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ABSTRACT

Agronomic traits may become adversely af-
fected when field crops are transformed with
foreign genes which confer resistance to plant
pathogens. Field testing of such transformed plant
lines is necessary to determine if desirable yield
components have been retained through the
transformation and regeneration process. Thirty-
four peanut lines, thirty-two of which are trans-
genic containing anti-fungal genes, were evaluated
under field conditions for a 3-year period. Peanut
lines were arranged in a complete randomized
block design with three replications. Disease
incidence was recorded throughout the growing
season, the yield components of pod mass, shelling
percentage, and seed weight were determined
upon harvest, and the data were analyzed for
statistical significance. Deterioration of yield
components was observed for 5/32 transgenic
lines and was not always consistent with increased
disease incidence. Yield components measured for
the majority of transgenic lines tested were
comparable to the parental genotype Okrun,
suggesting retention of desirable market traits by
these plant lines. Of the plant lines retaining
desirable quality traits, 10 demonstrated increased
resistance to fungal infection compared to Okrun.
These results have identified transgenic peanut
lines with potential use in breeding programs for
disease resistance coupled with desirable yield
components.
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The use of biotechnology to produce transgenic
crops is rapidly becoming a viable extension of
conventional plant breeding, particularly since
transgenic plants are now being produced to meet
broad objectives such as pathogen and herbicide
resistance. Genetic engineering promises to provide
those involved in agricultural biology with the tools
needed to overcome the limited gene pools acces-
sible to conventional breeding programs. The list of
crop species being transformed with genes re-
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sponsible for agronomically beneficial traits is
rapidly expanding. Herbicide resistance has been
engineered in a wide variety of crops including, but
not limited to, soybean (Delannay et al., 1995),
tobacco (Brandle and Miki, 1993), cotton (Cou-
lombe et al., 1994), sorghum (Casas et al., 1993),
wheat (Vasil et al., 1992), sugar beet (D’Halluin et
al., 1992), and alfalfa (D’Halluin ez al., 1990).
Engineered crop resistance to pathogen attack has
also become common place. Virus resistance in
squash (Arce-Ochoa et al., 1995; Tricoli, et al.,
1995) and tomato (Fuchs and Provvidenti, 1996),
bacterial resistance in potato (Allefs er al., 1995),
fungal resistance in rice (Lin ez al.,1995), and insect
resistance in cotton (Wilson et al., 1994) are only
a few examples of these efforts.

Peanut is susceptible to many pathogens, with
most damage being caused by fungi (Melouk and
Backman, 1995). Soilborne fungi cause diseases
that adversely affect peanut health and productiv-
ity throughout the peanut growing areas of the
United States. Diseases such as pod rot (Rhizocto-
nia solani Kihn, Pythium myriotylum), crown rot
(Aspergillus niger Teigh), southern blight (Sclero-
tium rolfsii Sacc) and root knot (Meloidogyne
arenaria [Neal] Chitwood) occur in all U.S.
peanut-producing areas, while others such as
Sclerotinia blight (Sclerotinia minor Jagger) are
limited to certain geographic regions. Sclerotina
blight is of major concern to peanut producers in
the Southwest U.S. Traditional breeding and
screening practices have resulted in few cultivars
resistant to fungal diseases that are suitable for
commercial use (Smith et al., 1991; Simpson et al.,
2000), making expensive fungicide applications
throughout the growing season required for effec-
tive disease management. These obstacles to profit-
able peanut production along with recent reduc-
tions in the U.S. peanut price support system have
resulted in the urgent need for effective alternative
methods of disease management that will provide
disease resistance without pesticide application.

Efforts to engineer fungal resistance in peanut
have resulted in the production of transgenic
peanut lines that express a chitinase from rice
(Oryza sativa L.) and or a glucanase from alfalfa
(Medicago sativa L.) (Chenault et al., 2002).
Pathogenesis-related (PR) proteins such as chiti-
nases and B-1-3 glucanases that are capable of
hydrolyzing the cell walls of many fungi that attack
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plants are rational candidates for over-expression
to produce disease-resistant crops (Stahl and
Bishop, 2000). The cultivar Okrun served as the
parent genotype to all transgenic lines produced
due to its desirable and marketable agronomic
characteristics and its performance under tissue
culture conditions. Resulting transgenic peanut
lines were analyzed for stable transgene inheritance
and expression (Chenault et al., 2002), as well as for
their response to fungal infection under greenhouse
conditions (Chenault et al., 2003).

