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Introduction
Genomic information available online is key to understanding 

plant development and associated traits, for crop improvement 
[1]. The National Centre for Biotechnology Information (NCBI) 
(http://www.ncbi.nlm.nih.gov/) and soybean breeder’s (http://
soybeanbreederstoolbox.org/) databases among the many have useful 
information for enhancing soybean improvement through Marker 
Assisted Breeding. The wide array of bioinformatics tools freely 
available online can enable information capture and management 
from repositories of genomic data in attempts to understanding and 
modelling living systems [2]. Bioinformatics refers to the new field in 
biology that merges, computer science and information technology with 
wide applications such as; genome sequencing [2,3], molecular marker 
discovery [4,5], transcriptomics [6], candidate gene identification [7] 
and taxonomy [8]. Despite its wide application, the challenge however, 
remains to convert this mass of data into knowledge that can be readily 
applied in crop improvement programs [1]. Although a glimpse of 
the distribution of genic and repetitive sequences in soybean has been 
seen [9], a detailed analysis is lacking. There is no report on structural 
and functional annotation of the Rpp3 locus in soybean, despite its 
effectiveness in contributing to rust disease resistance in the crop. 
Few annotation studies have however recently been undertaken given 
availability of the whole crop’s draft genome sequences deposited in the 
NCBI database for utilisation. Soybean rust (Phakopsora pachyrhizi) 
is one of the most serious foliar diseases of soybean worldwide (Yang 
et al. [10]; Sinclair and Hartman [11], Monteros et al. [12]). The rust 

disease spreads rapidly causing yield losses of up to 80%, making it 
a very important disease in soybean production [13]. The Rpp3 gene 
was chosen in this annotations study due to its greater effectiveness 
in a pairwise gene pyramiding combination study for resistance to 
soybean rust populations in Uganda [14]. Various studies, such as, 
Rpp3 locus genetic mapping [15]; pair wise gene pyramiding studies 
involving the Rpp3 locus [14]; have provided detailed explanations on 
the locus in conferring resistance to soybean rust disease worldwide. 
In addition, Ray et al. [16] reported recessive resistance at or near 
the Rpp3 locus using phenotypes of 24 F1 plants in Paraguay. There 
are six major rust genes mapped to different linkage groups (LG) as 
follows: Rpp1 to linkage group G [17], Rpp3 to C2 [15] and http://
soybeanbreederstoolbox.org), Rpp2 and Rpp4 to J and G, respectively 
[18,19], Rpp Hyuuga to C2 [12] and Rpp5 to N [20]. The Rpp3 locus is 
tightly linked to marker Satt460 (a Simple Sequence Repeat) mapped 
to linkage group C2 at 106.991 cM (centimorgans) [15]. Kendrick et 
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al. [21], mapped two genes, Rpp3 and Rpp?(Hyuuga) to chromosome 
6 (LG-C2) in cultivar Hyuuga, revealing a natural case of gene 
pyramiding for Asian soybean rust (ASR) resistance and underscored 
the importance of utilizing multiple isolates of P. pachyrhizi when 
screening for ASR resistance. The identification of genes and molecular 
markers underlying important agronomic traits enhances breeding 
processes, and leads to varieties with improved yield and quality, 
tolerance to unfavourable environmental conditions and resistance 
to disease [2]. Structutural and functional annotations of the Rpp3 
locus could provide an insight on gene function and discovery of 
more polymorphic alternative primers to Satt460 for selecting Rpp3 
bearing rust resistant progenies in different soybean populations. The 
main objective of this study was thus to characterise the Rpp3 locus 
for enhancing the crop’s marker assisted selection (MAS). The specific 
objectives were: (i) to do structural and functional annotation of the 
Rpp3 locus genetically mapped on Linkage groups (LG) - C2 and 
physically located on chromosome 6 and (ii) to generate novel markers 
linked to the rust resistance for MAS in soybean. 

Material and Methods
Materials

To do structural and functional annotation of the Rpp3 locus and to 
design new primers for marker based selection of soybean rust disease, 
the sequence of interest was downloaded from NCBI (www.ncbi.nlm.

nih.gov/nuccore/NW_003722736.1). The programs or algorithms used 
in the study (Table 1) were accessed via the internet.

