‘00 . . American Journal of Plant Sciences, 2022, 13, 277-293
"" ggfgat:-gﬁ https://www.scirp.org/journal/ajps

94% Publishing ISSN Online: 2158-2750
) ISSN Print: 2158-2742

In silico Analysis of the Entire P. glaucum
Genome Identifies Regulatory Genes of
the bZIP Family Modulated in Response
Pathways to Water Stress

Laura Beatriz Garay Farias! ©, Sergio Litwiniuk2 ©, Cristian Antonio Rojas?

'Federal University of Latin American Integration (UNILA), Foz do Iguagu, Brazil

*National Council for Scientific and Technical Research of Argentina, Posadas, Argentina

Email: lau.genetica@gmail.com, Ibg.farias.2019@aluno.unila.edu.br, sergiolitwiniuk@gmail.com,
crojasmail@gmail.com, cristian.rojas@unila.edu.br

How to cite this paper: Farias, LB.G., Abstract

Litwiniuk, S. and Rojas, C.A. (2022) In

silico Analysis of the Entire P. glaucum  The literature reviewed places P. glaucum as a cereal characterized by its nu-
Genome Identifies Regulatory Genes of the tritional quality and high tolerance to drought stress. However, very little is
bZIP Family Modulated in Response Path-

ways to Water Stress. American Journal of . . . . . .
Plant Sciences, 13, 277-293. clarify this point, we carried out an analysis of the modulation of the expres-

known about the fine mechanism it uses in response to water stress. To try to

https://doi.org/10.4236/ajps.2022.132017 sion of regulatory genes of the FT bZIP family. A full genome screening of 7.
glaucum identified 52 putative FT bZIPs, identifying 9 FT PgbZIP differen-
tially expressed under water stress conditions filtered from RNA-seq data
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and in the rapid response of this cereal to water stress. The findings of this
study provide complementary data for the understanding of the mechanism
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1. Introduction

The imminent climate change and the consequent difficulties of global food
production are a reality [1]. This leads the scientific community to innovate and

understand the genetic mechanisms of suggestive crops that serve as tools to deal
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with abiotic stress, citing one of the “water stress” that worries and leaves global
food insecurity.

Pennisetum glaucum, synonym Cenchrus americanus commonly known as
millet or pear] millet, is a cereal grown in marginal lands of the arid and semi-arid
tropical regions of Africa and India; distinguished by its high tolerance to abiotic
stress, such as high temperature, drought and high soil pH; appreciable for the
bio-fortification it provides, and the low glycemic index it presents [2], all cha-
racteristics that make it attractive to study.

The response mechanism to abiotic stress that begins with an environmental
stimulus; leads to a change in cell turgor pressure, triggering a complex signaling
pathway, which may or may not be regulated by the presence of a plant hormone
called abscisic acid (ABA). Thus, a transduction chain is activated that amplifies
the initial signal in which secondary messengers participate, and when this sig-
nal reaches the nucleus, the activation of specific genes that code for functional
or structural proteins and genes that code for regulatory proteins occurs [3].

Regarding regulatory genes, the bZIP transcription factors in Arabidopsis,
tomato (Solanum lycopersicum), soybean ( Glycine max) and rice (Oryza sativa)
have shown greater expression in the face of drought stress, but few bZIP tran-
scription factors have been explored as potential candidates for genetic improve-
ment applications for drought tolerance in crops [4].

The bZIP proteins are families of transcription factors related to abiotic stress
tolerance, characterized by presenting a basic motif (made up of around 20
amino acids with six arginine’s and four lysine residues) responsible for specific
binding to DNA; which many times contains the RKQS sequence, important for
signal transduction; and a dimerization motif (made up of about 41 amino acids
with leucine residues in each seventh position, which can be homo or heterodi-
meric), called a leucine zipper given its structural conformation [5].

The proteins bZIP, as well as other transcription factors, bind to DNA at specif-
ic recognition sites. These motifs consist of characteristic cis elements of promoter
boxes that are recognized and paired by the transcription factor. Each bZIP subfa-
mily recognizes specific promoter boxes, the most preferred are box A (TACGTA),
box C (GACGTC), box G (CACGTG), box H (CCTACC), TGACG motif, ABREs
motifs (abscisic acid response elements).

The regulation of the expression of these regulatory genes activated in re-
sponse to stress occurs mostly just before the synthesis of the transcript when
the pre-initiation protein complex is formed on the promoter region of the gene;
whose cis regulatory elements could intervene in the dialogue between these
signaling routes [1].

