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ABSTRACT 

Soybean production in Vietnam has recently been threatened by the widespread dissemination of soybean rust (SBR) 
caused by the fungus Phakopsora pachyrhizi. Application of molecular breeding is considered as a feasible method to 
improve soybean rust resistance and minimize the adverse effects from overuse fungicides in this country. In this study, 
we have successfully applied molecular markers in a backcross breeding program to introgress the Rpp5 gene of SBR 
resistance into HL203, an elite Vietnamese soybean variety, from two donor lines of DT2000 and Stuart 99084B-28. 
The plants in BC4F1 generation had maximum contribution from the recurrent parents and retained SBR resistance gene. 
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1. Introduction 

Soybean (Glycine max (L) Merr.) is one of the most 
important crops in the world, accounting for 48% of the 
world market in oil crops, and is widely used for animal 
feed for oil and protein production [1]. In Vietnam, 
soybean is an important crop and is utilized as a good 
source of meal food and high-quality protein. However, 
soybean production is severely reduced because of 
soybean rust (SBR) which is caused by Phakopsora 
pachyrhizi Syd. & P. Syd. P. pachyrhizi reproduces 
asexually on soybean and all other known leguminous 
host plants through the production of dikaryotic ure- 
diniospores [1]. The disease is disseminated through 
urediniospores carried by the wind and can develop 
rapidly, causing loss of poliar area and a severe reduction 
in worldwide soybean grain yield. In some areas where 
the disease is common, the yield losses can be up to 80% 
[2]. Hence, SBR is considered a formidable threat to 
world soybean production [1]. This pathogen has first 
reported to detect in Asia and widely spread many areas 
in the world [2,3]. Chemical spray containing fungicides 
is the only effective method to control the disease but 
increases production costs and is not an environmental 
friendly approach and appearing some P. pachyrhizi 
increased tolerance to the certain fungicides [4]. There- 
fore, introduction of the resistant varieties is the most 
effective measure to control this disease, the use of  

resistant variety is the most feasible solution because it is 
simple to manage and friendly to the environment. To 
establish suitable varieties, plant breeders should opti- 
mize the plant genotype by choosing the most promising 
resistance genes and combinations to ensure durability of 
resistance [5]. Scientists worldwide have screened many 
soybean accessions for resistance or tolerance to soybean 
rust [6,7] and identified five different loci carrying 
dominant alleles: Rpp1 identified in PI 200492 [8], Rpp2 
from (PI 230970) [9], Rpp3 (PI 230970) [10], Rpp4 (PI 
459025) [11] and Rpp5 (PI 200487 and PI 471904) [12]. 
Another recent research has identified recessive genes 
controlling SBR resistance [13]. Besides single-gene 
resistance, partial growth and sporulation may be con- 
trolled by genes with minor effect [3,14]. 

Introgression of desired genes by the traditional 
protocols is lengthy and complicated. Molecular markers 
are considered valuable tools for crop improvement, due 
to their usefulness in characterizing and manipulating 
genetic loci responsible for monogenic and polygenic 
traits [15]. The use of molecular markers can be useful 
tool to monitor the transfer of alleles of interest [16,17], 
and can speed up the development of soybean varieties 
carrying single or multiple resistance genes. The micro- 
satellite markers have been used in soybean for mapping 
specific genes that determine agronomic traits, and also 
identified QTLs of economic importance, involving in 
grain yield and genetic resistance to pests and diseases, 
which are characteristics of complex inheritance [18].  *Corresponding author. 
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Soybean has a reasonably dense molecular-marker lin- 
kage map [19] and the association of marker to the 
known genes has been pursued by many groups. Mole- 
cular mapping of SBR-resistance genes in soybean has 
previously been reported. Brogin et al. (2004) [20] 
identified single Sequence Repeat (SSR) markers linked 
to rust resistance present on the variety FT-2 in the 
linkage group (LG)-C2 of the previous soybean con- 
sensus map reported by Cregan et al. (1999) [21]. How- 
ever, the locus could not be identified in the study. An 
SBR resistance gene from the variety Hyuuga was 
mapped at 3cM interval on LG-C2 between Satt134 and 
Satt460 [22]. Hyten (2007) [23] recently mapped the 
Rpp3 locus at the same interval as the report of Monteros 
et al. (2007) [22]. The Rpp1 locus has been mapped to a 
1 cM interval on LG-G between Sct_187 and Sat-064 
LG-G [23]. 

