Accepted Manuscript

PROGRESS IN
Biophysics &
Molecular Biology

Genome-wide identification and expression analysis of dormancy-associated gene 1/
auxin repressed protein (DRM1/ARP) gene family in Glycine max Dokt

Gilza Barcelos de Souza, Tiago Antdnio de Oliveira Mendes, Patricia Pereira Fontes,
Vanessa de Almeida Barros, Amanda Bonoto Gongalves, Thiago de Freitas Ferreira,
Maximiller Dal-Bianco Lamas Costa, Murilo Siqueira Alves, Luciano Gomes Fietto

Pll: S0079-6107(18)30216-5
DOI: https://doi.org/10.1016/j.pbiomolbio.2019.03.006
Reference: JPBM 1440

To appearin:  Progress in Biophysics and Molecular Biology

Received Date: 30 September 2018
Revised Date: 17 March 2019
Accepted Date: 19 March 2019

Please cite this article as: de Souza, G.B., de Oliveira Mendes, Tiago.Antb., Fontes, Patri.Pereira.,

de Almeida Barros, V., Gongalves, A.B., de Freitas Ferreira, T., Dal-Bianco Lamas Costa, M., Alves,
M.S., Fietto, L.G., Genome-wide identification and expression analysis of dormancy-associated gene 1/
auxin repressed protein (DRM1/ARP) gene family in Glycine max, Progress in Biophysics and Molecular
Biology (2019), doi: https://doi.org/10.1016/j.pbiomolbio.2019.03.006.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.pbiomolbio.2019.03.006
https://doi.org/10.1016/j.pbiomolbio.2019.03.006

Genome-wide identification and expression analysis of Dor mancy-Associated gene
1/ Auxin Repressed protein (DRM 1/ARP) gene family in Glycine max

GilzaBarcelos de Souzal, Tiago Antonio de Oliveira MeadBatricia Pereira Fontes?,
Vanessa de Almeida Barrogémanda Bonoto Gongalves?, Thiago de Freitas Feteir
Maximiller Dal-Bianco Lamas Costa!, Murilo Siqueirdves*2, Luciano Gomes

Fietto®

1 Departamento de Bioquimica e Biologia Moleculdnjversidade Federal de Vicosa,

Avenida PH Rolfs s/n, Campus Universitario, 36500-¥icosa, MG, Brazil

*Corresponding authors:
Luciano Gomes Fietto, Departamento de BioquimicaBielogia Molecular,

Universidade Federal de Vigosa, 36571.000, VichKa, Brazil.

Phone: +55 (31) 3899-3046, Fax: +55 (31) 3899-287®ail: Igfietto@ufv.br;
Murilo Siqueira Alves, Departamento de Bioquimica BEiologia Molecular,
Universidade Federal do Ceara, 60440-900, Forta@zaBrazil.

Phone: +55 (85) 3366-9817, E-mail: murilo.alves@hrfc

2 Present addres®epartamento de Bioquimica e Biologia Molecular,ivérsidade
Federal do Ceard, Avenida Humberto Monte S/N, Caniiai, 60440-900, Fortaleza,
CE, Brazil.



ABSTRACT

Dormancy-Associated gene 1/Auxin Repressed pr@2iRiM1/ARP) genes are
responsive to hormones involved in defense resptmbéotic stress, such as salicylic
acid (SA) and methyl jasmonate (MeJA), as well ahdrmones that regulate plant
growth and development, including auxins. Theseaattiaristics suggest that this gene
family may be an important link between the respottspathogens and plant growth
and development. In this investigation, the DRM1FABenes were identified in the
genome of four legume species. The deduced protens separated into three distinct
groups, according to their sequence conservatibtie. dxpression profile of soybean
genes from each group was measured in differestnsicafter treatment with auxin and
MeJA and in response to the nematdtidoidogyne javanicaThe results demonstrated
that this soybean gene family is predominantly egped in root. The time auxin takes
to alter DRM1/ARP expression suggests that thesegyean be classified as a late
response to auxin. Nevertheless, only the groupsdl3 are induced in roots infected
by M. javanicaand only group 3 is induced by MeJA, which indésat high level of

complexity in expression control mechanisms of DRAMRP family in soybean.

Keywords. auxin; methyl jasmonate; gene expression; planiiggen interaction.

1. Introduction

Auxins are an important class of plant hormones dnehestrate plant growth
and development through gene expression regulgiédel and Theologis, 1996;
Verhageet al, 2010;). Some auxin responsive genes were deskabd all of them are
involved in some aspects with plant growth and tgreent. The auxin responsive
genes include small auxin up RNA (SAUR), Gretchergéh3 (Gh3), Auxin/Indole-3-
AceticAcid (Aux/IAA), auxin responsive factors (ARF), and d@mey-associated gene
1 (DRM1l)/auxin repressed protein (ARP) (Hagen andlf@le, 2002; Kimet al,
2007).