A complementary strategy to the use of expensive conventional molecular tech-
niques is in silico analysis; a bioinformatics tool that allows us to track and ana-
lyze genes expressed as a stress tolerance mechanism. Identified and characte-
rized lectin gene families (an important protein in plant defense and cell signal-

ing) from the analysis of the promoter region, finding that most of the families
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responded to light conditions and presented a specific expression according to
the organ or tissue of the plant. Furthermore, the presence of hormone-associated
cis elements, such as jasmonic acid, in the promoter regions of all lectin genes
indicated their importance in the response to signaling and culture stress [6].

In this study, the in silico analysis of the promoter region seems to indicate a
comparative tolerant differential role with other model plant organisms, due to
the presence of multiple cis elements that modulate the expression of FT bZIP as

a regulatory gene in P. glaucum involved in pathways of response to water stress.

2. Materials and Methods

2.1. In silico Screening of Probable FT bZIP Regulatory Genes
throughout the P. glaucum Genome

The FT bZIP protein sequences involved in the water stress of model organisms
were used as queries for the identification of bZIP proteins in P. glaucum. A to-
tal of 101 reference sequences (Supplementary Table S1) from Oryza sativa (18
bZIP), Arabidopsis thaliana (25 bZIP) and Setaria italica (58 bZIP) were down-
loaded from uniprot (https://www.uniprot.org/). Once the referential bZIP se-

quences were downloaded, they were aligned with the Clustal Omega program

(https://www.ebi.ac.uk/Tools/msa/clustalo/); obtaining the conserved sequence

with the Jalview program (https://www.jalview.org) based on the alignment of
multiple sequences and used to generate the HMM profile [7] with the HMMER
tool (https://www.ebi.ac.uk/Tools/hmmer/search/hmmscan). The conserved se-

quence generated was subjected to tBlastn against the P. glaucum (Cenchrus
americanus) Genome database using the NCBI tool, considering an ID > 45%
and an E-value of 0.02 at values < 1.

The HMMER bioinformatics tool is used in conjunction with a pre-prepared
database of HMM profiles to analyze biological sequences. HMM, from the
acronym in English Hidden Markov Model or Hidden Markov Model allows
determining the probability with which each sequence of a database has been
generated from it. In this way, members of a protein family, or sequences that
contain certain functional domains or motifs, can be detected, as well as the pre-
diction of genes, among others. Some of the most important family and domain
databases, such as Pfam or Interpro, use HMMER as the basis for building their
own HMM profiles [8].

The gene ontology terms (GO) for the putative bZIP proteins or FT recog-
nized were identified using predetermined parameters with the Blast2GO v5
tool, predicting the biological and molecular processes in which they participate.

Blast2GO is a bioinformatics tool that allows the in silico functional characte-
rization of a sequence through data mining techniques. Use Blast against the
non-redundant DB (Database) of the NCBI (nr) to find the homologues, map to
retrieve GO terms and annotate to select reliable functions [9].

The data set of a Transcriptome published in the NCBI as BioProject ID:
PRJNA419859, resulting from the experimentation in which millet seedlings of
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two drought-tolerant inbred lines ICMB843 and ICMB863 with 21 days after
sowing were subjected to water stress with cessation of irrigation for 5 days and
root tissue samples taken with their respective controls at 26 days after sowing
were used for the analysis of differential gene expression [10] using bioinfor-
matics tools from the Galaxy [11].

The quality of the readings deposited was verified using the online tool FASTQC
(Galaxy Version 0.72 + galaxyl), to later filter low-quality readings with the use
of Fastp [12]. The scored reads were assigned to the reference genome of P.
glaucum (C. americanus) with the use of the HISAT2 mapper [13]. StringTie al-
lowed the assemblies generated to be merged with the reference transcriptome
annotation [14]. The FeatureCounts tool [15] generated a count table for each
gene, and for each control condition and water stress of each inbred line, the
normalized differential gene expression was analyzed through the use of DESeq2
[16].

Once the presence of the putative bZIP genes identified in the published tran-
scriptome was confirmed, the differential expression of putative bZIP in re-
sponse to water stress in which it had the highest expression was taken as a se-

lection criterion.

2.2. Tracking the Promoting Region of Selected Putative bZIP FTs

Access was made to the putative bZIP sequences selected according to their in-
duced differential expression from the NCBI Data Bank

(https://www.ncbi.nlm.nih.gov/) and were screened using the NCBI Genome

Data Viewer, in order to trace ~ 1700 bp upstream of the regulatory gene.

