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Abstract: Under long day conditions, the grain number, plant 

height, and heading date7 (Ghd7) is a key regulatory gene in 

effects on yield related traits such as the number of spikelets 

per panicle, and heading date. The Ghd7 codes for a CO, CO-

from the other CCT family proteins. In the current study, the 

evolutionary relationships of putative orthologs of Ghd7

the genus Oryza is assessed via computational approaches. The 

gene tree and synteny of Ghd7 orthologs of nine Oryza species 

using genomic, coding, and polypeptide sequences of the 

putative Ghd7 orthologs and adjacent genes retrieved from the 

to be highly conserved (> 95 %) across the Oryza species, 

including the CCT domain. The length and the composition 

tree revealed earlier divergence of Oryza brachyantha (diploid 

F genome) and Oryza punctata (diploid B genome) from the 

diploid species carrying an A genome. The A genome carriers 

African-origin species. The movement of the syntenic blocks 

comprising putative orthologs of Ghd7 and its adjacent genes 

in 0.5 Mbp region revealed complex relationships, especially 

. 

Ghd7

movement across syntenic and non-syntenic regions.

Keywords: Comparative genomics, gene tree, Ghd7, Oryza, 

synteny.

INTRODUCTION

Rice (Oryza sativa L.) is the second largest cereal 

production of 494.9 million tons in the year 2014/2015 

(FAO, 2016). It is the food staple for more than half of the 

2016). Accordingly, the food production needs to be 

staple food crops such as rice. 

 Rice yield is determined by the number of panicles 

per plant, number of spikelets per panicle and 1000-grain 

parameters and is under the regulation of many genes 

including HEADING DATE 3a (Hd3a) and RICE 

FLOWERING LOCUS T 1 (RFT1 et al., 

2008). The GRAIN NUMBER, PLANT HEIGHT, AND 

HEADING DATE 7 (Ghd7) regulates genes involved in 

Ghd7 

alters the expression of the EARLY HEADING DATE 1 

(Ehd1) through the CONSTANS-LIKE 10 (OsCOL10) 

(Tan et al Hd3a and 

RFT1

2013; Shrestha et al., 2014). Further, the Ghd7

drought tolerance, such as genes involved in scavenging/ 

producing reactive oxygen species (ROS) and those 

involved in abiotic stress-responses (Weng et al., 2014). 



230 Asanga D. Nagalla et al.

September 2017 Journal of the National Science Foundation of Sri Lanka 45(3)

Under drought the expression of Ghd7

suppressed (Weng et al., 2014) and thus, could affect the 

Hence, Ghd7

yield determination and abiotic stress responses in rice. 

 The reconstruction of a gene tree using orthologs 

connections (Wang et al

Ghd7 

1988). An insight of the events that took place during 

the evolution of Ghd7 can be understood based on the 

variations in gene structure and composition (regulatory 

elements, motifs, domains, and intron/exon regions) 

and by understanding the syntenic relationships in 

comparable genomes. 

 The Ghd7 evolution pre-dates the divergence of 

rice from other grass species such as purple false 

brome (Brachypodium distachyon Zea mays) 

and sorghum (Sorghum bicolor) (Yang et al., 2012). 

Comparison of the Ghd7 orthologous regions in Oryza 

species has revealed that there is high collinearity 

Oryza (Yang et al

Ghd7 homologs of ancestors Oryza barthii and Oryza  

longistaminata

constructed by Yang et al. (2012). Further, a Ghd7 gene 

tree exclusive to genus Oryza has not been reconstructed 

to reveal the evolution of the Ghd7. 

 Studying the Ghd7 Oryza 

confounded at the species level. Hence, in the current 

study, the DNA polymorphisms and nucleotide diversity 

of the Ghd7 putative orthologs in genus Oryza

relationships of the chromosomal regions harbouring 

Ghd7

trends of the Ghd7 in the genus Oryza. 

METHODOLOGY 

Nucleotide diversity analysis and reconstruction of 

Ghd7 gene tree

The genomic sequence of Ghd7 of O. sativa ssp. japonica 

 

database (Monaco et al., 2014, available at 

gramene.org

DNA sequences of its 1:1 putative orthologs belonging to 

the genus Oryza and its sister-genus Leersia. Multiple 

sequence alignment of the genus Oryza 

et al., 2011) 

using ClustalW (Thompson et al

gap open cost of 15 and a gap extend cost of 6.66. 