The DRM1/ARP family is exclusive to and conserwetiigher plants (Park and
Han, 2003). Gene expression analyses indicatedtibae proteins probably present a
role during plant development and growth (Park Bfash, 2003; Woocket al, 2013).
However, the biochemical function of DRM1/ARPs pios have not been
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characterized yet. The initial characterizatiorD&M1/ARP family demonstrated that
the orthologous genes PsDRM1 and PsDRM2 fRoreativumare expressed in dormant
axillary buds. Similar results are foundAmabidopsis sorghum $orghum bicolorand
kiwi (Actinidia deliciosa (Kebromet al, 2010; Stafstronet al, 1998; Tatematset al.,
2005; Woodet al, 2013). The expression of DRM1/ARP frdt sativumandB. rapa
occurs in mature tissues or tissues where growgshchased, which indicates that their
functions may be related to growth interruption €let al, 2013; Stafstronet al,
1998). The expression of BrARP1 and BrDRM1 was lisgly correlated with the
expression of the growth marker BrRPL27 in mangues (Leeet al, 2013). Similar
results were observed in axillary buds of kiwi fstde-DRM1 and Ade-CDKB genes
(Woodet al, 2013).

Some members of the DRM1/ARP family were analyzedesponse to biotic
stress (Kimet al, 2007; Zhaoet al, 2014; Poupiret al, 2016). The silencing of
GERI/ARP1 increased plant susceptibility to infentiby Tobacco mosaic virys
Pectobacterium carotovorum subsp. carotovoead Phytophthora parasitica var.
nicotianae A similar result was observed for the TaARP gipen Triticum aestivum
The knockdown of TaARP resulted in higher suscdptilio fungusBlumeria graminis
f. sp tritici. (Songet al, 2014; Zhacet al, 2014). The NbDARP1 gene is expressed in
Nicotiana benthamiananfected with Hibiscus latente singaropeirus (HLSV) and
Tabacco mosaic virugTMV) (Salvianti et al, 2008). EUNOD-ARP1 is mainly
expressed in root nodules Bfaesagnus umbellatenfected with the symbiont fungus
Frankia, compared to the uninfected organ (Kenal, 2007). AtDRM2 is induced in
response to infection by the fungudsichoderma harzianumand the rhizobacteria
Burkholderia phytofirman®sJN (Moran-Dieet al, 2012; Poupiret al, 2016).

Moreover, the DRM1/ARPs genes are induced in incdibfe interactions
between peanut plants and the peanutroot knot toelmaMeloidogyne arenaria
(Proiteet al, 2007; Guimaréest al, 2010). ForGlycine maxa DRM1/ARP gene is
expressed during the initial phase of incompatibleractions. Two DRM1/ARP genes
were differentially expressed in response to nedwtdleloidogyne javanica It
provides insights into the role of ARP genes innplstress responses, especially in

nematode- interactior(®e Séet al, 2012).



DRM1/ARP genes are responsive to hormones invoivetefense response to
biotic stress, such as salicylic acid (SA), besideemones that control growth and
development, such as ethylene and auxins. Thesaatbastics suggest that this gene
family may be an important link between the respottspathogens and plant growth
and development. Nevertheless, the transcriptipmafile of DRM1/ARP genes in
relation to auxin remains controversial. Auxin reelsl SARS mMRNA accumulation in
strawberry during fruit development (Reddy and Roaw, 1990). The RpARP
transcript levels inRobinia pseudoacaciare completely extinguished 6 hours after
treatment with exogenous auxin (Park and Han, 2083PRM1 and AtDRM2
transcripts are reduced in response to IAA (Raeal, 2014). On the other hand,
PpARP1 and PpARP2 genes are induced by 0.2mM of itARyrus pyrifolia (Shi et
al., 2013). InBrassica napusauxin 2,4-Dichlorophenoxyacetic acid strongly inelsic
the accumulation of BhARP1 transcripts after 2 Bafrtreatment in transgenic lines of
Arabidopsis overexpressing BnARP1 (\Wal, 2017).

The availability of the complete soybean genomeaisege allows more detailed
studies on gene families that may play a role enpldefense pathways. Since the
DRM1/ARP family has not been characterized in aegume species, in this work,
DRM1/ARPs genes were identified in the genome af fegume species and clustered
according to the phylogenetic relationship and saqa conservation. The expression
profile of each defined group was measured in smybean organs, after treatment with

auxin and MeJA hormones, and in response to thetweleM. javanica

2. Materialsand Methods
2.1. Identification of DRM 1/ARP genesin four legume genomes

The AtDRM1 (Gene ID: At1g28330) amino acid sequenes used as query on
BLASTP algorithm (Altschukt al, 1990) and searched against the predicted psotein
based on genome sequence from four legume gend@hasne max(Gm), Medicago
truncatula (Mt), Phaseolus vulgarigPv) andTrifolium pratense(Tp), retrieved from
Phytozome release v12.1.5 (Goodsteinal, 2012). In addition, the search was
extended to two species from tBeassicaceadamily (Brassica rapaandArabidopsis
thaliana). A cutoff e-value of 10 é2was defined for all searches. The presence of a

typical dormancy/auxin associated protein domam all recovered sequences was
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confirmed using the Pfam database release 31.0 @@iral, 2014). The theoretical
isoelectric point and molecular weight of the amimmd sequences were calculated
using the ExPASy Compute pl/Mw tool (Artimet al, 2012). The gene IDs, protein

length and other- information are summarized inSbpplementary Table 1.

