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ABSTRACT

Cultivated peanut, the second most econom-
ically important legume crop throughout the
United States and the third most important
oilseed in the world, is consistently threatened
by various diseases and pests. Sclerotinia blight,
(causal agents Sclerotinia sclerotiorum (S. sclero-
tiorum) and Sclerotinia minor Jagger (S. minor))is
a major threat to peanut production in the
Southwestern U.S., Virginia, and North Carolina
and can reduce yield by up to 50% in severely
infested fields. S. sclerotiorum has now been
reported in areas of eastern New Mexico and
west Texas where all U.S. grown Valencia
peanuts are produced, commonly in organic
cropping environments. Host plant resistance
provides the most effective solution to managing
Sclerotinia blight, especially in organic systems
where pesticide use is not an option for disease
control. To date, no Valencia cultivars with
Sclerotinia blight resistance have been released.
In this study, the Valencia peanut core germplasm
collection was genotyped with a Simple Sequence
Repeat (SSR) marker associated with Sclerotinia
blight resistance in order to identify potential
germplasm for use in breeding to develop
Valencia peanut cultivars resistant to the disease.
Thirty accessions from the Valencia peanut core
collection have profiles consistent with other
genotypes that exhibit less that 5% incidence of
Sclerotinia blight under heavy disease pressure.
The identified accessions, after field evaluation,
may serve as potential sources of Sclerotinia
blight resistance in Valencia peanut breeding
programs.
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Peanut (Arachis hypogaea L.) is widely cultivat-
ed across the United States and throughout the
world for its edible seeds which are profitable to

producers and nutritious for consumers. The
United States produces the third largest peanut
crop in the world, behind China and India,
reporting a 2015 crop of 6 billion pounds valued
at $1.2 B (National Agricultural Statistics Service
(NASS), 2016). Of the four peanut market-types
grown in the U.S., only two (runner and Virginia)
are grown nation-wide. Spanish-types are grown
only is Southwestern U.S. regions of Oklahoma
and Texas, while Valencia-types are primarily
grown in New Mexico and the Texas high-plains
region. Valencia peanuts (Arachis hypogaea L.
subsp. fastigiata var. fastigiata), known for their
3-4 seeded pods, red seed coat, and sweet flavor,
are sold mainly in specialty markets such as organic
or all-natural and are usually marketed in-shell or
as peanut butter. Although Valencia peanuts
account for less than one percent of U.S. produc-
tion, they make up the majority of the U.S. organic
peanut market.

Certified organic peanut production is complex
and highly regulated. Peanut is susceptible to a
number of stem, foliage, pod, and root diseases
(Melouk and Backman, 1995). Since peanut plants
form their seed underground, crop productivity is
often threatened by soil-borne pathogens such as
fungi. Soil-borne fungi cause diseases that adverse-
ly affect peanut health, productivity, and seed
quality throughout all growing areas of the United
States. Pod rot (Rhizoctonia solani Kühn, Pythium
myriotylum), crown rot (Aspergillus niger Teigh),
and southern blight (Sclerotium rolfsii Sacc) occur
in all U.S. peanut-producing areas, while others
such as Sclerotinia blight (Sclerotinia sp.) are
limited to certain geographic regions.