The evaluation of transgenic plants in the
laboratory and greenhouse provides valuable and
necessary information about the inheritance and
expression of the introduced gene(s). However, the
introduction of transgene(s) into the plant genome
is not always site-specific and endogenous genes
that perform essential functions in plant produc-
tivity may be disrupted. True assessment of plant
phenotype and performance can be determined
only in a field environment with inherent environ-
mental variations. Moreover, field testing of trans-
genic crops is an essential step toward variety
release and commercial production. The purpose of
this study was to determine whether transgenic
peanut lines expressing anti-fungal genes have
retained the desirable agronomic characteristics of
the parent genotype Okrun under field conditions.

Materials and Methods

Transgenic peanut lines were produced from
somatic embryos of the cultivar Okrun and
analyzed as previously reported (Yang et al.,
1998; Chenault et al, 2002). Thirty-two transgenic
lines with single-copy transgene insertions were
chosen for evaluation in field experiments. Field
tests were conducted for three growing seasons
(2000, 2001 and 2002) at the Oklahoma State
University Agricultural Experiment Station in
Caddo County, OK. Disease inoculum was as-
sessed for each test by determining the number of
S. minor sclerotia present in soil samples taken
from each plot. Viable sclerotial density was
determined in the top 5Scm of field soil by
a modified elutriation technique (Porter and Steele,
1983). Each individual plot was 6.1 m X 7.6 m and
consisted of six rows (0.91 m row spacing): four
rows of transgenic test lines, one of the resistant
cultivar Southwest Runner (Kirby et al., 1998), and
one of the susceptible cultivar Okrun. Plots were
arranged in a randomized complete block design
with 8 plots/replication and 3 replications per test.
The presence of transgene(s) is transgenic lines was
confirmed via PCR as previously reported (Che-

nault et al., 2002) before planting. All kernels were
treated with TOPS 90 fungicide (2.5 g/kg kernel)
before planting. Transgenic kernels to be planted
the first year of evaluation (2000) originated under
greenhouse conditions (Ts), but were taken from
the field plots for the two subsequent years (T and
T;). Kernels were hand-planted 23 cm apart on the
15™ of May, 2000-2002.

All plots were weeded on a weekly basis and
assessed for disease symptoms. Disease incidence
(#diseased plants/line/replication) was recorded at
weekly intervals after initial onset. The percentage
of plants infected by Sclerotinia blight was de-
termined by the presence of visible above-ground
symptoms. Individual plants were considered in-
fected if symptoms were present, however slight or
severe, and marked with a flag at the time of
recording. Disease data were tested for statistical
significance with SAS v. 8.2 using Least Squared
Mean analysis. Plant lines were placed into disease
category 1 if their reaction to Sclerotinia blight was
not significantly different than the parent genotype
Okrun. Alternatively, plant lines were placed into
disease category 2 if they demonstrated a significant
increase in resistance to Sclerotinia blight when
compared to Okrun.

Plant lines were assessed for growth habit type,
either spreading (S) or upright (U), as discussed by
Smith and Simpson (1995). Any other abnormal-
ities in phenotype, such as stunting, were also noted
as part of the plant line growth habit. Plants were
harvested individually (October 15 2000-2002) and
returned to the laboratory for analysis. Pods (pod
mass) were pulled from individual peanut plants
and weighed to the nearest gram. Peanuts from
individual plant samples were then weighed,
counted, and processed through a 16/64 grading
screen. Shelling percentage for each sample was
calculated by dividing the total kernel weight by the
pod mass. Kernels retained on the screen were then
weighed and counted. Weight of kernels retained
on the screen was calculated by dividing the kernel
weight by the kernel count. Statistical analysis was
performed using Least Squared Means analysis and
Dunnett’s test via SAS version 8.2 (Cary, NC).