The cis elements involved in the water stress of the promoter region of the se-
lected bZIP regulatory genes were identified with the use of plantCARE, to later
be compared with the orthologous bZIP promoter regions found in A. thaliana
and O. sativa.

The probable differentially expressed PgbZIPs and with cis elements involved
in water stress that were suggestive were visualized through IGV Sashimi Plot
[17] in order to see if they had isoforms or not, where the alignments in exons
are represented as read densities and splice junction reads are drawn as arcs
connecting a pair of exons. The isoforms found were confirmed in the presence

and expression in the analyzed transcriptome.

3. Results
In silico 1dentification of Probable bZIP FT of P. glaucum

The construction of the HMM Profile based on the alignment of multiple se-
quences generated a conserved sequence for the plant model organisms used
Arabidopsis, Oryza and Setaria (Supplementary Figures S1-S3) attributed to the
conserved bZIP domain using PFAM (PF00170) [18].

Once traced throughout the P. glaucum genome, 52 putatives FT bZIPs (Sup-

plementary Table S2) were identified, whose genetic ontology annotation (GO)
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functionally categorized them, predicting their participation in the biological
regulation of DNA transcription (Supplementary Figure S4).

The RNA-seq reading data used were subjected to the FastQC quality analysis
(Supplementary Figure S5), generating more than 260 million readings, who’s in
silico analysis can be summarized in the Table S1, where the inbred line
ICMB863 subjected to stress hydric obtained 72% of mapping, and its control
ICMBS863 without hydric stress 76.68%; while ICMB843 subjected to stress 80%
and its control or control 77% of mapped readings. The percentage of mapped
readings assigned was lower in the ICMB 843 samples stressed (13.2%) by drought
compared to the other samples; coinciding with what was stated in the work car-
ried out by [10] arguing that this could be due to the fact that drought stress would
increase the variation in transcripts in ICMB 843 since this inbred line under
greenhouse conditions is shown more drought tolerant than ICMB863.

The presence of putative FT PgbZIPs was confirmed, selecting 9 (Table S2) of
these for having presented the highest differential gene expression (DEG) among
the 52 probable PgbZIPs.

Of the 9 FT bZIPs selected from P. glaucum with bZIP from plant models in-
dicate Pg5 (bZIP61) and Pg27 (HY5) with an identity of 58% and 66% respec-
tively with A. thaliana; while the 9 PgbZIPs selected in millet showed an identity
of 59% to 92% with bZIP from O. sativa, which is consistent in view of the fact
that both cultures are monocots.

In Table S3 the changes of Log, (Fold change) show that in ICM863 4 PgBZIP
were negatively regulated (Supplementary Table S3 and Table S4) and 5 were
positively regulated while in ICMB843, 6 were negatively regulated and 3 posi-
tively under drought stress conditions (Supplementary Table S5 and Table S6).
The transcriptomic analysis carried out by [10] highlighted a higher number of
negatively regulated genes in ICMB843 under drought conditions compared to
ICMB863.

Table S4 shows the cisregulatory elements involved in the response pathways
to water stress of the selected PgbZIPs (Supplementary Figure S6), showing the
presence of multiple ABREs, MYC, MYB-MBS and DRE elements.

The Pg47 differentially expressed and positively regulated (log, 1.44) in ICMB843,
visualized four isoforms (Figure S1) through the IGV Sashimi Plot bioinformat-
ics tool [17].

When analyzing the differential expression values in ICMB843 (Table S5),
isoform 3 was the most expressed, even superior to isoform 1; however, its fold
change was —0.99, negatively regulated and with a value above —1 and below 1.

Comparatively, inbred lines have a difference in expression in isoform 4.

4. Discussion

Despite the fact that P. glaucum is an interesting crop due to its rusticity and its
available genome, few studies of regulatory genes have been registered in this

crop. In order to reveal the early dynamic molecular regulation of P. glaucum
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subjected to drought stress and to elucidate the key genes that are responsible for
tolerance to this type of stress analyzed RNA-Seq data in order to detect the gene
expression pattern in the roots in the seedling stage in early phases during
three-time points (1 h, 3 h and 7 h) of drought stress. The number of DEG de-
creased from 1 h to 7 h, suggesting that after exposure to drought stress P. glau-
cum immediately showed responses due to its high drought tolerance capacity,
and then the cells returned to a relatively balanced level. This could be a signal to
the plants that they were already in normal conditions, so that in a short time it
was not essential to express many genes, but simply grew normally. In the research
conducted, 12 genes exhibited up-regulation at all three-time points, which could
illustrate that they play some important roles in response to drought stress. For
these positively regulated genes, some were associated with CCCH-type zinc
finger proteins, zinc metalloprotease FtsH proteins and alcohol dehydrogenase
(ADHI1 gene) and for four of the genes their functions were not clear, but their
expression under drought treatment was 20 times higher than those under nor-
mal conditions [19].