Asian-origin and African-origin). Considering all species 

genomic region and for the coding sequence (CDS). 

Ghd7 

putative ortholog of Leersia perrieri

as the outgroup in RAxML v7.2.6 (Stamatakis, 2006) 

using an un-gapped sequence alignment of Oryza spp., 

pseudoreplicates. 

Ghd7 

orthologs

The sequences of the 5' and 3' untranslated regions, exons, 

introns of the Ghd7

orthologs of genus Oryza (species O. sativa ssp. japonica, 

O. sativa ssp. indica, O. barthii, O. punctata, Oryza 

glaberrima, Oryza glumaepatula, O. longistaminata, 

Oryza brachyantha, Oryza nivara, and Oryza ) 

et al., 

2009, available at ). 

OF CAB1) of the polypeptide sequence (UniProt ID: 

O. sativa ssp. japonica

from the UniProt database (The UniProt Consortium, 

2014, available at /). Of the 

retrieved sequences, O. longistaminata 

on the method described by Long et al

structural components and the CCT domains of the Ghd7 

Biological Sequences (IBS) v1.0 (Liu et al., 2015). 
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Synteny mapping of Ghd7

The anchor position of the Ghd7

O. sativa ssp. japonica 

database. The sequences of genes over a region of 

0.5 Mbp spanning over the Ghd7

to identify similar regions in the genomic assemblies of 

O. barthii, O. glaberrima, O. glumaepatula, O. nivara, 

O. punctata,  and O. sativa ssp. indica. 

 based on the best 

hit positions (E-value of 0.0; identity of > 94 %). The 

gene position and the order of the orthologs of Ghd7 and 

of O. sativa ssp. japonica in a synteny map constructed 

using IBS v1.0 (Liu et al., 2015). 

RESULTS AND DISCUSSION

The Ghd7

arm of the chromosome 7 of O. sativa 

to code for a single transcript producing a unique CCT 

involved in the regulation of plant height, heading date 

et al., 

2008). In the current study, the Ghd7 of O. sativa ssp. 

japonica and its putative orthologs belonging to genus 

Oryza

nucleotide diversity and the phylogenetic relationships 

of the Ghd7. 

Exploring the genetic diversity of Ghd7 

O. sativa ssp. japonica 

Ghd7 OSGhd7) revealed 28 putative 

Of those, nine belonged to the genus Oryza and the 

L. perrieri (LPERRGhd7), Sorghum 

bicolor (SBGhd7) and Zea mays (GRMZMGhd7). 

The putative orthologs belonged to the subfamilies 

Panicoideae (S. bicolor and Z. mays

(Oryza spp., and L. perrieri) implying that the origin of 

Ghd7

subfamilies from each other. 

* **

O. punctata OPUNCGhd7 52 53

O. barthii OBARTGhd7 97 97

O. sativa ssp. indica BGIOSGAGhd7 94 94

O. nivara ONIVAGhd7 88 98

O. glumaepatula OGLUMGhd7 88 98

O. glaberrima ORGLAGhd7 87 97

O. brachyantha OBGhd7 45 19

ORUFIGhd7 44 53

Leersia perrieri LPERRGhd7 35 35

Sorghum bicolor Sb06g000570 SBGhd7 27 26

Zea mays GRMZMGhd7 22 20

Triticum aestivum Traes_1AL_2EE300C85 - 42 21

Brassica oleracea Bo9g163650 - 35 11

Populus trichocarpa POPTR_0105s00200 - 35 16

Setaria italica Si011920m.g - 34 28

S. italica Si039184m.g - 31 30

Musa acuminata

Amborella trichopoda AMTR_s00111p00022140 - 18 12

 SELMODRAFT_141010 - 13 14

Ostreococcus lucimarinus OSTLU_37312 - 10 17

Chlamydomonas reinhardtii CHLREDRAFT_149159 - 5 20

Triticum aestivum Traes_4BL_1FE4A71E6 - 44 15

T. aestivum Traes_1BL_688EF6A1A - 40 20

T. urartu TRIUR3_25590 - 39 20

T. urartu TRIUR3_08750 - 27 23

T. urartu TRIUR3_08751 - 27 21

T. urartu TRIUR3_30403 - 26 21

* Percentage of the target sequence matching the query sequence 
** Percentage of the query sequence matching the target sequence 

Table 1: Orthologs of Oryza sativa ssp. japonica Ghd7 ( )
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exon of the putative ortholog ORUFIGhd7 (189 bp in 

of ORGLAGhd7, OGLUMGhd7 and ONIVAGhd7, and 

a 125 bp region from the intron 1 in ONIVAGhd7 and 

ORGLAGhd7

to the translation start site of exon 1 in BGIOSGAGhd7. 

