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Inheritance of Soybean Aphid
Resistance in PI 567541B and PI 567598B
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ABSTRACT

In a previous study, two soybean [Glycine max
(L.) Merr.] plant introductions (Pls), Pl 567541B
and Pl 567598B, were found to possess anti-
biosis-type resistance to the soybean aphid
(Aphis glycines Matsumura). Plants with anti-
biosis resistance negatively interfere with the
reproduction of the aphid and thus control the
insect effectively. Field studies were conducted
to determine the inheritance of antibiosis resis-
tance in Pl 567541B and Pl 567598B. The two
resistant Pls were crossed with one or two sus-
ceptible soybean lines and the F, and F, plants
and F,., families were evaluated for aphid resis-
tance. All F, plants were found to be suscep-
tible to soybean aphids. The plants in seven F,
populations segregated in a 15:1 susceptible/
resistant ratio, which is the expected ratio for
a trait controlled by two recessive genes. The
F,., families also segregated in a 15:1 suscep-
tible/resistant ratio. Therefore, the segregation
data suggest that two major recessive genes
are involved in the resistance in Pl 567541B
and Pl 567598B. This information will be use-
ful to breeders for designing efficient breeding
schemes for developing soybean cultivars with
antibiosis resistance to aphids.
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HE SOYBEAN APHID (SBA; Aphis glycines Matsumura) was first

discovered in eight midwestern U.S. states in 2000. Since
then it has spread throughout the north-central United States
and parts of Canada (North Central Soybean Research Program,
2004) and has become one of the major pests affecting soybean
production in North America. Soybean aphid populations can
double very quickly (McCornack et al., 2004), reaching thou-
sands of aphids per plant. Aphid feeding reduces photosynthesis
(Macedo et al., 2003) and reduces yield components including
plant height, number of nodes and pods per plant, seed size, and
bean quality (DiFonzo and Hines, 2002; Ostlie, 2001). In efficacy
trials conducted in Michigan during SBA outbreak years, yield
in untreated plots was 18 to 40% less than yield in treated plots
(DiFonzo, 2006; DiFonzo and Hines, 2002).

Insecticides are still the primary means of controlling SBA,
increasing production costs and human exposure. In 2005, an
outbreak year for SBA across the Midwest, millions of acres were
treated (USDA-National Agricultural Statistics Service, 2006).
Insecticide applications also kill natural enemies of SBAs (Smith
and Krischik, 1999) and may flare populations of other soybean
pests such as spider mites. Host-plant resistance is the most effective
means of control of insects. Soybeans resistant to SBA colonization
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would eliminate or minimize the need for insecticides,
reducing cost, environmental impacts, and exposure.

Since the discovery of SBA in the United States,
significant effort has been put into the identification of
sources of resistance. Hill et al. (2004) screened 1542 soy-
bean accessions and identified seven, including Dowling
and Jackson, with resistance to SBA. We evaluated 2147
soybean germplasm accessions in choice tests and identified
four plant introductions (PIs), P1 567598B, PI 5675418, PI
567543C, and PI 567597C, with resistance to SBA (Men-
sah et al., 2005). In a no-choice test, PI 5675988 and PI
567541B were found to possess antibiosis resistance (Men-
sah et al., 2005). Diaz-Montana et al. (2006) compared the
reproduction of SBA on 240 soybean entries and found 11
entries with fewer nymphs than the susceptible checks. In
a follow-up experiment they identified K1639 and Pio-
neer 95B97 as showing a strong antibiosis effect on SBA.
Recently, Hesler et al. (2007) have also found two aphid
resistance sources, PI 230977 with antibiosis resistance
and G93-9223 (PI 595099) with antixenosis resistance.
Currently only the resistance in Dowling and Jackson
has been characterized; it was shown to be controlled by
a single dominant gene (Hill et al., 2006a, 2006b). The
inheritance of the other sources of aphid resistance has not
yet been characterized.

Development of SBA-resistant cultivars is an objective
in many public and private soybean breeding programs.
For resistance sources to be useful in developing resistant
plants, the genes conferring resistance must be character-
ized. The number of genes controlling resistance as well
as the nature of the resistance determines the breeding
method required to transfer this resistance into elite cul-
tivars. The objective of this current study is to determine
the inheritance of SBA resistance in the two antibiosis
resistance sources: PI 567598B and PI 567541B.

MATERIALS AND METHODS

PI 567541B was crossed with E00075, and PI 567598B was
crossed with ‘Titan’ and E00075. Both Titan and EO0075 were
susceptible to SBAs. Each F, plant was harvested separately to
develop F, populations. The parental lines and F, plants of the
cross Titan X PI 5675988 were evaluated for SBA resistance in
2004 and the F, populations from the same cross were evalu-
ated during 2005 in the field. Parental lines, F, plants, and F,
populations from the crosses EO0075 X PI 567541B and E00075
X PI 5675988 were evaluated for aphid resistance in the field in
2005. The number of plants in each F, population is shown in
Table 2. Evaluation of SBA resistance was performed in a 12.2
by 18.3 m aphid-proof cage in the field on the Michigan State
University campus in East Lansing, MI. Two weeks after plant-
ing, when the plants were at the V2 stage (Fehr and Caviness,
1977), each plant was inoculated with two aphids according to
the method described by Mensah et al. (2005). All aphids used
in these tests were obtained from nearby naturally infested soy-
bean fields. The F, plants were planted 30.5 cm apart with no
replication and the parents were planted 5.1 cm apart with two

replications. Each F,, F,, and parental plant was rated for aphid
damage 2, 3, and 4 wk after inoculation using a rating scale of
0 to 4 described by Mensah et al. (2005).