First observed in the U.S. in Virginia in 1971,
Sclerotinia blight is now a major concern to peanut
producers in the Southwest US (Oklahoma and
Texas), Virginia, and North Carolina. The disease
is characterized by wilting and yellowing of
branches (flagging) as well as stem bleaching and
shredding above ground (Melouk and Backman,
1995). Depending upon severity of field infestation,
yield losses due to Sclerotinia blight are typically
10% but may be as high as 50% (Melouk and
Backman, 1995). The disease can be caused by two
species of Sclerotinia, Sclerotinia minor Jaggar and
Sclerotinia sclerotiorum (Lib) de Bary (Porter and
Melouk, 1997), with the S. minor being more
prevalent in the United States, and S. sclerotiorum
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more common in Australia (Cruickshank, et al.,
2002) and Argentina (Marinelli, et al., 1998).
Peanuts with resistance to S. minor have also been
shown to be resistant to S. sclerotiorum (Cruick-
shank et al., 2002, Woodward et al., 2006).
Sclerotinia blight (S. sclerotiorum) has been report-
ed in Georgia (Woodward et al., 2006), Nebraska
(Melouk et al., 2003), and on Valencia peanut in
eastern New Mexico (Sanogo and Puppala, 2007;
Lujan et al., 2016). The extent to which S.
sclerotiorum has invaded New Mexico is unknown,
but Sclerotinia blight is wide-spread in Texas and
the percentage of the disease caused by S.
sclerotiorum versus S. minor is unknown. The
sclerotial form of both pathogens may persist in
soil for many years and can be spread by unclean
production equipment or avian waste. Expensive
fungicides applied throughout the growing season
are required for effective Sclerotinia blight control
and are not an option for the organic Valencia
peanut producers in New Mexico. Host plant
resistance will provide the most effective solution
to managing Sclerotinia blight in any peanut
production system, but is essential to organic
production. Several Valencia cultivars have been
released for production including New Mexico
Valencia A (Hsi and Finkner, 1972), New Mexico
Valencia C (Hsi, 1980), GenTex 101, 102, and 136
(Borden Peanut Company, Portales, NM), Georgia
Red (Branch and Hammons, 1987), Georgia
Valencia (Branch, 2001), and NuMex01 (Puppala
and Tallury, 2014), but none have documented
levels of resistance to Sclerotinia blight.

Limitations to successful breeding of Sclerotinia
blight resistant peanut cultivars are numerous and
include the quantitative nature of the trait (Wild-
man et al., 1982) along with the narrow genetic
background of cultivated peanut (Simpson et al.,
2001) and the lack of identified resistance sources.
Little progress has been made in identifying sources
of Sclerotinia blight resistance in Valencia-type
peanut (Smythe et al., 2011), despite the develop-
ment of a Valencia germplasm core collection
(Dwivedi et al., 2008). Phenotyping peanut germ-
plasm collections for specific traits in extremely
useful in revealing sources of disease resistance.
Examination of the U.S. peanut germplasm collec-
tion has led to the identification of resistance to
leafspot (Holbrook and Anderson, 1995), Rhizoc-
tonia limb rot (Franke et al., 1999), tomato spotted
wilt virus (Wang et al., 2007), root-knot nematode
(Holbrook et al., 2000), Sclerotinia blight (Dam-
icone et al., 2010), and pepper spot (Damicone et
al., 2010). With the development of molecular
markers associated with phenotypic traits, it is
possible to screen large germplasm collections

without years of field evaluation. Genotyping
peanut germplasm collections has resulted in the
identification of accessions with possible resistance
to Sclerotinia blight (Chamberlin et al., 2010;
Chamberlin, 2014; Engin et al., 2015). Coupling
genotype and phenotype data can result in new
sources of disease resistance being incorporated
into cultivar releases (Chamberlin et al., 2018). One
disadvantage to screening composite germplasm
collections is that all peanut market-types are
included. For example, only 22% and 15%
Valencia accessions are found in the U.S. and
ICRISAT core collections, respectively. This study
examines the genotype of the Valencia core
collection composed of 77 accessions (Dwivedi et
al., 2008) using a SSR marker associated with
Sclerotinia blight resistance (Chenault et al., 2009).