Methods 

The identification of repeats and gene predictions in the soybean 
Rpp3 genomic region employed at least two different online algorithms 
or programs (Table 2) to allow for comparison and validation of 
results. The soybean chromosome 6 genomic scaffold (>gi|353336025) 
spanning region 43291218 - 44292393 was then analysed as mentioned 
below. The steps in the method were divided into five broad categories: 
Identification of repetitive elements and putative genes, annotation 
of Rpp3 locus alleles and functional protein predictions, comparative 
genomics and primer design using the query soybean sequence from 
the NCBI as follows.

In the first step repetitive elements surrounding the putative 
soybean Rpp3 locus genome were identification using two programs 
as follows; 

i)	 The CENSOR repeat finder

The query soybean FASTA format sequence was uploaded to the 
CENSOR program [22] available online to find repetitive elements. 
Data on the alignments, names or type of repeats, and repeat class was 
specifically collected. 

Rpp3 Locus Description Reference
Marker Satt460 
position (bp)

>gi|353336025:43291318-
43291393 Glycine max 
chromosome 6 genomic scaffold.

http://soybeanbreederstoolbox.org/cmap/cgi-bin/cmap/feature?feature_acc=GmConsensus40_C2_Satt460

Satt460 position in 
linkage group (LG)C2  
incentiMorgans.

GmConsensus40_C2 
(106.991cM)

http://soybeanbreederstoolbox.org/cmap/cgibin/cmap/feature?feature_acc=GmConsensus40_C2_Satt460
and  Hyten et al. [15]

Chromosome 6 http://soybeanbreederstoolbox.org
Positive DNA strand 
(bp) download in 5’ to 
3’ direction.

43291218(bp) to  44292393 (bp) 
~ 1.01 (cM)
(Size : 100bp+Satt460+1.01x106 

(bp) )

www.ncbi.nlm.nih.gov/nuccore/NW_003722736.1

The positions, description and references of the Rpp3 locus and the linked marker Satt460 in to soybean linkage group (LG) - C2. The query DNA sequence downloaded 
was used in subsequently analysed in the methods section

Table 1: The putative Rpp3 locus genomic sequences with fragment size, position, relations to linked Satt460 marker on reference soybean linkage map.

Programs used to annotate the putative soybean rust resistance gene Rpp3 tightly linked to marker Satt460. Some programs were multi-purpose i.e DNA subway and 
BLAST algorithms used for identification of repeat and putative genes.  BLASTn find ESTs (expressed sequence tags)

Table 2: The algorithms used to analyse Rpp3 gene in Soybean (Glycine max) query sequence from DNA base 43291218 – 44292393 in the NCBI database and their roles.

Steps Programs  or 
algorithms Roles Websites

1
Repeats 
Identification

Censor Finds repeats and masks 
homologous portions. http://www.girinst.org/censor/index.php

TREP and BLASTn Discovery and annotation of 
repetitive elements. http://wheat.pw.usda.gov/ggpages/Repeats/blastrepeats3.html

DNA Subway Repeat sequences masking 
and gene predictions. http://dnasubway.iplantcollaborative.org/

2

Gene 
Identification
and
functional
annotations

FGENESH Polish annotations http://linux1.softberry.com/berry.phtml?topic=fgenesh&group=programs&subgroup=gfind.
DNA Subway and 
Augustus Gene Prediction, Annotation 

of Genomic Sequences.
http://dnasubway.iplantcollaborative.org/
andStanke et al. [48].

BLASTn Finds ESTs that match 
proteins. blast.ncbi.nlm.nih.gov

BLASTp Finds possible proteins.
TREP and BLASTp Predicts proteins. http://wheat.pw.usda.gov/ggpages/Repeats/blastrepeats3.html

3 Primer designs Primer 3. Primer design http://www.simgene.com/Primer3 and Rozen and Skaletsky [24].
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ii)	 The TREP and BLASTn sequence repeat finders

The query soybean FASTA sequence was uploaded to the TREP 
tool and principal BLASTn algorithm selected using the Cereal repeat 
sequences complete set database for comparisons. The DNA repeats in 
soybean sequence were then searched with default settings and results 
noted.

