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Abstract The nucleocapsid protein (N) gene of the let-
tuce isolate of tomato spotted wilt virus (TSWV) was in-
serted into peanut (Arachis hypogaea L.) viamicroprojec-
tile bombardment. Constructs containing the hph gene
for resistance to the antibiotic hygromycin and the TSWV
N gene were used for bombardment of peanut somatic
embryos. High frequencies of transformation and regener-
ation of plants containing the N gene were obtained.
Southern blot analysis of independent transgenic lines re-
vealed that one to several copies of the N gene were inte-
grated into the peanut genome. Northern blot, RT-PCR and
ELISA analysesindicated that agene silencing mechanism
may be operating in primary transgenic lines containing
multiple copy insertionsof the N transgene. Onetransgenic
plant which contained a single copy of the transgene ex-
pressed the N protein in the primary transformant, and the
progeny segregated in a 3:1 ratio based upon ELISA de-
termination.
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Introduction

Peanut isan important commercial crop worldwide. It pro-
vides an excellent source of protein and other nutrients.
Unfortunately, peanuts suffer from many insect pests, fun-
gal diseases, and numerous viral diseases. Tomato spotted
wilt virus (TSWV), a member of the Tospoviruses, is one
of the most serious and widespread pathogens of many
economically important crop plants including peanuts
(Mumford et al. 1996). Inthe US, TSWV has been respon-
sible for a number of epidemics, including those in south-
ern Texas where million dollar losses were incurred in
1985, 1986, and 1987 (Demski et al. 1990). In Georgia,
TSWV has caused very heavy losses on tobacco, peanut,
and pepper crops (Chamberlin et al. 1992).

TSWYV hasawide host range of over 70 families of both
monocotyledonsand dicotyledonsandisvectored by thrips
(Thysanoptera: Thripidae) (Goldbach and Peters 1994),
but it cannot be practically controlled by chemicals. Al-
though variationsin the disease tol erance among commer-
cial peanut cultivars do exist (Branch 1996), a suitable re-
sistant germplasm for traditional breeding is not available
(Demski et al. 1990). Therefore, genetically engineered re-
sistance has been actively investigated in recent years as
an alternative (Li et al. 1997).

Coat-protein-mediated resistance, a form of patho-
gen-derived resistance, has been established as an effec-
tive means of protection against viral infection and the
prevention of crop loss (Baulcombe 1996; Beachy 1997).
Expression of viral capsid genes by transgenic host
plants resultsin reduced susceptibility of the plant to vi-
rus infection (Powell-Abel et al. 1986; Grumet 1994)
where the degree of protection ranges from a delay in
symptom expression to absence of disease symptomsand
virus accumulation. Coat protein genes have been shown
to confer partial or complete resistance as was observed
for tobacco streak virusin tobacco (Van Dun et al. 1988),
cucumber mosaic virusin cucumber (Nishibayashi et al.
1996), and potato virus Y in potato plants (Hefferon et
al. 1997). TSWYV is an enveloped RNA virus with a tri-
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partite genome and contains a nucleocapsid protein as-
sociated with each of the three RNA molecules. Three
independent reports (Gielen et al. 1991; MacKenzie and
Ellis 1992; Pang et al. 1992) demonstrated that trans-
genic plants expressing the nucleocapsid protein (N)
gene of TSWV were resistant to infection by the isolate
from which the N gene was cloned. However, variation
in resistance did not closely correlate with the amount of
N protein produced, and protection against isolates with
high N gene homology to the transgene waslargely RNA
mediated (Mumford et al. 1996). Protein-mediated pro-
tection may play a role in the delay or attenuation of
symptomsin plantsinfected with distantly related heter-
ologous isolates (Pang et al. 1994). However, highly re-
sistant transgenic lines displayed post-transcriptional
transgene silencing resulting from RNA turnover (Pang
etal. 1996, 1997). Since TSWV iswidespread with many
biologically diverse isolates, it is important to test the
effectiveness of asingle N gene for conferring resistance
to different TSWV isolates and in different hosts. The
objective of the present study was to insert the N gene
into peanut somatic embryos via microprojectile bom-
bardment and to assay for N protein production in trans-
genic plants.

Materials and methods
Plant materials and culture

Embryogenic cultures of peanut were initiated from immature cot-
yledons of three commercial cultivars, Florunner, Georgia Runner
and MARC-1 as previously described (Ozias-Akins et al. 1993).
Calluscultureswereroutinely transferred at 2-week intervalsto Mu-
rashige and Skoog (1962) salts and vitamins, supplemented with
30 g - 17! sucrose, 3mg -1 picloram, 1 g - 1™ glutamine (filter-
sterilized) and solidified with 8 g - 1! agar. The pH was adjusted to
5.8 prior to autoclaving. All embryogenic cultures were maintained
in the dark at 28°C for up to 9 months and bombarded 2 weeks af -
ter subculture.

