epider-
mis (Zou et al., 2013). ZmDof3 regulates the formation of starch
and aleurone grains during Zea mays endosperm development,
which affects the starch content in grains (Qi et al., 2017). At-
Dof2 and AtDof3 could be direct targets by the odorant-binding
proteins 1 (OBPI) in transgenic A. thaliana, which could regu-
late the number of cells that are decreased and cause plant dwarf-
ing (Skirycz et al., 2008). GmDof4 and GmDof11 enhanced the
lipid content in the seeds of transgenic A4. thaliana (Wang et al.,
2007). It was predicted that the DzDof2.2 might have a role in
regulating auxin biosynthesis based on its orthologue in 4. thali-
ana (Khaksar et al., 2019). When SICDF1 and SICDF3, which
are Dofs in Solanum lycopersicum, were overexpressed in A.
thaliana, the result was direct activation of the expression of
CORI5, RD294, and RDI10, which increased the resistance of
transgenic A. thaliana under drought and salt stress (Corrales
et al., 2014). The overexpression of Dof family gene CDF3 in A.
thaliana delayed flowering and increased the resistance to
drought and cold stress (Corrales et al., 2017).

Dof has been identified in many plants, such as Oryza sat-
iva (Lijavetzky et al., 2003), 4. thaliana (Lijavetzky et al.,
2003), Jatropha curcas (Wang et al., 2018), Vitis vinifera
(Silva et al., 2016), Medicago truncatula (Shu et al., 2015),
Durio zibethinus (Khaksar et al., 2019), and Chrysanthemum
morifolium (Song et al., 2016), but the identification and
analysis of Dof transcription factor family in Rosa is rarely
reported. As one of the most important commercialized
flower plants worldwide, the research on Rosa has been
greatly promoted based on the Rosa genome (Raymond et al.,
2018). In this study, we identified the RcDof family genes
based on the Rosa chinensis genome, and their gene struc-
tures, conserved domains, and tissue-specific expression
were comprehensively analyzed. Our findings provide a
foundation for future functional analysis of Dof genes in
Rosa.

Materials and Methods
GENOME-WIDE IDENTIFICATION AND ANALYSIS OF RcDors. The
protein and genome sequences of R. chinensis (PRINA438537)

were obtained from the National Center for Biotechnology Infor-
mation (NCBI, Bethesda, MD, USA) database (Raymond et al.,
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2018), and the domain of Dof (PF02701) originated from the
Pfam database (El-Gebali et al., 2019), as an HMMER structure
for an HMMER search (Robert et al., 2011), which the e-value
was set for e 2°. After confirmation of the Dof domain of ReDofs
by Interpro (Sarah et al., 2009), P°DB (Gao et al., 2012), and Ex-
PASy (Elisabeth et al., 2003), and removing duplicates, unique
names were given to each RcDof according to the positions on
the reference chromosomes. The Dof protein and genome se-
quences for 4. thaliana, O. sativa, and Z. mays were obtained
from the phytozome database (Goodstein et al., 2012).

Clustal W (Thompson et al., 1994) was used to align the
Dof multiple peptide sequences in R. chinensis. The MEGA
X program (Kumar et al., 2018) was used to align the Dof
protein sequences in R. chinensis ‘Old Blush’ and with 4.
thaliana, O. sativa, and Z. mays, which all contain Dof
genes. The JTT+G+1 model was the most optimal model
predicted by MEGA X and produced bootstrap values in
1000 replicates.

The motifs of ReDofs were detected outside the domain
of Dof protein sequences in RcDofs, with e-values less than
1e72° and lengths of 10 to 50 amino acids. The order of mo-
tif was numbered according to the protein sequences and
predicted by MEME software (Timothy et al., 2009). The
exon/intron structure of the RcDofs was analyzed and dis-
played by the GSDS program (Hu et al., 2015). The location
of the RcDofs was according to the position in the DNA
(containing the exon and intron together) sequence by the
Genewise program (Chen et al., 2016).

The length of RcDof promoters was set in 1500 base pairs
(bp), and the genome sequence from the NCBI database was ex-
tracted using PlantCARE (Magali et al., 2002) and TBtools
(Chen et al., 2020). The collinearity analysis of RcDofs was
defaulted by the MCScanX program (Baek et al., 2016) and
graphed by Circos (Krzywinski et al., 2009).

EXPRESSION ANALYSIS OF THE RcDors. rosa hybrid ‘Month-
pink’ was chosen as the plant material for analysis, which was a
cultivar mainly cultivated in Heilongjiang. The stems, roots,
leaves, flowers, stamens, and pistils of the R. Aybrid ‘Month-
pink’ were sampled during plant flowering, and ~0.2 g of each
sample was harvested. A Trelief RNAprep Pure Plant Kit
(TSP411; Tsingke Biotechnology Co., Beijing, China) was used
to extract the RNA from the samples, and its purity was deter-
mined using a spectrophotometer (NanoDrop 2000C; Thermo
Fisher Scientific, Waltham, MA, USA), with optical density
(OD) 260/280 nm values between 1.8 and 2.1 and OD 260/230
nm values ranged from 2.0 to 2.2 for all RNA samples. Comple-
mentary DNA (cDNA) was generated from the RNA samples
using a Goldenstar RT6 cDNA Synthesis Kit (TSK301; Tsingke
Biotechnology Co.). The primers of RcDofs for use in quantita-
tive real-time PCR (qQRT-PCR) were designed by Primer Premier
5.0 (Singh et al., 1998) software (Supplemental Table 1). A
gRT-PCR detection system (CFX96 Touch; Bio-Rad, Hercules,
CA, USA) was used with the 2 x TSINGKE Master gPCR Mix
(SYBR Green I) (TSE201, Tsingke Biotechnology Co.), and
three biological replicates were processed for each sample.
RcUBR was used as the reference gene based on the preliminary
studies of laboratory (Dong et al., 2021; Klie and Debener,
2011). The relative expression of RcDof$ was calculated accord-
ing to the formula of 272" (Zhang et al., 2020). The gene ex-
pression data were analyzed using Duncan’s test using statistical
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Table 1. Identifying DNA binding with one-finger (Dof) genes from Rosa chinensis ‘Old Bush’.

Gene name Gene accession Chr Location Protein length CDS length
ReDof01 XP_024191320 1 52,267,581:52,267,589 276 831
ReDof02 XP_024191312 1 52,267,418:52,267,441 281 846
ReDof03 XP_024178062 1 66,987,680:66,988,531 283 852
ReDof04 XP_024178056 1 66,987,107:66,987,130 298 897
ReDof05 XP_024191900 1 57,019,427:57,019,480 367 1,104
ReDof06 XP_024181122 2 15,128,795:15,129,514 239 720
ReDof07 XP_024186158 2 60,063,059:60,063,745 228 687
ReDof08 XP_024184677 2 22,225,550:22,226,626 358 1,077
ReDof09 XP_024188573 2 13,193,963:13,194,013 381 1,146
ReDof10 XP_024185752 2 15,404,959:15,405,936 325 978
ReDof11 XP_024181086 2 82,141,477:82,141,713 509 1,530
ReDof12 XP_024190311 3 22,079,228:22,080,136 302 909
ReDof13 XP_024189477 3 31,624,285:31,624,489 379 1,155
ReDofl14 XP_024189476 3 31,624,285:31,624,489 384 1,155
ReDof15 XP_024194374 4 62,021,052:62,021,312 531 1,596
ReDof16 XP_024161212 5 66,501,646:66,501,675 315 948
ReDof17 XP_024158293 5 5,817,485:5,817,544 347 1,044
ReDof18 XP_024159083 5 5,803,600:5,804,487 295 888
ReDof19 XP_024158076 5 69,777,103:69,777,966 287 864
ReDof20 XP_024158075 5 69,778,317:69,778,367 354 1,065
ReDof21 XP_024159528 5 7,096,255:7,096,776 173 522
ReDof22 XP_024199643 5 4,937,196:4,938,083 295 888
ReDof23 XP_024166964 6 38,985,264:38,986,163 299 900
ReDof24 XP_024165790 6 60,991,469:60,992,308 279 840
ReDof25 XP_024174860 7 6,391,961:6,391,984 300 903
ReDof26 XP_024173084 7 11,808,032:11,808,082 339 1,020
ReDof27 XP_024174414 7 4,517,925:4,518,878 317 954
ReDof28 XP_024172633 7 3,171,981:3,172,133 467 1,404

Chr = chromosome; CDS length = coding sequence length.

software (IBM SPSS Statistics ver. 19.0; IBM Corp., Armonk,
NY, USA).

Relative expression = 274

{ACt = Ct (Rctarget genes) — Ct(RcUBR)}

Results

IDENTIFICATION OF R. CHINENSIS DOF FAMILY MEMBERS. After
the hmmbuild analyses using the HMM profile analysis of Dof’
domains, and according to the retrieved protein sequences, a new
hidden Markov model for the Dof protein conserved domain of
Rosa was constructed. Twenty-eight protein sequences with Dof
domains were identified and none of the duplicate values for the
same gene number by genome-wide (Supplemental Fig. 1). They
were designated as RcDof01-28 from the R. chinensis ‘Old
Blush’ genome. Full-length coding sequences of RcDof01-28
ranged from 522 to 1596 bp, which encoded 28 putative proteins
with 173 to 531 amino acid residues (Table 1, Supplemental
Tables 2—4).

PHYLOGENETIC ANALYSIS, CONSERVED MOTIFS, GENE STRUCTURE
COMPOSITIONS AND CIS-REGULATORY ELEMENT ANALYSIS OF RcDors.
A phylogenetic tree comprising 28 Dof protein sequences
from R. chinensis ‘Old Blush’ was constructed (Fig. 1). The
phylogenetic tree of the RcDof sequences was generated
with the maximum-likelihood method using a JTT+G+I
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model, which was the optimal model as determined by
MEGA X software. Using the phylogenetic tree and apply-
ing the classification method to the RcDofs, 12 subfamilies
were separated as [-XII. The conserved motifs of the
28 ReDofs were analyzed using MEME software. Figure 2A
shows the motifs and the composition of each RcDof. The motifs
of each subfamily were relatively similar, which confirmed the
close associations among the same subfamilies in the evolutionary
tree. The gene structures and the phylogenetic trajectories of the
28 RcDofs were examined. The Dof domain was conserved in all
subfamilies, and the exon and intron numbers, ranging from 0 to
6, were similar in each subfamily (Fig. 2B). The RcDofs cis-
regulatory elements in promoters in the 1500-bp upstream re-
gion were analyzed using the online software PlantCARE and
TBtools. Based on the R. chinensis genome database, nine cis-
regulatory elements were found based on the PlantCARE
predicted (Supplemental Table 5). Six of the cis-regulatory ele-
ments, which included abscisic acid responsive elements
(ABRE), gibberellin-responsive elements (GARE-motif, P-box
and TATC-box), and auxin-responsive elements (TGA-box and
TGA-element) were directly related to hormones, and three
were related to plant stress (Fig. 2C), such as salt and heat.
These elements indicated that the ReDofS may have a very impor-
tant role in abiotic stress, and may respond to hormones that are
produced due to stress.