2.2. Legume DRM V/ARP cluster analyses

The protein sequences were aligned using Clustadarsoftware system with
default parameters (Sievers and Higgins, 2014). dligmment was used to calculate a
pair-wise identity matrix. The pair-wise identitiaere used to calculate the distances
between the sequences using the Phylip softwarésefisein, 1989). A visual
representation of the distance matrix was obtaimechultidimensional scaling (MDS)
plot with two dimensions (2D). The cluster idert#iion in the plot was performed by
the K-means method (Steinley, 2006). The MDS, elust), and plot were performed
using the R software platform (R Development Cosanh, 2011).

2.3. Sequence alignment and phylogenetic analyses of DRM /ARP genes
The amino acid sequence of DRM1/ARP frain thaling B. rapa and four
legumes (Gm, Pv, Tp, Mt) present in each clustentified by K-means analyses were
used to create phylogenetic trees on MEGA 7.0 (Kushal, 2016). The phylogenetic
trees were built using the neighbor-joining metkoth the Kimura 2-parameter model
and uniform rates among the sites. The tree qualdg estimated using bootstrap

resampling with 1,000 replications.

2.4. Primer design of specific groups of DRM L/ARP in soybean

The nucleotide coding sequences of each clustez alggned using the on-line
Clustal Omega program (Sievers and Higgins, 208Hnserved regions between
sequences from the same cluster and polymorphisesegs of other clusters, both
smaller than 200pb, were selected among all thaesegs for primer design (Cab
al., 2016; Freitagt al, 2011;pos Santos et al., 2012). Primer sequences weraatgdl
for the formation of homodimers and heterodimessngi the Oligo Explorer software
(Gene Link). Primer specificity was assessed udimg Electronic PCR (e-PCR)
software (Rotmistrovskyet al, 2004) against soybean genome retrieved from
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Phytozome release v12.1.5 (Goodsteiral, 2012). Primers for reference genes were
synthesized according to let al (2012) and Mirand&t al, (2013) (Supplementary
Table 1), that used and validated these genes raditodive in theirs experiments in

soybean.

2.5. Expression profile of DRM 1/ARP genes in soybean organs and in response

to phytohor mones.

The expression of DRM1/ARP clusters was analyzetkad, stem, root (V3
stage) and mature seed of more than 450 mg of aaytdtivar CD 206 (Alvest al,
2015). In order to evaluate gene expression inoresp to exogenous application of
phytohormones, the soybean plants of cultivar CB&6re grown in a greenhouse, and
when they reached stage V3. To the auxin treatntbat|eaves were collected and
sanitized with water, alcohol, and distilled watBne detached leaves were incubated in
the dark at 60 rpm at 25 ° C in petri dishes comg MS medium (1% sucrose, 0.5 g/
L MES, 0.01% (v / v) Tween 20, pH 5.8) supplememith and 10QM indole-3-acetic
acid (Sigma-Aldrich) (Kimet al., 2007). After one, six and twelve hours of treattnen
with auxin. The control corresponds to the timeozlours of the experiment and
without supplementation with the hormone. Eachdgaal sample represents a pool of
leaves of three plants many different. To the Jeatiment, V3 stage soybean plants
were sprayed until dripping with a solution of 160M of MeJA (Sigma-Aldrich).
Samples were collected 0, 1, 6, and 12h after expa® the hormones (Alvest al,
2015). After harvesting, the plant materials weneniediately frozen in liquid nitrogen
and stored at —80 °C until RNA extraction.

2.6. Infection of soybean plants using Meloidoygne javanica nematode
Ten-day-old plants of the susceptible soybean \varlti“Desafio” were
inoculated with a solution composed by 20000MJ3avanicanematode mixed in 5mL
of water. Root samples from inoculated plants amtknwvere harvested 3 days after
inoculation. As control treatments, plants werewgraunder the same conditions and
were subjected to false inoculation (MOCK). Theacte sample was carefully rinsed
with water, immediately frozen in liquid nitrogemd stored at -80°C until RNA

extraction.



2.7. cDNA synthesisand gPCR data analysis

Total RNA was extracted from each sample usingolmeagent (Invitrogen).
After purification, the RNA was quantified by spegihotometer (Nanodrop 2000,
Thermo Fisher Scientific) and analyzed on 1.5% )vatyarose gel. A total of 2g of
RNA was treated with one unit of DNase | Amplificet Grade (Sigma-Aldrich) to
remove potential contamination with genomic DNA. eTlkDNA synthesis was
performed using 2ig of total RNA and High Capacity cDNA Reverse Ti@ision
Kits (Applied Biosystems). The gPCR reaction caondé were performed on a
StepOne Real Time PCR platform (Applied Biosysteras)ng specific primers
(Supplementary Table 2). The Rias calculated for each primer set, and the macti
efficiency was calculated using the following forimu E = (10Y5°P3-1. The
amplification reactions were performed under tH®Wang conditions: 10 min at 95°C;
40 cycles of 15 s at 94°C and 1 min at 60°C. Atter amplification step, a melting
curve was performed for each primer set. The redatjuantification was done by a
standard curve obtained for each gene, by the iequat the line relating average Ct
and log10 of control cDNA concentration (Freittsal, 2011;Dos Santos et al.,2012).
The results were normalized withBC4, CYP2, and ELF1A references genes. The
results were analyzed using ANOVA, and the grapéevprepared using the GraphPad
Prism 5.0 software (GraphPad Inc.).