There is a lack of information on gene pyramiding by 
applying maker assisted selection (MAS) for soybean 
rust in Vietnam. Therefore in this work, the newly 
developed lines that were obtained and exhibited SBR 
resistance and retained the yield and grain quality traits 
of HL203. This study represents a successful example of 
the use of molecular markers, in foreground and back- 
ground selection to introgress the genes of interest into a 
premium soybean variety.  

2. Materials and Methods 

2.1. Plant Materials and Breeding Scheme 

Resistant analysis was performed in two backcrossing 
populations obtained from two donors, DT2000 and 
Stuart 99084B-28. The recurrent parent was a SBR 
susceptible variety, HL203, which is an elite soybean 
variety, and is widely grown in the South Vietnam 
because of its logging and drought resistance, and high 
yield (2.2 - 2.5 tons/ha) (data not shown). The breeding 
scheme is shown in Figure 1. 

2.2. Inoculation, Phenotype and Molecular 
Marker Analysis 

The isolated using in this study was obtained by collec- 
ting spore from naturally infected greenhouse plants of 
the susceptible variety cultured in M1 medium with a 
total volume of 1 L including 10 g glucose, 1 g·K2HPO4, 
5 g peptone, 0.5 MgSO4·7H20, 20 g agar and adjust 
sterile distilled water of 1L. Fungal colonies were trans- 
ferred from a master plate to two pre-prepared M1 
medium plate and incubated at room temperature for 36 - 
48 h. The experiment soybean lines were designed by 
randomized complete block design (RCBD) with at least 
three replications; two leaves of each plant per re- 
plication were infected. 

 

Figure 1. Breeding schemes were produced for developing 
backcrossing populations containing SBR resistance gene 
with genetic background of HL203. 
 

After 8 - 10 days, evaluation of the affected level was 
recorded following by standard protocol of IRRI. Per- 
formance of rust disease on leaves was grouped using 
NTSYS pc software version. 

Healthy leaf tissue was collected from the parents and 
backcrossing plants. Tissue was frozen in liquid nitrogen, 
freeze-dried, and ground to a fine powder using a modi- 
fied CTAB protocol [24]. The DNA was precipitated 
with isopropanol and treated with Rnase A. DNA con-
centration and integrity was estimated by spectropho-
tometer analysis and gel electrophoresis, respectively. 
Simple sequence repeat (SSR) molecular markers were 
selected based on the reported genomic location of the 
known Rpp genes. SSR primer sequences were obtained 
from soyBase [25].  

For SSR analysis, 30 µg of DNA was used as template 
in a 10 µl reaction containing buffer (100 mM Tris-HCL, 
500 mM KCL), 1.5 mM·MgCL2, 32.5 µM of each dNTP, 
0.2 µM of each primer, and 1 U of Taq DNA polymerase. 
The cycling consisted of 5 min at 94˚C; 35 cycles of 1 
min at 94˚C, 1 min at 50˚C, 1 min at 72˚C; followed by 7 
min at 72˚C. The amplified fragments were separated by 
electrophoresis in 3% agarose, stained with ethidium bro- 
mide, and visualized under UV light. 

3. Results 

3.1. Introduction of SBR Resistance Gene into 
HL203 Background 

Rpp5 locus located in N linkage group between franking  
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selfed to obtain BC4F2 lines that were screened using the 
“R” gene linked marker to identify plants that were ho- 
mozygous for “R” gene of Rpp5 resistance Figures 3 and 
4. 

markers Sat_275 and Sat_280 shown in Figure 2. The 
DT2000 and Stuart 99084B-28 soybean varieties (donor 
of the SBR resistance Rpp5 gene) were crossed to HL203 
with the former as the male parent. The F1 plants were 
confirmed for their heterozygosis for the “R” gene linked 
markers and were backcrossed using HL203 as a female 
parent.  