Further, part of the intron 1 sequence of ORUFIGhd7 is 

included in the exon 1 or 2 in other species. Thus, a clear 

the species barrier at all times. Due to the variations in 

the number of exons and the length of exon sequences, 

the Ghd7 

 carrying the longest CDS (933 bp). Despite 

the length and composition of the CDS, in all species 

Ghd7 

orthologs (intron phase 0, 0; indicating an intron phase 

0 in both 5' intron and 3' intron of an exon, respectively). 

Such symmetric exons are indicative of a reading frame 

that is not disturbed due to the addition of the introns 

(Long et al., 1995). 

In species belonging to genus Oryza, the Ghd7 consists 

of a variable number of predicted exons (one to three 

exons). In O. sativa ssp. japonica, the Ghd7 consists 

3854 bp (position 9152377-9155030 in chromosome 7). 

Similarly, its putative orthologs (Table 1) in O. sativa ssp. 

indica (BGIOSGAGhd7), O. punctata (OPUNCGhd7) 

and O. barthii (OBARTGhd7

in (ORUFIGhd7), O. glaberrima 

(ORGLAGhd7), O. glumaepatula (OGLUMGhd7), 

and O. nivara (ONIVAGhd7) contain three exons and 

O. brachyantha (OBGhd7) contains only one exon 

(Figure 1). 

belonging to the 10 Oryza

Ghd7 genomic sequence 

concentrated in the intron region. Interestingly, the 

sequence composition and length. For example, the 1st 

Figure 1: Ghd7 genes in Oryza

structure of the Ghd7 gene orthologs in Oryza species and the positions of the CCT 

domains.
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For Ghd7, a total of 12 haplotypes: nine from O. sativa 

ssp. indica (haplotypes 2, 3, 4, 6, 7, 8, 9, 10 and 11) 

and three from O. sativa ssp. japonica (haplotypes 0, 1, 

and 5) have been reported to-date (Lu et al., 2012). The 

Ghd7 of O. sativa ssp. japonica cv. Nipponbare and 

O. sativa ssp. indica 

 accessions resemble 

et al. 

3 by Lu et al.

Interestingly,  ortholog (ORUFIGhd7) 

from an assessment on the haplotype diversity in 

approximately 100 accessions of O. sativa (involving 

both japonica and indica

of et al., 2008; Yang et al., 2012), 

no studies have been conducted to assess the allelic 

diversity of the remaining Oryza species. Availability of 

Ghd7 

gene at species level, revealing further evolutionary 

trends. Hence, a comprehensive haplotype mining by 

sequencing multiple accessions of species belonging to 

the genus Oryza,

recommended. 

In O. sativa

et al., 2008; Lu et al., 2012; Yang et al., 2012). 

