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Abstract

Background Small auxin-up RNA (SAUR) genes form a wide family supposedly involved in different physiological and
developmental processes in plants such as leaf senescence, auxin signaling and transport, hypocotyl development and toler-
ance to abiotic stresses. The transcription of SAUR genes is quickly induced by auxins, a group of phytohormones of major
importance on embryo development. To better understand the distribution and expression profile of such still not explored
family in Coffea sp., especially during the development of somatic embryogenesis (SE), SAUR members were characterized
in silico using the available Coffea canephora genome data and analyzed for gene expression by RT-qPCR in C. arabica
embryogenic samples.

Methods and results Over C. canephora genome 31 CcSAURs were distributed by 11 chromosomes. Out of these 31
gene members, 5 SAURs were selected for gene expression analysis in C. arabica embryogenic materials. CaSAURI2 and
CaSAURI18 were the members highly expressed through almost all plant materials. The other genes had more expression
in at least one of the developing embryo stages or plantlets. The CaSAURI2 was the only member to exhibit an increased
expression in both non-embryogenic calli and the developing embryo stages.

Conclusion The identification of SAUR family on C. canephora genome followed by the analysis of gene expression profile
across coffee somatic embryogenesis process on C. arabica represents a further additional step towards a better comprehen-
sion of molecular components acting on SE. Along with new research about this gene family such knowledge may support
studies about clonal propagation methods via somatic embryogenesis to help the scientific community towards improvements
into coffee crop.

Keyword Small auxin-up RNA. Genomic structure. Phylogenetic relationship. RT-qPCR. Coffea sp. Somatic
embryogenesis
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Introduction

Somatic embryogenesis (SE) is a morphogenetic pathway
in which a plant can produce embryos across the asexual
reproduction mechanism based especially on the totipo-
tency capacity of its cells, that is, certain living cells are
able to generate entire and new functional organisms under
the right circumstances and conditions [1]. Such technique
in coffee has been widely studied since 1970 [2] and it is
currently considered a powerful biotechnological tool for
crop improvement in diverse plant species.

Currently, the most employed methods for propagation
of coffee plants have been either by seeds or grafting. In
the first, the material purity reduces over time based on
genetic variability of seeds, whilst in the grafting approach
the production is tough of scaling up and lacks efficient
protocols available for horticultural propagation [3]. So,
an efficient SE protocol may be useful in producing a large
number of elite coffee clones given high proliferation and
regeneration capacity of embryogenic cells what makes
SE a promising biotechnological tool to benefit greatly the
coffee culture propagation sector.

Although many established protocols described in liter-
ature are genotype-dependent, a few global characteristics
are very similar among species as the initial stimuli trig-
gered by plant hormones [4]. The right balance between
plant growth regulators (PGRs) applied exogenously and
internal factors may induce plant tissue-specific cells to
reprogram into totipotent undifferentiated cells capable of
producing new embryos, but it is known that auxins play
an important role in the SE initiation process, as factors
influencing embryogenesis have a role on modulating this
hormone signaling and biosynthesis [5]. It is supposed that
exogenous auxins may trigger the synthesis of endogenous
auxins and help to transport polar auxins in responsive tis-
sues, which would establish an essential auxin gradient for
the embryo bilateral symmetry initiation [6].

Two major phases are considered crucial in SE: the
induction and embryo development stage. In the first,
somatic cells undergo a reorganization of its physiologi-
cal and molecular state in addition to changes in gene
expression patterns to acquire embryogenic competence,
which will be expressed later during the second SE phase
[1]. Little knowledge is available concerning the molecu-
lar regulations taking place throughout the SE in Coffea
sp., but some genes have already been associated to this
morphogenetic process. Differential gene expression of
the homologous genes BABYBOOM (BBM) and Somatic
embryogenesis receptor-kinase (SERK) was detected in
embryogenic cell suspensions of C. arabica, what shows
their potential to become molecular markers for cells with
higher embryogenic capacity [7-9]. Some other gene
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families have been related to the activity maintenance of
transport, signaling, synthesis and homeostasis of auxin,
such as Auxin efflux PINFORMD (PIN), Auxin influx
AUXIN RESISTANT 1 (AUXI)/LIKE AUX1 (LAX), Auxin
responsive factors (ARF), AUX/IAA, Gretchen Hagen3
(GH3) and Small auxin up RNA (SAUR) [10, 11].

