
ABSTRACT

The	four	donors,	SDP10	(Rpp	1,	&	Rpp	3),	SDP18	(Rpp	2),	SDP30	(Rpp2),	and	SDP36	(Rpp2),	
were	 crossed	with	 the	 common	 susceptible	 female	 JS335	 line	 of	 soybean.	The	goal	 of	 this	
experiment	was	to	determine	the	inheritance	of	rust-resistant	Rpp	genes	(Rpp1,	Rpp	2,	Rpp3)	
against	Asian	soybean	rust.	Because	the	F 	plants	from	the	four	crossings	were	resistant	to	rust,	1

as	researchers	concluded	that	dominant	genes	are	in	charge	of	the	rust	resistance.	The	JS335	x	
SDP10	plants	of	the	F 	generation	were	segregated	in	a	ratio	of	15	resistant:	1	susceptible	and	2

the	BC 	F 	plants	were	separated	in	a	ratio	of	3	resistant:	1	susceptible,	indicating	the	presence	1 1

of	duplicate	gene	interaction.	The	F 	offspring	of	the	crosses	JS335	x	SDP18,	JS335	x	SDP30,	and	2

JS335	x	SDP36	segregated	in	a	3	resistant:	1	susceptible	ratio.	However,	in	backcross	(BC 	F )	1 1

generations,	 the	 test	 cross	 under	 the	 investigation	 was	 segregated	 in	 a	 1	 resistant:	 1	
susceptible	ratio,	suggesting	that	in	these	crosses,	soybean	rust	resistance	was	governed	by	a	
dominant	gene.
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The area of soybean (Glycine	max (L.) Merrill) farming worldwide is 127 million hectares, 
with a yield of 364.33 million metric tons in the year 2018-2019. The world's largest 
soybean producer is the United States. Other signi�icant producers are China (7%) with 16 
million metric tons, Argentina (18%) with 53.50 million metric tons, Brazil (31%) with 
117.80 million metric tons, and India (4%) with 12.10 million metric tonnes garins 
production. Leaf rust (Phakopsora	pachyrhizi), is one of the most harmful foliar disease of 
soybeans globally, is a  one kind of fungus. In �ields that are not protected from infestation, 
losses of up to 75% have been recorded [1]. For sustainable soybean production, breeding 
for  biotic and abiotic stress resistance is preferred since it reduces environmental impact 
and cultivation expenses. It is vital to �ind and create superior stress-tolerant soybean lines 
that can be used to create genetically superior kinds in order to lessen losses from biotic and 
abiotic challenges.Therefore, regulating genetic resistance is both strategically and 
economically vital for controlling soybean rust disease [2].. 
Seven Rpp genes and three alleles for pathotype-speci�ic resistance to soybean rust (Rpp) 
have been identi�ied including Rpp1 from PI 200492[3], Rpp2 from PI [4], Rpp3 from PI 
462312 (Ankur) [5,6,7], Rpp4 from PI 459025B [8], Rpp4b from  PI 423972 [9]; Rpp5 from PI 
200456 [10], Rpp6 from PI 567102B [11], Rpp1-b (another allele at the Rpp1 locus) from PI 
594538A [12] and Rpp?	(Hyuuga) (An allele at the Rpp3	locus) from the Japanese cultivar 
Hyuuga, designated PI 506764 [13].	Rpp7 was recently discovered in PI 605823 based on its 
resistance to P.	 pachyrhizi [14]. These genes are located at various loci in the distinct 
genotype of several races of pathogens. Because Phakopsora	pachyrhizi has high genetic 
diversity, developing soybean cultivars resistant to leaf rust could prove challenging. 
Monogenic resistance is unlikely to give long-lasting protection. It is helpful for plant 
breeders to choose an appropriate breeding strategy for enhancing an existing line and the 
choice of parental material since the information on gene action provides interpretation for 
the regulation of inheritance for rust resistance.