Results

Classification of plant lines into disease and
growth habit categories is listed in Table 1. Most
plant lines were grouped into disease category 1,
demonstrating no significant difference in reaction
to Sclerotinia blight than the cultivar Okrun.
Fourteen plant lines were placed in disease category
2 over the 3-year period, consistently demonstrat-
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ing a significant increase in resistance to Sclerotinia
blight infection as compared to Okrun. While the
majority of plant lines tested did not differ from
Okrun in their growth habit, 2 lines had an upright
growth habit, with a prominent vertical main stem
similar to that of Southwest Runner, and 1 line was
noticeably stunted.

The majority of transgenic test lines did not
differ from the parent genotype Okrun with respect
to pod mass throughout the 3-year test period
(Table 2). In 2000, of the 32 lines tested, 8 lines had
a significantly smaller pod mass as compared to
Okrun. All lines with reduced pod mass contained
only the chitinase transgene, with the exception of
line #654 which contains both the chitinase and

glucanase transgenes. Reduced pod mass was not
always consistent with increased Sclerotinia blight
incidence. For example, line #188 never became
diseased, but consistently had a lower pod mass
than cultivar Okrun. Similarly, pod mass reduction
could not be correlated with transgene type due to
the fact that the majority of test lines contain only
the chitinase transgene and show no variation with
respect to Okrun when considering pod mass.
Similar results were recorded in 2001 with the
majority of test lines being indistinguishable from
Okrun with respect to pod mass (Table 2). Six of
the plant lines with reduced pod mass in 2000
continued to have lower pod masses than Okrun in
2001. All plant lines with lowered pod mass

Table 1. Transgene, disease category, and growth habit of peanut lines grown under field conditions over a 3-year period.

Disease category*

Plant line Transgene’ 2000

2001

2002 3 year avg Growth® habit

Okrun
SW runner
23
24
33
34
35
51
74
81
87
90
133
135
139
145
146
157
188
412
416
423
461
487
505
511
514
517
531
535
540
542
561
654
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res. cultivar
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fC = chitinase ; G = glucanase.

1 = not significantly more resistant to Sclerotinia blight than Okrun at the p = 0.05 level; 2 = significantly more resistant to

Sclerotinia blight than Okrun at the p = 0.05 level.

S = spreading ; SS = spreading and stunted; U = upright.
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contained only the chitinase transgene. Again, pod
mass among test lines varied independently of
disease incidence and transgene type.

Results from 2002 were less consistent than the
two previous years, with only 4 test lines demon-
strating a reduced pod mass compared to Okrun
(Table 2). These lines (#51, #188, #416, #461)
also had a lower pod mass value for other years
tested. Over the 3-year period, 8 lines (#51, #74,
#157, #188, #461, #561, and #654) averaged
a significantly lower pod mass than Okrun.

Shelling percentages for all plant lines tested are
shown in Table 3. Throughout the 3-year test
period, very little deviation from the values
reported for the parent genotype Okrun was seen
among the transgenic lines tested. The only
variation seen was reported in the year 2000, where
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3 of the test lines (#157, #188, and #561) had
a significantly lower shelling percentage than
Okrun. As with pod mass, shelling percentages
varied independently of Sclerotinia blight incidence
for all lines tested.

Average kernel weight among transgenic test
lines, shown in Table 4, deviated extensively from
that recorded for Okrun in the year 2000, but this
variation decreased over the 3-year test period.
None of the test lines had a kernel weight greater
than Okrun. However, 21 lines averaged a kernel
weight less than Okrun with the mean decrease
being 17%. The number of test lines with kernels
significantly smaller than Okrun dropped in 2001
from 21 to six, and then again in 2002 to five. Three
of the transgenic lines (#157, #188, and #416)
averaged a reduced kernel weight compared to

Table 2. Pod mass of plant lines grown under field conditions for 3 years.