The SAUR genes have been associated with early response
to auxins and were firstly identified in soybean [12], and
from that, explored in other plant species, including tomato
and potato [13], rice [14], apple [15] and arabidopsis [16].
This family has expanded in number of members along with
plant evolution [17] and the genomic structure of SAUR fam-
ily members shows some similar features: majority of SAUR
genes is intronless, contain one or more auxin-responsive
elements (AuxREs) and a downstream destabilizing (DST)
conserved element in the 3’ untranslated region (3° UTR)
consisting of three conserved elements separated by non-
conserved bases supposedly responsive to gene instability.
Another family characteristic is the presence of a specific
conserved domain (CDD superfamily cl03633) with still
unknown function [14, 16]. Although most of the members
have not yet functional analysis, due to the large size of this
family and relatively recent exploration, some members were
already pointed out on influencing hormones signaling trans-
duction, such as auxins and abscisic acid, to modulate, for
example, adventitious root development, stomatal movement
and hypocotyl gravitropism and phototropism [18-20].

Notwithstanding the little knowledge about the function
of the SAUR family in coffee plants, a few reports have cor-
related the expression of some these genes with plantlet
development, regulation of ethylene levels, hypocotyl elon-
gation, cell expansion regulation, and auxin synthesis and
transport [15, 21-23]. Taking the scarce information about
this gene family in coffee into account, without overlook-
ing their participation in auxin response, our work aimed to
identify SAUR members in the Coffea canephora genome
(the annotated genome of Coffea sp. publicly available)
focusing on better understand the roles of the family, but
also its relation with somatic embryogenesis and plantlet
development in Coffea arabica materials, the most planted,
commercialized, and exported species of coffee by Brazil.

Materials and methods

In silico analysis of SAUR members in Coffea
canephora genome and phylogenetic relationship

The SAUR members of C. canephora were obtained from
a protein comparison between sequences available on the
Coffee Genome Hub v1.0 (http://coffee-genome.org/) [24]
against known SAUR proteins of Solanum lycopersicum
[13], Arabidopsis thaliana [16], and Oryza sativa [14]
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available on public databases. The data were then checked
for the presence of CDD superfamily conservative domain
(c103633), a characteristic SAUR family domain. The result-
ing C. canephora sequences were used to perform multiple
sequence alignments using ClustalW [25] along proteins
from other species. The distribution of SAUR genes across
C. canephora chromosomes was made with the tool “Locus
search” also available on Coffee Genome Hub.

In order to investigate the phylogenetic correlation of
CcSAUR genes (Supplementary data S1), a maximum like-
lihood tree was constructed with SAUR protein sequences
found in arabdopsis, rice, tomato and coffee (Supplementary
data S2) by using the pieces of software MEGA X and 1Q-
Tree [26-28] with a bootstrap of 1,000 replicates. Subcel-
lular localization prediction of each CcSAUR was performed
using three different softwares: CELLO v2.5 (http://cello.
life.nctu.edu.tw/) [29], Plant-mSubP (http://bioinfo.usu.
edu/Plant-mSubP/) [30] and DeepLoc (http://www.cbs.
dtu.dk/services/DeepLoc/index.php) [31] (Supplementary
Table S3). The theoretical molecular weight and isoelectric
point (pI) were predicted with ProtParam tool (https://web.
expasy.org/protparam/) [32].

Plant material and in vitro culture conditions

Embryogenic calli (EC) and non-embryogenic calli (NEC)
(Fig. la) were induced in vitro from leaves of C. arabica
cv. Catuai Amarelo IAC 62 matrix plants grown under
greenhouse conditions. The leaf explants were incubated
following the Teixeira et al. protocol [33]. Embryogenic
cell suspensions (ECS) (Fig. 1b) were obtained by trans-
ferring yellow proembryogenic calli to Erlenmeyer flasks
containing liquid multiplication medium T3 [34] at inocu-
lum density of 10 g callus L™! [35]. Flasks were main-
tained in the dark under constant agitation at 100 rpm in a
growth room at 25 °C, and the medium was replaced every
15 days. The cell suspensions were cultivated for three
months. After multiplication, the EC cells were submit-
ted to differentiation with the regenerated embryos cul-
tured in RR medium [36] at inoculum density of 1.0 g L™".
Maturation and germination of somatic embryos (Fig. 1c
and d) were accomplished following the method described
by Teixeira et al. [33] in MGM medium. The plantlets
(Fig. 1e) were maintained in MS medium for growth.