Here in this work, considering the vital transcription factors in the regulation
of genes under stress conditions, we identified probable FT bZIP through the in
silico analysis of a transcriptome published in millet, which provided probable
interesting data that could help to understand the tolerance mechanism of 7.
glaucum to water stress.

The cis regulatory elements involved in response pathways to water stress of
the PgbZIP selected for their higher DEG show in silico the presence of multiple
ABREs, MYC, MYB-MBS, and DRE elements, also the function of a promoter is
normally determined by the combinatorial action of multiple regulatory ele-
ments, which modulate the spatio-temporal expression pattern of genes [20].

At the molecular level, it has been documented that dehydration stress trig-
gers the biosynthesis of ABA, which is an essential tolerance response to this
type of stress. The ABREs (Abscisic Acid Response Elements) motifs are impor-
tant for promoter activity in response to water stress; while the DRE (Dehydra-
tion Response Elements) motif participates in independent ABA regulation.
Multiple copies of ABREs confer ABA inducibility to a heterologous promoter,
whereas a single copy may not be sufficient for expression [21]. The elements
MYC and MYB (MBS) are also involved in the response to dehydration. The
MYB system may function in a slow and adaptive stress response process [22].

Of the 9 FT bZIP differentially express; Pgl, Pg4, Pg5, Pg21, Pg46, Pg47 and
Pg52 present in their promoter regions elements or cis ABREs and DRE motifs;
thus suggesting double its modulated participation in the slow or adaptive re-
sponse and in the rapid response of millet to water stress, agreeing with who
highlight that the function of a promoter is normally determined by the combi-
natorial action of multiple regulatory elements [20].

The comparative results in silico found in the present work between the pro-

moters of the orthologues show highly conserved regions, considering them
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highly conserved, since they are sequences that would share a similar regulatory
network, in relation to ABREs, MYB (MBS) and MYC, coordinated in the re-
sponse pathways to ABA.

It is known that a large part of the genes that encode the Transcription Factors
present isoforms [23]; however, given that the isoforms of a gene share many of
their exons, their quantification is one of the most complex processes [24]. When
the proportions of the isoforms change in one condition with respect to another,
as a consequence of an alteration in the alternative splicing mechanism, it could
be relevant in biological terms [25]. Indicate that alternative splicing (AS) plays
an important role in stress responses; pointing out that there are studies that
show that the post-transcriptional control of RNA metabolism plays an impor-
tant role [24].

In our in silico analyzes, the differentially expressed and negatively regulated
PgbZIP selected Pg52 and Pg5 presented a single isoform, while the differentially
expressed and positively regulated Pg47 visualized four isoforms under water
stress conditions and control without stress. Beyond the little that is known
about the participation of bZIP transcription factors in response to water stress,
there are some reports that show that different abiotic stresses such as salinity,
drought and exogenous ABA caused differential regulation of alternative splic-
ing forms in rice [26]. Likewise, in a transcriptomic analysis of corn carried out
by found differentially expressed genes in response to water stress with values of
Fold change log, > 1, of which approximately 60% were positively regulated and
40% negatively, in which most of these genes had a single differentially expressed
isoform, but six upregulated genes and one negatively regulated gene had two
differentially expressed isoforms [27].

Isoform 2 of Pg47 showed identity with the chloroplastic DLC protein of
Oryza sativa. In an attempt to establish the function of DCL, it was found that
the dysregulation of the expression of the DCL gene in Arabidopsis caused mul-
tiple phenotypes such as chlorosis, sterile flowers and abnormal development of
cotyledons, suggesting that this gene is necessary in different organs; in addition
to being involved in the maturation of plastid rRNA [28]. While both isoform 3
and isoform 4 were present in crops such as Zea mayz, Oryza sativa and Setaria
italicabut with unknown function.

Due to the results achieved here, PgbZIP47 becomes interesting; showed no
identity in Arabidopsisbut 73% with OryzabZIP23. OsbZIP23 performs a func-
tional activity in response to saline and water stress [29]. When analyzing the
promoter region of Pg47, it shows multiple ABREs and DRE elements, which
indicates their double participation in response pathways to water stress.