3. Resultsand discussion
3.1. DRMY/ARPs genesin four legume plant species

The amino acid sequence of AT1G28330.5 was usebteon otheDRM1/ARP
family membersin A. thaliana All 13 sequences obtained fro. thaliana were
individually used in a new screening in four legusmecies and. rapa Protein
sequences with an e-value 1*° were initially selected and thdormancy/auxin
associated proteiflPF05564) domain was confirmed using PFAM databa3ée
candidates without full domain were discarded ftbm study.

Through the analyses of sequence similarity andckefor dormancy/auxin
associated proteimlomain, 27 protein sequences were identified in G2nin Mt, 8 in

Pv, 5in Tp, 11 in Br and 13 in At. Despite to beoaserved family in different species
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of plants, the gene number in each species vaBegbean presented the largest
DRM1/ARP family among the species investigatedhis study. The 27 proteins are
codified by 8 genes through the alternative splicesl located in 8 different
chromosomes, numbered as 3, 7, 10, 13, 15, 16nd 2@ This genetic family has few
members iPA. thaliana(5 genes) and Kiwi Actinidia deliciosa- (8 genes) (Wooet
al., 2013; Raet al, 2014). The size of soybean predicted proteinging from 106 to
211 amino acids, with a molecular weight betweerb41Glyma.13G237000.3) and
22.51 kDa (Glyma.19G232400.3). DRM1/ARP proteingally were small proteins,
with molecular weight less than 20 kDa and chareties of basics proteins (Woad
al., 2013). All of them have a high theoretical ismdlic point, ranging from 8.89
(Glyma.13G237000.2) to 10.26 (Glyma.20G237200.3¢tailed information about
these genes is provided in Supplementary TabRe&ults showed that DMR1/ARP is a
gene family highly conserved in plant at the pmotigivel, but more studies about its

function are necessary (Woetlal, 2013), principally in soybean.

3.2. Phylogenetic analysis and classification of legume DRM/ARP genes

The sequence similarity analysis and K-means daiagteshowed that the
proteins from the four legumes, thalianaandB. rapacan be distributed into three
well-defined clusters (Figure 1A). In order to aiza& the phylogenetic relationship
among the DRM1/ARP family, all protein sequenceasmreach group were used to
build phylogenetic trees on MEGA 7.0 (Figure 1 Ba@d D). The presence of these
three well-defined clusters suggests that the semuspecificity of this family arose
prior to legume speciation. Park and Han (2003)gesgthat this family may have
arisen before phylogenetic separation between noiscand dicots due to the high
levels of conservation among the DRM1/ARP genegsiinably, the pattern of
conservation was maintained in these species dubeio fundamental role in the
growth and development of higher plants (Park aad,F2003). However, the proteins
Gm21, Gm22, Gm23, Gm24, Gm25, Gm26 and Gm27 framtet two compose an

exclusive soybean clade, which suggests that tjeses have specific roles in soybean.

3.3. Expression analyses of soybean DRM/ARP genes in different soybean
organsand in response to hor mones



DRM1/ARP genes have been related to plant growthession and bud dormancy
maintenance (Leet al, 2013; Woocket al, 2013, Zhacet al, 2014; Raeet al, 2014).
However, the relationship between this family anolgh and development in soybean
has not been studied. Aiming to increase knowledbeut the possible role of
DRM1/ARP genes in soybean, the expression profilthis family was evaluated by
gPCR in different organs of soybean plant (roatnstleaf and mature seed). High
expression was observed in the root, for all thgemips (Figure 2). These results are
corroborated by studies @ rapaandA. thaliana BrARP1 and BrDRM1 genes show
high transcript levels in root, hypocotyl, matuesaf, petals and sepals (Le¢ al,
2013). Some alternative transcripts of the AtDRMid &AtDRM2 genes exhibit a
similar expression profile in many tissues, beielgtrvely higher in non-growing tissue
(Raeet al, 2014).

The transcriptional profile of the DRM1/ARP familyas analyzed after MeJa and
IAA hormone treatment in soybean leaves. The espaf genes activated by auxin
(AUX/IAA) (Ding et al, 2008) or MeJda (VSP2) (Fernandez-Caleb al., 2011)
pathways was used to validate both hormone treasm(@&mgure 3 and Figure 4). All
clusters of soybean DRM1/ARP protein were induc2d after the auxin treatment,
while MeJa affected the only Cluster 3 6h after tieatment (Figure 3 and Figure 4).
DRM1/ARP response to MeJa lacks functional datathis study, MeJa exposure
induced DRM1/ARP expression for cluster 3, whileAinthaliang the genes AtDRM1
and AtDRM11 are repressed after the MeJa treatifiaeget al.,2014). In rice, genes
upregulated in dormant buds are also induced byrbs. implied a correlation between
strigolactoneé/mediated axillary bud dormancy and JA (Leial., 2019). JA is also a
hormone with a key role in the regulation of théedse signaling (Pieterss al.,2011)
and the responsiveness of the cluster 3 might atelia possible role of this group in
response defense. DRM1 and 2 yet were relatedt lar abiotic stress response (Rae
et al, 2014).