COMPARATIVE ANALYSIS OF DoF GENES. The Dof in A. thali-
ana, O. sativa, and Z. mays was retrieved by hmmsearch, and the
RcDofin R. chinensis was analyzed as a whole. The phylogenetic
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Fig. 1. Phylogenetic tree of the DNA binding with one-finger (Dof) genes in Rosa chinensis. The phylogenetic tree is constructed using MEGA X (Kumar
et al., 2018) by the maximum likelihood (ML) method with 1000 bootstrap replicates. Twelve major phylogenetic groups designated from group I to group

XII are indicated. Each Dof subgroup is indicated by a specific color.

tree still adopted the maximum-likelihood (ML) method, using
the JTT+G+1 model, which is the optimal model predicted
by MEGA X. The gene structures of Dof in R. chinensis and
others were examined for their relationship with the phylogenetic

trajectories. Similarly, the gene family of Dofs was divided into
12 subfamilies in these three species (Fig. 3), and the gene struc-
ture of Dofs in each subfamily was also very similar, indicating
that their function may be similar.
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Fig. 3. Phylogenetic tree of the DNA binding with one-finger (Dof) members in Rosa chinensis, Arabidopsis thaliana, Oryza sativa, and Zea mays. Phylogenetic tree
is constructed using the maximum likelihood (ML) method with 1000 bootstrap replicates. The inner ring shows the gene structure of Dof members in these four
species. The squares in green, yellow, and pink represent untranslated region (UTR), coding sequence (CDS), and Dof sequence. The outer ring shows 12 major
phylogenetic groups designated from group I to group XII. Each of the 12 clades is indicated by a specific color.

THE LOCATION OF RcDOFS AND COLLINEARITY ANALYSIS. The
28 RcDof members were located on the seven chromosomes
(Chrs) of the R. chinensis genome. Chr 5 had the largest number
of ReDofs, with seven, followed by Chr2, with six RcDofs. Chr4
had the fewest RcDofs, with only one, followed by Chr6, with
two RcDofs. At least one RcDof member was mapped to each
chromosome of R. chinensis ‘Old Blush’. Among the 28 RcDofs,
there was collinearity for eight pairs of ReDofs, and most of them
were the RcDofs between different chromosomes that produced
collinearity, indicating that there may be many close relationships
between their Dof genes (Fig. 4).

The collinear analysis of Rosa Dof family genes with other
species is shown in Fig. 5. RcDofs and A. thaliana genes
produced more than nine pairs of collinearity, and there are only
two sets of genes in O. sativa and Glycine max, respectively,
and only one pair of genes in Z. mays. In comparison, there was
a similarity in the relationship between Rosa and A. thaliana.

J. AMER. Soc. Hort. Sci. 147(5):239-248. 2022.

SPECIFIC-TISSUE EXPRESSION ANALYSIS OF RcDors. Here,
16 RcDofs randomly distributed in all subgroups were selected for
specific-tissue expression analysis by qRT-PCR in leaves, stems,
roots, flowers, stamens, and pistils. ReDofs had the expression in
all those tissues (leaves, stems, roots, flowers, stamens, and pistils)
and the data expression in different tissues showed obvious differ-
ence, as shown in Fig. 6. The expression data of ReDofs by qRT-
PCR analysis showed that ReDofs had a higher expression in the
roots, flowers, or leaves compared with other tissues, which
indicated that the roots, leaves, and flowers might be target tissues
for future research on the function of ReDofs.

Discussion
The Dof genes are plant-specific transcription factors. They are

components that play important roles in plant growth, plant
hormone response, and environmental stress (Noguero et al.,
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2013). In this study, a total of 28 RcDof genes were identified
from the R. chinensis reference genome. The number of Dof genes
is similar to Hordeum vulgare [26 (Moreno et al., 2007)], V. vinifera
[25 (Silva et al., 2016)], Sorghum bicolor [28 (Kushwaha et al.,
2011)], and O. sativa [30 (Lijavetzky et al., 2003)]. Dof genes in
G. max [78 (Guo et al., 2013)] are much larger than those in
R. chinensis. These RcDofs were distributed in 12 subfamilies in
the phylogenetic relationship analysis, and similar conclusions
have been reported for Camellia sinensis (Yu et al., 2020),
V. vinifera (Silva et al.,2016), Manihot esculenta (Zou et al.,
2019a), Solanum melongena (Wei et al., 2018), and A. thaliana
(Lijavetzky et al., 2003). After analysis of the cis-regulatory ele-
ments of ReDof members, which are related to plant hormones and
plant stress tolerance, similar findings were obtained for Pyrus
bretschneideri (Liu et al., 2020), Daucus carota spp. sativus
(Huang et al., 2016), A. thaliana (Le and Bellini, 2013), O. sativa
(Gaur et al., 2011), Brassica rapa (Ma et al., 2015), and C. sinensis
(Li et al, 2016). Similar multispecies analyses have also been
reported for S. bicolor with O. sativa and A. thaliana (Kushwaha
et al.,, 2011), and Populus trichocarpa with O. sativa and
A. thaliana (Yang et al., 2006).
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There are eight pairs of RcDofs with collinearity among the
28 RcDofs, indicating that these RcDofs may have many close
relationships. RcDofs had nine pairs of collinearity with the
genes in A. thaliana, which had more collinearity pairs com-
pared with O. sativa (2) and G. max (2). This phenomenon might
be caused by the distance of the genetic relationship and the size
of chromosomes of different plants. The functions of these
collinear genes can be used as references when studying the
functions of RcDofs. AT5G62940 (HCA2) has the function of
DNA-binding transcription factor activity in phloem, xylem, and
root (Guo et al., 2009; Miyashima et al., 2019). AT5G39660
(CDF?2) may have an important role in the timing of the transi-
tion from the vegetative to the reproductive phase (Imaizumi
et al., 2005), with a similar function for AT/G28310 (DOF1.4)
(Riechmann et al., 2000), whereas AT2G46590 (DAG2) may
have the function of responding to red light and water stimulus,
or in seed germination (Gualberti et al., 2002; Santopolo et al.,
2015). AT1G69570 (CDF5) may have the function of regulation
of photoperiodism and flowering (Henriques et al., 2017). These
gene functions can be studied as potential targets of RcDofs,
especially the RcDofs that produce collinearity.
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Fig. 5. The collinearity analysis of the Rosa chinensis DNA binding with one-finger (RcDof) genes with Arabidopsis thaliana, Oryza sativa, Zea mays, and
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the collinearity RcDofs with A. thaliana, and the blue line represents the collinearity ReDofs with G. max.

The ReDofs expression data showed a difference in different
tissues, which indicated that RcDofs might play an important role
in plant growth and development. Similarly, Dof transcription
factors in some species also showed a tissue-specific expression:
In V. vinifera, the expression data of Dof family members
showed a significant difference in berry, flower, rachis, tendril,
bud, and seed. The rachis, tendril, and bud had a higher expres-
sion (Silva et al., 2016). In S. bicolor, the Dof genes had tissue-
specific expression in roots, seedings, leaves, and stems. The
roots, seedings, and leaves could be used as target tissues because
the Dof genes had a higher expression in these tissues (Gupta
et al., 2016). In Musa nana, MaDof genes had specific expression
at different development stages (Frl, Fr2, Fr3, and Fr4) (Dong
et al., 2016). In Brachypodium distachyon, BdDof members had
a specific expression in four organs (leaf, root, ear, and seed) by

J. AMER. Soc. Hort. Sci. 147(5):239-248. 2022.

gRT-PCR analysis (Hernando-Amado et al., 2012). All of these
results showed Dof members had a specific expression in differ-
ent tissues. In this study, ReDofs had a higher expression in roots,
flowers, and leaves than other tissues, similar to these species,
which showed a specific-tissue expression. Furthermore, some
tissues could be used as target tissues because of the higher
expression of Dof genes. In J. curcas, flower buds could be used
as target tissue because of the high gene expression of Dof
members (Zou and Zhang, 2019). In Citrullus lanatus, leaves and
roots could be used as target tissues because CIDof$ had a high
expression (Zhou et al., 2020). It had been reported that AzDof4.2
was specifically expressed in flower, which inferred that flower
could serve as the target tissue for this gene (Skirycz et al.,
2007). In this study, RcDofs had a higher expression level in
roots, leaves, and flowers. Our findings suggest that roots, leaves,
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Fig. 6. The expression analysis of 16 Rosa chinensis DNA binding with one-finger (RcDof) genes in different tissues (roots, stems, leaves, flowers, stamens,
and pistils). (A) The organizational diagram of each part of R. chinensis. Each part of the tissue is painted in a different color. (B) The bar chart of 16 ReDofs
expression in different tissues. Each RcDofs name is the title on each small image. Different lowercase letters in the same column indicate significant

differences between different treatments using Duncan’s test (P < 0.05).

and flowers could be used as target tissues for studying the
function of ReDofs.

Conclusions

In this study, 28 RcDofs were identified using the published
genome of R. chinensis, and a comprehensive analysis of ReDof$
was performed for their detailed information. The evolutionary
tree, gene structure motifs, cis-elements, and collinearity had
been analyzed. The RcDofs were divided into 12 subfamilies
and the gene structure motifs and cis-elements of RcDofs in each
subfamily were similar. In collinear analysis, RcDof$ had nine
pair collinear genes with A4. thaliana, which these nine RcDofs
might have had a similar function with these 4. thaliana genes.
Also, the ReDofs showed the tissue-specific expression in qRT-
PCR analysis. The expression of RcDofs was higher in roots,
leaves, and flowers compared with other tissues, which showed
roots, leaves, and flowers could be used as target tissues for
studying the function of RcDofs. These results provide a theoret-
ical basis for the follow-up exploration of the functions of
ReDofs in Rosa.
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Clustal W (Thompson et al., 1994).
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Supplemental Fig. 1. The multiple peptide sequence alignment of RcDofs using Clustal W (Thompson et al., 1994).

Supplemental Table 1. Primer sequences used for quantitative
real-time polymerase chain reaction (QRT-PCR).

No. Primer name Primer sequence
1 RcDof02F AAGGTGGAACTCTCAGAAATG
2 ReDof02R TACCTACTTCCAACCCCATCA
3 ReDof04F ATCCCCTCATAATCTCTCGGC
4 ReDof04R AGAATGGTCTCCTTCCCCTCC
5 ReDof0SF AAGGAGCAAAAGGTCAAAGT
6 ReDof05SR TGATGTAAAGAGGGCAGAAA
7 ReDofO7F CTACAATCTGTCGCAGCCTC
8 ReDof0TR TTGACAGGGTTGATGATGAG
9 ReDof10F GGTGGTGTGGAGGTTGAACG
10 ReDof10R GAAGGAAGAGGGGGGAATGA
11 ReDof11F TTTTGCTCAGACACGCCCCT
12 ReDof11F TCCATTTACTCCGCCCCCAT
13 ReDof14F AACCAACTTTACCACCCGCC
14 ReDof14R GCTTACGAAACCCCACTCTA
15 ReDof15F ACTGGAGATAATGGGGATGA
16 ReDof15R TAAGATTGGAGGATGGTGGA
17 ReDof16F AGCAAACAGACCAGAGAAAA
18 ReDof16R GTCATTGGAGTCGTAGGAGA
19 RcDof20F AGAAACAAGAAGAGCAAAAC
20 ReDof20R ACAAATGACTAATCAAACCG
21 ReDof21F ATCATCGTCAACCCAAGAAA
22 ReDof21R CTCTTCATCTCCACCGTTTG
23 ReDof22F CGAGGTGTGAATCAACAAAC
24 ReDof22R GGAAGAAGAACTCCCGTATG
25 RcDof24F GGAACTCGCAACAAGAAACC
26 ReDof24R CGTCAGAAACGAAAACCCTC
27 ReDof26F AATAACTACAGCCTCTCTCA
28 ReDof26R CTTGTTCTTTCTACAACCAC
29 ReDof27F TGCCTCCTCGAACGACGTGC
30 ReDof27TR CAATCCAGCGACCCAAACCC
31 RcDof28F CCTATACCAGTTTTCCCTGC
32 ReDof28R CTGAACATCTCTCCCTCCCT
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Supplemental Table 2. The protein sequence information of RcDof members.

No.