The accumulation of data increases thanks to the development of bioinfor-
matics tools, allowing to give an idea of the composition and functionality of the
regulatory elements of the promoters, for which it is proposed to continue with
the characterization of the motifs, giving continuity to the processing and in si-

lico analysis of RNA-seq repositories in suggestive cultures generated from stress
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experiments deposited in the Sequence Readings File (SRA).

Our findings provide a basis for a greater functional characterization and
identification of the regulatory mechanism in P. glaucum in responses to water
stress, and may be a potential candidate to use for crop improvement, molecular
breeding techniques and genome editing tools to improve agricultural produc-

tion and ensure food security in the future.

5. Conclusion

The presence of multiple cis elements that modulate the expression of FT bZIP
as a regulatory gene in P. glaucum indicates its probable participation in re-
sponse pathways to water stress, both dependent and independent of ABA. The
participation of the bZIP Transcription Factors in response to water stress can
be considered as a key element for understanding the molecular bases that mod-
ulate the biochemical and physiological responses of plants. In our in silico ana-
lyses, 9 FT PgbZIP differentially expressed under water stress conditions could
be identified, suggesting that this family may be one of the key factors for water
stress tolerance in this plant species.
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Supplementary Tables and Figures

Table S1. Reference sequences of S. itdlica, O. sativa and A. thaliana for the identification
of FT bZIP in P. glaucum.

https://drive.google.com/drive/folders/1x9cpln70]XbfToV8NIPORtzsRkxe_TiX?usp=shar
ing.

Table S2. 52 FT bZIP putative.

https://drive.google.com/drive/folders/1x9cpln70]XbfToV8NIPORtzsRkxe_TiX?usp=shar
ing,

Table S3. Counts Normalized of ICMB 863 (2. glaucum).
https://drive.google.com/drive/folders/1x9cpln70JXbfToV8NIPORtzsRkxe_TiX?usp=shar
ing,

Table S4. DESEq2 of ICMB863 (P. glaucum).

https://drive.google.com/drive/folders/1x9cpln70JXbfToV8NIPORtzsRkxe_TiX?usp=shar
ing.

Table S5. DESEq2 of ICMB843 (P. glaucum).

https://drive.google.com/drive/folders/1x9cpln70]XbfToV8NIPORtzsRkxe_TiX?usp=shar
ing.

Table S6. Counts Normalized of ICMB 843 (2. glaucum).

https://drive.google.com/drive/folders/1x9cpln70]XbfToV8NIPORtzsRkxe_TiX?usp=shar
ing,
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Figure S1. Construction of the HMM Profile Based on the Degree of Conservation of Multiple Sequence

Alignment in A. thaliana.
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Figure S2. Construction of the HMM Profile Based on the Degree of Conservation of Multiple Sequence

Alignment in O. sativa.

289 American Journal of Plant Sciences

DOI: 10.4236/ajps.2022.132017


https://doi.org/10.4236/ajps.2022.132017

L. B. G. Farias et al.

dIZ9 NVdd

o) 0} panque 2oudNbas PaAIsu0d YV IIAONANTAVIOVSISYNAVOTOVAOIA THA TAVOIVISTIVSTANS TARIO AN TIAA

