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Abstract 

The Olive (Olea europaea L.) is a Mediterranean crop tree with great economic importance and understanding molecular 

mechanisms that control developmental processes like adventitious rooting will benefit various aspects of olive tree development 

research. SCARECROW (SCR) genes are reported to be essential for asymmetric division of the cortex/endodermis progenitor cell 

in the root. They also have diverse roles through plant development. Thus, this study aimed to identify SCR genes in Olive. With 

this study, we investigated all GRAS family proteins in Olive and further extracted SCR proteins in Olive genome. We report SCR 

genes in olive for the first time and provide analysis of their structure with bioinformatic tools. Phylogenetic tree revealed that all 

8 major sub-families of GRAS were present in the olive genome and some other sub-families like SCL18, SCL3 and SCL28 were 

also present. A. thaliana SCR (AT3G54220) was grouped with 2 unique olive sequences (XP_022893717.1, XP_022881217.1). Both 

sequences showed a 2 exon, 1 intron structure and contained the characteristic GRAS domain. Promoter regions contained several 

light and low temperature motifs. Auxin, gibberellin and abscisic acid response elements were present within these regions. 

Promoter regions of all olive SCR also contained MYB transcription factor recognition and binding sites. 
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INTRODUCTION 

GRAS gene family includes important transcription factors in plant development (Pysh, 

Wysocka-Diller, Camilleri, Bouchez, & Benfey, 1999). The family name “GRAS” comes from the first 

discovered members of this family, GAI, RGA and SCR (Di Laurenzio et al., 1996; Peng et al., 1997; 

Silverstone, 1998). Members of this family are involved in a wide area of plant development and stress 

response. GRAS family members were identified in several plant species including, Arabidopsis (Tian, 

Wan, Sun, Li, & Chen, 2004), Populus (Liu & Widmer, 2014), Chinese cabbage (Song et al., 2014), 

maize (Lim et al., 2005), rice (Liu & Widmer, 2014), grapevine (Grimplet, Agudelo-Romero, Teixeira, 

Martinez-Zapater, & Fortes, 2016), tomato (Huang, Xian, Kang, Tang, & Li, 2015). The identified 

members of this family are usually divided into sub-family groups like SCR, DELLA, SCL3, LISCL, 

SHR, LS, HAM and PAT1. These sub-families all have distinct roles in plant physiology (Tian et al., 

2004). DELLA group of transcription factors include genes that repress the gibberellin signal 

transduction pathway (Silverstone, 1998). SCL3 genes act as a regulator in the molecular control of 

DELLA proteins (Zhang et al., 2011). The PAT1, SCL5, SCL13 group proteins are involved in light 

signalling (Bolle, Koncz, & Chua, 2000; P. Torres-Galea, Hirtreiter, & Bolle, 2013; Patricia Torres-

Galea, Huang, Chua, & Bolle, 2006). Although different groups possess different functions, all GRAS 

family proteins contain conserved GRAS domains in their c-terminal regions. 

Another sub family of GRAS transcription factors, the SCR genes are essential for asymmetric 

division of the cortex/endodermis progenitor cell in the root. Expression of SCR was found in root tips, 

leaf primordia and while ligule and stomatal formation (Kamiya, Itoh, Morikami, Nagato, & Matsuoka, 

2003). Expression profile suggests diverse roles for SCR proteins on plant development. 

The Olive (Olea europaea L.) is a Mediterranean crop tree which belongs to the Oleaceae family, 

and it has great economic importance, due to its health-promoting oil content in the Mediterranean diet. 

Recent advances in genomic and transcriptomic data allowed us to identify SCR family proteins. 

Understanding the molecular control of SCR genes will benefit various aspects of olive tree development 

research. Thus, this study identifies SCR gene family members in olive and discusses their structures, 

phylogenetic relationships.  

MATERIALS and METHODS 

In-silico Identification of SCR Sequences 

We obtained A. thaliana SCR (AT3G54220) sequences from TAIR and used these sequences as a 

reference to obtain SCR sequences of O. europaea. Blast search was performed against O. europaea cv. 

Sylvestris proteome and retrieved all sequences with e values lower than 1. All sequences were 

submitted to NCBI CCD search (Marchler-Bauer et al., 2015) and sequences without a GRAS domain 

was eliminated from the study. We obtained the SCARECROW-LIKE proteins of A. thaliana and 
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Solanum lycopersicum with the same method and used them as a reference in the phylogenetic tree. A 

phylogenetic tree consisting of all GRAS family proteins were computed using the Poisson correction 

and UPGMA method. This analysis involved 214 amino acid sequences. All ambiguous positions were 

removed for each sequence pair (pairwise deletion option). There were a total of 1265 positions in the 

final dataset. Evolutionary analyses were conducted in MEGA X (Kumar, Stecher, Li, Knyaz, & 

Tamura, 2018). Olive sequences that were grouped with A. thaliana and S. lycopersicum were extracted 

and further analyzed with bioinformatic methods. 

Bioinformatic Analysis of SCR Genes in Olive 

The Muscle alignment tool was used for protein and nucleotide alignments (Edgar 2004). We 

used Geneious R8 (Kearse et al., 2012) software to predict amino acid sequences. The molecular weight 

and isoelectric point of proteins were calculated with Expasy’s ProtParam server 

(http://web.expasy.org/protparam/) (Gasteiger et al., 2005). Conserved regions were investigated with 

CDD: conserved domain database (Marchler-Bauer et al., 2015). Promoter regions were analyzed for 

regulatory motifs in PLANTCARE database (Lescot et al., 2002).  