3.2. Evaluation of SBR Resistance to 
Backcrossing Generation 

The resulting BC1F1 lines were first checked for 
presence of the marker linked to Rpp5 resistance allele in 
a heterozygous condition. All of the plants that were het- 
erozygous for Rpp5 were backcrossed to HL203 to gen- 
erate BC2F1 plants (HL203 as female parent) and the 
process was continued up to the BC4F1 stage. A repre- 
sentative example of genotyping for background selec- 
tion is provided in Figure 1. At the BC4F1 generation, the 
plant having maximum contribution from the recurrent 
parent and containing “R” gene of SBR resistance was  

The backcrossing lines were evaluated for their resis- 
tance to SBR under glass house condition using several 
different isolates of SBR. As compared to HL203, the 
leaves of the backcrossing lines containing Rpp5 gene 
exhibited very small lesion lengths indicating the high 
level of resistance to SBR (data not shown). 

The lines containing Rpp5 exhibited good level of re- 
sistance. Mudge et al. (1997) [27] reported that microsa- 
tellite franking Satt038 and Satt130 allele rhg1 and Sat- 
168 and Satt 309 delimiting rgh1. Recently, Garcia et al. 

 

 

Figure 2. Genetic linkage map constructed with SSR markers. (a) Represents a fragment of the consensus soybean linkage 
group N; (b) Illustrates the map derived from the F2 population CD 208 × PI 200456; (c) Shows the map derived from the F2 
population CD 208 × PI 471904; (d) Illustrates the map derived from the F2 population CD 208 × PI 200526. The lines indi- 
cate the corresponding position of the markers between the four maps. The arrows show the position of the soybean rust re- 
sistance genes. The genetic distances (cM) are shown on the left [12,26]. 
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Figure 3. PCR detection of Rpp5 gene in representative in BC4F1 plant. Marker used was Sat_275 (M: 100 bp ladder, 1: 
HL203 recurrent parent, 2: DT2000 donor, 3 - 13: BC4F1 plants). 
 

 

Figure 4. Genotyping for detection of Rpp5 gene in representative in BC4F1 plant using marker Sat_275 (M: 100 bp ladder, 1: 
HL203 recurrent parent, 2: Stuart 99084B-28 donor, 3 - 13: BC4F1 plants). 
 
(2008) [12] mapped the locus Rpp5 in three different 
populations of soybean (PI 200456, PI 471904 and PI 
200526) and obtained six markers have linkage to this 
locus. Also, two new microsatellite markers showed po- 
tentially involved in resistance of soybean to soybean 
rust and found the link to Rpp5 gene and are present on 
the linkage group N of soybean. The efficiency of selec- 
tion was recorded for all markers linked to gen Rpp5, and 
the combination of the markers Sat_275 + Sat_280 was 
100% [28]. Application of molecular markers is using as 
valuable tools for crop improvement, due to its useful- 
ness in characterizing and manipulating genetic loci re- 
sponsible for monogenic and polygenic traits. Marker 
assisted selection (MAS) used in this study has success- 
fully introgressed Rpp5 resistance gene into HL203. 
MAS to the introgression of genes from the donor (the 
donor genotype) to another (the recurrent genotype) via a 
backcrossing breeding program clearly illustrates the 
powerful advantages of the use of molecular marker for 
indirect selection of trait interest which would otherwise 
be difficult to select by the standard procedures [15].  

4. Discussion  

HL203 is a regional soybean variety which is popularly 
grown due to its high yield, grain quality and high adap-  

tability in soybean cultivation regions of South Vietnam. 
In the present study, Rpp5 resistance gene was intro- 
gressed into HL203 with the objective of developing 
SBR resistant lines and retaining the yield and quality 
characteristics of HL203.  

Sporedical reports have documented about the distri- 
bution of soybean rust in Vietnam before 2005; however, 
recently Pham et al. (2010) [7] screened various selected 
soybean genotypes for resistance to soybean rust in 
Vietnam. It indicated some potentially useful sources of 
resistance to soybean rust that may be valuable to soy- 
bean breeders. Nevertheless, this work is the first report 
in Vietnam which has demonstrated that marker assisted 
backcrossing can be gainfully employed for adding new 
genes into popular and elite soybean varieties that have 
been grown by farmers over the years on account of their 
unique characteristics. It can be expected that the avail- 
ability of the soybean genome sequence will facilitate the 
development of many more markers for transfer of traits 
of agronomic value, with greater precision, into comer- 
cially important soybean varieties. 
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