V...
£ < 4
N
3ALIVL 4303 +1+V1++5STS+N3VOIOVADEI 133 TAVOH Y +HSHEYSIYNS TNHHOENIINIVYIV

snsuasuog

0000000€EL--ZSLZEELLEEZEEETOLZOPEZ  OEPELELZGLGE b  bEP ETS206LLT0000

L ‘l 1 1 LR 1 | IJ- - uopemasuog

S YdYIVYINTII0INYIIINIVEIVSAINITINAAVALEYESHYYSIUNNNNEIHEEAON99 - - D SG+Z6/LU TS LXIAENILXPAEYW0S
© - -dAdAIASAEIDIANAYISINIDDIIOAIYITIUAAVONEVYHSHYYSIUNY | WEINHEAS OONOV OV £0Z8E 44U IS TGNMZEXISIMZENIBZ
S AATYYAITITINODNM I INIAATHEAIN I INIAAVENEYEHSHIVSIUNYNNG | LHEA0OS99S - - EFL0B/LILTS T OZXEN|LOZXE0 Vs
S DIIYYWNIANTOA0DE I ININATHEAINITIOAAVENEYESHIVSIUNINNG | NXIE30A90009S 1G4-98/LU IS LLVZEN|LLYZEYMRE
AAITIADNMOWIWNIADMMDTIVNII® INDAIVITINLAVONEVESHYYSIEN INSEDEEIANNINAOYO LPEELIUUTS OTUAENIOTAEI ML
NI TIINMOWIN I IVONEITIONTIINIHOAIVITINLAVOINEVESHYYSIUNN INYHHEEIAANIND0O SEE+92/U TS 6NZEMIEINZENSE
183IAIOADN TNIADANDTIANDININYAIVITIN I AVONEYHSHYYSIUNI I WHHDHEIAANINLLD POEBET/LUL TS THBAXEXIHBAXENHE
S - 3UYOINMMIAT - - IIVHIEYNIINTHNIIVITIALAVONEYESHYYSIUNY INHEOHEIALNI L0090 GHZ-HBEALULTS EMIXEMIBHIXEX L
VH3IWI3LI¥N08E33I03¥113V03IIIT0LADSITIVAAVONEAESHYYSIHUN | NEXM DY ONAY H QY d ANSZ 694U TS PMHOBIEVOY I MHDBIE VOIS
4808 ASTIAMDNATEINIIITISANNI TINLAVOAEVESHYYSIHNA I WENDHYE I | AX QAN S OLHEB2NLIS FEENNEVOYIFEENSNSVOYIALE
WAOYYSO9ONIT190SHYHDIIHIADD Y I HSLITODAAYINE THSHEYVIENOY IHEILANVAAINOAHY 682-+22/LUL IS GAOXENISTOXENMEE
3¥ST19L1QY - -0D41LT0VSTLLVYILOTLOANEI13L I AUYHEINSHYVYSOENY T I 80VYENAA I VY13V 991004 /LU IS EXTYHIEXSYE0IILE
3¥S19L10H - -0471L70VSTLLVYILOTLOANEITIL I AUYHEINSHYVYSOUNY | | 80VHENAAIVYYI3V 28494 b4 TS EINZEXIEINZEXMET
311795108 --0711L70V¥STLLYILOTLOANEITISLAN IMEINSHYVYSOUNY T I 80NYENAATTIYIIV ] S8164 LU TS ZSrZEMIZSIZEXMOE
3¥1719L10Y - -017L710VSTLLYILOTLOANEITISLAN IMEINSHYYSOUNY T I 80VENAA 1 TYIIVI 28494 bALUL TS IHBAENILIBAEY ST
351795104 - -0 TNV IOVYSTLLYISOTLOANEI 1AV I AUNMEINSHYVYSOUNY 11 80V ENdAATY 13V TEZB94ALUL TS ESMEBIEVOYIESMEBIEVOYIES
311791104 - 011V I0YSTLLYILOTLOANEI T3V I AUNMEINSHYYSOUNYMI 80VENLAATY ISV #BEBEALLTS T HYNZEXVNZEXMI0E
DLI¥IAIOIY - -OSANVASITLSLINDTAHATEI TIONANANEINSHYYS | UNY T I 80HAENDAY 1Y | 3V 146984 LU TS 04 FOBIEVOVISL FOBIEVOVHALG
OALTISHOH - -G 14YAEdSTVSAINOISLIASHITIS IADIHEAYSHOVSOUNY 11 ¥NAYNLAYAOAYYY 651 €8/ TS GINAENISINAEYMISE
971711SHDH - -G 14VAYDSTIVSAILODISIASHITIS I ADIHYAUSHOYSOUNY 11 ¥IAENDAAYYYSYd 264-4E4ALUL TS TBRMXEXIBRIXEXMHE