Plasmid constructs

The plant expression cassette containing the N gene coding
sequence from the lettuce isolate of tomato spotted wilt virus
(TSWV-BL) was obtained from Cornell University in a pBIN19
vector (Pang et al. 1992). The gene cassette (1.5 kb) was excised
from pBIN19 by partial digestion with Hindl Il (the N gene coding
sequence contains an internal Hindl Il site) and subcloned into an-
other plant transformation vector, pCB13 (provided by David Ow,
Plant Gene Expression Center, Albany, Calif.) at aunique HindllI
site. The plasmid pCB13 contains the selectable marker gene hy-
gromycin phosphotransferase (hph) conferring resistance to the
antibiotic hygromycin. The resulting plasmid is referred to as
pCB13-N*.

A second plant expression cassette (CP-exp) containing the N
gene was acquired from the Upjohn Company, Kaamazoo, Mich.
The gene cassette contained a 400-bp promoter (fusion between a
330-bp CaMV 35 S and a 70-bp CMV 5' untranslated region) and
the CaMV 35 S terminator region, including the poly(A)-addition
signal (Slightom 1991). The N gene cassette was excised from the
plant expression vector CP-exp, and subcloned into the Hindl 1| site
of+t+he pCB13 vector. The resulting plasmid is referred to as pCB13-
N™.

Microprojectile bombardment, selection, and regeneration

Six bombardment experiments (8—12 plates per bombardment; each
plate contained 12-15 embryogenic pieces, total weight of approxi-
mately 1.5 g) were carried out using DNA from two plasmid con-
structs pCB13-N* and pCB13-N** and a PDS 1000/helium-driven
biolistic device (Bio-Rad, Hercules, Calif.) as described previously
(Ozias-Akins et al. 1993). The following modifications were added
to the bombardment experimentswith pCB13-N**. Amountsof DNA
delivered were increased from 1.0 to 1.66 pg per bombardment, se-
lection was initiated in liquid medium 3-6 days post-bombardment
instead of 7—14 days, and medium was changed weekly instead of at
2-week intervals. A three-step regeneration protocol was followed
to obtain plants from stably transformed somatic embryos (Ozias-
Akins et al. 1993).

PCR analysis of putative transformants

Putative transformants were screened first by PCR for the presence
of hph and N genes. DNA was isolated from fresh embryogenic cul-
tures or leaves according to Singsit et a. (1997) and amplification
was carried out in athermal cycler (Perkin-Elmer Cetus, Foster City,
Calif.) under the following conditions: 94°C for 30 s, 50°C for 30 s,
72°C for 2 min, for 35 cycles. The 384-bp region of hph was ampli-
fied using primer H830 (5'-GTT CAT TTC ATT TGG AGA G-3)
specific for the CaMV 35 S promoter and H706 (5'-GAA TTC CCC
AAT GTCAAG CACTTC CG-3') specific to the hph coding region.
A 950 bp region of the TSWV gene cassette was amplified using
H705 (5'-ATA TCT CCA CTG ACG TAA GGG ATG ACG-3') spe-
cific for the CaMV 35 S promoter and H240 (5'-TTA ACA CAC
TAA GCA AGC AC-3) specific to the N coding region.

Southern blot analyses

Genomic DNA (10 pg) was digested with Hindl Il and subsequently
purified with Geneclean Il (BIO 101, Vista, Calif.). After electro-
phoresis on a 0.8% agarose gel in 1xTBE, DNA was transferred to
GeneScreen Plus nylon membrane (NEN Research Products, Bos-
ton, Mass.) using 0.4 N NaOH (Sambrook et al. 1989). Hybridiza-
tionwascarried out at 60°C in asolution containing 7% SDS, 0.25 m
NaH,PO,, 1 mm EDTA, and 1% bovine serum albumin (Church and
Gilbert 1984). A DNA probe |abeled with [a-32P]dCTP was synthe-
sized by PCR following the procedure of Schowalter and Sommer
(1989). Two primers, TSWVSL (5'-AAA ACT TCA GACAGGATT
GGA GCC-3) and TSWVAL (5-GCA GCA TAC TCT TTC CCC
TTC TTC-3'), which amplified 410 bp of the N gene coding se-
guence, were used. Following hybridization, the membrane was
washed for 5 min in 25 ml of 0.5xSSPE/1%SDS at room tempera-
ture, 30 min in 100 ml of 0.5xSSPE/1% SDS at 60°C and 30 minin
100 ml 0.1xSSPE/1% SDS at 60°C. After washing, the membrane
was exposed to autoradiographic film at -80°C.