MATERIALS	AND	METHODS
Plant	material	and	crossing	
programme
The double cross hybrid (PI 200492-
Komata PI 230971) (PI 462312-Ankur 
PI 459025-Bing Nan) developed by 
crossing four different resistance 
sources, each having a single gene 
Rpp1,	Rpp2,	Rpp3,	and Rpp4 was used 
to produce four rust-resistant donor 
parents (males) for the current 
study[15,16 &17]. At the Agriculture 
Research Station (ARS), Kasbe Digraj, 
Sangl i ,  Maharashtra ,  India  the 
s e g r e g a t i n g  g e n e ra t i o n s  w i t h 
combinations of various Rpp genes 
were further assessed up to the F  5

generation under hotspot  rust 
screening. Additionally, F  generation 6

seeds were planted in Kharif in 2017 
at Kasbe Digraj Hot Spot Agricultural 
Research Station and tested for rust 
screening.  During Kharif  2017, 
resistant lines SDP10, SDP18, SDP30, 



© 2023 Theoretical Biology Forum. All Rights Reserved.229.

S.V.	Yamgar	et	al.,	/	Theoretical	Biology	Forum	(2023)

and SDP36 were found and coded. They were then crossed 
independently with the common female JS335 to get the results. 
Resistance is present in male parents SDP10 (Rpp1	&	 Rpp3), 
SDP18 (Rpp2), SDP30 (Rpp2), and SDP36 (Rpp2), as well as the 
original Rpp donors, were found to have Rpp	 genes. (by 
employing linked molecular markers, checks PI 200492-
Komata Rpp1, PI 230971(Rpp2), PI 462312-Ankur (Rpp3), and 
PI 459025-Bing Nan-Rpp4). During the summer of 2018, 
con�irmed F were selfed and backcrossed with parent JS335 to 1 

produce F  and backcrosses (BC  F ). In the Kharif of 2018, the 2 1 1

Agricultural Research Station in Kasbe Digraj, District-Sangli 
(�ield condition), a hot spot for the occurrence of rust assigned 
ideal conditions, conducted a randomised block design with 
three replications for the rust screening of P , P , F , F2, and 1 2 1

backcross (BC  F ), of four crosses, four original Rpp gene donors 1 1

(Checks). The experiment was planted on July 25, 2018 (late 
seeded), when disease development could be the most rapid.  
The sowing procedure involved using 3 m long rows with a 45 x 
10 cm spacing between each plant and row. P , P , and F s each 1 2 1

received one row, while backcross (BC  F ) received two rows. 1 1

F s received 10 rows. This has allowed for the growth of 45 2

plants in each of the P s, P s, and F s, 300 plants in each of the F , 1 2 1 2

and 60 plants in the backcross (BC  F ), with one row set aside 1 1

for each check and 15 plants of each check-in three replications. 
For the irrigated scenario, a fertilizer dose of 50 kg N and 75 kg 
P O /ha was used at the time of sowing. An aqueous suspension 2 5

of rust spores was sprayed over the test subject to ensure 
uniform disease transmission. The illness �irst manifested in the 
�irst week of September 2018. For the rust screening, 
observations on rust intensity and sporulation were recorded 
on 40 plants from parents, F s and original Rpp source (Checks), 1

200 to 300 plants from F s, and 20 to 30 plants from Backcross 2

(BC  F ), generations in each replication. Initially, ash to TAN-1 1

coloured pustules was seen on the susceptible female JS335, and 
later, the disease spread to the entire �ield. According to rust 
pustule colour (sporulation), plants were categorized as 
resistant (R) or susceptible (S) for rust scoring. Immune (no 
sporulation) indicates complete resistance, Reddish-brown 
(RB) lesions indicate incomplete resistance, and profusely 
sporulation tan lesions indicate susceptibility. The Mayee and 
Datar [18], 0–9 scale was used to measure the severity of the 
rust-pustule infection. The scale reads 0 = resistant reaction 
with 0% disease intensity, 1 = highly resistant reaction with 1% 
disease intensity, 3 = moderately resistant with 1.1–10% 
disease intensity, 5 = moderately susceptible reaction with 10.1-
25% disease intensity, 7 = susceptible reaction with 25.1–50% 
disease intensity, and 9 = highly susceptible reaction with more 
than 50% disease intensity. Using the percent Disease Index 
(PDI), [19, 20 &15] investigated soybean rust resistance. The 
following formula was used to compute the percent illness 
intensity and the area under the disease progression curv.