The second step involved, predictions of the eukaryotic gene 
features in the soybean Rpp3 locus which included; conserved domains, 
start codon, splicing sites, exons, stop codon, and PolyA using two 
programs as follows;

i)	 Prediction of genes using the FGENESH program

The query soybean FASTA sequence with masked repeats from 
the censor tool was uploaded to FGENESH tool where gene prediction 
was performed. The search was first run against Medicago truncatula 
(model plant for legumes) and repeated with Arabidopsis (dicot plants) 
for comparisons, against two reference model organisms [23]. Data on 
the predicted genes and exons in the query soybean Chromosome 6 
were collected. 

ii)	 Prediction of genes using the DNA Subway program

The query Soybean sequence in FASTA format was uploaded to 
the DNA Subway web page and required fields entered appropriately 
stepwise in the pipeline that was ran as they became available. The 
DNA subway program was used for both gene prediction and detection 
of repetitive elements, unlike the other programs that only carried 
out one function. The Augustus, BLASTn and BLASTx algorithms 
incorporated in the DNA subway software were used to predict genes 
in a stepwise pipeline and final results viewed using a Java program.

The third step involved Annotation of genes in the Rpp3 locus 
and functional protein predictions. The following eukaryotic gene 
features were identified in the Rpp3 locus using the Augustus program; 
conserved domains, start codon, splicing sites, exons, stop codon 
and PolyA. For protein predictions, the messenger RNA (mRNA) 
transcript for each predicted gene was obtained by re-downloading 
only the exons sequences from the NCBI database and joined to form 
a transcript (this steps sliced out the introns from the genes). The 
transcript were separately uploaded to the NCBI database proteins 
searched using the BLASTx algorithms (searches protein databases 
using a translated nucleotide query) using the non-redundant protein 
sequences database (nr) with default settings in the NCBI. The roles 
and descriptions of proteins was searched from the related the genetic 
information of accession that gave the best hit.

The fourth step involved comparative genomics approach to 
establish shared synteny of the Rpp3 locus. The soybean query 
chromosome 6 sequence downloaded was compared with three 
reference organisms’ genomes namely: Arabidopsis thaliana (for 
dicots), Medicago truncatula (for legumes) and Oryza sativa (for 
monocots) in the NCBI database using BLASTn similarity search tool 
and later with the Fgenesh tool. 

Finally, primer pairs were design for the Rpp3 locus and associated 
QTLS as follows. The downloaded query soybean sequence that 
contained the Satt460 marker repeat (AT(8)TTATT(17)) and Augustus 
predicted genes from the respective strand (from base 43291218 – 
43437779 in the genome) was used to design new primers using Primer 
3 program [24]. The primers were designed following reviews of Kamel 
[25] to fulfil certain criteria such as primer length of typically 18-30 
nucleotides, GC bases content, annealing and Melting Temperature 

(Tm) or Annealing temperature (Ta): for primers in the range 52-58°C 
which are unique for the target sequence for successful PCR [26]. 

Results 
Repetitive sequences in Soybean Rpp3 loci

Soybean chromosome 6 genomic DNA segment consisting of Rpp3 
gene is highly repeated with a few to hundreds of time with variable 
fragment sizes. Nine different types of repetitive sequences were 
found by the Censor tool (Table 3), predominated by transposable 
elements such as retrotransposons and DNA transposons. Other 
non transposable repeats and simple repeats e.g Integrated viruses 
and interspersed repeats had comparable frequencies. There were 61 
simple repeats and only one SAT repeat with the shortest fragment of 
68 bp length; this can be used to tag the different alleles at the Rpp3 
locus. However, the Trep tool found only transposable elements (DNA 
transposons and retrotransposons) as significant repetitive elements at 
the locus (Figure 1) with the latter repeat type predominant. 