Name

Protein sequence

1

10

ReDof01

RcDof02

ReDof03

ReDof04

ReDof05

ReDof06

ReDof07

ReDof0s8

ReDof09

ReDof10

RcDof11

MFKEIGLEKTMEENMGSEARLASEKRARPQEQLNCPRCNSTNTKFCYYNNYSLTQPRYFCKTCRRYWTEG
GTLRNVPVGGGSRKNKKSTSSTASSSAISSSKNIIPDLNPPNLSHFSSQNPRMTHEGQDLNLAFSANVEHYNG
TSTAHYVDHHQVPKMESNNSSALELLRGTGIASRGVNSYIPNSIQDSNAVLYSSSGFSLQEFKPSHLGFCVDG
VGSRYGDHPQENGGNGRLLFPFGDLKQISSTTTGHHELDQNKGQGNPSGYWNGLMGGGSW

MDTAQWPQEIGLEKTMEENMGSEARLASEKRARPQEQLNCPRCNSTNTKFCYYNNYSLTQPRYFCKTCRR
YWTEGGTLRNVPVGGGSRKNKKSTSSTASSSAISSSKNIIPDLNPPNLSHFSSQNPRMTHEGQDLNLAFSAN
VEHYNGTSTAHYVDHHQVPKMESNNSSALELLRGTGIASRGVNSYIPNSIQDSNAVLYSSSGFSLQEFKPSHL
GFCVDGVGSRYGDHPQENGGNGRLLFPFGDLKQISSTTTGHHELDQNKGQGNPSGY WNGLMGGGSW

MGVEVSDSRPILERRGRPQKDQALNCPRCNSTTTKFCYYNNYSLSQPRYFCKTCRRYWTEGGSLRNVPVGG
GSRKNNKRSSTSSSSSPSTSNSSKKLAHHDLVMTQQSADSQNPKIHQGQDLNLAYPPTSDQDYDHHSIFNPS
SSRISTSSPHNLSAMELLKSTGINASRGLMNSFMAPISVADSNTITMFSTGNHGFPNLQEFKPRLSFSLDGYES
GYGSLQGVQDGTSHHHARLLFPTDQDLKQIPSGTTNTTTSTEFEQNGGEGDHSGVYWNGMLGGGSW

MDTAHWPQGIGVVKSMGVEVSDSRPILERRGRPQKDQALNCPRCNSTTTKFCYYNNYSLSQPRYFCKTCRR
YWTEGGSLRNVPVGGGSRKNNKRSSTSSSSSPSTSNSSKKLAHHDLVMTQQSADSQNPKIHQGQDLNLAYP
PTSDQDYDHHSIFNPSSSRISTSSPHNLSAMELLKSTGINASRGLMNSFMAPISVADSNTITMFSTGNHGFPNL
QEFKPRLSFSLDGYESGYGSLQGVQDGTSHHHARLLFPTDQDLKQIPSGTTNTTTSTEFEQNGGEGDHSGV
YWNGMLGGGSW

MVFSSIPGYLDPPNWQQQQSTHHHQQQGGGTDQNPHLLPPPPPPSGGPGDAGNGGAGTIRPGSMSDLAR
QAKLPQPETALKCPRCESTNTKFCYFNNYSLTQPRHFCKTCRRYWTRGGALRSVPVGGGCRRNKRSKRSKS
PASASAADHHHQRQGGAGSSSSTVSNSNSCSTSENILGHLAPPPHQFPFLPSLHHLSDYSSGGLSFGGIQQP
SGVEFHSQNIGASGNSGGVGSILSTGMAEHWRSSLQHHQVQQGQQFPFLANLEPPSSHGLYQFDDNQNN
AHDTASYGKGAGQLLSKPLVDSSIGATQVANVKMEESQALNMSRNFLGSLGNDHHQQYWGSTTAAGGINN
AWTDLSGFTSSTSHLL

MPSDSGDPNNRRPTKAQSLGAPPPEQEHLPCPRCESTNTKFCYYNNYNFSQPRHFCKSCRRYWTHGGTLR
DIPVGGGSRKNAKRSRTSSTGSMVSSASDHALPATPVFVPVSAGQGGAGGGAGQFGGCGVKGNVSNGGSF
TSLLNTQPGFLALGGFGLGLATGFEEMGFGFGRAMWPFPGVGSDGGAGIGANGVSHGMMNTWQFENGET
GGLVNVGLGGGGEFCSWPELAISTPGNGLK

MQDPTTFQSMKAQFPEQEQLKCPRCDSSNTKFCYYNNYNLSQPRHFCKNCKRYWTKGGSLRNIPIGGGSRK
NTKRSSSGSKRSSSATNSSSSTLSSSAAAVAAAAAAQNQDPQPDRTRLYGPKMDPDNPMLDISGSFSSLLTS
NDQFGSLMEGLNPNGSGLKLMQMGEFGENVMDSSGHGLNSDPGLEVQSSGNPGSYMGLQSGDSSCWNG
SNGWPDLATYTPGSSFQ

MMSSDNTPAKKPADDTQQGGGGSGNSRKTTSSKAPPEQALKCPRCDSPNTKFCYYNNYSLTQPRHFCKTC
RRYWTKGGALRNVPIGGGCRKNKRVRSSSSRLSCSLDSKDSGDSASDHMGLKFFHGISPAMDFQLGGLSLPR
LNHHPSSSSAVVTALYNNNNSQFSPYGDVSVTSGLTLDPSGGASGNSSFMGFNYPLTLGSGSGGGVGFQQ
NNMNSSMSVHSSLASSIESLSSINQDLHWKLQQQRLSMLFGTTIAGDSQTQPSHKDMQMNDLEKNQTAPILF
QNLEISKPKESTGGGDTAATEWFFGNSYAPPPPVTPTPTNSGGNGGGNENNAGNWNTHGVVQAWGDLQ
QYNALP

MVFSSIPAYLDPANWQQQPSPHHHHHHHLLSGSSNNNNSNNINNSQLHPLPPPPPPPPSNPGGGGSGPGG
AGSIRPGSMADRARMANIPMPEPALKCPRCESTNTKFCYFNNYSLTQPRHFCKTCRRYWTRGGALRNVPVG
GGCRRNKRSSKGGSSRSKSPVSSSDRPTGSASSSGQAIPSNSSTGTVDMIAAGLSPQIPPLRFINPFNDHHFA
ASENLGLNYGMNYGGGGVGDLGFQIGSGLGGGITSTPTGSLFEQQWRFQQQTPSFPFLSGGLDPSPGLFEG
SGVEFPGYNQVRPRLLSSGSSVGVSSQMASVKTEDPHHQNHQQQELNLSRQLLGIQGGNDSQYWINSGGN
GNGTSTTAWTDLSGFSSTSTATNHPL

MIQELFGGAGFNTGGVGGGGERKISISSSSTSLSPSPSPSSSTTTTTTAAAAATTNSENLRCPRCDSANTKFC
YYNNYNLTQPRHFCKTCRRYWTKGGALRNVPIGGGCRKNKNGTMSTSISKTAVAGKLKTMASEIGRSGFGLG
FDHEVQASPILWGSPQNSHILALLRSSTPNPNPNPNVQLCTNSVKEEGGMNMIGSHMMSESSGAGNDAMT
ARTLGLDPLSSFWRNNQNVQPPHHHQQQNGNFLLGHEVQSNQGIQELFQRLRSSSSSGSYYSHDLNNGVS
SSSTSSILEAAPAVGGELGYNWNPAFTWSDQLPTTNGAYP

MSEGRDPAIKLFGKTIPLTEVPPLLSESTVPAAEEVVAAPDPGSDADRVSSSSNSSSPGGGGGEVNDNKDGE
EEKEVNKDTLGEKAIQNKEGDEVLPLSSKELMNPDAASRIGESPKAPVDKETAALKTLKAEEEQSETSNSQE
KTLKKPDKIIPCPRCNSMDTKFCYYNNYNVNQPRHFCKNCQRYWTAGGTMRNVPVGAGRRKNKNTPSQYR
HITVSEAHPNTRPDVHHPSVQSNGTVLTFCSDTPLCESMTSVLQLADKNLQNRTPNGFHKSEGLVVPASYG
GGVNGDDHSNRSTVTDSNSKDETSKPGPQEQVMQNYPGFPPQIPCFPGAPWPYPWNPAQWSSPVSPPAF
CPPGYPMPFYPAAAYWGCAVQGTWNMPWLPQPSSPNQTAPSSGSNSPTLGKHSRDENPLKQTSSEEEET
TKEKKAERCLWIPKTLRIDDPGEAARSSIWATLGIKNDKADSISSGGLFKAFRSKGDEKNHIAEASPVLQANPAA
LSRSLKFQESS

(Continued on next page)

J. AMER. Soc. Hort. Sci. 147(5):239-248. 2022.

/0’ ¥7/pu-ou-Aqg/sasuaol|/B10 suowwodaAleaId//:sdiy (/0 f7/pu-ou-Aq/sasuaol|/Bi0 SuowwodaAlRaI0//:sdy) asual|
AN-DN-AgG DD 8y} Jepun pajnguisip ajoie ssaooe uado ue S| siy] "ssao0y uadQ eIA L0-20-G2Z0Z e /woo Alojoeiqnd pold-awiid-yJewlsiem-jpd-swiid//:sdpy wouy papeojumoq



Supplemental Table 2. (Continued)

No.

Name

Protein sequence

12

13

14

15

16

17

18

19

20

21

ReDof12

ReDof13

ReDof14

ReDof15

ReDof16

ReDof17

ReDof18

ReDof19

ReDof20

RcDof21

MERSGWKPNDDHHHICPNCPRCGCSNTKFCYYNNYSLTQPRYFCKGCRRY WTKGGSLRNVPVGGGCRKN
RRGSRSLRLSTNTTTATGSNNVNSGTIGHNSYGISSSLDPDSTSSGESNQDAPPRIDLAVVYANFLNQKPVSR
SSGSDQLPEFPGELNPGLDFSSCIANMNINAGSGSSIQLVEENGLNGSIGCHSTLSENCGTINDHMYFGGLDP
LIDHHQKHQDHSSDLVQYASSTHESTDHFGLPPLPDQEVLWSSSHDQMMA SPIMQPTPVLGSEAHDPNLLN
WSPLFDLPCNGTFSRT

MQMVADSFWSSKTKAKQESCLRLKGADCLFHPFFHQISYLYLHLIQIHYSPMTDFTLIDSETEIEASRGTSRTR
VNMAEGSSIEGPQGKRLLQHLKDLHEENK TLMKLVADKEKRIESYMIDFEELNGLKIIVNKLEKQNFVLTQANS
QMLQELRSLRNHVQKVEQPTLPPAQEINQVQEAQQPNLQPQEIIQVQEAQQPNLQPAQARVQVQELEPPS
LQAAQASSQMQEEELDLENSQILLELKSHDHMLSSTDEAVRECIDMIEKLQALGPPTNEAIQQVKAKLQALGP
LTIDAVRQIRVGFRKLQKLQCPRCESNNTKFSVLKAKRISAPRYHCKNCKMEWTLGGEIRKPIVLGGVNRRDLL
QQRIQRVQRRRMKT

MQMVADSFWSSKTKAKQESCLRLKGADCLFHPFFHQISYLYLHLIQIHYSPMTDFTLIDSETEIEASRGTSRTR
VNMAEGSSIEGPQGKRLLQHLKDLHEENKTLMKLVADKEKRIESYMIDFEELNGLKIIVNKLEKQNFVLTQANS
QMLQELRSLRNHVQKVEQPTLPPAQEINQVQEAQQPNLQPQEIIQVQEAQQPNLQPAQARVQVQELEPPS
LQAAQASSQMQEEELDLENSQILLELKSHDHMLSSTDEAVRECIDMIEKLQALGPPTNEAIQQVKAKLQAYFP
AALGPLTIDAVRQIRVGFRKLQKLQCPRCESNNTKFSVLKAKRISAPRYHCKNCKMEWTLGGEIRKPIVLGGVN
RRDLLQQRIQRVQRRRMKT