Percent	Disease	Intensity	(PDI)
             Sum of all numerical ratings
P.D.I. =  -------------------------------------------------------------- × 100
          Number of leaves observed × Maximum disease grade

The	Area	Under	Disease	Progress	Curve	(AUDPC)
In order to grade the host resistance, observations are taken at 
weekly intervals beginning with the �irst sign of rust. The �ive 

th th rd th thobservations (49  , 56  , 63  , 70  , and 79   DAS) were all 
recorded to determine the AUDPC values. For each genotype, the 
area under the illness progress curve was calculated using the 
equation below [21].

  K   
AUDPC =½ Σ {Si + S (i-1) d}
               i=1

RESULTS	AND	DISCUSSION
The inheritance of Rpp	genes was mentioned in the table 1, and 
the genetics of soybean rust resistance as seen in the current 
discovery is presented cross-wise. In tables 2 and 3, the 
percentage of disease intensity (PDI) and the area under the 
disease progression curve were displayed. According to the 
�indings of the current inquiry, 39 plants were all resistant and 
had immunological (no sporulation) type of hypersensitive 
reaction (total resistance), and PI 200492-Komata is the source 
of validated rust-resistant Rpp1 gene. Another line PI 230971 is 
source of Rpp2 gene, all 39 plants of it showed Reddish-brown 
(RB) lesions (incomplete resistance), Rpp3 gene is Indian origin 
and found in PI 462312-Ankur having issue of partial 
breakdown, out of 39 plants of PI 462312- Ankur 27 showed 
Reddish-brown (RB) lesions (incomplete resistance) and 12 
plants were showed profusely sporulating tan lesions 
(susceptible). All plants from the line PI 459025-Bing Nan, a 
veri�ied source of the Rpp4	 gene, had reddish-brown (RB) 
lesions, while all 39 plants from the female parent JS335 
displayed profusely sporulating tan lesions (susceptible). All 
plants from male parents were hardy. All 39 plants of the other 
three donor male SDP18 (Rpp2), SDP30 (Rpp2), and SDP36 
(Rpp2) had resistant plants with Reddish-brown (RB) lesions 
(incomplete resistance), out of the 39 plants of SDP10 (Rpp1,	&	
Rpp3), 15 plants showed Immune and 24 were RB type rust 
resistant reaction.
All rust-resistant (Immune/RB) plants from the JS335 x SDP10 
cross were produced in the F  generation. It concludes that a 1

dominant gene regulated the resistance. Out of the 275 plants 
examined in the F  generation, 253 had rust resistance 2

(Immune/RB) and 22 had rust susceptibility (TAN). It was 
evidently non-signi�icant, with a Chi-square score of 1.38. In the 
research of the Backcross (BC  F ) generation, which was the test 1 1

cross analyzed for 28 plants, it was found that the observed ratio 
of 14.72:1.28 nearly matched the �itting table 15:1, indicating 
the presence of duplicate gene interaction. The data's Chi-square 
value was non-signi�icant (1.40). The observed ratio of 2.58 to 
1.42 roughly matched the �itting table's 3:1 recommendation. 
For the inheritance of both Rpp1	and	Rpp3 in soybean leaf rust, 
the test cross and F  ratios provided conclusive evidence of the 2

existence of duplicate gene interaction. One allele is suf�icient to 
provide rust resistance in this duplicate gene interaction, or the 
presence of either dominant gene ensures rust resistance. 
Similar duplicate gene interactions have been observed [22, 23 
&15] for the inheritance of rust resistance. 
 In the second cross, JS335 x SDP18 (Rpp2), every plant from the 
F  generation that was rust-resistant showed a reddish-brown 1

rust reaction. Of the 286 plants from the F  generation that were 2

analyzed, 213 of them were rust-resistant (RB) and 73 were 
rust-susceptible (TAN) plants. The Chi-square value of the data 
was non-signi�icant (0.123). In the studied backcross (BC  F ) 1 1

generation for 24 plants, out of which 14 were rust resistant and 
10 were rust susceptible, the observed ratio of 2.98:1.02 was 
closely �itted with the �itment table 3:1 to indicate the presence 
of monogenic gene interaction. It also clearly displayed a non-
signi�icant Chi-square value (0.26). The observed ratio of 
1.17:0.83 was closely �itted with the �itment table 1:1. The test 
cross and F  ratios supported the hypothesis that the resistance 2

to rust is controlled by a single Rpp2 gene. The third cross 
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backcross (BC  F ) had a PDI value of 81.11 percent and AUDPC 1 1