Fig. 1 Visual aspect of the somatic embryogenesis process in C. arabica L. a Embryogenic (EC) and non-embryogenic calli (NEC); b Embryo-
genic cell suspensions with 3-months culture time; embryos at the stages ¢ torpedo; d cotyledonary; and e plantlets
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Expression analysis of CcSAUR genes by RT-qPCR
in C. arabica embryogenic material

Total RNA extraction of EC and ECS C. arabica samples
was performed using the Kit NucleoSpin® (Macherey Nagel,
Diiren, DE), while the extractions of NEC and embryos in
the torpedo, cotyledonary and plantlet stages were per-
formed using ConcertTM Plant RNA Reagent (Invitrogen,
Carlsbad, CA, US), both following the manufacturer’s
instructions. RNA integrity was verified by electrophoresis
in agarose gel through ethidium bromide staining. Synthesis
of cDNA was performed with the Kit High-Capacity cDNA
Reverse Transcription (Applied Biosystems, Foster City,
CA, US) from 1,000 ng of RNA, as recommended.

Selection of C. canephora homolog SAUR genes in C.
arabica (CaSAURS, CaSAURI12, CaSAURI13, CaSAURIS
and CaSAUR?20) for gene expression was based on previous
in silico analyses from RNA-Seq dataset of C. arabica tran-
scriptome of embryogenic materials (unpublished data). The
RT-qPCR assays were performed with the equipment ABI
PRISM 7500 Real-Time PCR (Applied Biosystems, Foster
City, CA, US) at a total volume of 10 pL containing 10 ng of
cDNA, 1X SYBR® Green Master mix (Applied Biosystems,
Foster City, CA, US) and 0.4 pM of each primer (Supple-
mentary Table S1). All RT-qPCR assays were carried out
in technical and biological triplicates. The gene expression
data were analyzed as determined in Pfaffl [37] with the
reference genes 24S and PP2A described by Freitas et al.
[38] and gene expression plots were constructed through the
graphing and statistical analysis software SigmaPlot v.11.0
(Systat Software, San Jose, CA, US).

Statistical data analysis

RT-qPCR data were submitted to the analysis of variance
(ANOVA) through the Sisvar software (DES/UFLA, Lavras,
BR) [39] for statistical analysis. Mean values were compared
by the Scott-Knott test at 5% significance.

Results

In silico identification of SAUR genes on C.
canephora genome

We found 31 amino acid sequences of putative C. canephora
SAUR members and some basic information about them is
described on Table 1. The distribution of the 31 CcSAURs
is more concentrated on chromosome 2 (10 members),
while the chromosomes 1, 4, 5, 7 and 9 had just 1 mem-
ber each. Chromosome 3 contained no SAUR gene (Fig. 2;
Supplementary Table S2); the ORF lengths varied from
165 to 831 bp encoding proteins ranging in size from 54

@ Springer

to 276 amino acids; predicted molecular weight varied of
5943.01 to 31,364.89 and theoretical pl of 4.60 to 10.96.
The most common predicted subcellular localization was at
the nucleus, followed by mitochondria localized proteins.

Besides the basic features and genomic distribution, we
performed an analysis to elucidate the gene structure of each
SAUR putative member on C. canephora. Almost 84% (26
out of 31) of the genes have only one exon (Fig. 3), four only
two exons and only one gene have three exons. According to
the current annotation on the C. canephora genome, it was
possible to identify UTR sequences for ten of these genes.

Also, we constructed a phylogenetic tree with C.
canephora amino acid sequences and 71 AtSAURs, 99
SISAURs and 56 OsSAURs. In general, C. canephora
members were grouped together with those from other spe-
cies. The only exception was a concise group of eight coffee
members: CcSAUR1, CcSAURS, CcSAUR9, CcSAUR22,
CcSAUR23, CcSAUR28, CcSAUR29 and CcSAUR30. This
group is close to a clade containing only A. thaliana SAURSs,
with 13 members. See Fig. 4