MSENEISPTIKLFGKTIPLASAPHNGHEVPTNDDPPCGASDSAVDSKISAAAAAAAASGGGAVEEEDCSVKLP
CCSETTSPEDQENKETISGKEFTADKEEDNPLDQFTEDLKPPTTSSGISENPKTPSADRETSVSLKSSKNGEQ
SDETSCSQDKTLKKPDKILPCPRCNSMDTKFCYYNNYNVNQPRHFCKNCQRYWTAGGIMRNVPVGAGRRK
NKNASSASHYRHMLMSDALQTAHATAAAASNGAHNPTLGRNGTVLTFGSDSPLCESMASVLNLAEKTQNS
LQNGFHVPDQQRILVPSITGDNGDDQSSGSSNVTASNSSEGGCKAGIQEPAVHNCQSFSPHQVPCFPGSPW
PYPWNSPQWTSAMPPPAFFHSGFPISFYPAPPYWGCTGPGSWNVPCNSPPSSNLSHCGTSSGPNSPTLGK
HPRDGDILSQASSQKEESSRDNRSDRCVLIPKTLRIDDPSEAAKSSIWETLGIKNEKGNSINEGGIFK SFESKGH
EKRQVVEQSSVLQANPAAFSRSLNFREIS

MDPSSGQQNQDMQAHNSLDMLVSSKSQQQTDQRKPRPQPEQALKCPRCDSTNTKFCYYNNYSLTQPRYF
CKSCRRYWTKGGTLRNVPVGGGCRKNKRSSSKRSSQDPQQPLTPNSNPLLPSLSYDSNDLSLAFARLQRSC
GQLGYDDHLSMLGNPTTNSHSDILSNGSSASASPGFLDALRTGFLETHNSNSFQNNLYYGFGSSGGNAMVG
EAEMDNGVCGEMGLHPYEELSNVATTTAVTVTTMKQELSRDIETNNNRVLWGFPWQMNNGDHHNLNMG
GGGGGGGAHHDQYDNSGRESWNGLANPSWHGLLPLV

MLMDQQKMVLISSTTNDWPQIDDDDDQNHKGVMGSTTAVGASRLMEKPGQEQLQQQQQALKCPRCDSSN
TKFCYYNNYSLSQPRHFCKACKRYWTRGGTLRNVPVGGGCRKNKRVKRPSSSSAVDNGASSSASSAPNSG
NSNSNPNAQQNHPQIDLASNSNHHMNQLFYGLGSNQPDHMGINPFTTSGFDQFSALGLGFGDQRFNPAAT
SKQIQDLVAANSLHSSDHSIFNSTSYSTAPTMASVLASKFINGGFKDVRGNNNQYFQNLLPFEDLQIAAAGNG
GGQAVKEVKVEDGGQSRMGWSTNHQANTEQMGLSSDPTLY WSSSNLGANNWHDPANLGSSVSSLI

MQGERDQQQQNNQERKVNQQQQQGQQQPQQQQHHEPQKCPRCESLNTKFCYYNNYSLSQPRYFCKAC
RRYWTQGGTLRNVPVGGGCRKGKRAKTMSSSSSATSSRSVLQPQPQPQDHHQLQQRPLMMSTGPAALNS
LAGSQYYPGGTGYLTSMPFAQSLNHLGGSGQLGSGGGASNLGLLHGFNAISSYGQRQMQSQLFKGNMEPP
PPYPSEDHRGLLLQPARPSGSMTDWPESFINKSHASVSASAAAASAGQSALWTTTMGHNTSTTSGAGPSLN
SAQWPDDIAGSFAAGPPQ

MADRARLAKMPQPETALKCPRCESTNTKFCYFNNYSLSQPRHFCKTCRRY WTRGGALRNVPVGGGCRRNK
KSKTSSSSRSKSPVSASSTENQQMRQTGSNPTGLISHLSQPQTQSLPFLESIQNLSRYGGAGNMALNSFNEI
QQAQAQSTDHMGFQIGAGNNLMNLSGGLGMDQWRNLQQIPFLGSTGFDLSSTTGLYPFQNTTEGVDQDS
QLRTANSRVTTHQVPPVKVEDHNHGVSLTRPFLGISGNNNNNNNNNNNDNNNQFWGGNAWTDISGTLNS
SSTSHLL

MVFSSIPVYLDPPNWHQQPNHPLGSGSTENHPQLPPLPPRQFGTHVGGCGGTDGSGGSGTGSIRPNSMAD
RARLAKMPQPETALKCPRCESTNTKFCYFNNYSLSQPRHFCKTCRRY WTRGGALRNVPVGGGCRRNKKSK
TSSSSRSKSPVSASSTENQQMRQTGSNPTGLISHLSQPQTQSLPFLESIQNLSRYGGAGNMALNSFNEIQQA
QAQSTDHMGFQIGAGNNLMNLSGGLGMDQWRNLQQIPFLGSTGFDLSSTTGLYPFQNTTEGVDQDSQLRT
ANSRVTTHQVPPVKVEDHNHGVSLTRPFLGISGNNNNNNNNNNNDNNNQFWGGNAWTDISGTLNSSSTS
HLL

MAEVSSGQDVPGIKLFGTTITLQNKQVVLKDDHHHRQPKKADDVHDQTVEMKRPEKIIPCPRCKSMETKFCY
FNNYNVNQPRHFCKGCQRYWTAGGALRNVPVGAGRRKTKPPGRELAGFPEGCLYDASEVVQQFELDGVV
EEWHVAAVQGDFRHVFPVVKRRRSGPSGQTCS

(Continued on next page)
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Supplemental Table 2. (Continued)

No.

Name

Protein sequence

22

23

24

25

26

27

28

ReDof22

ReDof23

RcDof24

ReDof25

ReDof26

ReDof27

ReDof28

MGLSTKQVSSDGLDWSQTLLQAQSFELPKPPVARRQQQQSQEQSEQLKCPRCESTNTKFCYYNNYNKTQ
RHFCRACKRHWTNGGTLRNVPVGGHGRKNKRTRKPNSSASAAKTTTNGACTIATTTRVNNTNLVFDRTDG
VQRLNSHLAIDGEQRLNSHTGVLLPQQNLITSSELDNHIFSSSSGLSSTTMPFNFLQAGRAQVLSFPFSSSST
SSSFDAISTSFQSPNVCNYPQEFKSMEEPTITSIMPSTTITIPQANNSSVGMY TSNDWNWEDIETLVSTDLNVP
WDDSDMNP

MFTAPVLEQMLHSQSGQLVMNQKPSWKPHVEIAPNCPRCASSNTKFCYYNNYSLSQPRYFCKGCRRYWTK
GGSLRNVPVGGGCRKNRRGRSVRLSQADRVSLSYYRHNSSSGSGGDLSEQQSMEGGANGSDIDLAAVFAK
FLNQDSSNEHDPNLVGSESIPDDVHEANALSDHSQISSNPEEDLLESVELLEGLVLPDQDHQQLHEEDNIQNI
MGNQHHHDLSIHEFGLQGLLGDEDVFWTDTTASLTSSTTSFTWQELDNSFPSNDDDHMKISTTTTNLCSDN
WSSFDFSGLEVFSGS

MPASTTPPEVSGIKRPRLIQSMPAAYPPPSSADPLPCPRCNSTQTKFCYYNNYNLAQPRHFCKGCRRYWTRG
GALRNVPVGGGTRNKKPRLPHRASSSNSSGSPSSSSLTHETTAPNKPTSDSAVEKPDLSSDQQQQQLLNLN
DNVTSEGGFSFLTMMNAQEQPGFLSLGGYGYGSGFAHGFQQGYGYGARAAGVDFPTEMVGAFAGVYGVP
GAAASSGFDVNTWQMAVADHEGGGGGLVDWPEVQILDSVPAVSGGGVKEEKVAADTPTDPCLNFPAF
MDTAQWPQGIVVKPIEEIVINTCPKPSSANNLERKLARPQKESALNCPRCNSTNTKFCYYNNYSLTQPRYFC
KTCRRYWTEGGSLRNIPVGGGSRKNKRSSSSSSSTTTSNISNNSSKRLPDLIQPQGNQGNQGQDLNLGFPSN
QVFAQHQIPNIDQNSDKNNNSSSTTTTASHLSALELLTGLTSRGLNSFMPMPVPNSDPNSSNNSASVYTSGF
PMSELMIKPTLNFSLDGLGSGYGSALQGHHVQENSGRLLFPFEDLKQVSGSGSGIDHHQQNNKEHHHGGDS
TGYWTGMLGGGTW
MGHNSLQVCMDSSDWLQGSIHEDQSPMDSSSPLSGDILTCSRPLIERRLRPPHDQSLKCPRCDSTHTKFCYY
NNYSLSQPRYFCKTCRRYWTKGGTLRNIPVGGGCRKNKKVASKKPNEDHSPSMNPNHLGSSSSSSQHNPTD
LQLSFPDQMQFSHLNNLMLGAQGTGNPNFMDGRYGNINSMLENSNQLRPIDFMESKLEAIVGNARNYDFMG
SGGDGLGMVGGLSNMGAHGLESGFHGFCSSSFGSMSLDHHGNNNGTNFMDTCQRLMLPYEANEDHHHH
QNEIHDVKPNTKLLSLEWQDQGCSDAGKESSYGYLNGLGTWTGVMNNYGPSTTNSLV
MQDIQSIGGRFFGGAGGGDRRLRPHHNQNHQALKCPRCDSINTKFCYYNNYNLSQPRHFCKSCRRYWTKG
GVLRNVPVGGGCRKTKRSKPKSSSSSSPASPPQQPNSERRASSNSSSESSSLTNTATATATEAVSAPSSTSS
ASNLLNIPRPESKFFVSPSTNFEAAGATMLEQSATEIGMFSDIGSFTSLITASSNDVPFGFTNINDISVSPFRPN
QPPAGHLNQVQQNQWEQQHNQNNQELKMPEITGGMLDQTAQVNLSVFQTKINGGGGGGFGSLDWQPAG
DQGLFDLPNTVDQAYWSQGQWSDQDPPSLYLP
MLQETKDPAIKLFGMKIPLPAAGDYDDLGFTMPGKKRVDQEHEEEEEEEEKDSPSTKDTESIEEQDDSPKTE
DSTSMEMLPDCNVNPKTPSIDEESAKSKAPKEKEQNDATNLQEKTLKKPDKILPCPRCNSMDTKFCYYNNYN
VNQPRHFCKACQRYWTAGGTMRNVPVGAGRRKNKNSASHYRQITISEALQVAQMDAPNGAQHPGLKSNG
RVLNFGVDALVCDSMASVLHLADKKGLNGTTRNGFHKSEELVFPAPCKGRESGDDCSIASSVTASKPQIQNA
NGFSAQIPCLPGVPWPYQWNSAVPPPAFGPPGMPIPVFPAAYWNCGVPFQVPVPWFSPQAASPNQKSPNS
ASSSPTLGKHSREGEMFRPEVHLEKEEPSKKKNGFVLVPKTLRIDDPSEAAKSSIWTTLGIKNDCISSGNGLFK
AFQSQSKGDQKKHVPETSPALLANPAALSRSLNFHERT
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Supplemental Table 3. The coding sequence (CDS) information of RcDof members.