The time it takes for DRM1/ARP to change its expi@s after exposure to
auxin suggests that those proteins can be clatsaelate response proteins to auxin.
While genes for primary response are quickly atteadter hormone exposure

(commonly 5- 60 minutes), secondary response géamles more time (Abel and
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Theologis, 1996). ARF is an example of a primagponse gene to auxin (Shehal,
2015). Hence, our data suggest that the DRM1/ARkIyas downstream ARF during
the auxin response pathway. Other species shovinidtietion of DRM1/ARP proteins
after auxin exposure, includinglaeagnus umbellata and Pyrus pyrifoliim et al,
2007; Shiet al, 2013). Interestingly, the auxin signaling patgwi@ads to late
expression of DRM1/ARP in soybean, which suggésis this family is a repressor of
the auxin signaling pathway.

3.4. Expression analysis of DRM1/ARP family clusters in response to M.

javanica infection

The expression patterns for all clusters were aealyafter infection with
nematodeM. javanicain roots of soybean cultivar Desafio (susceptib@®ysters 1 and
3 were induced 3 days after infection, which sutgdisat this family has a role in
compatible interactions between soybean and nemst@€igure 5). DRM1/ARP were
also related to biotic stress responses. Diffeabmxpression of DRM1/ARP during
infection stress was previously demonstrated. Twoeg of the DRM1/ARP family
were identified from a resistant cultivar (Pl 599DZDNA library synthesized after
nematode infection in soybean (De&al, 2012). DRM1/ARP genes were induced in
a resistant peanut cultivahr@achis stenospermaA susceptible peanut cultivar showed
reduced expression levels of DRM1/ARP after infactivith M. arenaria (Proiteet al.,
2007; Guimaraest al, 2010). In Nicotiana, plants silenced for NbDRM3 were
compromised in their pathogen-associated moleqa#ern-triggered immunity (PTI)
(Chakravarthyet al., 2010). These data provide increasing evidenceDRi¥I1/ARPs

are involved in responding to biotic stress.

4. Conclusion

DRM1/ARP family is a protein family exclusive fromplants and is highly
conserved among plant species. Soybean presengethripest DRM1/ARP family
among the species investigated, with 27 putativenbegs. The time auxin takes to
change the DRM1/ARP expression suggests that ti@ses can be classified as a late
response to auxin, which indicates that this fansila repressor of the auxin signaling
pathway in soybean. Finally, the data providedhis study show that, in soybean,
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nematode infection increases DRM1/ARP expressidresé data suggest that this
soybean gene family may be an important link betwibe response to pathogens and
plant growth and development. This is an increaguglence that DRM1/ARPs are
involved in responding to abiotic or biotic stressas well as the regulation of

dormancy.

11



5. References
Abadia, J. 1992. Leaf responses to Fe deficiend3laht Nutr. 15 (10), 1699-1713.
Abel, S., Theologis, A. 1996. Early genes and aaxiion. Plant Physiol. 111(1), 9-
17.
Altschul, S. F., Gish, W., Miller, W., Myers, E. WLipman, D. J. 1990. Basic local
alignment search tool. J Mol Biol. 215(3), 403-410.
Alves, M. S., Soares, Z. G., Vidigal, P. M., Batrés G., Poddanosqui, A. M.,
Aoyagi, L. N., Fietto, L. G. 2015. Differential evgssion of four soybean bZIP
genes during Phakopsora pachyrhizi infection. Fumtegr Genomic. 15(6), 685.
Artimo, P., Jonnalagedda, M., Arnold, K., Baratih, Csardi, G., de Castro, E.,
Duvaud, S., Flegel, V., Fortier, A., Gasteiger, &rosdidier, A., Hernandez, C.,
loannidis, V., Kuznetsov, D., Liechti, R., Moret8,, Mostaguir, K., Redaschi, N.,
Rossier, G., Xenarios, ., Stockinger, H. 2012. ESF. SIB bioinformatics
resource portal. Nucleic Acids Res. 40(1), 597-603.
Baker, N.R. 2008. Chlorophyll fluorescence: a praiephotosynthesis in vivo.
Annu Rev Plant Biol. 59, 89-113.
Cao H., Xu Y., Yuan L., Bian Y., Wang L., Zhen $y Y., Yan Y. 2016.
Molecular Characterization of the 14-3-3 Gene FamilBrachypodium distachyon
L. Reveals High Evolutionary Conservation and DéeerResponses to Abiotic
Stresses. Front Plant Sci. 7:1099
Chakravarthy, S., Velasquez, A. C., Ekengren, $.GGllmer, A., Martin, G. B.
2010. Identification of Nicotiana benthamiana genasolved in pathogen-
associated molecular pattern—triggered immunity. ledaar plant-microbe
interactions, 23(6), 715-726.
De S4, M. E., Conceicao Lopes, M. J., Aradjo CampbsPaliva, L. V, Dos Santos,
R. M., Beneventi, M. A., Firmino, A. A., de S4, K. 2012. Transcriptome analysis
of resistant soybean roots infected by Meloidogyaeanica. Genet Mol Biol. 35(1),
272-282.
Ding, X., Cao, Y., Huang, L., Zhao, J., Xu, C.,Xi,Wang, S. 2008. Activation of
the Indole-3-Acetic Acid-Amido Synthetase GH3-8 Brgsses Expansin
Expression and Promotes Salicylate- and Jasmondépéndent Basal Immunity in
Rice. Plant Cell. 20 (1), 228-240.