Gene expression analysis by RT-qPCR

The gene expression analysis of some CaSAURs was per-
formed in the somatic embryogenic materials and in plant-
lets under development using quantitative real time PCR.
The CaSAURS5 gene had no expression in the EC and ECS
materials and the higher expressions were found in tor-
pedo, cotyledonary and plantlets samples (Fig. 5a). For the
CaSAURI?2 there was no statistical difference between its
expression profile observed for NEC, torpedo and cotyledon-
ary embryos, and plantlets samples. The lowest expression
of this gene was observed in ECS (Fig. 5b). CaSAURI3 had
its highest expression (42 fold) in the cotyledonary embryos,
and the lowest in the ECS (~onefold) (Fig. 5c). Expression
profile of CaSAUR18 in mostly samples was significantly
similar, but its expression in NEC and ECS was statistically
low, achieving values of twofold and onefold, respectively
(Fig. 5d).

Finally, CaSAUR20 showed the highest expression value
in cotyledonary embryos (approximately 67 fold), which was
also the most relevant expression of a CaSAUR gene among
all samples under analysis. Its expression profile in NEC,
torpedo, and plantlet ranged of 18 to 28 fold and in EC and
ECS just a basal expression was detected (Fig. Se).

Discussion
SAUR gene family on C. canephora

A smaller number of SAUR genes was found on C.
canephora in comparison to other species, such as Solanum
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Table 1 Description of putative

Name Locus ID* ORF Protein (aa)  Molecular pr Predicted subcellular
C. canep hora SAUR members lenght Weight (Da) localization®
basic features (bp)

CcSAURI Cc00_g22640 480 88 9987.68 8.66 N/A

CcSAUR2 Cc00_g26580 321 107 12,126.86 7.05  Mitochondrial

CcSAUR3 Cc00_g29740 303 100 11,885.56 7.99  Nuclear

CcSAUR4 Cc01_gl0550 432 143 15,993.29 6.75  Cytoplasmic

CcSAURS Cc02_gl16700 297 98 11,301.01 791 N/A

CcSAURG6 Cc02_gl6710 321 106 11,652.44 9.10  Mitochondrial

CcSAUR7 Cc02_gl16720 300 99 11,115.68 690 N/A

CcSAURS Cc02_gl16730 318 105 11,949.77 8.53 N/A

CcSAUR9 Cc02_gl16740 309 102 11,481.36 7.88 N/A

CcSAURI0  Cc02_gl6750 285 94 10,610.35 7.03 N/A

CcSAURIT  Cc02_gl6760 291 96 10,663.36 8.52 N/A

CcSAUR12  Cc02_gl6790 318 105 11,937.86 8.51  Mitochondrial

CcSAUR13  Cc02_g24230 537 178 20,374.67 10.8 Mitochondrial

CcSAUR14  Cc02_g40000 549 182 20,306.60 9.33  Chloroplast

CcSAURI1S  Cc04_g00010 483 160 17,926.48 6.30  Nuclear

CcSAUR16  Cc05_gl6250 426 141 15,994.96 8.56  Nuclear

CcSAUR17  Cc06_g04040 831 276 31,364.89 9.75  Nuclear

CcSAURI8  Cc06_g06020 387 128 14,235.40 8.39  Cell membrane

CcSAURI9  Cc06_gl12640 498 165 18,447.58 5.09  Nuclear

CcSAUR20  Cc06_gl12650 366 121 13,551.41 5.15  Nuclear

CcSAUR21  Cc07_g19210 309 102 11,962.58 6.86  Cytoplasm

CcSAUR22  Cc08_g08380 309 102 11,419.22 5.77  Cell membrane

CcSAUR23  Cc08_g08390 468 155 17,690.51 9.28 N/A

CcSAUR24  Cc08_gl12980 552 183 20,330.43 10.43  Mitochondrial

CcSAUR25  Cc09_gl0510 312 103 11,647.46 5.83 N/A

CcSAUR26  Cc10_g01860 318 105 12,013.90 6.73 N/A

CcSAUR27  Ccl0_g01880 447 148 17,010.70 9.47  Mitochondrial

CcSAUR28  Ccl1_g04780 165 54 5943.01 10.96  Mitochondrial

CcSAUR29  Ccl1_g04790 438 145 16,402.06 9.10  Plastid

CcSAUR30  Ccll_g04800 312 102 11,401.04 4.60  Cell membrane

CcSAUR31  Cecll_gl7330 480 159 17,726.39 8.89  Nuclear

“Locus ID — a database in the Coffee Genome Hub

bpI — proteins isoelectric point

“Predicted subcellular localization equal on at least two out of the three software used

lycopersicum (99 SAURs) [13], A. thaliana (82 SAURs of
which 2 are pseudogenes) [16], Oriza sativa (58 SAURs with
also 2 pseudogenes) [14] and Malus domestica (80 SAURs)
[15]. The SAUR gene family expanded greatly throughout
plant evolution, with variation in gene number that can reach
ten times of magnitude from bryophyta to flowering plants
[17], probably due to the effect of these genes on transducing
hormone signals for plant development which led to their
retention after whole genome duplication events, or even
gene duplications.