Materials and Methods
Plant Materials

A total of 77 accessions from the Valencia
peanut mini-core collection (Table 1; Dwivedi et
al., 2008) were examined in this study. Sclerotinia
blight resistant accession PI 274193 and susceptible
cultivar Okrun were also included for reference.
DNA Extraction and Fragment Analysis

For each plant accession, DNA was extracted
from young leaf tissue using the Qiagen Plant
DNeasy DNA extraction kit (Qiagen, German-
town, MD), and quantified using a NanoDrop nd-
1000 spectrometer (ThermoFisher Scientific) or the
Pico Green dsDNA Assay kit (ThermoFisher
Scientific). DNA concentrations were adjusted to
25 ng/ul prior to PCR amplification. Amplification
was performed in triplicate using an SSR marker
derived from SSR primer pair pPGPseq2E6, which
has been reported to be associated with Sclerotinia
blight resistance in peanut (Chenault et al., 2009).
Reaction components: 10 ll (2.5 ng/ll) genomic
DNA, 2 ll 10 ll 10X PCR Buffer, 2 ll 25 mM
MgCl2,1 ll each 10 mM primers, 2 ll 2 mM dNTP
mix, 0.5 ll HotStar Taq DNA Polymerase (5 U/ll;
Qiagen), 1.5 ll sterile H2O. Primer sequences are as
f o l l ow s : p PGP s e q 2E 6L ( 5 0 TACAG -
CATTGCCTTCTGGTG 30) and Marker 3 (50

GCACACCATGGCTCAGTTATT 3 0). Primers
were labeled with 5-FAM fluorophor. Amplifica-
tion was carried out in a MJ Research PTC-100
thermal cycler under the following conditions: 95 C
15 min.; 34 cycles of 94 C 45 sec., 50 C 1 min., 72 C
90 sec.; 72 C 10 minutes. Fragment analysis of PCR
products was done using an Applied Biosystems
3730 DNA Analyzer and sized using a LIZ labeled
size standard (ThermoFisher Scientific). Amplifi-
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Table 1. Information for the 77 valencia peanut mini-core accessions genotyped with the SSR marker associated with Sclerotinia blight

resistance along with respective Neighbor-Joining Clustering and Principal Coordinate Analysis (PCA) (from Kottapalli et al.,

2011), marker score (Chenault et al., 2009) and peak-height ratio (PHR) values.

Entry PI Number Country of Origin Geographic region Biological status NJ Clustering PCA Marker Score PHR

1 PI 259601 Australia Australia Landrace 1 B B 1.19

2 PI 493536 Brazil S. America Cultivar 2 A B 1.45
3 PI 259580 Jamaica Caribbean Landrace 2 A b 0.61
4 PI 493501 Brazil S. America Cultivar 2 A B 2.68

5 PI 497447 Bolivia S .America Landrace 2 A B 1.51
6 PI 602494 Argentina S. America Landrace 2 A B 1.38
7 PI 493630 Paraguay S. America Cultivar 2 A ND ND

8 PI 493518 Brazil S. America Cultivar 1 B B 1.22
9 PI 576604 Bolivia S. America Unknown 2 B B 1.46
10 PI 493446 Paraguay S. America Cultivar 2 A B 1.24
11 PI 365564 Bolivia S. America Landrace 2 A B 1.30

12 PI 406718 Costa Rica C. America Landrace 2 A B 1.21
13 PI 429430 Zimbabwe Africa Landrace 2 A B 1.30
14 PI 475913 Bolivia S. America Landrace 2 A B 1.26

15 PI 476078 Brazil S. America Landrace 2 A B 1.15
16 PI 429427 Zimbabwe Africa Landrace 2 A b 0.13
17 PI 493344 Paraguay S. America Cultivar 3 B B 1.21

18 PI 493688 Paraguay S. America Cultivar 2 A B 1.20
19 PI 476089 Brazil S. America Landrace 3 B B 1.17
20 PI 493339 Paraguay S. America Cultivar 2 A B 1.13
21 PI 493458 Brazil S. America Cultivar 6 E B 1.12

22 PI 493507 Brazil S. America Cultivar 2 A b 0.41
23 PI 476079 Brazil S. America Landrace 2 A b 0.43
24 PI 476074 Peru S. America Landrace 2 A b 0.55

25 PI 493562 Brazil S. America Cultivar 2 A B 1.29
26 PI 497459 Bolivia S. America Landrace 4 B B 1.19
27 PI 493405 Paraguay S. America Cultivar 6 E B 1.22