(816.16), respectively. 
Early maturing male donor SDP30 exhibited a PDI of 11.11% 
with AUDPC (31.66) which revealed RB sensitivity to rust. The 
illness intensity in the F  of JS335 x SDP30 was 15.15%, and 1

AUDPC (60.24) displayed an insuf�icient RB resistance response 
to rust. The F  had a PDI value of 72.22 percent with AUDPC 2

(698.65), whereas the B  had a PDI value of 46.66 percent with 1

AUDPC (371.49). SDP36 revealed a 20% PDI with AUDPC 
(72.00), indicating RB rust response. The illness intensity in the 
F  of JS335 x SDP36 was 22.22 percent, and AUDPC (90.33) 1

displayed an insuf�icient RB-resistant response to rust. The F  2

had a PDI value of 77.77%, whereas Backcross (BC  F ) had a PDI 1 1

value of 84.44%, with AUDPC (735.33 and 807.99), respectively.
Although using resistance genes offers a chance to control 
disease in soybeans, their "race-speci�ic" nature could present 
issues [27 & 28].  According to Tschanz et	al. [29], the soybean-
resistant lines TK-5, Tainung-4, and PI239871A may all share a 
single dominant gene for resistance. According to Tan et	al. [30], 
resistance in the PI459025 line was managed by a dominant 
gene, whereas in the cultivars AGS 129 and AGS 181, it was 
managed by a number of genes. Rust resistance is controlled by a 
single dominant gene, according to an F  segregation analysis of 2

six susceptible x resistant cross combinations [22]. In	 G.	
tomentella,	the resistance was controlled by a single dominant 
gene in aneuploids (2n = 78) and by two or three gene loci in  in 
tetraploids (2n=80) [31]. BR 01-18437 was controlled by a 
single recessive major gene, whichwas also distinct from	Rpp1 
through Rpp4 and different from the genes in PI 200487 and PI 
200526 [32].
The resistance line PI 197182, PI 230971, and PI 417125 
genotypes each have a single resistance gene in the Rpp2 locus. 
Seven soybean genotypes were found to be resistant to rust [33]. 
These genotypes were TG x 1987-62F, TG x1935-3F, TG x 1951-
3F, TG x 1936-2F, TG x 1987-10F, TG x 1972-1F, and TG x 1949-
8F. The mode of inheritance revealed that rust resistance in 
soybean was monogenically controlled by dominant genes. 
Plant introduction (PI) 561356's SBR resistance was mapped 
[34]. The population's segregation ratio between reddish brown 
and tan lesion types corroborated the �inding that a single 
dominant gene was responsible for controlling resistance. 
When Li et	al. [11] analyzed data from two distinct populations, 
they discovered that PI 567102B's resistance was driven by a 
single dominant gene known as Rpp6.[35] found that soybean 
plants with two gene combinations (homozygous dominant or 
heterozygous at both loci) showed considerably less disease 
severity and sporulation in the F  generation, indicating 2

complementary epistatic gene action for resistance. Gene Rpp3	
contributed positively to resistance with various genetic 
backgrounds for most parameters measured, compared to Rpp2	
and Rpp4	resistance genes. The rust resistance genes in soybean 
rust were reviewed by Bhor et	al. (2014 [20]). Rust resistance 
inheritance is typically governed by a single dominant gene, 
occasionally by two dominant and one recessive gene, and very 
rarely by two and three recessive genes. When Matsuo et	al. [26] 
examined the inheritance of the Phakopsora	 pachyrhizi 
resistance gene in soybean cultivar TMG 803, they discovered 
that the resistance was regulated by a single gene that had 
complete dominance and was designated as resistance locus 
Rpp4. Using the segregating F  generations of the cross-A (PI 2