The small number of C. canephora SAURs could be in
reason of a decreased duplication rate of these genes on
this species. This would be in agreement with the protein

distribution on the phylogenetic tree, in which only one clus-
ter with exclusive CcSAUR proteins was formed, while many
SAUR proteins from A.thaliana, S. lycopersicum and O.
sativa were allocated together on exclusive groups (Fig. 4).
A similar finding was reported for moso bamboo (Phyllos-
tachys edulis) [40]. The SAUR genes on C. canephora were
unequally distributed among chromosomes, with predomi-
nant location on chromosome 2. This could be explained by
the larger size of this chromosome [24], however, a similar
finding was already previously described for S. lycopersi-
cum, in which the chromosome 1 has 31 SAUR members
and others, i.e. chromosome 2 and 8, have only two members
[13]. Despite the chromosomal distribution, the observed

@ Springer
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Fig.2 Distribution of CcSAUR genes on 11 chromosomes of the
Coffea canephora. Ancestral blocks correspond to the 7 core eud-
icot chromosomes (Denoeud et al., 2014). The blocks blue, red, vio-
let, brown, grey, light-blue and yellow represent the ancestral blocks
G1, G2, G3, G4, G5, G6 and G7, respectively. Red lines represent

pattern of a high rate of clustered SAUR members on genome
regions (80.8% of the genes are clustered together) described
on the same report [13] indicates that the lower number of
SAUR members on C. canephora could be explained by lack
of duplication of these genes, as they are not arranged in
genomic clusters. However, the C. canephora genome is in
its first version of annotation and about 35% of its assembled
content (Mb) is unmapped [24], therefore, due to the rela-
tive small size and gene structure (mostly just one exon) of
SAURs, some of the members of this gene family might not
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the position of CcSAUR genes on chromosomes (Supplementary
Table S1). Identification of CcSAURs distribution was performed
using the tool “Locus search” available on Coffee Genome Hub with
“Locus ID” of CcSAUR genes as input data

be annotated yet. Therefore, we provided a list of genomic
locations where other putative SAUR genes might be found,
based on Blastn analysis against whole chromosomes, and
further confirmed, in despite of the current genome annota-
tion (Supplementary Table S4).

The identified CcSAURSs have the expected protein size
for this family (about 60 to 180 amino acids) [41] and they
were divided into seven distinguished groups on a phylo-
genetic tree (Fig. 4), with CcSAURSs present in all of them.
Again, a common pattern of forming clusters due to usually
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Fig.3 Phylogenetic relationship and genomic structure of C. canephora putative SAUR genes. Exons are represented by yellow ellipses, introns
by black lines and upstream (5°)/downstream (3”) untranslated regions (UTRs) by blue rectangles

high level of tandem and segmental duplications [41] is
not observed for C. canephora members. On the group 1,
we highlight the unique cluster of nine CcSAURs which
is composed by similar SAUR members but with different
genomic locations (Table 1). A further study may clarify
whether this family didn’t expand as usual on C. canephora
or a larger number of members are masked by gene annota-
tion miss-prediction.

Expression analysis

Although the SAUR family has been identified in many
other plant species, the majority of its members have still
unknown function. This family exhibits a high similarity
between their members, making more difficult to generate
specific SAUR mutant organisms for loss-of-function studies.
The few SAURs with function already characterized seems
to be involved mostly with auxin-mediated development that
includes expansion and cell elongation [21, 42, 43]. Recent
findings, however, expand the influence of these proteins to
transduction of signals from ABA to modulate cell expan-
sion and ion homeostasis [47] and mediate drought stress
adaptation [48]. Other studies have shown two SAUR sub-
families in arabidopsis acting as cell expansion positive