Genes predicted in the Rpp3 locus

The Rpp3 gene prediction using Augustus tool found 16 genes of 
variable sizes, exons on both DNA strands. More information on the 
genes is in Table 4, with their respective sequences positions in the 
NCBI database. The sizes of the genes (bp) ranged from hundred to tens 
of thousands. There was no direct relationship between size of the gene 
and number of exons per gene, for example the largest gene 6 (15009 
bp) was comparable to a much smaller gene 12 (3756 bp) with 9 exons. 
The 16 genes were localised within a specific positions of the query 
sequence 146561bp (43291218-43437779 bp) close to Satt460 when 
compared to the whole 1.01×106 (bp) sequence downloaded (Figure 
2) with over 90% of the query sequences with no genes predicted. 
The demonstration of the basic eukaryotic gene features annotations 
of sequences in Gene 1 is shown in Figure 3, with the position of 
marker Satt460 with an AT insertion in tight linkage, different from 
the (AAT)8TAT(AAT)17 in literature review and soybean breeder’s 
(http://soybeanbreederstoolbox.org/) databases.

Functional annotations and protein prediction of the Rpp3 
locus

The query soybean transcript BLASTx results found involvement 
of the predicted protein coding genes in Soybean Rpp3 locus in 

Repeat Class No. Fragments Length (bp)
1 Integrated Virus 4 271
2 Interspersed Repeat 13 2085
3 DNA transposon 598 129608
4 Endogenous Retrovirus 28 1986
5 LTR Retrotransposon 551 311707
6 Non-LTR Retrotransposon 150 21187
7 Repetitive Element 6 426
8 Simple Repeat 61 2174
9 SAT 1 68

Total 1412 469603

Repeats classes in the Rpp3 loci, DNA transposon and LTR retroposons are 
localised repeats also referred to as transposable elements, while Simple Repeat 
and SAT are short dispersed repeats in the soybean Rpp3 genomic region. The 
other repeats are possibly recombinant DNA from the laboratory vector used in 
sequence

Table 3: Summary of class and names, number of fragments and size of repetitive 
DNA sequence in the presumed Rpp3 gene in soybean chromosome 6 fragment 
generated in Censor tool.
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Figure 1: Significant transposable elements in Rpp3 locus revealed with the TREP tool including retrotransposons (LTR - Long terminal repeats), and DNA transposon 
repeats. LTRs are repetitive DNA sequences with hundreds to thousands of bases in retroviral DNA and in retrotransposons, flanking functional genes. They are used 
by viruses to insert their genetic sequences into the host genomes.

Gene Size (bp) Position of gene in NCBI Exons per gene DNA Strand
  Begins Ends  

1 3975 43291218 43295193 10 +
2 2577 43310092 43312669 6 -
3 1872 43313547 43315419 2 -
4 7250 43321439 43328689 4 +
5 2896 43329323 43332219 6 -
6 15009 43338643 43353652 9 +
7 4559 43356003 43360562 5 +
8 11245 43364403 43375648 5 +
9 4044 43380645 43384689 11 -

10 1718 43388833 43390551 3 +
11 3918 43391783 43395701 5 +
12 3756 43401803 43405559 9 +
13 2623 43411236 43413859 2 -
14 8243 43417616 43425859 7 -
15 1015 43431743 43432758 2 +
16 321 43437458 43437779 1 -

Genes on positive (+) and negative (-) DNA strand are linked to marker Satt460 in cis and trans orientation respectively in the Soybean chromosome 6 genomic sequence. 
The 16 predicted genes size, corresponding downloadable Nucleotide positions in the NCBI database is shown in figure 2

Table 4: The genes predicted with size, positions from Augustus Algorithm prediction in the soybean query sequence.

many biological processes. The functional annotations were based on 
similarity sequence comparisons. Gene 1 and 12 had the same roles 
and both participate in many cellular and structural processes. Genes 
1, 6, 7, 8, 10, 11, 12 and 14 have interesting biological implication, 
with Genes; 1 and 12 related in functions and both code for various 
biological and structural roles in Soybean. The role of gene 13 suggests 
storage proteins mobilization in seeds. The functional predictions for 
the genes were independent of the size of the transcript used. Some of 
transcripts produced significant hits but, had no functional proteins 
deduced (e.g genes 5 and 15) but had homology to Phaseolus vulgaris, 
which provides additional degree of confidence in synteny and 
functional gene discovery among related crops.