Seeds from 376 individual F, plants in population 030104-
8, which was developed from a single F, plant of the Titan
X PI 567598B cross, were harvested individually during the
fall of 2005. The 376 F, , lines and the parents were evaluated
for aphid resistance in the field during the summer of 2006.
Depending on seed availability, up to 15 F, progenies from each
F, plant were planted. Resistance evaluations were conducted
in a field cage as described previously, but using a modified ver-
sion of the rating scale described by Mensah et al. (2005). The
rating scale used for F, and F, plants did not clearly distinguish
between plants with low (one or two) versus moderate (tens of
aphids) infestation. In 2006 half steps were added to the origi-
nal 0 to 4 scale. The new scales were defined as: 0 = no aphids,
plant is normal and healthy; 0.5 = less than 10 aphids per plant,
no colony formation; 1 = 11 to 100 aphids per plant, plant
appears normal and healthy; 1.5 = 101 to 150 aphids per plant,
mostly on the young leaves of the plant; 2.0 = 151 to 300 aphids
per plant, mostly on the young leaves and the tender stem at top
of plant, plant appears normal and healthy; 2.5 = 301 to 500
aphids per plant, plant appears healthy; 3.0 = 501 to 800 aphids
per plant, leaves slightly curly and shiny, young leaves and stems
covered with aphids; 3.5 = more than 800 aphids per plant,
plants stunted, leaves curled, slightly yellow, no sooty mold and
few cast skins; and 4.0 = more than 800 aphids per plant, plants
stunted, leaves severely curled, yellow, covered with sooty mold
and cast skins. Each F, plant was rated weekly for three con-
secutive weeks starting 3 wk after inoculation.

When the susceptible parents first rated a score of 4.0, the
data from that sample date were used to classify the F, or F,
plants as resistant or susceptible. A plant with a rating of 1.5 or
less was classified as resistant while a plant with a rating >1.5 was
considered susceptible. The threshold of 1.5 was comparable to
the threshold used to identify susceptible plants in our previous
study (Mensah et al., 2005). Chi-square tests were performed to
test the goodness of fit of observed segregation ratios among F,
plants and F, , families with different genetic ratios, with rejec-
tion at 0.05 level of probability.

RESULTS AND DISCUSSION

All F, plants from two of the three crosses were found
to be susceptible with a rating greater than 1.5 (Table 1),
indicating that resistance to SBA is controlled by recessive

Table 1. F, and parental soybean lines classified as resistant
to soybean aphid.

Genotype Total no. No. of resistant Me:an

of plants tested plants rating
Pl 567541B 9 9 1.0
Pl 567598B 12 12 1.0
E00075 8 0 4.0
‘Titan’ 13 0 4.0
(EO0075 x PI567541B) F, 6 0 3.3
(E00075 x PI567598B) F, 12 0 3.0
(Titan x PI567598B) F, 10 - -
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genes. Data for the F, plants in the

a) population 040129-1

b) population 040129-2

third cross (Titan X PI 567598B)
were not obtained due to poor infec-
tion in 2004 as a result of heavy rain
and flood damage shortly after aphid
inoculation. The overall frequency
distribution of aphid colonization
ratings in all F, populations was not
normal and was skewed toward the Tos 2
susceptible parents (Fig. 1), suggest-
ing that susceptibility was dominant
over resistance. The
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more than one gene was involved in
aphid resistance in the two PIs and
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resistance was not complete. All the
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2), which is the expected ratio for 115 2
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family germinated. Out of the 376
F, , families 25 were found to be
resistant, fitting the 15:1 ratio with
a P value of 0.258. Forty-five F, |
families derived from susceptible F, plants had segregated
for resistance. The recessive nature of the resistance in PI
567598B and PI 567541B was confirmed in the F, , fami-
lies as all the resistant F, individuals produced resistant F,
families. Due to the recessive nature of resistance in PI
567598B, it was expected that susceptible heterozygotes
would segregate when the F, families were tested for
aphid resistance. However, segregation was observed only
in 45 F, , families. This low number of F, , segregating
families might be due to low seed yield from susceptible
F, plants and poor germination. Based on Fehr (1987), at
least 11 plants are needed to have a 95% chance of identi-
fying one resistant plant with a 0.25 expected frequency.
On average, we had only eight plants per family; there-
fore many families did not have the minimum number
of plants required to find a resistant plant in a segregating
F, , family.