OALTILYDD - -QT4IYANDS TASAINDILLIASHITIS IADIMYAYSHOVSOUNY T I ¥NAYNAAY 1 13LSY 294-96/LIL TS EXXENIEXXENII0F
390ANST3Y - -Q4LYI¥LOADYNIVOIEVAIYAIIZ THOOMNEVESHYYSIUNS TNENENYIAYY 49~ - - #8421 TS T VZEXILIVZEYME
JDIAYYADS - "V I AYVHYYAEYNIVOTHYAIOATIQTHOON Y THSHEYSIUNS THENIHHHLAYSA - - - 188U TS TOHYZEXIOHYZEXIAE
IYOAVYYIHY - -3 1 QAVYVYYNYONEYHEIYYADAL 130 T10HDMEVESHOVYS THNS INUMNEAEIVIAYY - -1 2682/ IS O NXENISL NXEXMAL L
DYOAVATIND - -S1ISTVNSTONNDANTONADSL1AATHODM Y THSHEYSIUNSINEEIEEE3INOYD AT BBZZ/LULIS TIWXZEXLNXZEN IS L
DY3IVYYAND- - LINNTYL1T0ODXL1HTDGADSNIAATHODNHDESHAYSIUNSINEEONENT1INEYDIIN LEHEUUTS PATAENIPATAEYMZ b
QIYAYIVHEY - "VYVYQEEYY IVHE0OVE133VVYE3103V00HEEVESHEYSIUNS 1N T88 183330000 152GB4/LIL TS BNOVHIIENOVEI T
VIHATIYIEO - - HYVOVYOVY 134 HEEINAYYSOU 1IN THYONEVYESHEVSIHUNS | 38 1809Aa - - - - - - 90495/ TS TOANVEMI0ANYEIIS
IYMNAIIVYA - -¥1DATISHIVONIVLITALANDOY 133030048 14SHEYSIUNSONEEIYNT1I¥IAN0ST 262-4ETAIL TS DIVENIE DIVEIIBE
IAINADIVA - -¥1SAT3IVEIVSNILLIAYANEY 133030004 14SHYVYSIYNSOAEEIENT1IEIATOLA 2264924 TS ZPNZENICENZEYVBE
3YYVAYOIY - - TVHENTIA T THENYOU THSADYM13S 10U D YN SHYYSIYUNSANEHHYEII AV VYV dV L4S0HLU TS EINGBIEVOYIEINGBIE VOV IASS
JHIAYAIQY - - IANHNTDATTOYNLSETHAADSMTIISTONDHYNESHYYSIYNS INYEIHEYIIVISH - - - 284-p2/11L TS T9E0ZENiIOE0ZENGE
FHUAITYVYHAY - - IWHHTI3 11 T80NLGT1T13VADSS TAN THH DY YAYSHYYSIYNSY THEINYIANOHEION GZHBGLLULTS T AXABNIEAXAEMI &
34¥70ASS3--1T1HO1ISHISINIVLIISIADLY 133 LIVONE THSHEYSIUNSONEMI YN I3 ¥IAN 1S 292964/ TS LOLZENILOLZENINS
34¥7%ASS3- -1 18O 13ISHISINIVLIISIADLY 133 LIVONY THSHEYSIUNSONEMI YN I3 ¥IAN 18T S62-622/L1L 35 "BOLZENIBILZEMMEE
IMWYINDSSI - -VANS I ISHISYNIVLITIIANEY IIILIVONE THSHEYSIUNSONEEIUNSINAAIYOM £8Z-4Z2ALIL TS TOSXEXISGrXENINDL
DSTID3IAIN - -¥ 183 TIVEISSNISHISIVEDO1II0IVONY THSHEYSIUNSOAEND®®T1IHIA - -MD bELPZIUULTS ThLAEMIL LAEYMIOZ
MSTTIIAIM - - I ¥NAIAEISSNIDN IAAYEOYI3I03VONE THSHEYSIUNSOINHE DN TINIAD IMD BPEZBZ/LILTS GOLZENIS0LZENMIGE
351750943 -0710% 733X TSSNIOATTAVENYAIIMIVONE THSHEYSIUNSOAUMNONNTIYIAD IV BSEZ6Z/LIL TS 0ZWYEXI0ZYEMMALEL
AAYYININD- -NAGY THETISSNIAYTOVADYITINTHYYHYSHSHEYSIUNSON YD THDONDNY N O L.82G42/LU TS COGSBIEVOYIZOTSBIEVOYISS
AAYYININD- -NAQY THETISSNIAYTOVADYI TN THYYHYSHSHYYSIUNSONUUD THDOAINYNOL 20874 pELLLL TS TSGRV EMISSBY P E