Comparative genomics and the Rpp3 locus shared Synteny 

The soy bean sequence Blast comparisons to Arabidopsis thaliana 

database found Chromosome 5 as best hit, with expected-value 
(E-value) of 3e-128 and 76% sequence identity while for Oryza sativa, 
the best hit was Chromosome 2, Oryza sativa japonica, with E-value of 
2e-21 and 84% sequence identity. The Fgenesh tool predicted 248 genes 
(115 in positive (+) chain and 133 in negative (-) chain) with 796 exons 
(365 in +chain and 431 in –chain) using the Medicago truncatula as the 
reference organism, whereas Arabidopsis database revealed 166 genes 
(74 in +chain and 92 in –chain) with 731 exons (336 in +chain and 395 
in –chain). 

Primers designed for the Rpp3 locus and QTLs linked to 
marker Satt460

The list of alternative primer pair sequences designed with potential 
to amplify the Rpp3 locus and the Augustus program predicted genes 
that are linked to marker Satt460 are shown in Table 5. The primer 
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 Intron  Exon   Splice sites  Satt460- 

(AAT)8TAT(ATA)17 

Figure 2: Manual annotation of gene 1 predicted with Augustus software and showing tight linkage to soybean rust disease marker Satt460 (SSR repeat) with an AT 
base insertion located within the intron (non coding region). Two exons (coding regions) in the predicted gene 1 is displayed with   different sizes and interspersed with 
introns. The splice sites are not part of the coding region but show the probable regions of DNA slicing of mRNA post-translation modifications during protein synthesis.

Figure 3: A.The GmConsensus40_C2 genetic Linkage map of Soybean with position of Satt460 and presumed Rpp3 locus linked within a centimorgan (cM), this region 
was downloaded for subsequent analyses. B. Physical genomic sequence map for Glycine max chromosome 6 genomic scaffoldin the NCBI database downloaded as 
in materials and methods. Subsequent analyses with Augustus predicted 16 genes (small rectangles) which are tightly linked to locus Satt460 ((AAT)8TAT(ATA)17)) 
the marker  for Rpp3 locus soybean rust disease. The order and positions of predicted genes is shown for both strands and reconcile with table 4. The broken lines 
are intergenic nucleotides in the loci. 

sequences designed are short with different nucleotide sizes, ranging 
from 18-24 bp. All the primers had the desired GC content range of 45-
60 % except the forward primers for genes 7, 10 and 14. The expected 
product sizes range from 152 bp for gene 14 to 286 bp in gene 8, and 

can easily be separated by 1% routine agarose gel in electrophoresis. 
For Introns smaller than 230 bp, sequences from the flanking bases 
(exons) were included in the search to increase numbers of GC bases 
for successful operation of Primer 3 program. The 16th gene predicted 
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was intronless, hence had no primer was designed for it. The other 
QTLs linked to Satt460 (http://soybeanbreederstoolbox.org) are also 
targeted by the new primer sets designed. 

Discussion
The objective of this study was to annotate the Rpp3 locus to 

generate information for enhancing marker assisted selection (MAS) 
in soybean. Windsor and Mitchell [27] recommended, exploration of 
particular sets of genes and transcribed sequences soon after getting a 
draft or complete genomic sequence of an organism. The study shows 
that the Rpp3 locus sequences is highly repeated with its underlying 
genes located downstream of marker Satt460 as illustrated below. 

Repetitive sequences in soybean Rpp3 gene locus

The nucleotide repeats around Rpp3 gene are predominantly 
of dispersed repeat type (transposable element) and simple repeats. 
The findings agree to general concept by Nunberg et al. [28] that 
transposable DNA’s comprise a significant proportion of the repetitive 
DNA found in eukaryotic genomes. They reported retroelements to 
vary in size from 11 to 14kb and duplicated a few hundred times in the 
soybean genome. In earlier related studies, Vodkin et al. [29] identified 
the first transposable element called Tgm in soybean. Lin et al. [30] 
explored the distribution of repetititve sequences in soybean genome 

and found them largely localised to the pericentromic region. The 
other repeats in the study i.e Integrated Virus, Endogenous Retrovirus 
are not segments of the genome but possibly recombinant DNA 
from the laboratory and comprises artificial DNA molecules such as 
cloning vectors. Some of the repeats unique to the Censor software, 
unlike the TREP software was due to very short sequences masked by 
the much longer significant transposons during the BLASTn search. 
Earlier DNA-DNA renaturation studies suggested that approximately 
40-60% of the soybean genome sequence is repetitive [31,32], large 
and complex with high proportions of repetitive elements [33], with 
relatively few specific repetitive sequences [28] compared to findings 
in this study. 