200492 x PI 230971) and cross-B (PI 462312 x PI 459025), 
Parhe et	al. [15] studied the inheritance of rust resistance from 
pyramided generations to four soybean accessions PI 200492 

between JS335 and SDP30 (Rpp2) resulted in F  generation 1

plants that were all rust-resistant (RB). The observed ratio of 
3.14:0.86 closely �itted with the �itment table 3:1 indicating 
presence of monogenic gene interaction for the inheritance of 
monogenic Rpp2 gene in the segregating F  populations, out of 2

the 260 plants studied, 186 were rust resistant (RB) and 74 were 
rust susceptible (TAN) plants. In the studied backcross (BC  F ) 1 1

generation, out of 28 segregated plants, 16 were rust resistant 
and 12 were rusting susceptible having non-signi�icant Chi-
square values. The observed ratio was 1.15: 0.85 closely �itted 
with the �itment table 1:1. These test cross ratios demonstrate 
that the cross in question inherits a single dominant gene. 
All plants of the F  generation in the fourth cross between JS335 1

and SDP36 (Rpp2) showed rust resistance with RB type of rust 
reaction, which limits the growth of pathogens. This resistance is 
controlled by Rpp2 genes with dominant expression. The 280 
plants in the F  generation were divided into 206 rust-resistant 2

(RB) and 74 rust-susceptible (TAN) plants. The Chi-square 
result (0.29), however, was not noteworthy. Because of how well 
the measured ratio of 2.95:1.05 matched the �itting table 3:1, 
monogenic gene interaction was present. Out of the 24 plants 
studied in backcross (BC  F ), 11 were resistant to rust and 13 1 1

were sensitive, with a non-signi�icant Chi-square value (0.16), 
The measured ratio of 1.08:0.92 was well-�itted by the �itting 
table of 1:1 at that value. The test cross ratio veri�ied the 
existence of a monogenic gene interaction for the transmission 
of soybean leaf rust. 
The F  of four crosses that were resistant to soybean rust showed 1

that the resistance in these crosses was driven by dominant 
genes. One dominant gene is involved in the inheritance of 
soybean rust in this monogenic interaction. In these three 
crossings, the F  offspring were segregated into 3 resistant: 1 2

susceptible ratio. One dominant gene that participated in this 
monogenic interaction was responsible for the inheritance of 
soybean rust. This �inding is in line with earlier research [24, 22, 
23, 25, 26 & 20], which found that rust resistance in soybeans is 
controlled by a dominant gene and that 3:1 monogenic 
inheritance was observed in F  generations. 3:1 F  ratio was 2 2

reached in a cross with resistance dominating [3].

The	area	under	the	disease	curve	and	the	percent	disease	
intensity
In contrast to the male donor SDP10, who recorded a PDI value 
of 7.77% with AUDPC (24.40), which indicated immune and RB 
reaction to rust, the common female JS335 had a PDI value of 
97.77% with AUDPC (1073.65) that showed densely TAN 
coloured patches covered into both sides of the leaves that were 
highly susceptible to rust (Table 2 and 3). 
The PDI value recorded in common female JS335 was 97.77 
percent with AUDPC (1073.65) which showed densely TAN-
colored patches covered into both sides of leaves which highly 
susceptible to rust, while male donor SDP10 recorded 7.77 
percent PDI with AUDPC (24.40) which showed immune and RB 
reaction to rust. 
The F further showed both immune to rust and reddish brown 1 

to rust reactions with 10.0% PDI with AUDPC (27.0). With 
AUDPC (620.0 and 247.99), the illness intensity in the F  and 2

backcross (BC  F ) generations was 66.66% and 33.33%, 1 1

respectively. Male donor SDP18 recorded a 13.13% PDI with a 
resistance-indicating AUDPC (40.69) value. The illness intensity 
was 16.16% in the JS335 x SDP18 F , and AUDPC (64.72%) 1

displayed an insuf�icient RB resistance response to rust. The F  2

had a PDI value of 51.11 percent and AUDPC (460.66), but the 
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(Komata), PI 230971, PI 462312 (Ankur), and PI 459025 (Bing Nan). The F  progenies from cross A separated into 13 resistant and 3 2

susceptible individuals, demonstrating redundant gene interactions. In cross-B, the F  progenies are segregated in a 3 resistant: 1 2

susceptible ratio, demonstrating that soybean rust resistance is passed down monogenetically and dominantly.