RESULTS and DISCUSSION 

With this study, we investigated all GRAS family proteins in Olive and further extracted SCR 

proteins in Olive genome. The blast search using A. thaliana SCR (AT3G54220) protein sequence 

against olive proteome returned 117 protein sequences. The domain search revealed that all sequences 

contained the GRAS domain and 4 proteins contained the DELLA domain in addition to GRAS which 

is specific to the DELLA sub-family of the GRAS transcription factor family. The phylogenetic tree 

revealed and separated all sub families of GRAS transcription factor family (Fig 1). 
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Figure 1. Phylogenetic tree of GRAS family proteins in Olive. The markers represent the GRAS sub-

families: ● SCL3, ● SCL18, ● SCL23, ● DELLA-RGA, ● SCR, ♦ SCL28, ♦ PAT1, ♦ LS, ♦ SCL26, ▲ 

LiSC, ▲ SHR, ▲ DELLA-RGL, ▲ HAM. 

The clade containing A. thaliana SCR (AT3G54220) also contained 2 unique Olive proteins 

(XP_022893717.1, XP_022881217.1). This clade included all SCR proteins of A. thaliana, S. 

lycopersicum and O. europaea. Thus, we named these olive sequences as OeSCRa (XP_022893717.1) 

and OeSCRb (XP_022881217.1). OeSCRa is a 806 a.a. long protein with a molecular weight of 87.2 

kDa and 5.67 Theoretical pI. OeSCRa is 811 a.a. long with a molecular weight of 87.5 kDa and 5.83 

Theoretical pI. Both proteins contain a GRAS domain which is characteristic to this gene family (Table 

1).  
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Table 1. Protein characteristics of Olive SCR proteins 

Accession Protein Length Molecular weight 

(kDa) 

Theoretical pI Conserved 

Domain 

OeSCRa 806 87.2 5.67 GRAS 

OeSCRb 811 87.5 5.83 GRAS 

 

We performed a tBlastn search using OeSCRa and OeSCRb against O. europaea cv. Sylvestris 

transcriptome and genome. Only one transcript and genomic region showed a %100 similarity against 

each SCR proteins. OeSCRa sequences were matched against a region in the 2. chromosome and 

OeSCRb has matched against 1. chromosome. Genomic structures of Olive SCR contained 2 exons and 

1 intron. The Genomic region of OeSCRa was 3493 bp and the mRNA was 2421 bp long. The Genomic 

region of OeSCRb was 4114 bp and the mRNA was 2436 bp long. 

 

 

Figure 2. Genomic structure of SCR genes in Olive. 

 

Figure 3. Alignment of SCR LIKE Proteins of Olive 

Alignment of the protein sequences that grouped closely with A. thaliana SCR (AT3G54220) 

which includes SCR and SCR-LIKE 23 groups showed a more conserved region in carboxy terminal 
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region. This region also contains the GRAS domain. The amino terminal region, however, showed 

higher polymorphic regions (Fig 3). 

 

Figure 4. Regulatory motifs found in promoter regions of olive SCR proteins 

We also investigated regulatory motifs found in promoter regions of olive SCR genes. We 

analyzed 1000 bp upstream of the first codon (ATG) for all three genes. We found several regulatory 

elements and core promoter regions like TATA and CAAT-box within all promoters. Among the 

regulatory motifs, MYB transcription factor recognition and binding sites were common for all SCR 

genes. MYB transcription factors include several genes that control plant development, differentiation, 

stress and defence (Ambawat, Sharma, Yadav, & Yadav, 2013). The MYB motifs that are present in 

olive SCR promoters suggests a role in their regulation with an MYB transcription factor. Promoter 

regions also contained several light and low temperature motifs. Auxin, gibberellin and abscisic acid 

response elements were also present within these regions (Fig 4). 

Conclusion 

Recent advances in olive genomic and transcriptomic research enabled the discovery of several 

gene and gene families related to development and fruit quality. With this study, we report SCR genes 

in olive for the first time and provide analysis of their structure with bioinformatic tools. SCR genes are 

a part of a large family of transcription factors called GRAS (Pysh et al., 1999). While this study is 

focused on the A. thaliana SCR (AT3G54220) genes of olive, the phylogenetic tree includes all GRAS 
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family transcription factors in olive. Phylogenetic tree revealed that all 8 major sub-families of GRAS 

were present in the olive genome and some other sub-families like SCL18, SCL3 and SCL28 were also 

present. A. thaliana SCR (AT3G54220) was grouped with 2 unique olive sequences (XP_022893717.1, 

XP_022881217.1). Both sequences showed a 2-exon structure and contained the characteristic GRAS 

domain. Olive SCR genes were more conserved in their carboxy terminal regions. Promoter regions of 

all olive SCR contained MYB transcription factor recognition and binding sites. MYB transcription 

factors include several genes that control plant development, differentiation, stress and defence 

(Ambawat et al., 2013). The MYB motifs that are present in olive SCR promoters suggests a role in 

their regulation with an MYB transcription factor. Further functional studies will enlighten molecular 

control of GRAS family and will benefit various aspects of olive tree development research. 
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