No. Name CDS sequence

1 ReDof01 atgttaatggatcaacagaagatggtactcatctcttcaactactaacgattggccacagatcgacgacgatgatgatcagaaccacaagggegtgatgg
gttctacaacggceggtaggagcttctagattgatggaaaaaccgggccaagageaacttcaacagecagcaacaageccttaaatgtectcgatgtgattct
tccaacaccaagttctgttactacaacaattacagettgtctcageccagacacttctgcaaggectgecaagegetactggaccagaggeggeacgctta
gaaatgttccggtcggeggtgggtgtagaaagaacaagegegtgaaaagacctagetcgagetcagecgtggataatggagcettcttcttecgettettcg
getccgaacagtggtaactcaaactcgaatcccaacgcacaacaaaaccatcctcagatcgacttggectcgaactcgaatcatcatatgaatcagetgtt
ttacgggttaggtagtaaccaacctgatcacatggggattaatccgtttactacatccgggtttgatcagttcagtgetctcgggttagggtttggtgatcaaaggtt
taatccggeggcaaccagcaagcaaatccaagatettgtggecgegaattegettcattettccgatcattccatttttaattccacatcttatagcacagetcca
actatggcctctgttctcgcttccaagttcatcaacggtgggtttaaggatgtcagagggaataataatcagtatttccagaacttgetgecgtttgaggatcttcag
atagcagcagctggcaacggeggeggecaggeggtgaaggaagtgaaagtagaagatggtggacaaageaggatggggtggagtactaatcac
caggctaatacagagcaaatgggactctcatcggatcctactctttactggagcetecgtcgaatctcggagetaataattggeatgatcecggegaatettgggt
cgtcggtetcttctctgatctaa

2 ReDof02 atggacactgctcaatggectcaggaaattggattggagaagacaatggaagagaatatggggtctgaggcaaggttagectcagagaaaagggcaa
ggcctcaagagcaattgaattgtccaaggtgceaattcaaccaacaccaagttttgttactacaacaactatagectcactcaaccaagatacttctgcaaaac
atgcagaaggtattggactgaaggtggaactctcagaaatgttcctgttggaggaggttcaagaaagaacaagaagtcaacatcatcaacagettcatcgt
cagcgatttcttcatcaaagaatatcattcctgatcttaacccaccaaatttgtctcacttttcatctcaaaaccctaggatgacccatgaaggcecaagatcttaate
tggccttttctgctaatgtggagceactacaatggtactagtactgctcattatgttgatcatcaccaggtgcccaaaatggaaagceaacaactcatcggetttaga
getgettaggggtactggcattgettctagaggtgtgaattcatatataccaaactcaatccaggattcgaatgcagtgctttattcatcgtccgggttctetttgcaa
gaattcaaaccaagtcatcttggtttttgtgttgatggggttggaagtaggtatggtgatcatcctcaagagaatggtggtaatggaaggctcttgticcatttgggg
atttgaagcaaatctcaagcactactacaggtcatcatgaacttgatcagaataaggggcaaggtaatccatctgggtattggaatgggttaatgggtogag
ggtcatggtaa

3 ReDof03 atgggagttgaagtttctgattcaaggcctatcttagagagaagaggaagacctcagaaggatcaagetttgaattgtccaaggtgcaactcaacaaccact
aaattctgttactataacaattacagtctctctcagccaaggtacttctgtaagacttgtagaaggtattggactgaaggtgggtctttgagaaatgttccagtgggt
ggaggctcaaggaagaataacaagagatcttcaacttcatcatcttcgtcccegtcaacttccaattcatctaagaagettgetcatcatgatctggtgatgace
caacaaagtgctgattctcaaaaccctaagatccaccaaggtcaagatctcaacctageatacccaccaacatctgatcaggactatgatcatcatagceat
ctttaaccctagctcttctagaattagtacttcatcccctcataatctctcggctatggagcetectcaagagtactgggatcaatgcatcaaggggattaatgaact
ctttcatggctcccatatctgtagcagattcgaatactatcacgatgttctctactggtaatcatgggtttccaaatttgcaagaatttaagccaaggcetcagtttttetct
tgatgggtatgagagtggctatggaagtcttcaaggcgttcaagatggtactagtcatcatcatgecaaggcetettgtttcctactgatcaggatttgaageagattc
caagcggtactactaatactactacaagcactgaatttgagcaaaatggaggggaaggagaccattctggggtatattggaatggaatgttaggtggagg
atcatggtaa

4 ReDof04 atggacacagctcactggccacaggggattggagtggttaaatccatgggagttgaagtttctgattcaaggectatcttagagagaagaggaagacctca
gaaggatcaagctttgaattgtccaaggtgcaactcaacaaccactaaattctgttactataacaattacagtctctctcagccaaggtacttctgtaagacttgta
gaaggtattggactgaaggtgggtctttgagaaatgttccagtgggtegaggctcaaggaagaataacaagagatcttcaacttcatcatcttegtceecgte
aacttccaattcatctaagaagcttgctcatcatgatctggtgatgacccaacaaagtgcetgattctcaaaaccctaagatccaccaaggtcaagatctcaac
ctagcatacccaccaacatctgatcaggactatgatcatcatagcatctttaaccctagcetcttctagaattagtacttcatcecectcataatctetcggetatggag
ctcctcaagagtactgggatcaatgcatcaaggggattaatgaactctttcatggctcccatatctgtagcagattcgaatactatcacgatgttctctactggtaa
tcatgggtttccaaatttgcaagaatttaagccaaggctcagtttttctcttgatgggtatgagagtggctatggaagtcttcaaggegttcaagatggtactagtcat
catcatgcaaggctcttgtttcctactgatcaggatttgaagcagattccaageggtactactaatactactacaagcactgaatttgagcaaaatggagggga
aggagaccattctggggtgtattggaatggaatgttaggtggaggatcatggtaa

5 ReDof05 atggttttctcatccattcccggetatctggatccacccaactggeagcaacagceaatccactcatcatcatcaacaacaaggaggtggeacggatcaga
atccccatcttcttccaccgecaccaccaccttccggaggacctggagatgctggtaacggcggageaggeacgattagacctggatcgatgtetgatct
tgccagacaggcecaagttgecgecageccgagacagecctaaaatgecctcgatgegaatccacaaacaccaaattttgetacttcaacaattacagett
gacgcagcecgegccacttctgcaagacctgteggegetactggaccecgaggaggagegcetgagaagtgtgccggteggaggaggcetgcagaag
gaacaaaaggagcaaaaggtcaaagtcaccagegtcggcatcagecageagatcatcatcatcagegecaaggeggagetggttcgagetccage
acagtttccaactccaacagcetgcagtactagtgaaaatatcttaggecatttggctccteccaccacatcagtttecctttctgecctctttacatcatctaagtgatt
atagttccggcggcttaagtttcggggggattcaacaacctictggtgttgaaticcatagtcagaatattggtgctagtggaaatagtggtgotgttgggtctatctt
gtcaactgggatggctgagcattggagatcatcacttcagceatcatcaagttcaacaaggcecagcaatttcctttcttggetaatttggagecaccaagtagte
atggcttataccagtttgacgataatcaaaataatgctcacgatacagcaagctatggaaagggagcetggtcagetcectttctaagecattagtggattcaage
attgggoctaagaaattttttgggtagtcttggaaatgatcatcatcageaatactggggtagtactactgctgetggtggceattaataatgettggactgatctttca
ggtttcacttcttctaccagtcatctcttataa

6 ReDof06 atgccgtcggactegggegaccecgaacaaccggagacceaccaaggegeagagtetgggagetccgecgecggageaggageaccteeettgt
cceegetgegagtecaccaacaccaagttctgetactacaacaactacaacttctctcagectcegteacttetgcaagtectgecgecgetactggacceca
tggtgggaccctecgtgacatcceegtecggeggeggcagecgeaagaacgecaagegceteccgeacctectecactggttccatggtetettetgeate
tgatcacgccttgeecggecaccecggttttcgtgccggtctcggetggacaaggaggegecggtggeggggecgggcagttcggeggttgeggtate
aaggggaatgtgagtaatggagggagctttacttctctgetcaacactcageccgggtttttggegetgggaggatttgggcttggacttgcgactgggtitga
ggagatgggctttgggticgggagagegatgtggccttttcccggggtgggttcggatggtggtactggaatcggggcgaacggegtgtegeatgggat

gatgaacacgtggcagttcgagaatggcgagactggtgggocttgttaacgttggtcttggtggtggtggagagttctgttcttggeccagagetggcaatttctac
tcctggtaatggtctcaagtga

(Continued on next page)
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Supplemental Table 3. (Continued)