CONCLUSION
The purpose of this study was to examine the inheritance of Rpp genes (Rpp1, Rpp 2, and Rpp3) that are resistant to Asian soybean 
rust. As determined in the experiment that dominant genes are responsible for rust resistance, it was found in this experiment that 
the F  plants from the four crossings were resistant to rust. The BC  F  plants were divided in a ratio of 3 resistant: 1 susceptible, 1 1 1

however, the JS335 x SDP10 plants of the F  generation were segregated in a ratio of 15 resistant: 1 susceptible, showing the presence 2

of duplicate gene interaction. The F  offspring of the crosses JS335 x SDP18, JS335 x SDP30, and JS335 x SDP36 segregated in a 3 2

resistant: 1 susceptible ratio, suggesting that soybean rust resistance is passed down monogenetically and dominantly.

Table	1:	Summarized	data	on	inheritance	of	rust	resistance	under	�ield	condition	in	all	crosses

2	R=	Resistant			S=	Susceptible	(Χ table,				at	5%	=	3.8414	and				at	1%	=	6.634	)

Table	2:	Average	PDI	(Per	cent	Disease	Intensity)	valuesof	different	generations	
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Table	3:	Average	AUDPC	(Area	under	Disease	Progress	Curve)	valuesof	different	generations

REFERENCES

Yorinori, J.T., Paiva, W.M., Frederick, R.D., Costamilan, L.M., 
Bertagnolli, P.F., Hartman, G.L., Godoy, C.V. and Nunes, J.J. 
2005.Epidemics of soybean rust (Phakopsorapachyrhizi) in 
Brazil and Paraguay from 2001 to 2003.Plant	Dis.,89 : 675-
677.

Arias, C.A.A., Toledo, J.F.F., Almeida, L.A.,  Pipolo, A.E., 
Carneiro, G.E.S., Abdelnoor, R.V. and Ribeiro, A.S. 2008. 
Asian rust in Brazil: Varietal resistance. JIRCAS Working 
Report., 58 :29-30.

McLean, R.J. and Byth, D.E. 1980. Inheritance of resistance 
to rust (Phakopsorapachyrhizi) in soybeans.Austra. J. 
Agric. Res.,31: 951-956.

Brom�ield, K. R. and Hartwig, E. E. 1980.Resistance to 
soybean rust and mode of Inheritance.Crop Sci,.20 : 254-
255.

Brom�ield, K. R. and Melching, J. S. 1982. Sources of speci�ic 
resistance to soybean rust. Phytopathogy., 72: 706.

Hartwig, E. E. and Brom�ield, K. R. 1983.Relationship 
among three genes conferring speci�ic resistance to rust in 
soybeans.Crop Sci., 23: 237- 239.

Hyten, D.L., Smith, J. R., Frederick, R. D., Tucker, M. L., Song, 
Q. and Cregan, P. B. 2009.Bulk segregant analysis using the 
Golden Gate assay to locate the Rpp3 locus that confers 
resistance to soybean rust.Crop Sci.,49: 265-271.

Hartwig, E. E. 1986. Identi�ication of a fourth major gene 
conferring resistance to soybean rust.Crop Sci., 26: 1135-
1136.

King, Z., Childs, S. P., Harris, D. E., Pedley, K. F., Buck, J. W., 
Boerma, H. R. and Li, Z. 2017. A new soybean rust resistance 
allele from PI 423972 at the Rpp4 locus. Mole.Breed., pp. 
37-62.

Garcia, A., Calvo, E. S., de Souza Kiihl, R. A., Harada, A., 
Hiromoto, D. M. and Vieira, L.G.E. 2008. Molecular mapping 
of soybean rust (Phakopsorapachyrhizi) resistance genes: 
discovery of a novel locus and alleles. Theor.	Appl.	Genet., 
117(4) : 545.