Pod mass/plant (g)

Plant line 2000 2001 2002 3 year avg
Okrun 62 72 64 66
SW runner 66 69 75 70
23 64 71 75 70
24 38 64 72 58
33 58 61 62 60
34 65 75 68 69
35 53 78 66 66
51 42+ 54 49%x 48+
74 46* 59 61 55x
81 52 62 68 61
87 52 76 61 63
90 61 71 65 66
133 48 68 63 60
135 46 75 64 62
139 43 77 53 57
145 49 65 64 59
146 45 68 65 59
157 ] 8k 57 67 47
412 35 77 80 64
416 63 4k Rl 49
423 52 64 83 66
487 40 73 82 65
505 59 61 66 62
511 46 55 69 57
514 60 75 58 64
517 54 68 62 61
531 59 59 63 60
535 63 60 65 63
540 44 63 57 55
542 25 82 75 60
561 ] 8k 56 60 45k
654 2k 65 61 51*

* *¥* and *** denote significant differences as compared to Okrun at the 0.05, 0.01, 0.001 probability levels, respectively.
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Table 3. Shelling percentage of plant lines grown under field conditions.

Shelling percentage

Plant line 2000 2001 2002 3 year avg
Okrun 69 70 70 70
SW runner 68 67 67 67
23 68 72 72 71
24 57 70 69 65
33 o4 70 71 68
34 67 70 69 69
35 66 72 66 68
51 62 67 72 67
74 64 71 72 69
81 61 70 72 68
87 69 73 68 70
90 68 73 71 71
133 78 71 70 73
135 59 75 70 68
139 68 74 70 71
145 61 70 70 67
146 62 74 69 68
157 45%x 71 69 62
188 54 68 72 65
412 72 72 62 69
416 62 67 71 67
423 67 72 63 67
461 62 69 71 67
487 63 72 69 68
505 65 70 70 68
511 68 74 71 71
514 71 72 71 71
517 70 73 67 70
531 71 74 70 72
535 74 74 72 73
540 68 67 70 68
542 62 72 70 68
561 48 70 60 59%
654 60 68 70 66

* and ** denote significant differences as compared to Okrun at the 0.05 and 0.01 probability levels, respectively.

Okrun for each of the three years tested, with the
mean decrease being 23%. Average kernel weight
was not consistent with Sclerotinia blight incidence.
However, there was a slight correlation of average
kernel weight and pod mass, with 5 of the test lines
(#51, #157, #188, #461, and #561) having
a reduction in both quality traits compared to the
parent genotype Okrun over the 3-year test period.

Discussion

This study examined the agronomic perfor-
mance of transgenic peanut plants under natural
field conditions to determine the effect that genetic
engineering and the introduction of foreign genes
may or may not have on agronomic traits and/or

yield components. The performance of transgenic
plants may be affected by several aspects of the
transformation process including, but not limited
to: (1) Insertion mutagenesis: insertion of the
transgene disrupts the genomic DNA causing an
obvious change in phenotype or field performance
(Feldmann and Marks, 1987; Feldmann ez al.,
1989), (2) Pleiotrophy: individual genes, apparently
unrelated, affect plant phenotype and performance
(Dale and McPartlan, 1992), and (3) Somoclonal
variation: genetic variation resulting from the tissue
culture and regeneration process itself (Larkin and
Scowcroft, 1981; Karp and Bright, 1985; Karp
1991). Somoclonal variation and insertion/expres-
sion of the anti-fungal genes caused no differences
in the agronomic characteristics and yield compo-
nents of the majority of the transgenic lines tested
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Table 4. Weight per 100 kernels for peanut lines grown under field conditions for 3 years.