No. Name CDS sequence
7 RcDof07 atgcaagacccaacaacgttccaatccatgaaagceccaattcccagagcaagagceagetgaaatgtccacgcetgtgattcctcaaacaccaagttetge
tactacaacaactacaatctgtcgcagectcgecacttctgcaagaactgcaagaggtactggaccaaaggtggttccctcagaaacattccaataggeg
gtggaagcagaaagaacaccaagagatcgtcttcgggticgaaacgttcttcatcggetactaattcctcatcatcaaccetgtcaagetcageagetgea
gttgcagcagceageageagcetcagaaccaggatccgeagecggaccggacteggetctacggeccgaaaatggatccagataatcecgatgetgga
tatttctgggagcttcagcetcactgttaacatctaatgatcagtttgggtctettatggagggtctgaatccaaatgggtecggggttgaaactgatgcaaatgggte
agtttggggagaatgtgatggattcatcaggacatgggttgaattcggatcecgggtttggaggtccagagecagtgggaatccagggagetatatgggtttge
aaagtggggattcgagcetgttggaatgggageaatgggteacctgaccttgecatttacacaccaggttcaagttttcagtag
RcDof08 atgatgtcctccgacaacacgecggegaaaaagecggceagacgacacccaacaaggaggaggaggatcaggceaacagecgcaaaacgacat
cgtccaaggcecccgecggageaagecctcaagtgtccgagatgtgattccccaaacacaaagttctgetactacaacaactacagectgacgeagec
cagacacttctgtaagacctgcaggegttactggaccaaaggcggagegttacgcaacgtccccatcggeggeggetgecggaaaaacaagagag
taaggtcgtcatcttcccgactctectgecagectegactccaaagactceggegacteggectcetgaccacatgggtcetcaagttctttcacggeatttceee
cgccatggatttccagetcggeggcctctecttgectagactcaaccaccacccttettcttettcagecagttgtaaccgecctttacaataacaacaacagece
agttctctccatacggtgacgtttcggttacttctggectgactcttgatccctcaggtggtgcettccgggaatagttcctttatgggttttaattatcctetcactttagge
agtggaageggceggeggggttggotttcaacagaacaacatgaacagttccatgagtgttcatageagtettgettettctattgagtcecttagttctatcaace
aagaccttcactggaaattacagcagcagaggctgtccatgttgtttggtactactatcgccggtgatagtcagacacagecgtctcataaagatatgcagat
gaatgatctcgagaaaaatcagacagcegcectattttgtttcagaatctggagatttcgaaaccgaaagagtctactggaggaggagatacggetgegacg
gagtggttctttgggaactcttacgcaccgecaccgecggtgacacctactccgaccaacagtggeggcaacggaggaggaaacgagaacaatgc
gggtaactggaatactcatggagttgttcaagegtggggtgatttgcagcaatacaatgecttgecctag
9 ReDof09 atggttttttcctccattccagcettatcttgatccagecaactggceaacagceaaccaagtcetcatcatcatcatcatcatcacttactatccggaagcagcaaca
acaacaacagcaacaacatcaacaactctcagctccatccgettccgecteccecgecaccaccgecttcaaatectggeggtggggacageggec
ctggaggtgcgggctcgatcaggecaggttccatggecgatcgageccgeatggcetaacatccccatgecggagecageactcaaatgeectcget
gcgagtccaccaacaccaagttctgctacttcaacaactacagectcacgcagecccgcecacttctgcaagacctgecgacgcetactggacacgtgg
cggegegcetgaggaacgttcccgtgggagecgectgecaggagaaacaaaaggagcagcaaaggaggaagtagecggtcetaaatctccagtecag
cagctcggaccgtcccactggttcggctagetcatccggtcaageaattccctccaacagttcaactggaaccgttgatatgatagecagetgggttgagec
ctcaaatcccaccacttcgtttcatcaaccctttcaatgaccaccacttcgcagcecagegagaatctcggectgaactacggeatgaactacggeggegg
cggagtaggagacttgggttttcagatagggagcggcttaggtggaggaattactagtactcccaccgggtegcetttttgagcageaatggaggtttcaaca
gcaaacgccgtcegtttcctticttgagtggaggtttggatecttctectggtttgtttgaggotagtggagttgagtttccaggttataatcaggtgeggccgagget
actatcgtccggtagcagtgttggggtticttcgcaaatggeticggtgaagacggaagatcctcaccatcagaatcatcagcaacaagagttgaacttgtct
aggcagctgttggggatccaaggagggaatgatagtcagtactggattaactccggtgggaatgggaatggtacttcaacaactgegtggactgatctttct
gggtttagctctacttccactgecaccaatcatccactataa
10 ReDof10 atgatccaagaactgttcggaggcgcaggctttaatacaggaggagtaggaggaggaggagagaggaaaatctecatttettcttettctacttctetttcgec
ttcaccgtctecttcttcttccactactactaccactaccgetgcggecgetgcaacaacgaattcagagaacttgagatgeccgagatgegattctgecaac
accaagttctgttactacaacaactacaacctcacgcagccccgccacttctgcaagacttgecgecgetactggaccaagggaggagecctaagga
atgttccgattggggotggatgccggaaaaacaagaatggtaccatgtcaacatcgataagcaagacagetgtggecgggaagttgaaaacaatgge
gtcagagatcgggaggtccgggttcggactcgggtitgatcacgaagtgcaagcaagtccgatactgtggggttcacctcagaattcecatatectagetct
actaagatccagcactccaaaccctaaccctaaccctaatgttcaactgtgtactaattcggtgaaggaagaggggggaatgaatatgattgggtcccaca
tgatgagtgagtcttctggagctggaaatgatgcaatgacagetcggaccttggggttggatccgctgagttctttctggagaaacaaccagaacgttcaac
ctccacaccaccaccaacaacagaatggtaatttcttacttgggceatgaggttcaaagcaaccaaggaattcaggaactatttcagaggcttagatcatcct
cttcatcaggtagttattattcgcatgatcttaataatggggtttcttcatcttctacatcatcgattttggaggcggctceggetgttggtggtgaattgggttataactgg
aacccagcgtttacttggtccgatcagceteectacaacaaatggtgcatacccttaa
11 ReDof11 atgtcggaggggagggacccggcgatcaagettttcgggaagacgattccgetgacggaggteccgecgttgetgagtgaatccacegteceggeg
gcagaggaagtcgtcgeggetccggatccgggtteggatgetgaccegtgtttcgtettcgtecaactegtectegectggaggaggaggaggagaagtc
aatgataataaagacggtgaagaagagaaagaggtcaataaggacacattgggagaaaaagcaattcagaataaagagggagatgaagtcctacctt
tatcttctaaagagttgatgaatccagacgcagcatcaagaataggtgaaagtcctaaageaccegttgacaaggagactgetgcactcaaaactttgaag
gecgaagaagaacagagegagacaagtaattcacaagaaaagaccctgaagaagecagacaaaattattccatgeccecgetgtaatageatgga
caccaagttctgttactacaacaactacaatgtcaaccaacccaggcacttctgcaaaaactgccagagatattggacagetggtgggactatgagaaat
gtgccagtgggtgctggtegtcgtaagaataagaataccecttctcagtatcgcecacataactgtctetgaagetcacccgaatactcgacctgatgttcace
atccttcagtacaatctaatggcactgtcctgacattttgctcagacacgeccctttgecgagtcaatgacctetgttcttcagettgetgataagaacttacagaac
cgtactcccaatggatttcacaaatcagaaggattagttgttccagcettcttatgggggcggagtaaatggagatgatcattcgaataggtctacggtcacaga
ttcaaattcaaaggacgagacatccaaaccggggcecacaagagcaagttatgcagaattatcctggcttccegectcaaataccatgetttectggtgctce
ttggccttaccegtggaacccetgetcaatggagetctecagtaagtecacctgctttctgeccteccagggtatectatgeccttttacectgeagecgcttattgg
ggttgtgctgtacaaggcacttggaacatgecttggettectcagecatcatctccaaaccaaactgetccaagttetggttctaactctecgactttggggaaa
cattcaagggatgagaaccctctgaaacaaaccagcetctgaggaagaggagacaacaaaagaaaagaaggcecgagagatgectttggattccgaa
aacattgaggattgatgacccaggagaagcagcaagaagctctatatgggcaacattggggattaagaacgataaagctgattcgattagcagtggeeg
actctttaaggccttccggtcgaagggtgatgaaaagaatcacatagcagaagcectctececggtettacaagecaatccagetgeattatctaggtcactcaa
gttccaagagagctcatga

o]

(Continued on next page)
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Supplemental Table 3. (Continued)

No. Name CDS sequence
12 ReDof12 atggagagatctggatggaagccaaacgatgatcatcatcacatatgcccgaattgecceeggtgeggttgttctaacaccaagttttgttactataacaacta
cagtttgacacagcctaggtacttctgcaagggcetgtaggagatactggaccaaaggeggttccctccggaacgteceegteggaggegggteccgg
aagaacagaagagggtcaaggtcgttaaggctatccaccaacaccaccacggcetaccgggagtaataatgtgaatagtggcacaattgggcataattc
atatggaattagtagttcattggatccagattctactagctccggagagtccaatcaggatgegecaccacgtattgatctcgeagtegtttatgecaaacttcttga
atcagaagccagtttccaggagttcaggatctgatcagttgccagaatttcctggggaattaaaccegggtttagatttttcaagetgcatagcaaacatgaac
atcaatgcaggctcaggctcaagtattcagttggtggaagaaaatggtcttaatggatcaataggatgtcacagtactctatctgaaaattgtgggaccatcaat
gaccacatgtactttggtgggttagacccattaatcgatcatcatcagaagcatcaagatcatagcagtgatctagtacaatatgcaagtagtactcatgaatca
actgatcattttgggttgccaccattgccagaccaagaagtattgtggtctagttctcacgatcaaatgatggctagtectatcatgcaacctaccectgtgcteg
gatcagaggctcatgatccaaacctgttaaattggagcecccttattcgatttaccatgtaatggaactttctccaggacatga
13 ReDof13 atgcaaatggttgcagatagtttctggagctcgaaaaccaaggcaaagcaggagtcttgtctcagattgaaaggagecgactgtctttttcatcctttttttcatca
aatttcttatctttacctccatcttattcaaatccattacagccccatgactgatttcacccttattgattctgagaccgagatcgaagectctcgaggtaccagtaga
acaagagtgaatatggctgagggatcttcaattgaaggcccccaggggaagaggttgctgcageaccttaaagacctacatgaggaaaacaagacac
tcatgaagctcgttgcggacaaagaaaagegtattgaatcgtacatgatagattttgaagagetgaatggcttgaaaatcattgtcaataaactagagaaaca
aaatttcgtactcacccaagcaaacagccagatgttgcaagagcetacggagtttgagaaaccatgtgcagaaagtagaacaaccaactttaccacccge
ccaagaaataaaccaggtgcaggaagcacaacaaccaaatttgcaaccccaagaaataatccaggtgcaggaagceacaacaaccaaatttgcaac
ctgcccaagcaagagtccaggtgcaggaattagaaccaccaagtttgcaagetgcccaageaagtagecagatgecaggaagaagaacttgacctag
aaaatagccagatattgctggaactcaaatcacatgatcatatgttaagttctactgacgaagceagtccgggagtgtatagatatgatcgaaaaacttcaaget
ttgggccctectactaatgaagcaatccaacaagttaaggcaaagcettcaageatatttccctgecagetttgggccctettactattgatgcagteccggeagatt
agagtggggtttcgtaagctccagaaattgcagtgtccaaggtgtgaatctaataacactaaattcagtgttttgaaagccaaaagaatatctgecccaaggta
tcactgcaaaaattgtaaaatggaatggacattaggggocgaaataaggaaacctattgtgettggagecgtgaatagaagagatcttcttcagcagegea
tccaacgtgttcagegtagaaggatgaagacttga
14 ReDof14 atgcaaatggttgcagatagtttctggagctcgaaaaccaaggcaaagcaggagtcttgtctcagattgaaaggagecgactgtctttttcatcctttttttcatca
aatttcttatctttacctccatcttattcaaatccattacagccccatgactgatttcacccttattgattctgagaccgagatcgaagectctcgaggtaccagtaga
acaagagtgaatatggctgagggatcttcaattgaaggcccccaggggaagaggttgctgcageaccttaaagacctacatgaggaaaacaagacac
tcatgaagctcgttgecggacaaagaaaagegtattgaatcgtacatgatagattttgaagagetgaatggcttgaaaatcattgtcaataaactagagaaaca
aaatttcgtactcacccaagcaaacagccagatgttgcaagagcetacggagtttgagaaaccatgtgcagaaagtagaacaaccaactttaccacccge
ccaagaaataaaccaggtgcaggaagcacaacaaccaaatttgcaaccccaagaaataatccaggtgcaggaagcacaacaaccaaatttgcaac
ctgcccaagcaagagtccaggtgcaggaattagaaccaccaagtttgcaagetgeccaageaagtagecagatgecaggaagaagaacttgacctag
aaaatagccagatattgctggaactcaaatcacatgatcatatgttaagttctactgacgaagceagtccgggagtgtatagatatgatcgaaaaacttcaaget
ttgggccctcctactaatgaagcaatccaacaagttaaggcaaagcettcaageatatttccctgecagetttgggccctettactattgatgcagtccggeagatt
agagtggggtttcgtaagctccagaaattgcagtgtccaaggtgtgaatctaataacactaaattcagtgttttgaaagccaaaagaatatctgecccaaggta
tcactgcaaaaattgtaaaatggaatggacattaggggocgaaataaggaaacctattgtgettggagecgtgaatagaagagatcttcttcagcagegea
tccaacgtgttcagcgtagaaggatgaagacttga
15 ReDof15 atgtctgagaatgaaatcagccccaccataaagetcttcggaaagaccatacctttggcettcggcgecacacaacggecatgaggttccgaccaatgatg
acccgccatgtggagcttccgactetgetgttgactctaagatttctgcagcetgctgetgetgetgetgettcecggtggtggtactgttgaagaagaagattgete
agtcaagcttccttgttgttcagaaactacttcgcctgaagaccaagagaacaaggaaacaatatcaggcaaagaattcactgctgacaaagaggaagat
aatcccttagatcaattcacagaagacttgaaacctccaacaacatcgtcgggaattagtgagaatcccaaaactcectcagetgatagagaaacttcagt
atctctgaaatcttctaagaatggagaacagagtgatgagaccagttgetcacaagacaagactctgaagaagccagacaagatacttccatgtecccga
tgtaatagcatggacaccaagttctgttactacaataactacaacgtcaatcageccegcecatttttgcaagaactgtcaaagatactggactgeccggagga
atcatgaggaatgttcctgtgggagetggtegtcgecaagaacaagaacgcttcatcagettcacactatcgtcacatgttaatgtcggatgetctccaaacag
ctcatgcgactgetgctgetgcttctaatggegcetcacaatccaacattgggaagaaatggceactgtccttacetttggttcagattctectetttgtgaatcaatgg
cttctgtattgaaccttgctgagaaaacacaaaactctcttcagaatggttttcatgtacctgatcaacaaagaattctggttccttccataactggagataatgggg
atgaccaatcaagtggatcgtctaatgttacagettcgaattcatcagaggggggatgcaaagetggtatacaagaaccageggttcacaactgtcaaag
cttetctectcatcaagtaccatgctttccaggetcecececttggecttatccatggaactcacctcagtggacctetgcaatgectecgectgeattettccattcag
ggtttcccatatcattctaccctgcaccaccatactggggctgeactggacceggcetettggaatgtaccatgtaattctccaccatecteccaatcttagecact
gtggtacaagctctggtccaaattcccegaccttagggaaacatccaagagacggggacattcettagtcaagecagetctcaaaaagaagagtccage
agagataacaggtcagatagatgtgttttgattccgaaaacgttaaggattgatgatcctagtgaagetgcaaagagctctatatgggaaacacttggcatca
agaatgaaaagggaaattctatcaacgagggaggtatcttcaagtcatttgaatccaagggacacgagaaaaggceaagttgttgaacaatcttcggtattge
aagctaatcctgcagcecttttcccggtcactcaacttccgtgagatctcatga
16 ReDof16 Atggatccttcaagcggacaacaaaaccaggatatgcaagetcataattccctagacatgttggtcagetcaaaatcccagcagecaaacagaccagag
aaaaccaaggccacaaccagaacaagccctcaagtgtccaagatgtgactccaccaacaccaagttctgetactacaacaactacagectcaccea
geccaggtacttetgcaagtectgecaggaggtactggaccaaaggeggcacactgeggaacgttcecggtgggcggtegctgecgcaagaacaaga
gatcctcatcgaagegatcgtcgcaagaccctcaacaaccactcactcccaactccaacccgetecteeccategetetectacgactccaatgacctea
gtettgectttgetaggetccagaggteatgtgggcagttgggttatgatgatcacctatccatgttaggaaacccaaccaccaattcccacagegacattttgt
cgaacggttcgtetgeatcageatcgecagggtttctggatgetctccggactgggtttctcgaaacccacaacageaacagettccagaacaacttgtatt
atgggtttggatcaagtggggegaacgccatggtgggtgaggcggaaatggacaatggggtitgcggagaaatgggoctgcacccttatgaggaattg
agcaatgtagcaaccacaacagctgtgacggtcacaacaatgaagcaagagctgagcagagatattgagaccaacaacaacagagtcttgtgggoe
tttccatggcagatgaacaatggagatcatcacaacttgaacatgggtggtegtegtegtootgotgotgctcatcatgatcagtatgataactcgggaagag
agagctggaatggacttgcaaatccatcttggeatggacttcttcecectagtttaa
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Supplemental Table 3. (Continued)