Molecular mechanisms like unequal crossing over, rolling circle 
amplification, replication slippage and mutations operating over 
a long time through selection are the probable sources of repeated 
DNA sequences in soybean. The crops genome was also reported to 
have exhibited two duplication events approximately 15 million year 
ago [34,35]. In future there might be need to relate the repetitive 
elements in present day soybean to its wild relatives to help broaden 
understanding of the crops genetic diversity and post domestication 
syndrome. In overall, flowering plants including soybean contain 
arrays of repetitive elements and genes assembled into different sets 

Gene Intron size (bp) Input sequence (bp)
Primer Primer Sequence TM (°C) GC (%)

Product size (bp)

1 136 601 F AGTCCACATCTCTTTGCG 54.6 50 220
R CCAAGTCAATGACAGAGTCC 55.5 50

2 95 251 F CACCAACGTAGGGCTACAC 56.6 58 297
R CTTTAAAGGTGAGGGCGT 55.4 50

3 1261 350 F CATCAGCATACTCTCCTTCC 54.8 50 282
R TAACCGTAAGGTGTCTCCAC 55.2 50

4 4899 700 F TGGACTAGCCAATGATGG 55.3 50 234
R AACACTAAAACCCCCTCG 55 50

5 88 280 F AGCCTCTGCTAGTGCCTCTG 60  60.0 132
R AGCCTGCAGAGCTAGGGTTT 60.5 55

6 6122 950 F GGGCTTGGCTTAAATCTTCC 60 50 240
R ATCAAATGGCTTCCATCTCG 60 45

7 81 350 F CACCCCAAAATAACCCAAAA 59.5 40 121
R TGCTAACGAAGAACGCTTGA 59.8 45

8 74 420 F TTCACAACCCTATTGTGGCA 60 45 286
R GTCCATGATTGCCTCAGCTT 60.2 50

9 274 350 F CTCCAATGGTCTTGGATCGT 60 50 191
R AAGGAAGTACTGAGTGCGGC 59.5 55

10 483 350 F TGTGTGCTTGTGTTTGTCTCTT 58.5 41 218
R CAAACACACTGAGCCACAGAC 59.4 52.4

11 476 230 F GGGCTGATCCAAGAGACAAA 60.2 50 200
R ATCGACATCCCTTCCAACAA 60.3 45

12 73 230 F TATGGCTACCCATCTGCCTC 60.1 55 189
R TCATTCCCACCATCTTGGAT 60.1 45

13 1689 420 F ACACAACAATTGGTCTGCCA 60 45 227
R GAGGAATCTTAGGGAACCGC 60 55

14 252 280 F TGAGCATACATATTCTGCAACAAA 59.7 33.3 152
R GGGTTAGTTGGACTTTGGGG 60.6 55

15 82 280 F GTACCAGGCAGAAGGGAACA 60.1  55.0 218
R AGTGTTTGGGAACCTGAACG 60 50

Product size corresponds to the expected band size in a gel- electrophoresis assay, following successful amplifying of each predicted genes. Primer F is forward primer 
and R is reverse prime for the corresponding predicted gene in soybean. Primers highlighted with GC content less than 45% need to be extended as explained in the 
discussion section

Table 5: The predicted genes, with corresponding introns sizes, and designed primer pairs, with melting temperature (TM), GC bases content and product size genes that 
are linked to marker Satt460 and the putative Rpp3 locus.
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of chromosomes [36]. Practically the DNA sequences polymorphism 
in crop genomes is the basis for use of repeats as molecular markers 
for taxonomic and phylogenetic studies [37]. In addition, mutations 
in transposable elements may create novel genes or loss of fitness in an 
organism Satyawada et al. [38] creating genetic variations. The marker 
Satt460 with sequence AT(8)TTATT(17) has an AT base insertion 
in its sequence and is located within the intron in close proximity to 
the predicted genes. The difference (AT base insertion) between the 
Satt460 in the soybean breeders database and previous studies (e.g 
Monteros et al. [12] and Hyten et al. [15]) to the one annotated in 
this study is possibly a mutation or sequencing error in this part of 
genome. Tandem repeats in the genome play significant structural 
and functional roles besides tagging genes of economic importance to 
molecular plant breeders [38]. 