regulators, where these proteins are associated with plasma
membrane and apparently regulate the action of cell expan-
sion-promoting H+ ATPases [42, 43]. There is a hypothesis
of auxin-mediated cellular expansion in which susceptible
cells would activate the proton pump present at the plasma
membrane upon auxin exposure. As a result, a reduction at
the apoplastic pH would cause a modification at the cell wall
by the activity of specifically proteins, leading to a plasma
membrane hyperpolarization and, lastly the uptake of water
and solutes into the cell [44]. Beyond this, the interaction
of SAUR proteins with H* ATPases can influence stomatal
movement [20] and adventitious root development [18].
Spartz et al. [21] demonstrated that the Arabidopsis
SAURI9 gene inhibits the action of PP2C phosphatases
by preventing the Thr-97 amino acid dephosphorylation
from C-terminal autoinhibitory domain in the H" ATPases,
which would lead to the cellular expansion regulation.
More recently, the same hypothesis was tested in tomato,
wherein the AzSAURI9 overexpression in tomato conferred
the same phenotype in plants. These studies suggest that
the SAUR-PP2C.D regulation is a conserved mechanism of
cellular expansion [23]. The expression profile of CaSAURS,
a gene 54% similar to AzSAUR19 at sequence level, is likely
an indicative of the inhibition of PP2C phosphatases since
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Fig.4 Phylogenetic tree analysis of SAUR proteins found in differ-
ent species. The tree was constructed using 1Q-Tree software, apply-
ing Maximum Likelihood method with 1,000 bootstrap replicates and
using Jones-Taylor-Thornton (JTT) model with empirical AA fre-
quencies from the data and Gamma distributed rates for SAUR pro-
teins of Coffea canephora (Cc), Arabidopsis thaliana (At), Solanum

CaSAURS is more expressed in embryogenic tissues with
evident cellular elongation and expansion, as observed in
torpedo and cotyledonary embryos, but also in plantlets
under development. Non-embryogenic calli are more vacu-
olated and present larger cells than embryogenic tissues in
early stages, what would explain the higher expression of
CaSAURS in NEC compared to EC or ECS, corroborating
the expression profile in growing cells and tissues [21].
Although auxins usually induce the expression of SAUR
genes, it is still unclear how it occurs. Generally, EC pos-
sesses more auxin synthesized by the tryptophan pathway
[45], but the CaSAURS expression was low in this sample.

@ Springer

lycopersicum (S1) and Oryza sativa (Os). The SAUR family proteins
in C. canephora are marked in red, A. thaliana in black, S. lycoper-
sicum in blue and O. sativa in purple; for each node, the following
parameters are displayed: SH-aLRT support (%) / ultrafast bootstrap
support (%)

Since the expression of SAUR genes could be triggered by
other plant hormones, it is possible that the H ATPase acti-
vation through the PP2C.D inhibition might be related to
other metabolic routes.

The CaSAURI3 gene presented 63% of similarity with
the previously characterized AtSAUR36. This gene is
reported to be involved with foliar senescence and integra-
tion of auxin and giberelin signaling to regulate biological
functions involved with maintenance of apical hook on eti-
olated plantlets, hypocotyl elongation under light and fer-
tility [44, 46]. The SAUR36 knockout in arabdopsis lines
displayed a phenotype with 83% more leaf area, suggesting
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CaSAURI3, d CaSAURI8 and e CaSAUR20 genes in in vivo samples
related to somatic embryogenesis of C. arabica through RT-qPCR.
Data were normalized to 24S and PP2A reference genes and error

this gene might be involved to the inhibition of cellular
expansion [46]. Additionally, Stamm and Kumar [44] dem-
onstrated that 4 days old plantlets exhibited a high expres-
sion on the apical meristem and in distinct regions of roots
from transgenic lines expressing GUS under activity of
the AtSAUR36 promoter. The observed pattern would be
consistent with tissues at high levels of cell division and/
or elongation, similar with the observed on embryos at
the cotyledon, torpedo and plantlets stage. Recently, new
SAUR members (SAUR41 subfamily) were characterized in
A. thaliana as positively influencing cell expansion, acti-
vated by abscisic acid [47] and, in this study, CcSAUR16
is found as the most similar (protein level, Fig. 4) to these
members, which point to further possibilities of exploring
SAUR influence on cell expansion during coffee somatic
embryogenesis.