No. Name CDS sequence

17 RcDof17 atgttaatggatcaacagaagatggtactcatctcttcaactactaacgattggccacagatcgacgacgatgatgatcagaaccacaagggcegtgatgg
gttctacaacggceggtaggagcttctagattgatggaaaaaccgggccaagagcaacttcaacagecagcaacaageccttaaatgtectcgatgtgattct
tccaacaccaagttctgttactacaacaattacagettgtctcageccagacacttctgcaaggectgecaagegetactggaccagaggeggeacgctta
gaaatgttccggtcggeggteggtgtagaaagaacaagegegtgaaaagacctagetcgagetcagecgtggataatggagcettcttcttecgcettetteg
getccgaacagtggtaactcaaactcgaatcccaacgcacaacaaaaccatcctcagatcgacttggectcgaactcgaatcatcatatgaatcagetgtt
ttacgggttaggtagtaaccaacctgatcacatggggattaatccgtttactacatccgggtttgatcagticagtgetctcgggttagggtttggtgatcaaaggtt
taatccggeggcaaccagcaagcaaatccaagatettgtggecgegaattegettcattettccgatcattccatttttaattccacatcettatagcacagetcca
actatggcctctgttctcgcttccaagttcatcaacggtgggtttaaggatgtcagagggaataataatcagtatttccagaacttgetgecgtttgaggatcttcag
atagcagcagctggcaacggeggeggecaggeggtgaaggaagtgaaagtagaagatggtggacaaageaggatggggtggagtactaatcac
caggctaatacagagcaaatgggactctcatcggatcctactctttactggagcetecgtcgaatctcggagetaataattggeatgatcecggegaatettgggt
cgtcggtetcttctctgatctaa

18 ReDof18 atgcagggagagcgagaccagceageagceagaacaaccaagaacggaaggtgaaccageageageaacagggacaacageaaccgeage
agcagcagcaccatgagcctcagaagtgtccaaggtgcgagtecctcaacaccaagttctgetactacaacaactacagectgteccagecccgeta
cttctgcaaggegtgecaggaggtactggacacagggtgggacccetccggaacgteceecgteggtgggeattgccggaaaggcaagegtgccaag
accatgtcctcatcatcatcagecacctcetctegetecggtgcttcagecgeagecgeagecacaagaccaccaccagttgcagecagaggecattgatg
atgtcaacagggccagctgcecctgaactetetggetggeteccagtactatectggtggtactgggtatttgacatetatgecctttgetcaaagectcaaccat
cttgggoottctggtcaattgggatcaggtggtegtacttcaaatttgggactgcttcatggettcaatgecatctettectatggecagegtcagatgcaaagece
agctttttaagggcaacatggagcctccacctecgtacccatctgaggatcatcgaggectgttgcttcaaccagecaggccaagtggttctatgactgattg
gectgagagcttcatcaacaaatctcatgettetgtttetgettctgeggetgcagectcagetggtcaaagegcetetgtggaccaccaccatggggceacaa
caccagcaccaccageggtgcaggceccttetctgaactcagetcagtggectgatgatattgecggatcttttgecgecggecctectcagtga

19 ReDof19 atggctgatcgagcccggctagecaagatgecacaaccagagaccgeactcaagtgtccacggtgegagtccaccaacaccaagttetgctacttca
acaactacagcctctctcagectcgecacttctgcaagacgtgecgecgttactggacaagagggggtgeccttagaaatgttccggtgggaggagggt
gccgaagaaacaagaagagcaaaaccagcageageagecgetccaagtctccagtatcagecagttccactgagaatcagcagatgaggceaaac
aggttctaacccgaccggtttgattagtcatttgtcgcaaccacagactcagtcacttectttcctggagtcgatacagaatcttagtcgttacggtggtectggg
aacatggcattaaacagcttcaatgagatccagcaagctcaagctcagagtactgatcacatgggatttcagataggagctgggaataatttgatgaacttat
ctggtgggttgggaatggatcagtggcgaaatttgcagceaaattectttcttgggtagtactggcetttgacttatcatcaacaacaggcettatacccatttcaaaata
ctactgaaggagttgatcaagacagtcagctaaggactgctaattctagggttactactcatcaggtgcctectgtaaaagttgaagatcacaaccatggggt
gagtttgactagaccctttttgggtatttcagggaataacaataacaacaacaataataacaacaacgacaacaacaatcagttctggggcggaaatgegt
ggacggatatatcaggtactctcaactcgtcttccacaagcecatctcttataa

20 ReDof20 atggttttctcatctattccagtctatttagatcctcccaattggcaccageaaccaaatcatcccctaggaagtggaagtaccgaaaatcatccacagcttcea
ccactgcecteccacggeagttcggeactcatgtcggeggcetgtggtggtactgatggtagtggtggaagtggtacgggatccatcagacccaactecatgg
ctgatcgagcccggetagecaagatgeccacaaccagagaccgeactcaagtgtecacggtgcgagtccaccaacaccaagttctgetacttcaacaa
ctacagcctctctcagectecgecacttctgcaagacgtgecgecgttactggacaagaggggeotoccecttagaaatgtteceggtgggaggaggotoccg
aagaaacaagaagagcaaaaccagcagcagcagccgctccaagtctccagtatcagecagticcactgagaatcagecagatgaggcaaacaggtt
ctaacccgaccggtttgattagtcatttgtcgcaaccacagactcagtcacttcctttcctggagtcgatacagaatcttagtegttacggtggtgctgggaacat
ggcattaaacagcttcaatgagatccagcaagcetcaagetcagagtactgatcacatgggatttcagataggagetgggaataatttgatgaacttatctggt
gggttgggaatggatcagtggcgaaatttgcagceaaattectttcttgggtagtactggcetttgacttatcatcaacaacaggcettatacccatttcaaaatactact
gaaggagttgatcaagacagtcagctaaggactgctaattctagggttactactcatcaggtgectectgtaaaagttgaagatcacaaccatggggtgagtt
tgactagaccctttttgggtatttcagggaataacaataacaacaacaataataacaacaacgacaacaacaatcagttctggggcggaaatgegtggac
ggatatatcaggtactctcaactcgtcttccacaagccatctcttataa

21 ReDof21 atggctgaggtcagcageggecaagatgtgccecggaattaagetgtttgggacaaccattacattgcagaacaaacaagtagtactaaaagatgatcatc
atcatcgtcaacccaagaaagccgacgacgttcatgaccaaacggtggagatgaagaggccggagaagatcataccatgeectagatgecaag
agcatggagaccaagttttgttacttcaataactacaatgtaaaccagcctagacacttctgcaagggetgtcagaggtactggacggecggecg
gggccctacggaacgtgectgtgggagecggecgtcggaaaaccaagecteccgggecgggagttggetggtttcccggagggttgtttgtatga
cgcttcagaggtggtecaacagtttgagetggatggggtggtggaagaatggcacgtggeggeggtacaaggegatttccgacatgtttttccg
gtggtgaageggcggaggagtggcccaagtggtcaaacgtgcagetga

22 ReDof22 atgggattgagtacaaagcaggttagtagtgatggcttggattggagccagaccttgttgcaagcacaaagcetttgagetgccaaaaccgectgtggcga
ggcggceaacagcaacaaagecaggagcaatcggagceagttgaagtgtccgaggtgtgaatcaacaaacacaaagttctgttactacaacaactaca
acaagactcagcctaggcacttctgcagagettgcaagaggcactggaccaacggtggaacgcetcagaaacgtecetgttggtggccacggtcgga
aaaacaagcgcaccaggaaaccgaactctagtgcctccgecgecaaaaccaccacaaatggtgcttgtactattgeccacgacgactagggtcaataa
taccaacttggtatttgatcgaaccgacggtgtgcaaaggcttaacagecacttggcaattgatggagagcaaaggctcaactcgeatacgggagttettctt
cctcaacagaatttaatcacctcaagtgaattggacaaccatatattttcatcgtcatcaggtttaagtagtactactatgecttttaactttcttcaagetggtagage
ccaagtactgagctttcccttctcaagctcaagtacttcaagttcctttgacgcaatttcaacatcttttcaatccccaaatgtttgcaactacccccaagaattcaa
atccatggaggagccaaccatcaccagcatcatgecctcaacaaccatcacaatcccgeaggcetaataattcaagegtecggeatgtacacatcaaacg
actggaattgggaggacattgaaacccettgtttctactgatctcaatgtgccttgggatgattctgatatgaacccgtaa
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Supplemental Table 3. (Continued)

No. Name CDS sequence

23 ReDof23 atgttcacagctccagttctcgaacagatgetgeactctcaatccggacaattggtcatgaaccagaagecgtegtggaagecccacgtegagategete
ccaattgceeccgetgegegtettccaacaccaagttctgctactacaacaactacagectctegeagecgegcetacttctgcaaaggetgccggagata
ctggaccaaaggegggteecctgagaaacgtgeccgteggeggeggttgcagaaagaaccgecgeggeaggteggtecaggetctegeaggcetga
ccgggtttcgttgagttactatcgtcacaacagetcgagtggtageggtggtgatetatccgageageagtecatggaaggtggagecaacggatcggat
atcgacttggctgctgtgtttgctaagttcttgaaccaagactctagcaacgaacatgatcccaatttggttggatcagaatcgatcecccgacgatgttcatgag
gcaaacgcattatctgatcactcccaaatttcttcaaaccccgaggaagatcttcttgaatcagtggagctacttgaaggactcgtacttcctgatcaggatcat
caacaattacacgaagaggataatattcagaatattatgggaaatcaacaccatcatgatttgagtattcatgaatttgggttgcagggtttgctaggcgatgag
gatgtgttttggactgatacaactgcaagtttgacaagtagtactactagtttcacatggcaagagttggataattcattcccatctaatgatgatgatcatatgaag
atatcgaccaccacgacgaatctatgtagcgataactggagctcctttgatttttcaggettggaagttttctcaggatcataa