12



Dos Santos S. L., Freitas L. M., Lobo, F. P., Rgues-Luiz, G. F., Mendes, T. A,
Oliveira, A. C., Andrade, L. O., Chiari, E., Gazglinh R. T., Teixeira, S, M.,
Fujiwara, R, T., Bartholomeu, D, C. The MASP famdy Trypanosoma cruzi:
changes in gene expression and antigenic profilengluthe acute phase of
experimental infectiorPLoS Negl Trop Dis. 6(8):1779.

Fernandez-Calvo, P., Chini, A., Ferndndez-Barb&g, Chico, J. M., Gimenez-
Ibanez, S., Geerinck, J., Pauwels, L., Eeckhout,SBhweizer, F., Godoy, M.,
Franco-Zorrilla, J.M., Witters, E., Puga, M.l., Paes, J., Goossens, A., Reymond,
P., De Jaeger, G., Solano, R. 2011. The ArabidopbkiLH transcription factors
MYC3 and MYC4 are targets of JAZ repressors andadditively with MYC2 in
the activation of jasmonate responses. The PlalhtZ3¢2), 701-715.

Felsenstein, J. 1989. PHYLIP - Phylogeny Inferdpaekage. Cladistics. 5,164-166.
Freitas, L. M., Dos Santos, S. L., Rodrigues-L@z,F, Mendes, T. A, Rodrigues,
T. S., Gazzinelli, R. T, Teixeira, S. M., FujiwaRR. T., Bartholomeu, D.C. 2011.
Genomic analyses, gene expression and antigenidepiad the trans-sialidase
superfamily of Trypanosoma cruzi reveal an undetédevel of complexity. PLoS
One. 6(10):e25914.

Finn, R. D., Bateman, A., Clements, J., Coggill, Eberhardt, R. Y., Eddy, S. R.,
Heger, A., Hetherington, K., Holm, L., Mistry, Spnnhammer, E. L.L., Tate, J.,
Punta, M. 2014. Pfam: the protein families databaiecleic Acids Res. 42, 222-
230.

Goodstein, D. M., Shu, S., Howson, R., .Neupane,Hayes, R. D., Fazo, J.,
Mitros, T., Dirks, W., Hellsten, U., Putnam, N., Bsar, D. S. 2012. Phytozome: a
comparative platform for green plant genomics. MiecAcids Res.40, 1178-1186.
Guimaraes, P. M., Brasileiro, A. C. M., Proite, Kraujo, A. C. G., Leal-Bertioli,
S. C. M., Pic-Taylor, A., Silva, F. R., Morgante, \Z, Ribeiro, S. G., Bertioli, D. J.
2010. A Study of Gene Expression in the Nematodasint Wild Peanut Relative,
Arachis stenosperma, in Response to Challenge W#loidogyne arenaria.
Tropical Plant Biol. 3(4), 183-192. 183-192.

Hagen, G., Guilfoyle, T. 2002. Auxin-responsive gexpression: gene, promoters
and regulatory factors. Plant Mol Biol. 49, 373-385