Gene predictions and related quantitative trait loci (QTLs)

Gerstein et al. [39] defined a gene as a segment of genomic sequences 
encoding a coherent set of potentially overlapping functional products. 
In this study, sixteen genes were predicted around the putative Rpp3 
gene locus of soybean using ab initio gene predictions method (i.e. 
without making use of external evidence about the gene structure of the 
input sequence) using the AUGUSTUS tool. The results suggest that the 
Rpp3 genes are non-overlapping, with variations in size and number 
of exons and not uniformly distributed across the genomic sequence 
analysed. In similar studies in rice, Nagaki et al. [40] found genes not 
uniformly distributed across the genomes regardless of their size. The 
paleoploid nature of soybean, with 2n = 40 [41], could be the source 
of the many genes identified in this study. And it is therefore expected 
that any given gene will be approximately four times in the genome 
[28]. The QTLs associated with rust resistance and tagged with maker 
Satt460 include; seed total oil content, seed weight, leaf shape, reaction 
to Phytophthora megasperma f sp glycinea infection, seed genistein 
content, pod number, main stem branching, (http://soybase.org/cmap/
cgibin/cmap/feature?feature_acc=GmConsensus40_C2_Satt460).

Jain and Brar [42] reported occurrence of undesirable genomic 
portions (QTLs) in improved varieties through introgressive 
hybridization and attributed this to lack of knowledge on genes 
underlying the QTLs controlling the targeted agronomic traits. This 
study generally therefore attempted to demonstrate how to address this 
gap for plant breeders. The genes predicted on the positive sequence 
strand are in cis-orientation to the Satt460 marker and in coupling with 
the listed QTLs. This analogy will practically improve soybean MAS 
breeding strategies i.e amplified bands in gel electrophoresis could 
simultaneously tag both the underlying major genes and quantitative 
trait influenced but this needs verifications. 

Comparative genomics and shared synteny of Soybean Rpp3 
genes 

The comparison of soybean sequence to model crops (Arabidopsis 
thaliana and Oryza sativa) show sequence homology. The Cereal 
repeat repository in Trep database has conserved transposable repeats 
between cereals and soybean. This could point to highly conserved 
earlier shared sequence blocks in a common ancestor, although the 
crops diverged millions of years ago. Grant et al. [43] demonstrated 
synteny between Arabidopsis and soybean using sequences of mapped 
soybean RFLP probes and Arabidopsis genomic sequence. These 
findings were surprising, given the millions of years since the divergence 
of their lineages. In other studies, Yan et al. [44] found only three of 
50 soybean contigs (6%) to possess microsynteny with Arabidopsis, 

whereas 54% showed microsynteny with Medicago truncatula. 
Shoemaker et al. [45] suggested cross-referencing soybean to model 
legumes to speed soybean genomics advances. The comparisons of a 
crop genome to model plants, helps to identifying conserved regions 
and provides a foundation for accelerating prediction novel genes in 
other plant taxa [42]. In addition Korf [46] recommends discovery 
of genes in related species by comparing to genomes to detect 
evolutionary pressures for conservation purposes. This is because the 
forces of natural selection cause genes and other functional elements 
to undergo mutation at a slower rate than the rest of the genome, since 
such mutations are more likely to negatively impact the organism than 
ones elsewhere. 