28 PI 493461 Paraguay S. America Cultivar 2 A S 0.00
29 PI 493865 Paraguay S. America Cultivar 2 A S 0.00
30 PI 493415 Paraguay S. America Cultivar 2 A B 1.17

31 PI 493470 Paraguay S. America Cultivar 2 A S 0.00
32 PI 315612 S. Africa Africa Cultivar 2 A b 0.44
33 PI 493325 Paraguay S. America Cultivar 2 B B 1.17
34 PI 493340 Paraguay S. America Cultivar 2 A B 1.18

35 PI 493624 Bolivia S. America Cultivar 2 A B 1.16
36 PI 493810 Brazil S. America Cultivar 2 A S 0.00
37 PI 501985 Peru S. America Landrace 2 A B 1.43

38 PI 338337 Venezuela S. America Cultivar 5 B B 1.11
39 PI 493382 Paraguay S. America Cultivar 5 A S 0.00
40 PI 493360 Paraguay S. America Cultivar 2 A B 2.11

41 PI 493523 Brazil S. America Cultivar 2 A B 3.69
42 PI 475925 Bolivia S. America Landrace 5 B B 4.61
43 PI 494019 Paraguay S. America Cultivar 2 A B 2.02

44 PI 493565 Brazil S. America Cultivar 2 A B 3.71
45 PI 493584 Brazil S. America Cultivar 2 A B 3.47
46 PI 536300 Uruguay S. America Landrace 2 A B 2.06
47 PI 493660 Paraguay S. America Cultivar 2 A B 2.27

48 PI 536307 Uruguay S. America Landrace 2 B B 2.25
49 PI 493373 Paraguay S. America Cultivar 2 A B 2.09
50 PI 497642 Ecuador S. America Landrace 2 A B 1.70

51 PI 493612 Bolivia S. America Cultivar 2 A B 1.98
52 PI 493484 Brazil S. America Cultivar 2 A B 1.75
53 PI 493816 Paraguay S. America Cultivar 2 A B 2.04

54 PI 493566 Brazil S. America Cultivar 2 A B 1.88
55 PI 493451 Paraguay S. America Cultivar 2 A B 2.12
56 PI 501269 Peru S. America Landrace 2 A B 1.56
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cation with this primer set generally produces two
bands of interest, one at 100 bp (predominant in
susceptible genotypes) and one at 115 bp (predom-
inant in resistant genotypes). Sequencing of the
amplified bands has shown the molecular basis for
the size difference to be the length of the CT repeat
sequence. Marker profiles were scored using
previously reported methods (Chenault et al.,
2009). The ratio of the peak height (PHR) of these
two bands serves as a predictor of potential
resistance to Sclerotinia blight. Peak height of
bands were analyzed using PeakScanner 1.0 soft-
ware (ThermoFisher Scientific).DNA from suscep-
tible cultivar Okrun and resistant accession PI
274193 were included in each assay. Correlation
analysis of Neighbor-Joining (NJ)-clustering and
Principal Coordinate Analysis (PCA) taken from
Kottapalli et al., 2011, and of genotypic marker
data was conducted using PROC CORR, SAS ver.
9.3, Cary, NC.

Results and Discussion
Phenotypic evaluation of peanut germplasm

collections previously genotyped with the SSR
marker used in this study has confirmed that the
presence of the 115 bp band generated during
amplification is associated with increased resistance
to Sclerotinia blight, and the intensity of that band