Li ,  S . ,  Smith,  J .R . ,  Ray,  J .D.  and Frederick ,  R .D. 
2012.Identi�ication of a new soybean rust resistance gene 
in PI 567102B. Theor.	Appl.	Genet., 125(1) : 133-142.

Chakraborty, N., Curley, J., Frederick, R. D., Hyten, D. L., 
Nelson, R. L., Hartman, G. L. and Diers, B. W. 2009. Mapping 
and con�irmation of a new allele at Rpp	1 from soybean PI 
594538A conferring RB lesion type resistance to soybean 
rust. Crop	Sci.,	49: 783–790.

Silva, D.C., Yamanaka, N., Brogin, R.L., Arias, C.A., 
Nepomuceno, A.L., Di Mauro, A.O. and Abdelnoor, R.V. 
2008.Molecular mapping of two loci that confer resistance 
to Asian rust in soybean. Theor.	Appl.	Genet., 117(1) : 57-63.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.



© 2023 Theoretical Biology Forum. All Rights Reserved.233.

S.V.	Yamgar	et	al.,	/	Theoretical	Biology	Forum	(2023)

Child, S. P., King, Z. R., Walker, D.R., Harris, D. K., Pedley, K. F., 
Buck, J. W. and Li, Z. 2018. Discovery of a seventh Rpp 
soybean rust resistance locus in soybean accession PI 
605823. Theor.	Appl.	Genet., 131(1) : 27-41.

Parhe, S.D., Chimote, V.P. and Deshmukh, M.P. 2017a. 
Inheritance of rust (Phakopsorapachyrhizi)	 resistance in 
pyramided generations in soybean (Glycine	 max	
(L.)Merril).Trends		Biosci.,	10(41) :8674-8679. 

Pa rh e ,  S . D. ,  C h i m o te ,  V. P.  a n d  D e s h m u k h ,  M . P. 
2017b.Scoring of four RPP	 Genes/Qtls pyramided 
generations for rust resistance in soybean (Glycine	max	(L.) 
Merril).		Trends	Biosci.,10(6):1437-1445.

Parhe, S.D., Chimote, V.P., Deshmukh, M.P., Chandra, K., and 
Akash, M. 2017c.Marker-assisted pyramiding of four 
QTL/genes for Asian rust (Phakopsorapachyrhizi) 
resistance in soybean. J.	 Crop	 Improvement., 31(5): 689-
711.

Mayee, C.D. and Datar, V.V. 1986. Phytopathometry. 
Technical Bulletin-1(Special Bulletin-3) Marathwada 
Agricultural University, Parbhani. pp. 95.

Baiswar, P., Ao, N. T., Upadhyay, D. N. and Chandra, S. 2013. 
Effect of weather variables on soybean rust severity in mid 
hills of Meghalaya.Environ.	Ecol., 31(1A) : 306-309.

B h o r,  T. J . , C h i m o t e ,  V. P.  a n d  D e s h m u k h ,  M . P. 
2014a.Inheritance of rust (Phakopsorapachyrhizi) 
resistance in soybean.J.	Food	Leg.,27(3): 177-185.

W i l c oxs o n ,  R . D. ,  S kov m a n d ,  B .  a n d  At i f ,  A .  H . 
1975.Evaluation of wheat cultivars for ability to retard 
development of stem rust.Ann.	Appl.	Biol.,	80 : 275-281.

Rahangdale, S. R. and Raut, V.M. 2004.Genetics of rust 
resistance in Soybean (G.	Max	(L.) Merrill). Indian	J.	Geneti.,	
64(2): 121-124.

Pierozzi, P.H.B., Ribeiro, A.S., Moreira, J.U.V., Laperuta, 
L.D.C., Rachid, B.F., Lima, W.F. and Toledo, J.F.F.D. 2008. New 
soybean (Glycine	 maxFabales, Fabaceae) sources of 
qualitative genetic resistance to Asian soybean rust caused 
by Phakopsorapachyrhizi (Uredinales, Phakopsoraceae).  
Genet.	Mol.	Biol., 31(2) : 505-511.