13



Kebrom, T. H.; Brutnell, T. P.; Finlayson, S. AQID. Suppression of sorghum
axillary bud outgrowth by shade, phyB and defahiatsignalling pathways. Plant
Cell Environ. 33 (1), 48-58.
Kim, H. B., Lee, H., Oh, C. J., Lee, N. H., An, §.2007. Expression of EUNOD-
ARP1 encoding auxin-repressed protein homolog ieegydated by auxin and
localized to the fixation zone in root nodules ¢tddagnus umbellata. Mol Cells. 23
(1), 115-121.
Kumar, S., Stecher, G., Tamura, K. 2016. MEGA7: &talar Evolutionary
Genetics Analysis Version 7.0 for Bigger Datas&s! Biol Evol. 33(7), 1870-
1874.
Le, D. T., Aldrich, D. L., Valliyodan, B., Watanap¥., Ha, C. V., Nishiyama, R.,
Guttikonda, S. K., Quach, T. N., Gutierrez-Gonzalkzl., Tran, L. S., Nguyen, H.
T. 2012. Evaluation of Candidate Reference Genes Normalization of
Quantitative RT-PCR in Soybean Tissues under Varibiotic Stress Conditions.
PL0S One. 7 (10).
Lee, J., Han, C. T., Hur, Y. 2013. Molecular ch&edeation of the Brassica rapa
auxin-repressed, superfamily genes, BrARP1 and BtDRMol Biol Rep. 40 (1),
197-2009.
Luo, L., Takahashi, M., Kameoka, H., Qin, R., Shifig Kanno, Y., Seo, M., Ito,
M., Xu, G., Kyozuka, J. 2019. Developmental analysf the early steps in
strigolactoneé/mediated axillary bud dormancy in rice. The Plaordal: for cell
and molecular biology.
Miranda, V, J., Coelho, R. R., Viana, A. A., dew®ira, N. O. B., Carneiro, R. M.,
Rocha, T. L., de As, M. F., Fragoso, R. R., 201alidation of reference genes
aiming accurate normalization of gPCR data in sapbgpon nematode parasitism
and insect attack. BMC Res Notes. 6(1), 196.
Moran-Diez, E., Rubio, B., Dominguez, S., HermdRa, Monte, E., Nicolas, C.
2012. Transcriptomic response of Arabidopsis thaliafter 24h incubation with the
biocontrol fungus Trichoderma harzianum. J Plantsith. 169 (6), 614-620.
Park, S., Han, K. H. 2003. An auxin-repressed g&m@ARP) from black locust
(Robinia pseudoacacia) is posttranscriptionallyulatgd and negatively associated
with shoot elongation. Tree Physiol. 23 (12), 8738

14



Pieterse, C. M., Van der Does, D., Zamioudis, @qri-Reyes, A., Van Wees, S. C.
2012. Hormonal modulation of plant immunity. Annusdview of cell and
developmental biology, 28, 489-521.

Poupin, M. J., Greve, M., Carmona, V., Pinedo,d1& A Complex Molecular
Interplay of Auxin and Ethylene Signaling Pathwadgsinvolved in Arabidopsis
Growth Promotion by Burkholderia phytofirmans Ps#xont Plant Sci.12 (7), 1-
16.

Proite, K., Leal-Bertioli, S. C., Bertioli, D. J, dfetzsohn, M. C, da Silva, F. R.,
Martins, N. F., Guimaraes, P. M., 2007. ESTs fromild Arachis species for gene
discovery and marker development. BMC Plant Biolog(iL).

R Development Core Team (2011) R: A language amir@mment for statistical
computing, reference index version 2.13.0. R Fotioddor Statistical Computing,
Vienna.

Rae, G. M., David, K., Wood, M., 2013. The dormanoyrker DRM1/ARP
associated with dormancy but a broader role intplabevelopmental Biology
Journal. 2013.

Rae, M., Uversky, V.N., David, K., Wood, M. 2014RBI1 and DRM2 expression
regulation: Potential role of splice variants ispense to stress and environmental
factors in arabidopsis. Mol Genet Genomics. 2893BY-332.

Reddy, A. S. N., Poovaiah, B. W. 1990. Moleculaoithg and Sequencing of a
Cdna for an Auxin-Repressed Messenger-RNA - Cdroeldbetween Fruit-Growth
and Repression of the Auxin-Regulated Gene. PlaitBl. 14 (2), 127-136.
Rotmistrovsky, K., Jang, W., Gregory D., Schuler,@5 2004. A web server for
performing electronic PCR. Nucleic Acids Res. 323-112.

Salvianti, F., Bettini, P. P., Giordani, E., Sadth®., Bellini, E., Buiatti, M. 2008.
Identification by suppression subtractive hybritia of genes expressed in pear
(Pyrus spp.) upon infestation with Cacopsylla gi#tomoptera:Psyllidae). J Plant
Physiol. 165(17), 1808-1816.

Shen, C., Yue, R., Sun, T., Zhang, L., Xu, L., T8¢, Wang, H., Yang, Y. 2015.
Genome-wide identification and expression analg$iauxin response factor gene

family in Medicago truncatula. Front Plant Sci(B3).

15



Shi, H, Y., Zhang, Y. X., Chen, L. 2013. Two peaxia-repressed protein genes,
PpARP1 and PpARP2, are predominantly expressedrut &nd involved in
response to salicylic acid signaling. Plant Ce#isTOrgan Cult.114, 279-286.
Sievers, F., Higgins, D. G. 2014. Clustal Omegaueate alignment of very large
numbers of sequences. Methods Mol Biol. 1079, 106-

Song, J., Niu, Z., Li, Q., Bao, Y., Ma, X., Wang,, HKong, L., Feng, D. 2015.
Isolation and Identification of Differentially Exgssed Genes from Wheat in
Response to Blumeria graminis f. sp. tritici (Bg?Jant Mol Biol Rep. 33, 1371-
1380.

Stafstrom, J. P., Ripley, B. D., Devitt, M. L, DegkB. 1998. Dormancy-associated
gene expression in pea axillary buds. Cloning axpression of PsDRM1 and
PsDRM2. Planta. 205 (4), 547-552.

Steinley, D. 2006. K-means clustering: a half-centsynthesis. Br J Math Stat
Psychol. 2006. 59,1-34.