Kernel weight (g)

Plant line 2000 2001 2002 3 year avg
Okrun 45 48 47 47
SW runner 42% 42% 42% 42+
23 43 47 45 45
24 34 46 48 43
33 41* 46 47 45
34 42%* 46 46 45
35 42% 49 45 45
51 38 41* 43 4]
74 41* 45 48 45
81 39 46 48 44
87 43 45 47 45
90 37 41* 46 41*
133 41* 46 44 44
135 38+ 49 47 45
139 41* 56 45 47
145 39+ 46 46 44
146 39% 43 46 43
157 PR 41* 42 35k
412 45 49 49 48
416 33k 42+ 41* 39
423 42% 48 49 46
461 38 45 42% 42%
487 42% 50 40%* 44
505 45 47 49 47
511 43 41* 48 44
514 44 43 46 44
517 44 43 45 44
531 44 44 46 45
535 44 43 46 44
540 44 49 44 46
542 40% 50 52 47
561 27wk 43 45 38
654 40 48 49 46

* **%and *** denote significant differences as compared to Okrun at the 0.05, 0.01, 0.001 probability levels, respectively.

as compared to non-transformed Okrun. The
largest deviation from non-transformed values
occurred in the first year of testing which was
probably due to the reduced field fitness of
greenhouse grown kernels used for seed. This type
of result has been reported previously in field tests
of other transgenic crops (Arnoldo and Baszc-
zynski, 1991).

The peanut transformation process did result in
consistently deteriorated agronomic traits among 5
of the transgenic lines tested: #51, #157, #188,
#461, and #561. Although all of these lines
contain the rice chitinase transgene, their decrease
in field performance appears to be independent of
transgene type since many of the unaffected plant
lines also contain the same gene. All affected

transgenic lines have a spreading growth habit
which upon visible inspection is no different than
that of Okrun, with the exceptions of line #188
which grows upright and line #461 which is
stunted. It was not determined which aspect of
the transformation process caused the phenotypic
and agronomic abnormalities among the 5 affected
lines.

All of the transgenic peanut lines tested here
share the common genetic background of the
cultivar Okrun, which is susceptible to fungal
infection but when unimpeded, produces peanuts
with highly marketable agronomic characteristics.
The ultimate goal of this research project is to
produce a transgenic peanut line, which retains the
desirable agronomic traits of Okrun but has an
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increased resistance to fungal disease. Several of the
peanut lines examined in this study have increased
disease resistance and desirable kernel character-
istics that warrant further investigation and con-
sideration for commercial release. For example,
lines #487 and #540 averaged 50% and 76%
less disease, respectively, without loosing any of
the yield components characteristic of the Okrun
genotype. Assuming 091 m row spacing, the
average yield for Okrun over the 3-year test
period (66 g/plant) can be translated as 3.2 t/ha,
with the transgenic plant lines averaging 1.5 to
3.3 t/ha.

Transgenic lines, which have deteriorated
agronomic traits may still be of some use in
traditional breeding programs. For example, line
#188 never became diseased throughout the entire
3-year test period but the kernels from this line
are reduced in weight, similar to that of Southwest
Runner, which produces kernels of a size undesir-
able to some shelling companies. Previous studies
have shown that morphological resistance exists
among lines with upright, bunch growth habits,
probably due to the lack of a dense plant canopy
which contributes to optimal disease conditions
(Melouk and Backman, 1995). The location of
transgene insertion for #188 has not yet been
determined and thus it is assumed, but unknown,
that the insertion event disrupted a gene crucial
for a spreading growth habit (mutational in-
terference). Line #188 contains a single copy of
the rice chitinase transgene and has been pre-
viously shown to have a transgene expression level
22% above background level under non-chal-
lenged conditions (Chenault er al., 2002). Al-
though the transgene expression level of line #188
is well within the range of hydrolase activity
reported elsewhere for plant varieties with height-
ened fungal resistance (Lozovaya et al., 1998), we
realize the upright growth habit most likely plays
a major role in the total resistance observed.
Transfer of the resistance trait of line #188 into
other genetic backgrounds could eliminate the
problem of small kernel size.

Agronomic characteristics of the peanut lines
evaluated under field conditions in this study,
including pod mass, shelling percentage, and kernel
weight, were statistically comparable between the
majority of transformed and non-transformed
plant lines. These results indicate that peanut can
be genetically engineered successfully, and that in
this case, plant lines can be regenerated in which
the microprojectile bombardment transformation
system does not introduce any adverse effects on
the intrinsic agronomic and qualitative traits
critical to the peanut industry.
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