In the present study we also identified the CaSAUR20
gene which exhibited 46% of similarity with the SAUR76
of arabidopsis involved in ethylene- and auxin-related path-
ways. The AtSAUR?76 is involved in cell elongation down-
stream to auxin response and its expression is regulated by
ethylene through changes in the endogenous auxin trans-
port and/or biosynthesis [49]. The mutants overexpressing
AtSAUR?76 produced plantlets with higher number of meris-
tematic cells and smaller leaf area, what not delete a chance

Relative expression

80
CaSAUR20 . €

Relative expression

bars represent +s.d. (n=3). Statistical data analysis was performed by
ANOVA followed by comparisons using the Scott-Knott test at 5% of
significance (p <0.05)

this gene is influencing positively the root meristematic
activity but interfering negatively on leaf development.

Another study analyzed the SAUR76-78 subfamily in
arabidopsis. These genes were identified based on their
putative association with ETR, and ETR, ethylene recep-
tors. Transgenic plants overexpressing the SAURs 76, 77
and 78 developed larger leaves than the wild-type lineage
as a result of cell growth and expansion, once the number
of cells showed little difference. The analyses also showed
a reduction on the ethylene response of seedlings, suggest-
ing these genes could affect the signaling of subfamily II
of ethylene receptors by direct interaction and, at the same
time, promote plant development and growth through auxin
responses regulation [22].

Auxin and ethylene are two very important plant hor-
mone regulators and their interactions are being even further
studied at physiological and molecular levels. It has already
been reported that auxins might stimulate ethylene biosyn-
thesis and that ethylene could reduce the endogenous auxin
concentration by IAA conjugation and/or decarboxylation
[50]. In our study the highest CaSAUR20 expression was
recorded in cotyledonary embryos. Such behavior could be
possibly related to the biosynthesis of auxin-induced ethyl-
ene, triggering the gene expression since high concentra-
tions of ethylene inhibit coffee somatic embryogenesis. The
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same way that high ethylene concentration inhibits somatic
embryogenesis in coffee, this hormone is also known by its
importance in different aspects of plant development such as
plantlet growth and adventitious root formation, what would
explain the high expression of the CaSAUR20 in different
developmental stages of embryos. It is also possible that
the CaSAUR20 interacts with PP2C phosphatases promoting
cellular expansion through H* ATPase, since more than one
SAUR protein in arabidopsis has been reported to interact
with clade D PP2Cs [21].

The CcSAUR12 and CcSAURIS genes presented similar-
ity only with non-characterized SAURs in other species (98%
similarity with AtSAURS51 and 79% with SISAUR71, respec-
tively). The CaSAURI2 had high expressions in almost all
samples, going up to more than 60 fold in both NEC and
plantlet samples. This profile leads us to believe that some-
how this gene is involved with cellular growth and/expan-
sion induced by auxin. CaSAURIS presented lower expres-
sion levels than CaSAURI12, CaSAURI3 and CaSAUR20, but
also showed high expressions in EC, torpedo and cotyledon-
ary embryos, and plantlets, what indicates this gene could
be supposedly related to a variety of functions during plant
development.

Concisely, most of the SAUR genes analyzed in this work
had higher expression profiles in samples with intense cellu-
lar growth and expansion unlike the other two samples with
more cellular divisions (EC and ECS), which is in agreement
with the main well-known function of SAUR proteins, that
is, the indirect regulation of H" ATPases mediated cellular
acid growth. Nonetheless, such expression profile suits the
dynamics of auxin-mediated coffee embryo development,
a process already shown to be dependent of different auxin
conjugates and auxin transport during differentiation step
[51]. The only exception regarding this pattern is for the
gene CaSAURI8, which is expressed in embryogenic calli at
a similar proportion that in developing embryos, suggesting
a possible involvement of the protein encoded by this gene
also in cellular division mediated by auxin signaling.

Conclusion

The in silico identification of SAUR family in C.
canephora genome followed by analysis of its gene
expression profile across coffee somatic embryogenesis
in C. arabica represents a further additional step towards
a better comprehension of molecular components acting
on somatic embryogenesis. Our work opens unexplored
doors regarding this gene family in coffee and through
additional research about how these genes could interfere
within somatic embryogenesis morphogenetic pathway,
the scientific coffee community will be supported by tools

@ Springer

helpful for the development of efficient clonal propaga-
tion methods via somatic embryogenesis to improve, in
the future, the quality and production of coffee worldwide.
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