Tatematsu, K., Ward, S., Leyser, O., Kamiya, Y.imWara, E. 2005. Identification
of cis-elements that regulate gene expression gluimitiation of axillary bud
outgrowth in Arabidopsis. Plant Physiol. 138 (Z77766.

Verhage, A., Wees, S. C. M. Van., Pieterse, C..\2010. Plant Immunity: It ’s the
Hormones Talking , But What Do They Say ? Plantdily154, 536-540.

Wood, M., Rae, G. M., Wu, R. M., Walton, E. F., Xi&, Hellens, R. P, Uversky,
V. N. 2013. Actinidia DRM1 - An Intrinsically Disdered Protein Whose mRNA
Expression Is Inversely Correlated with Spring Bedik in Kiwifruit. PLoS One.
8(3).

Wu, L., Yu, M., Holowachuk, J., Sharp, A., Lydiate,, Hegedus, D., Gruber, M.
2017. Evaluation of a Brassica napus Auxin-Repre&ene Induced by Flea Beetle
Damage and Sclerotinia sclerotiorum Infection. AJ®3921-1952.

Zhao, Y., Li, C., Ge, J., Xu, M., Zhu, Q., Wu, Guo, A., Xie, J., Dong, H. 2014.
Recessive mutation identifies auxin-repressed pro#®RP1, which regulates
growth and disease resistance in tobacco. Mol MNaatobe Interact. 27(7), 638-
654.

16



Acknowledgments

This research was supported by the Conselho Ndaien2esenvolvimento Cientifico e
Tecnoldgico (CNPq), Fundacdo de Amparo a Pesquis&siado de Minas Gerais
(FAPEMIG), and Coordenacdo de Aperfeicoamento desdz de Nivel Superior
(CAPES).

Conflict of interest

The authors declare that they have no confliciatefest.

17



Figure Captions

Figure 1: Analysis by the K-means method and phylogenetalysis of DRM1/ARP
protein family members. A) DRM1/ARP protein clustaralysis. The red, green and
blue colors refer to clusters 1, 2 and 3, respeltjof DRM1/ARP proteins is.max,

M. truncatula, P. vulgarisand T. pretenseB. rapa and A. thaliana The cluster
identification in the plot was performed by the keams method (Steinley, 2006). B, C
and D, phylogenetic analysis of DRM1/ARP proteifidhe G. max, M. truncatula, P.
vulgaris, T. pratense, B. rapandA. thalianaof each protein cluster. Protein sequences
were used to create the phylogenetic tree on MEGAY .the neighbor-joining method,
with bootstrap of 1000. The identification codesath protein is in supplementary table

2. B) Cluster 1 proteins. C) Cluster 2 proteinsd)ster 3 proteins.

Figure 2: Expression profile of clusters 1, 2 and 3 of DRAMRP Family in organs of
soybean cultivar CD206. Relative quantification wagasured by qPCR in four
soybean organs. The asterisks indicate signifidédfarence between the means of the
organs analyzed by Bonferroni's Multiple Comparisest, with P <0.05. The values
refer to the means of three biological replicatesch replicate represents a pool of three
different plants; and 20 different units were uded the seeds) and two technical
replicates of each biological replicate. The exgims of CYP2, ELF1Aand UBC4

genes were used to normalize each sample.

Figure 3: Expression profile of clusters 1, 2 and 3 of DRAMRP Family and
AUX/IAA gene in soybean cultivar CD206, in resporisetreatment with 100uM of
IAA. The relative quantification was measured byCéPat 1h, 6h and 12h after the IAA
treatment. The asterisks indicate the significafféi@nce between the treatment means
(times 1h, 6h and 12h) and the control (time zebg) the Dunnett's Multiple
Comparison test, with P < 0.05. The values reptetten means of three biological
replicates (each replicate represents a pool ekthlifferent plants) and two technical
replicates of each biological replicate. The exgims of CYP2, ELF1Aand UBC4

genes were used to normalize each sample.
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Figure 4: Expression profile of clusters 1, 2 and 3 of DRMRP Family and VSP2
gene in soybean cultivar CD206, in response tdrreat with 10QM of MeJA. The
relative quantification was measured by gPCR atbhhand 12h after MeJA treatment.
The asterisks indicate the significant differeneéaeen the treatment means (times 1h,
6h and 12h) and the control (time zero), by Dureétultiple Comparison test with P <
0,05. The values correspond to the means of thidegdical replicates (each replicate
represents a pool of three different plants) and technical replicates of each
biological replicate. The expressions ©YP2, ELF1Aand UBC4 genes were used to

normalize each sample.

Figure 5. Expression profile of clusters 1, 2 and 3 of DRRA Family in the
susceptible soybean cultivar “Desafio”, duriid javanica infection. The relative
quantification was measured by qPCR three days afieculation. The asterisks
indicate the significant difference between conf{Mbck) and treatment (Infected) by
the T test, with P < 0.05. The values correspondht means of three biological
replicates and two technical replicates of eachobioal replicate. TUAS and CYP2

expressions were used to normalize each sample.
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