Primer pairs designed

The forward and reverse primers presented in this study were not 
validated due to economic reasons, and hence the success for their 
amplifications and polymorphism would be an over speculation. The 
primers with GC base content less than 45% need to be extended. The 
GC % is an important characteristic of DNA and provides information 
about the strength of annealing thus should range between 45-60 
percent in primers [47,48]. The absence of the original soybean sequence 
from which Satt460 was developed limited the discovery of other 
alternative more specific primers for screening soy bean rust disease. 
The very close proximity of targeted introns (markers) targeted by the 
primers and marker Satt460, of less than a centimorgan, on a positive 
side, gives promises of successful amplification of putative genes in 
soybean Rpp3 locus in PCR assays. The designed primers therefore 
provide additional tools for screening soybean rust resistance and 
associated agronomic traits. They can also be extended to phylogenetic 
studies (i.e for germplasm characterisation) after validations since they 
are specifically designed to amplify predicted conserved-regions of the 
genome. In previous studies, Hyten et al. [15] designed 48 primers 
between nucleotides 1,077,201 and 1,977,200 in soybean scaffold 60 for 
amplifying the Rpp3 locus sequences. They reported seven out of the 48 
primers to have multiple amplicons in the soybean genome. This study 
used a segment of the same soybean genome to elucidate gene functions 
and related the genes with associated QTL to enhance MAS in the crop. 
The utility of these resources however depend on coordination of data 
assimilation into bioinformatics systems and training in the practical 
operation of those resources in crop improvement and other areas of 
science.

Functional annotation and protein predictions of the Rpp3 
gene sequences

The function of the protein coding genes in the Rpp3 locus in 
Soybean was sought in this study. Gene 1 and 12 have the same 
biological roles, suggesting duplication of chromosome 6 in Soybean 
at these loci with no loss in function. The genes; 6, 7, 8 showed 
transcription activation, while gene 10 acts in reverse sense as 
a deactivator. This is expected since; the sequence analysed had 
predominantly DNA transposons (repetitive sequences) from our 
structural annotations. It was interesting to note that all the genes with 
functions derived are situated on the positive strand of chromosome 
6 genomic sequences (Table 4). The other genes transcripts (genes 
2,4,5,9 and 15) that translated into proteins with significant hits but 
no putative roles discovered are located on the negative strand (5’ to 3’ 
strand) due to the concept of the dogma of  mRNA translation starting 
from upstream and proceeding downstream during protein synthesis. 
This implies that, in such a scenario, genes of this kind possibly needed 
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to first be reverse transcribed prior functional annotation, and the 
resultant complimentary DNA (cDNA) used in future studies. It is 
possible that the function of these genes has not yet been determined, 
despite being deposited in the NCBI or they simply don’t code for any 
functional protein. The genes expressing immune responses (i.e 1, 12 
and 14) and seed protein (gene 13) may be of interest to plant breeders, 
developing cultivars with disease resistance and nutritional levels in the 
grains. Soybean is a subject of ongoing functional genomics projects as 
introduced. This study thus, accurately reflects the current contribution 
of genomics to the understanding function of proteins on the genome 
scale. Through such functional annotation, discovery of novel genes of 
Soybean has been demonstrated in this study. The selection of these 
genes can then proceed efficiently via MAS for incorporation into new 
cultivars. Lack of  previous functional annotation studies conducted in 
in Soybean Rpp3 locus did not allow for comparisons of our findings. 
Nevertheless determining if a sequence is functional is different from 
determining  the function  of the gene or its product [46]. The latter 
demands  in vivo  experimentation through  gene knockout and other 
assays not addressed in this study. Bioinformatics has however made it 
possible to predict the function of genes based on sequence information 
alone and there is room for improvement in future studies.

Conclusions and Recommendations
The predominant repeats in the Rpp3 gene are DNA transposons 

that are localised in the DNA fragment studied. DNA transposons are 
repetitive sequences in the genome, which can be amplified using short 
primer sequences designed as demonstrated by the study. These could 
be more applicable to diversity studies as a polymorphic parameter 
among soybean populations in time and space. Sixteen non-overlapping 
genes predicted are linked to marker Satt460 for rust resistance in 
soybean. 15 primers are designed for the predicted genes but need to 
be validated for use in Marker assisted breeding. Lectin protein was 
predicted which confirms disease resistance role of the Rpp3 gene. The 
results show that comparative analysis of closely related species can be 
valuable in understanding a genome. We strongly recommend similar 
studies on the other five genes conferring resistance to Soybean rust 
disease for effective gene pyramiding to develop varieties with more 
durable resistance. 
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