The segregation data in the F, populations and F, ,
families suggest that two major recessive genes are involved

Damage Rating
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Figure 1. Distribution of damage rating scores in F, soybean populations: (a) 040129-1, (b)
040129-2, (c) 040130-1, (d) 040130-2, (e) 030104-3, and (f) 030104-8.

in aphid resistance in both PI 567598B and PI 567541B.
However, the results cannot rule out the possibility that
other minor genes are also involved in the resistance.
Soybean aphid resistance in the soybean cultivars
Dowling and Jackson is controlled by a single dominant
gene (Hill et al., 2006a, 2006b). Our study demonstrated
that aphid resistance in the soybean PI 567598B and PI
567541B 1s controlled by two recessive genes, suggesting
that different resistant genes from those in Dowling and
Jackson underlie the resistance in these two PIs. Different
genes and inheritance patterns for aphid resistance have
also been reported in other crops. In wheat (Triticum aes-
tivum L.), nine characterized genes (Dnl, Dn2, dn3, and
Dn4—DnY) are involved in resistance to the Russian wheat
aphid [Diuraphis noxia (Kurdjumov)] (Du Toit, 1989; Har-
vey and Martin, 1990; Liu et al., 2001; Marais and Du Toit,
1993; Marais et al., 1998; Nkongolo et al., 1991a, 1991b;
Schroeder-Teeter et al., 1994). Eight of the genes are inde-
pendent dominant genes each conferring resistance in a
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Table 2. Segregation of aphid resistance in F, soybean populations derived from susceptible (S) x resistant (R) crosses.

Population IDt Susceptible Resistant Total no. Observed Expected by a 15:1 (S/R) ratio P vzalue
parent parent of plants S R S R of x2 test¥
0401291 E00075 Pl 567541B 155 150 5 145.3 9.7 0.120
040129-2 E00075 PI 567541B 98 93 5 91.9 6.1 0.639
040130-1 E00075 PI 567598B 100 93 7 93.8 6.3 0.757
040130-2 E00075 PI1 567598B 126 118 8 11841 7.9 0.963
030104-3 ‘Titan’ PI1 5675988 415 389 26 389.1 25.9 0.990
030104-8 ‘Titan’ PI 567598B 388 356 32 363.0 25.0 0.148
030104-10 ‘Titan’ PI1 567598B 416 390 26 390.0 26.0 1.000

TEach F, population was developed from a single F, plant. F, populations developed from different F, plants of the same cross were considered different populations.

#f the P value is larger than 0.05, the null hypothesis that the observed S/R ratio fits the expected 15:1 ratio is not rejected statistically.

different resistance source, while dn3 is a recessive gene
conferring the aphid resistance in Triticum tauschii (Coss.)
Schmal. In barley (Hordeum vulgare L.), a single dominant
gene controls the Russian wheat aphid resistance in the
line S13 (Robinson et al., 1992), and two dominant genes
control resistance in the line STARS-9577B (Mornhin-
weg et al., 2002).

As with all host plant resistance to insects or patho-
gens, there is the fear that the resistance will be overcome.
In wheat, the resistance gene Dn4, found in many vari-
eties, was overcome by a new biotype of Russian wheat
aphid found in Colorado in 2003 (Haley et al., 2004). In a
follow-up experiment, Haley et al. (2004) found that only
one of the nine resistance genes, Dn7, conferred resistance
to the new biotype. In 2006, three new aphid biotypes
were identified based on the foliar damage they caused;
one biotype was virulent to eight of the nine sources of
Russian wheat aphid resistance in wheat (Burd et al.,
2006). Each of the eight sources carried different genes
conferring resistance to Russian wheat aphid. The adap-
tive ability of aphids in general to overcome plant resis-
tance through biotype differentiation highlights the need
to explore the genetic diversity of SBA resistance. Varia-
tion of SBA biotypes has been observed in the United
States (Ki-Seung et al., 2007; Mensah et al., 2007). Some
biotypes have overcome the resistance from Dowling and
Jackson but not the resistance from PI 567598B and PI
567541B (Ki-Seung et al.,, 2007; Mensah et al., 2007).
Therefore, different sources of resistance must be used to
develop SBA-resistant cultivars.

In general, resistance controlled by multiple genes is
more durable than the resistance controlled by a single
dominant gene (Duvick, 1999). Thus the resistance from
PI 567541B and PI 567598B may be more durable than
the single gene—controlled resistance from Dowling and
Jackson. However, more effort will be required to incor-
porate the resistance from these two Pls into elite germ-
plasm because larger progeny populations are required to
recover at least one resistant progeny with the resistance.

The information on the recessive inheritance of the
SBA resistance detected in this study is useful to breeders in

developing special schemes in breeding programs to incor-
porate this resistance in elite breeding lines. In breeding
for insect resistance, backcrossing is the major approach for
introducing resistance into an otherwise superior cultivar.
Selfing after each backcross can be used to select lines with
the recessive resistance gene. If markers associated with
the genes are identified, marker-assisted selection can be
used to identify resistant lines faster, and therefore incor-
poration of the recessive genes into new cultivars will be
easier and faster (Chen and Line, 1999). Genetic popu-
lations have been developed to test for allelism of genes
controlling aphid resistance in these two Pls. Research is
ongoing to identify molecular markers associated with the
resistance genes in this study.
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