24 RcDof24 atgcccgcetagtactacgectectgaagtetccgggatcaaacggecgagactgatccagageatgectgetgettacccacegecatectetgecgac
ccgcetteectgeccgegcetgeaactccacccagacgaagttcetgetactacaacaactacaacctegetcagecccgecacttetgecaagggcetgeeg
ccgctactggactegtggtgggoccctccgeaacgteccegteggeggeggaactcgcaacaagaaacccagactecctcaccgegectectecte
caactccteecggetegecttectettcgteecctcacccacgagaccaccgeaccgaacaaacccacttcegacteccgetgtggaaaageccgatttgtee
tccgaccaacaacaacaacaacttctcaacctgaacgacaacgttacgagtgaaggagggttttcgtttctgacgatgatgaacgctcaggaacaacctg

ggtttttgtcecttggtggotatgggtacgggtcggggtttgcccatgggticcagcaaggttacgggtacggegecagagecgeaggggttgattttcegac
ggagatggtcggtgcttttgetggtgtctatggtgttcctggggctgetgcttcttccgggtttgacgtcaacacgtggcagatggeggttgetgatcatgaaggt
caaggtggtggattggottgattggccggaggttcagattctcgattccgtgccagetgtcagtggtggtggtetcaaggaagaaaaggtggcagetgatace
ccaactgacccttgtcttaatttccctgegttetga

25 ReDof25 atggacactgctcaatggccacagggaattgtggtgaaaccaatagaagagatagtgacaaacacatgecctaagecttettctgetaataatctagagag
gaaacttgcaaggcctcagaaagaatcagecctaaactgtccaaggtgeaactccaccaacaccaagttctgttactacaacaactacagectcacaca
acccagatacttctgcaagacctgtagaaggtactggactgaaggtgggtcectcaggaacatcccagttggtggaggctcaaggaagaacaagagat
catcatcttcttcctcatcaacaacaacttctaatatttcgaacaactcatcaaagaggcttcctgatctgatacaaccccaaggcaaccaaggtaaccaagg
ccaagatctaaacttgggctttccatctaatcaagtttttgcacagcatcaaatccccaacattgatcaaaacagtgacaagaacaacaactcttctagtactac
cacaacagcatctcacctctcagcetttggagcettctcactggtttgacctccaggggtttgaactecttcatgeccatgecagtgectaattcagatcccaacag
cagcaacaacagtgcaagtgtatatacatctgggtttcccatgagtgagttgatgatcaagccaacccttaatttctctettgatgggcttggaagtggatatggg
agtgctctacaaggtcatcatgttcaagaaaatagtgggaggcttttgtttccatttgaggatttgaaacaagtatcaggcagtggtagtggaattgatcatcatca
gcagaacaacaaggagcatcatcatggtggagactcaactgggtattggactggaatgttaggaggaggaacatggtaa

26 ReDof26 atgggtcataattctctacaagtttgcatggattcatctgactggcttcagggctcgattcacgaggaccagtctccgatggactcttcgtcaccactatccgge
gacatcttaacatgctcaaggeccttgatagagagaaggttgaggccaccacatgaccaatcccetcaagtgecctaggtgcgactccacccacaccaa
gttctgetactacaataactacagectctctcagectaggtacttctgcaagacctgtagaaggtactggaccaaaggaggtacactcagaaacatteetgtt
ggtggtogttgtagaaagaacaagaaggttgcttccaagaaacccaatgaagatcacagtecctccatgaaccctaaccatcttgggtegtcatcttegtcett
ctcaacacaaccctactgatctccagcetctegttccccgaccagatgcagttttcgcatctgaataacttgatgettggtectcaagggacaggaaaccctaa
tttcatggatggcaggtatggtaacattaacagtatgcttgagaattcaaaccagttgaggccaattgacttcatggagagtaagttggaagetatagtgggga
atgctaggaactatgatttcatggggagtggtggtoatggtttgggtatggtaggtggecttagtaatatgggggoctcatggactggaatctggettccatggttttt
gttctagttcatttggatcaatgtctcttgatcatcatgggaataacaatgggactaatttcatggacacttgccagaggttaatgttgccatatgaagcaaatgagg
atcatcaccatcatcaaaatgaaattcatgatgtgaagccaaacactaagctcttgtctcttgagtggcaagaccaaggetgctcagacgecggaaaaga
atcatcatatgggtacctcaatggtctcggaacatggacaggcgtgatgaacaactacgggccatccacgacgaactcattagtctaa

27 ReDof27 atgcaagacattcagtcgatcggagggaggttcttcggeggegecggaggcggagaccggaggcetacggecacaccacaaccagaaccaccag
gecttgaagtgccctaggtgcgactcgatcaacaccaagttctgetactacaacaactacaacctctctcagectcgecacttctgcaagagetgecgec
getactggaccaaaggeggcegtectccgeaacgteceegteggeggaggctgcaggaaaacgaagegttccaagecgaagtcttcttettcttcatcg
ccggectcaccgecgeageagecgaacagegagegeagagecagetccaattccagecagegagagetegagectcacgaacacggecaccg
caacggcgacggaggccgtetcggetecgtettcgacgtecteggettccaatcettctcaacattectegtccecgagtccaaattettegtttccccaageac
gaatttcgaggceggctggagcecaccatgetcgaacagagegecacggaaattggaatgttctcggatattgggagcttcacgagcettgatcactgectect
cgaacgacgtgccgttcggtttcaccaacatcaacgacatttccgtctcgecgttcaggcecaaaccaaccgectgecggtcatctaaatcaggtgeagea
aaaccagtgggagcagcaacacaaccagaataaccaggaactgaagatgccggagatcaccggaggaatgetggatcagacggetcaggtgaat
ttatcagtgttccaaaccaaaatcaacggcggaggaggaggagggtttgggtcgctgattggcageccggecggtgatcaaggtetgtttgatctcecca
acaccgttgatcaagcatactggagtcagggtcagtggagcgatcaagacccteccagtetctaccttcecgtaa

28 ReDof28 atgctgcaggaaactaaggacccggcgatcaagcettttcgggatgaagattcegetgecggecgecggagactacgatgacttggggtttactatgece
ggaaagaaacgagttgatcaagaacatgaagaagaggaagaagaagaagagaaggattcaccatcaacaaaagacactgagagcatagaagaa
caagatgattctccaaaaactgaagactcaacaagtatggaaatgctaccagattgtaatgtgaacccaaagacaccctcaatcgatgaagaaagtgca
aaatcaaaagctccgaaggagaaagaacagaatgatgcaaccaacttgcaagagaaaaccctgaagaagectgacaagatactaccatgececteg
ctgcaatagcatggacaccaagttttgttactacaacaattacaacgtcaatcaaccgcgccatttctgcaaggcettgtcaaagatattggactgcaggtggta
caatgaggaatgtgcctgtgggagetggacgtcggaagaacaagaactctgcctcacactatcgecagatcacaatttctgaggetctccaagtagetca
aatggatgctccaaatggagctcagcaccccggattgaaaagcaatgggagagtecttaactttggegtagatgcactagtgtgtgattccatggcettctgtttt
acaccttgcagataaaaagggtttaaatggtactactcgaaatggatttcataagagcgaagaattagtatttccagcetecttgcaagggtagagaaagtggc
gatgattgctcaattgcatcttctgtaacagettcgaaaccacaaattcagaatgcecaatggcettctccgcacaaattcettgtettcetggtgttecttggecttatca
atggaattcagctgttcccccaccggcettttggccctecgggaatgectataccagttttccctgcagcettattggaactgtggegtecctttccaagtgectgttc
cttggttcagtccacaggcetgcettctcccaaccaaaagtctccaaactccgectcaagtictccgacactgggaaageattcaagggagggagagatgttc
agaccagaagttcatttggagaaagaagaaccatcaaaaaagaaaaatggatttgttttggttccaaaaacattaaggattgatgacccaagtgaagetgc
aaagagttcaatatggacaacacttgggatcaagaatgattgcatcagcagtgggaatgggctgtttaaggecttccaatcacaatcaaagggtgatcaaa
agaaacatgtccctgaaacctcteecggctttgetagecaacccageagcecttgtctagatcactcaacttccacgagagaacttga

/0 y7/PuU-ou-Aq/sasua9l|/610 suowwodaAeaId//:sdny (/0 /Pu-ou-Agq/sasual|/Bi0° suowwodaAleald//:sdiy) asual|
AN-DN-AgG DD 8y} Jepun pajnguisip ajoie ssaooe uado ue si siy] "ssao0y uadQ eIA L0-20-GZ0Z 1e /woo Alojoejqnd pold-awiid-yJewlayem-jpd-awiid//:sdny wouy papeojumoq

J. AMER. Soc. Hort. Sci. 147(5):239-248. 2022.



Supplemental Table 4. Information for RcDof genes in the Rosa chinensis genome.

Gene name Gene_id MW Instability index Aliphatic index pl
ReDof01 XP_024191320.1 30,330.41 40.53 53.01 8.68
ReDof02 XP_024191312.1 30,881.92 41.35 52.42 8.18
ReDof03 XP_024178062.1 31,047.02 48.98 49.96 8.56
RcDof04 XP_024178056.1 32,654.87 46.39 51.04 8.55
ReDof05 XP_024191900.1 39,093.84 55.67 52.7 8.84
ReDof06 XP_024181122.1 24,530.25 38.73 47.36 8.73
RcDof07 XP_024186158.1 24,435.83 52.43 43.29 8.19
ReDof08 XP_024184677.1 38,109.93 50.14 50.17 8.77
ReDof09 XP_024188573.1 40,270.28 54.37 51.73 9.36
RcDof10 XP_024185752.1 34,536.11 53.36 56.18 8.98
ReDofl1 XP_024181086.1 55,193.15 57.94 52.93 5.84
ReDof12 XP_024190311.1 32,938.2 47.84 7.78 6.02
RcDof13 XP_024189477.1 43,583.13 63.72 88.52 8.72
ReDof14 XP_024189476.1 44,132.76 64.02 87.89 8.72
RcDof15 XP_024194374.1 56,830.46 52.28 51.69 5.73
ReDof16 XP_024161212.1 34,539.9 50.69 51.71 6.78
ReDof17 XP_024158293.1 37,542.15 42.01 54.87 7.68
ReDof18 XP_024159083.1 31,843.12 65.05 44.44 9.48
ReDof19 XP_024158076.1 31,481.68 49.36 54.39 9.62
ReDof20 XP_024158075.1 38,379.23 48.32 53.16 9.39
RcDof21 XP_024159528.1 19,522.23 49.93 60.17 9.12
RcDof22 XP_024199643.1 32,750.17 62.95 56.85 8.16
RcDof23 XP_024166964.1 33,218.16 44.75 6291 4.82
RcDof24 XP_024165790.1 29,458.66 45.43 53.19 6.51
ReDof25 XP_024174860.1 32,619.89 43.96 55.9 8.87
ReDof26 XP_024173084.1 37,471.48 41.41 52.63 6.36
ReDof27 XP_024174414.1 34,330.7 67.92 51.74 8.52
ReDof28 XP_024172633.1 51,227.54 56.28 56.45 6.58

MW = molecular weight, pl = isoelectric point.

Supplemental Table 5. The cis-regulatory elements of RcDofs.

Cis-acting element Sequence The function notes

ARE AAACCA cis-acting regulatory element essential for the anaerobic induction
ABRE ACGTG cis-acting element involved in the abscisic acid responsiveness
TGA-element AACGAC auxin-responsive element

LTR CCGAAA cis-acting element involved in low-temperature responsiveness
GARE-motif TCTGTTG gibberellin-responsive element

P-box CCTTTTG gibberellin-responsive element

MBS CAACTG MYB binding site involved in drought-inducibility

TATC-box TATCCCA cis-acting element involved in gibberellin-responsiveness
TGA-box TGACGTAA part of an auxin-responsive element
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