In addition, a Ghd7 null-allele, commonly referred to as 

Ghd7-0a has also been reported. The species O. punctata, 

O. barthii, , O. glumaepatula, 

O. nivara and O. brachyantha all carried a Ghd7 putative 

ortholog in their genomes (OPUNCGhd7, OBARTGhd7, 

ORUFIGhd7, ORGLAGhd7, OGLUMGhd7, ONIVAGhd7 

and OBGhd7, respectively), hence, Ghd7-0a null allele 

Oryza spp.  does not have a premature stop codon. Thus, 

termination. Compared to O. sativa, the predicted 

peptide sequences of , O. punctata and 

O. brachyantha

sequences of the remaining sequences of O. barthii, 

O. glaberrima, O. glumaepatula, and O. nivara

aligned to that of O. sativa, several non-synonymous 

Table 2: Oryza species

Species Position*

  respect to O. sativa 

O. barthii 53 Serine to Cysteine Polar to non-polar Neutral-positive

O. barthii 68 Proline to Arginine Non-polar to polar Neutral-positive

O. barthii 114 Alanine to Proline No No

O. barthii 200 Alanine to Threonine Non-polar to polar No

O. barthii 218 Valine to Methionine No No

O. glaberrima 53 Serine to Cysteine Polar to non-polar Neutral-positive

O. glaberrima 68 Proline to Arginine Non-polar to polar Neutral-positive

O. glaberrima 114 Alanine to Proline No No

O. glaberrima 200 Alanine to Threonine Non-polar to polar No

O. glaberrima 218 Valine to Methionine No No

O. glumaepatula 8 Serine to Threonine No No

O. glumaepatula 53 Serine to Cysteine Polar to non-polar Neutral-positive

O. glumaepatula 200 Alanine to Threonine Non-polar to polar No

O. glumaepatula 226 Arginine to Lysine No No

O. nivara

O. nivara 199 Alanine to Proline No No

O. sativa indica

O. sativa indica 263 Proline to Alanine No No

*
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protein, some of these amino acid transitions could 

possibly alter the chemical properties of the protein such 

domain is mostly conserved among the nine Oryza spp., 

except for a single amino acid change in O. glumaepatula 

(Arginine to Lysine) at the 7th amino acid position. 

expected to have a minimal impact on the function of the 

protein, as physical properties remained constant apart 

from the change in geometry.    

 The DNA polymorphism and nucleotide diversity 

of the Ghd7 in genus Oryza

genomic sequences and CDS, considering all nine 

Ghd7 orthologs from genus Oryza and in groups made 

based on their origins (Asian and African). The putative 

orthologs OSGhd7, BGIOSGAGhd7, ONIVAGhd7 

and ORUFIGhd7 

ORGLAGhd7, 

OPUNCGhd7, OBGhd7 and OBARTGhd7 

et al., 2007; 

Wang et al., 2014). The ortholog OGLUMGhd7 of 

species O. glumaepatula found in South and Central 

fact that it is closely related to O. barthii (Vaughan et al., 

2003; Wang et al., 2014).

et al. 

(2012), the current study reports positive Pi values for 

the nucleotide diversity of Ghd7. Positive Pi values are 

to Ghd7. Ghd7 on plant 

height, heading date and number of spikelets per panicle, 

a positive selection occurring at the Ghd7 locus is a likely 

scenario. When all nine Oryza

considered, the Pi value (average DNA polymorphism 

of all possible sequence comparisons; Jukes and Cantor, 

1969) of the genomic sequences (Pi
genomic

 = 0.24494) is 

higher compared to that of CDS (Pi
CDS

 = 0.05590). The 

sequence indicates a conserved CDS region, an attribute 

of a gene coding for a functional protein. Interestingly, 

CDS

compared to Pi
genomic

 (0.01015). This could be a result 

of the higher degree of polymorphism at the exon 1 of 

(a fragment of 125 bp inserted to the 5' end 

of exon 1) compared to the rest. Further, the nucleotide 

higher (Pi
genomic

 = 0.50639; Pi
CDS 

= 0.09097) in African-

(Pi
genomic 

= 0.01015; Pi
CDS

 = 0.01908). This indicates the 

independent isolated mutation events. 

Mining evolutionary trends of Ghd7

consists of genera Leersia and Oryza, 

to have diverged from each other 20 million years ago 

CDS phylogentic tree of Ghd7 

Ghd7 putative ortholog of L. perrieri representing the 

sister-genus Leersia. The resulted phylogeny revealed 

strong evidence depicting evolutionary trends of Ghd7 

Oryza (Figure 2). According to Hillis 

and Bull (1993), a BS > 70 can be considered as strong 

evidence to consider a presented branching pattern 

gene tree of Ghd7, OBGhd7 is placed basally to the 

OPUNCGhd7 (Figure 2). 

The remaining species 

supported (BS = 100) monophyletic clades (Clade I 

and Clade II; Figure 2). Clade I consists of OSGhd7, 

BGIOSGAGhd7, OLONGhd7, ORUFIGhd7 and 

ONIVAGhd7. Thus, this clade is generally represented 

Clade I the close relationship of ORUFIGhd7 and 

OSGhd7 is strongly supported (BS = 98), indicating the 

close relationship of and O. sativa

the relationships of the remaining species cannot be 

Clade II consists of putative orthologs of ORGLAGhd7, 

OGLUMGhd7 and OBARTGhd7 representing species 

2001). Even though the divergence of OGLUMGhd7 from 

ORGLAGhd7 and OBARTGhd7 

is not strongly supported, the close relationship of 

ORGLAGhd7 and OBARTGhd7 is strongly supported 

et al. 