Singh, B.B. and Thapliyal, P.N. 1977. Breeding for resistance 
to soybean rust in India In : Rust of soybeans : The problem 
and research needs. Ford R.E. and Sinclair J.B. (eds.). 
International Agricultural Publication, INTSOY, Series No. 
12, University Illinois Urbana.pp. 62-65.

Shinde, S.R. 2010.Inheritance of resistance to leaf rust 
caused by Phakopsorapachyrhizisyd. and  quantitative 
characters in soybean (Glycine	 max	 (L.)). Ph.D. thesis 
submitted to Mahatma PhuleKrishiVidyapeeth, Rahuri. pp. 
90-104.

Matsuo, E., Sediyama, T., Brommonschenkel, S. H. and Cruz, 
C. D. 2014. Inheritance and genetic mapping of resistance to 
Asian soybean rust in cultivar TMG 803. Crop	Breed.	Appl.	
Biotech., 14(4) : 209-215.

Yamaoka, Y., Fujiwara, Y., Kakishima, M., Katsuya, K., 
Yamada, K. and Hagiwara, H. 2002. Pathogenic races of 
Phakopsorapachyrhizi on soybean and wild host plants 
collected in Japan. J.	Gen.	Pl.	Pathol., 68 : 52-56.

Bonde, M.R., Nester, S. E., Austin, C. N., Stone, C. L., Frederick, 
R. D., Hartman, G. L. and Miles, M.R. 2006. Evaluation of 
virulence of Phakopsorapachyrhizi and P.	 meibomiae 
isolates. Plant	Dis.,90: 708-716. 

Tschnaz, A. T., Wang, T. C. and Tsai, B. Y. (1986). Recent 
advances in soybean rust research at Asian Vegetable 
Research and Development Centre. pp. 73-275. In : 
Soybeans in Tropical and subtropical cropping systems. S. 
Shanmugasundaram and E.W. Sulzberger, Eds. Asian 
Vegetable Research and Development Centre, Shanhua, 
Talnan, Taiwan.

Tan, Y. J., Sun, Y. L. and Shan, Z. H. (1991). Study on the 
inheritance of rust resistance in soybean cultivars. Soybean	
sci.,	10 (2): 104-109

Schoen, D. J., Burdon, J. J. and Brown, A. H. D. (1992). 
Resistance of Glycine tomentella to soybean leaf rust 
Phakopsora pachyrhizi in relation to ploidy level and 
geographical distribution. Theor. Appl.Genet., 83: 827–832.

Laperuta, L.D.C., Arias, C.A.A., Ribeiro, A.S., Rachid, B.F., 
Pierozzi, P.H.B., Toledo, J.F.F.D. and Carneiro, G.E.D.S. 2008. 
New genes conferring resistance to Asian soybean rust: 
a l l e l i c  t e s t i n g  f o r  t h e  Rp p 2  a n d  Rp p 4  l o c i . 
PesquisaAgropecuáriaBrasileira., 43(12) : 1741-1747.

Iwo, G.A., Ittahl, M. A. and Osai, E.O. 2012. Sources and 
g e n e t i c s  o f  r e s i s t a n c e  t o  s o y b e a n  r u s t 
Phakopsorapachyrhizi (H. Sydow&Sydow) in Nigeria. J.	
Agric.	Sci.,	4(10) : 1-6.

Kim, K.S., Unfried, J. R., Hyten, D. L., Frederick, R. D., 
Hartman, G. L., Nelson, R. L. and Diers, B.W. 2012. Molecular 
mapping of soybean rust resistance in soybean accession PI 
561356 and SNP haplotype analysis of the Rpp1 region in 
diverse germplasm. Theor.Appl.Genet., 125(6) : 1339-1352. 

Maphosa, M., Talwana, H. and Tukamuhabwa, P. 2012. 
Enhancing soybean rust resistance through Rpp2, Rpp3	and 
Rpp4	pair wise gene pyramiding. African	J.	Agric.	Res.7(30) 
:4271-4277.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.