AAYYININD- -NAGY THETISSNIAYTOVADYITINTHYYHYSUSHEYSIUNSONUH D THDONDNY N O L3h-#2+ANLTS SNOSANFYOVISNDSINEVOYISE
AAYYINND- -NAGY THETISSNIAYTOVADYITINTHYYHYSHSHYVYSIYUNSON YD THDONDNY N O L 064-52+/LU TS FLISBIEVOVIFL ISBIEVOVIIE

AQALVALAYND - "NILYITHETISSNIANTOVADGININ THY VA HAYUSHYVSIUNSINEANYANIILLINIOT 892C0Z/LU TS T0LZEMIOLLZENME L
QILVAAAND - - LNGY TYATTISYNISLIYSADSITAL THIDAUNYSHYVSIUNS TNEEWANLINLLALNIS BrZCBLAUTS TheLZEMLLZENMES
QLAVLL4DD- -NVISTONITLYNIONTDIADSI T3S TOVONUEUYUSHYVSIUNSANYY | X LINSHLOH8T FTHBSUU TS ZIZXEXIZZXEHVBS
QLAVL1L4DD- "NV3ISTONITLYNIONIDIADSI T3S TOVOAHEYSHEYVYSIUNSANEY I YN L3NSHLOET 084-F4 bALU TS TGNAXEMISNAXEXIEE
QLAVLLIDD- "NV3ISTONJTLYNIONTIDIADSIIISTOVOANHEYSHYVYSIUNSANEY I 4N L13NSHLO9ET 0844 b TS EMAXENISMAXEIIFS
QLAVLIL4DD- "NYQLIDAJISYNIOYTIDAADLITAV THYOAUNEYSHEYVYSIUNSANEHWEINAADINLSDI 002-+€ 11U TS TOVNAEMIOVNAEXIES
QLAVLL4DD- "NVYQLIDMNJISYNIOYIDAADLITAV ITHYOAUNESHEYVYSIUNSANEEWENNADINLS DI $0ZGE L/LUL TS TGBNAEMISEBNAEY MBS
rrrrrrr Y- -L10S1¥LSTIAY I LYONYAANOITIIAADANYODES THYSIUNEATHVEHEAVYIAIIONOA OLb~4 b bALUL TS ™I XHZEM| XHZEXMS
....... 3V - -ALASIASNIAN IASHASHAYNIITIIAAENNEOYUSTOVSIUNENTEVYLEENAIIIOOVO BZZ694 /LU TS PHPZEN|PHPZENE
....... AN- -DTLSTEIINISNIAITAAMAAITALTAVINEIYVYOOVSAYUNE TTEN TENHINAVISHA OFb-+BALU IS TBLMAENIBLMAE AL
....... AN- -DILSAYDITIVNETIITAAVAVITILTAVINEIYVOOVSAYUNE TTENTENDINAOVLIED 9G4-L6/LUL TS TOANXEHIGANXEX IS
L3XNASTAII - -WATAAINA I LINISSTAVANEYIICY I VOHYE T I LOYYSIUNY IAYY IEAVINIVYILIL EB84-LbbAUTS ZZIAEMIZZIAENMES
YINISTAID - ~"WANGHINMNNNINDSSTAAANEYIICH I VOHE T I LOYVYSIUNY IAYY TEAVINIVILIL 88422 4/LU TS TODRZEXIODREXMGE
‘‘‘‘‘‘‘ 3V - "VIODIVASTHIOIIVITANSHWNITAAAATIANNIYSHAVSAUNENEEENNNO9AdAA99AY 084424 TS THVNAENIEVNAEMMLE
‘‘‘‘‘‘‘ 3V - "VAIDIVASTHEIIVITAASHAYITAAAALNNYIUSHAVYSAUNENOHYNNNSALAAOANST $6LGE /LU TS TOHAXEMIOHAXEX 0L
09 05 o ot 0z ol

Figure S3. Construction of the HMM Profile Based on the Degree of Conservation of Multiple Sequence

Alignment in S. jtalic.
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Graph Level 2 Pie Chart of #Seqs [Molecular Function]
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Figure S4. Ontology genetics of 52 putatives bZIP.
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Qualty scares across al bases (Sanger /liumina 1. encading)
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Phred quality values for A- ICMB863 Control (3 replicates) B- ICMB863 Stressed (3 replicates) C- ICMB843 Control
(3 replicates) D- ICMB843 Stressed (3 replicates).
Figure S5. Reads quality of RNA-seq.
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bZIP Selected upstream sequence
Pg1 Cr2:3978000-3981000

Pg4 Cr2:222689500-22692000
Pgs Cr2:193196802-93198357
Pg21 Cr7:3989000-3991500

Pg27 Cr6:228475698-28477448
Pg37 Cr1:176831019-76832601
Pg46 Cr3:249786695-49789500
Pg47 Cr3:11481000-11483000
Pg52 Cr5:84373500-84376000

ATbZIP61  Cr3:c21524787-21522243
ATHYS Cr5:3596000-3593500
ATAREB1  Crl:17169500-17167000
OsbZIP19  Cr2:8322488-8324100
OsbZIP23  Cr2:¢32283000-32281000
OsbZIP39  Cr5:20118098-20116200
OsRISBZ4  Cr2:4108000-4110743
OsRISBZ2  Cr3:¢33193500-33191000
OsbZIP60  Cr7:26807783-26811000
OsHYS Cr1:c3813362-3811900

OsRF2a Cr9:¢20099800-20096675
OsABI Cr6:30562500-30565000

Figure S6. Location of sequence Upstream selected of putatives bZIPs and orthologous
bZIPs.
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