is directly correlated with the level of resistance
seen in the field (Chenault et al., 2009; Chamberlin
et al., 2010; Chamberlin and Bennett, in press).
Amplification profiles for 86% of the accessions
tested in this study consisted of both the 115 bp and
110 bp bands and received a visual marker score of
’B’ (115 bp band more intense) when separated on
agarose gels. The remaining accession profiles were
scored as either ’b’ (110 bp band more intense) or
’S’ (110 bp band only). Fragment analysis using the
same primers labeled with 5-Fam fluorophor
allowed more accurate quantification of products
than agarose gel visualization, and intensity of each
band was estimated by measurement of peak
heights. The peak height (PH) ratio of the two
bands (PH 115 bp/PH 110 bp) has been shown to
be negatively correlated with disease resistance and
serves as a predictor of expected resistance levels (r
¼ - 0.68, Chamberlin and Bennett, in press).
Accessions with profiles of PHRs less than 0.757
demonstrate disease incidence levels above 15%
(High or H), where as those with a PHR between
0.757 and 2.0 generally have disease incidence
levels between 5-15% (Moderate or M). Accessions
with PHRs above 2.0 are the most resistant, with
disease incidence levels below 5% (Low or L). The
PHRs for all 77 Valencia mini-core accessions are
shown in Figure 1 and in Table 1, along with those
for susceptible cultivar Okrun and resistant acces-

Table 1. Continued.

Entry PI Number Country of Origin Geographic region Biological status NJ Clustering PCA Marker Score PHR

57 PI 536121 Brazil S. America BL 2 A B 2.41
58 PI 493514 Brazil S. America Cultivar 2 A B 2.68
59 PI 468208 Bolivia S. America Cultivar 2 A B 6.12

60 PI 493666 Paraguay S. America Cultivar 2 A B 2.27
61 PI 493381 Paraguay S. America Unknown 2 A B 2.57
62 PI 502023 Peru S. America Unknown 2 A B 2.05

63 PI 475921 Bolivia S. America Landrace 2 A B 2.42
64 PI 501293 Peru S. America BL 2 A B 2.67
65 PI 306361 Israel Asia Cultivar 2 A B 2.23
66 PI 493629 Paraguay S. America Cultivar 2 A B 2.64

67 PI 493442 Paraguay S. America Cultivar 2 A B 2.64
68 PI 407451 Ecuador S. America Unknown 2 A B 2.17
69 PI 390432 Ecuador S. America Landrace 2 A B 1.75

70 PI 409037 Zimbabwe Africa Landrace 2 A B 3.34
71 Grif13802 Ecuador S. America Unknown 2 B B 2.09
72 PI 599612 USA N. America Cultivar 2 B B 1.71

73 PI 508278 USA N. America BL 2 A B 2.50
74 PI 493521 Brazil S. America Cultivar 2 B B 1.74
75 PI 314980 Russian Europe Landrace 2 B B 2.11

76 PI 468225 Bolivia S. America Landrace 2 A B 2.70
77 PI 493631 Paraguay S. America Cultivar 2 B B 1.63
78 Okrun Oklahoma N. America Cultivar - - S 0.00
79 PI 274193 Bolivia S. America Landrace - - B 2.99

ND ¼ no data from amplification; BL¼ breeding line
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sion PI 274193. The majority of accessions tested
(46%) had PHRs placed in the M group, ranging
from 1.11 to 1.98. Eleven out of the 77 accessions
had PHRs below 0.757, placing them in the H
group. In five accessions (entries 28, 29, 30, 36 and
39), amplification produced only the 100 bp band
resulting in a PHR of 0.0, the same as susceptible
cultivar Okrun which routinely becomes infected
with Sclerotinia blight at rates of 48 - 88% under
heavy disease pressure (Melouk et al., 2008). The
remainder of the accessions had PHRs above 2.0
(39.5%), ranging from 2.04 - 6.12, and were
classified as L. Accession PI 468208 (entry 59), a
Bolivian cultivar, and accession PI 475925 (entry
42), a Bolivian landrace, exhibited the highest
PHRs at 6.12 and 4.61, respectively. In total, 30
accessions with PHRs above 2.0 were placed in the
‘‘L group’’ and would be expected to demonstrate
less than 5% disease incidence in the field.