O. barthii and 

O. glaberrima has been reported. The putative orthologs 

OBGhd7 and OPUNCGhd7 

the rest; both are of African-origin, and carry diploid BB 

The remaining species in Clade I and II, all contain a 

O. nivara evolved from  

of O. sativa indica and 

japonica subspecies of O. sativa diverged 0.4 MYA 

O. nivara et al., 2005). 
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The African rice O. glaberrima does not share a direct 

descent from O. nivara and O. , hence evolved 

parallel to O. sativa . According 

to Wang et al. (2014), O. glaberrima

from O. barthii in West Africa nearly 3,000 years ago. 

The species O. glumaepatula is a South American rice 

O. barthii, thus, shares an 

trends depicted by the Ghd7 gene tree (Clade 1 and 

Changes in the gene structure and its chromosome position 

in closely related species provide an insight about its 

orthologs maintain the function of the ancestral gene 

Ghd7 has putative orthologs going 

beyond the genus Oryza. Similar to OsGhd7 of O. sativa 

ssp. japonica, its putative orthologs BGIOSGAGhd7, 

ORUFIGhd7, ORGLAGhd7, OBARTGhd7, OBGhd7 and 

OLONGhd7 

the putative orthologs in OGLUMGhd7 and ONIVAGhd7 

are mapped to chromosome 1 (Figure 3). Yang et al. 

Ghd7 

orthologs in the genus Oryza

boundary, the synteny has become complex as a result 

of gene movement. The Ghd7

mapped to chromosome 3, 6 and 10 in B. distachyon, 

S. bicolor and Z. mays, respectively. These regions are in 

O. sativa, and 

Ghd7.

The synteny map revealed similarities in the relative 

anchor positions of the Ghd7 putative orthologs and 

Ghd7

spanning over a 0.5 Mbp region, respectively] in O. sativa 

ssp. japonica, O. sativa ssp. indica,  and in 

O. glaberrima

chromosomal segments carrying homologous genomic 

 O. glumaepatula, O. punctata, 

O. nivara and O. barthii, 

Ghd7

different location of the chromosome 7 itself (O. barthii) 

(Figure 3) or to an entirely different chromosome (to 

chromosome 1 or 12 in O. glumaepatula, O. punctata 

and O. nivara) (Figure 3).  

 The species evolution depicts the line of species 

descent of common Asian rice as to 

O. nivara to O. sativa. 

Figure 2: The Ghd7 gene tree of genus Oryza. The letters AA, BB and FF represent the genomes, and I and II represent the monophyletic clades 

called at a bootstrap value of 100.
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carrying the putative orthologs of Ghd7 and its adjacent/

overlapping genes indicate a complex gene movement. 

As an example, the Ghd7 ortholog of has 

moved from the chromosome 7 to chromosome 1 in O. 

nivara, and the putative ortholog of the gene adjacent 

to Ghd7 in 

chromosome 7 to chromosome 12 in O. nivara (Figure 3). 

back again to chromosome 7 in O. sativa. This indicates 

a contradicting Ghd7 gene evolution compared to the 

even though O. barthii and O. glaberrima are in a direct 

line of descent (Wang et al., 2014), the gene position of 

Ghd7

the ancestor O. barthii, 

O. glaberrima. 

In addition, in O. glumaepatula, the Ghd7 putative 

ortholog OGLUMGhd7 and a block of putative orthologs 

on chromosome 1, instead of chromosome 7. In general, 

it is indicative that the putative Ghd7 and adjacent/

overlapping gene orthologs of African-origin rice are 

to its Asian counterparts. 

CONCLUSION

It is evident that Ghd7 has undergone a positive selection 

in its evolutionary history and carries a comparatively 

conserved CDS region, especially at the CCT domain, 

Ghd7 

the geographic separation of the Asian and African-

origin rice, and their independent evolution. The syntenic 

relationships of the orthologs of Ghd7 and its adjacent 

genes Oryza 

of descent of Ghd7 

relationships depicted by the species evolution. 
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