Kottapalli et al. (2011) examined the population
structure and diversity of the Valencia core
collection with 52 SSR loci and separated the
accessions into 6 clusters and two distinct major
groups using Neighbor-joining (NJ) clustering,
principal coordinate analysis (PCA) and STRUC-
TURE analysis (Table 1). Pearson correlation
analysis (PROC CORR, SAS, ver. 9.3) of that
data along with the marker data collected here for
Sclerotinia blight resistance showed no correlation
of potential resistance and accession cluster.

Furthermore, no correlation of potential resistance
and geographical origin was observed.

Sclerotinia diseases cause significant losses
annually in a broad range of crop species. Some
of the greatest losses occur in cropping environ-
ments that are optimal for plant growth, such as
irrigated fields, where a lush, dense plant canopy is
present. Sclerotinia sclerotiorum has been reported
to pose a significant threat to peanut production in
Argentina (Marinelli et al., 1998) and Australia
(Cruickshank et al., 2002) and has also been
reported in Rhodesia (Rothwell, 1972) and China
(Yan et al., 2014). The pathogen was reported on
peanut in the U.S. in the Virginia-Carolina region
(Beute et al., 1975), and appears to be spreading
across peanut producing states as it has more
recently been reported in Georgia (Woodward et
al., 2006),Texas, (Woodward et al., 2008), and New
Mexico (Sanogo and Puppala, 2007; Lujan et al.,
2016). Although Sclerotinia minor Jagger is most
commonly associated with Sclerotinia blight on
peanut in the Southwestern U.S., mixed infections
of S. minor and S. sclerotiorum are possible and
have been reported on vegetable crops (Kim and
Cho, 2002), and on sunflower (Sedun and Brown,
1989;Tozlu and Demirci, 2008).

The recent report of Sclerotinia blight caused by
S. sclerotiorum on peanut in New Mexico and
Texas has caused concern that the disease may
eventually pose a threat to organic Valencia peanut

Fig. 1. Peak-height ratios (PHRs) for all 77 Valencia mini-core accessions tested, along with those for susceptible cultivar Okrun and resistant accession

PI 274193.
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production in that region. Since certified organic
production prohibits the use of chemical pesticides,
cultivars with physiological resistance to Sclerotinia
spp. offer the most inexpensive and sustainable
solution for disease management. Few have report-
ed on the study of peanut resistance to S.
sclerotiorum (Porter et al., 1975; Coffelt 1980;
Cruickshank, et al., 2002), but several cultivars
have been released in the last decade with varying
levels of resistance to S. minor (Isleib et al., 2011;
Baring et al., 2013; Melouk et al., 2013; Simpson et
al., 2013; Chamberlin et al., 2015; Isleib et al., 2015;
Chamberlin et al., in press).

The use of marker assisted selection in cultivar
breeding not only expedites screening germplasm
collections for disease resistance but also leads to
more efficient advanced breeding line development.
To date no molecular marker associated with S.
sclerotiorum resistance in peanut has been reported,
but Vuong et al. (2008) reported genotyping a
population of recombinant inbred lines (RILs)
derived from a cross with a partially resistant plant
introduction (PI) which led to the identification of
QTL associated with resistance in soybean. There is
evidence that the mechanisms of resistance to the
two pathogens are similar in peanut and other crop
species, and that genotypes resistant to S. minor
may also express that resistance against S. scle-
rotiorum (Sedun and Brown, 1989; Cruickshank et
al., 2002). Therefore, it is possible that screening
germplasm collections using a marker associated
with S. minor resistance would be effective in the
identification of accessions with potential resistance
to S. sclerotiorum as well, and this possibility is
being explored. In this study, such screening led to
the elimination of 61% of the Valencia core
collection as candidates for excellent resistance to
Sclerotinia blight, thus reducing time and space
required for field phenotyping this collection for
that specific trait. Although validation by field
testing will be necessary, the results of this study
predict 30 accessions from the Valencia core
collection will be highly resistant to Sclerotinia
blight and should be considered as potential
sources of resistance for breeding programs fo-
cused on the Valencia market-type.
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