Transgene expression by Northern, RT-PCR, and ELISA analyses

For the estimation of transgene expression by Northern blot analysis,
total RNA wasisolated from young leaves according to the procedure
of Knapp and Chandle (1996). RNA was precipitated from the aque-
ous phase by the addition of a 1/2 vol of 7.5 ammonium acetate,
incubation on ice for 1 h, and centrifugation for 10 min at 14,000 g.
The RNA pellet was washed twicein 3 m sodium acetate, pH 5.2, at
room temperature (Logeman et al. 1987), washed once with 70% eth-
anol, dissolved in DEPC-treated dH,0, and stored at —-80°C until use.

For electrophoresis, total RNA (10 ug) was electrophoretically
fractionated through a 1.0% denaturing formaldehyde gel using
1xMOPS running buffer as described (Sambrook et al. 1989). RNA
was transferred to GeneScreen Plus using 7.5 mm NaOH as transfer
solution. Prehybridization and hybridization were carried out using
the same procedure as described in the Southern analysis, except that
the N-gene-specific radioactive probe was synthesized by random
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Tablel Number of hygromy-

cin-resistant lines and lines Experiment Cultivar Plasmid  HygRline PCR/hph  PCRIN ELISA

testing positive for the genes by N

PCR (hoh and N) or ELISA (N) 132/T33 (18 plates) Florunner N 10 9 6 3/3

(hph and N) or (N 129 (12 plates) GA Rumner  N* 6 6 6 5/6

T62 (12 plates) MARC-1 N** 25 25 25 7/11
T65 (12 plates) Florunner N** 3 3 3 2/3
T68 (12 plates) GA Runner N** 8 6 5 3/4
Total 52 49 45 20/27

priming (DECAPrimell Kit, Ambion, Austin, Tex.) of theNcol frag-
ment which spans the entire N gene cassette. To demonstrate equal
loading, the blots were stripped in 70% formamide at 70°C and re-
hybridized with a ribosomal RNA-specific probe generated using
two sets of primers to the conserved regions of the gene. Part of the
18 srDNA sequence (1 kb) was amplified from peanut using prim-
ers18SF1 (5-AACGGC TACCACATC CAA GGA AGG C-3) and
18SR1 (5'-GCG CGT GCG GCC CAG AAC ATC TAA G-3). The
internal transcribed spacer region was amplified from peanut using
ITS4 (5-TCC TCC GCT TAT TGA TAT GC-3') and ITS5 (5'-GGA
AGT AAA AGT CGT AAC A-3') whichliein the conserved regions
of the 18 sand 28 sgenes of ribosomal DNA, respectively, and flank
the ITS1, 5.8 sand ITS2 regions (White et al. 1990).

For the analysis of transgene expression using RT-PCR, mRNA
isolated with the Dynabeads mRNA purification kit (Dynal, Great
Neck, N.Y.) was used as atemplate. Young leaf tissues were ground
to powder under liquid nitrogen by vigorousvortexing with ball bear-
ings. Crude tissue extracts were centrifuged to remove cell debris
before mixing with oligo(dT)25 Dynabeads to selectively bind po-
ly(A)* RNA to the magnetic beads. The beads were then washed at
least five times, each time with 1 ml washing buffer without SDS,
and mRNAs were eluted in 60 ul of 2mm EDTA (pH 7.5). For
RT-PCR, asingle-vial, two-stage protocol of Pappu et a. (1993) was
followed inwhich reversetranscriptase and PCR reagentswere com-
bined in a single reaction mix containing 10 mm DTT, 100 um of
each dNTPR, 20 pmol of each primer, 10 U of RNAsin (Promega),
50 mm KCI, 10 mm Tris-HCI (pH 8.0), 0.1% Triton X-100, 2.5 mm
MgCl,, 15 U of AMV Reverse Transcriptase (Promega), 5 U of Taq
DNA Polymerase (Promega) and 10 pl of mRNA in atotal volume
of 100 pl. The mRNA templates were heated to 70°C for 5 min and
quickly chilled onice before adding to the reaction mix. First-strand
cDNA synthesis was achieved by incubation at 42°C for 45 min us-
ing theanti sense oligonucleotide primer H240. Thereversetranscrip-
tion was directly followed by PCR amplification using N-gene-spe-
cific primers (TSWV S1 and H240) under the following conditions:
2 cycles of 94°C/2 min, 55°C/1 min, and 72°C/2 min; 38 cycles of
92°C/10 s, 55°C/7 s, and 72°C/90 s, and soak at 6°C. To monitor
genomic DNA contamination, acontrol reaction for each sasmplewas
run with all reaction components except reverse transcriptase.

To detect expression of the N gene at the protein level in trans-
genic peanut plants, double-antibody sandwich enzyme-linked im-
munosorbant assay (DAS-ELISA) (Clark and Adams 1977) was car-
ried out with a TSWV-N-specific antibody and 100 pl of sample ex-
tract using the ELI1SA kit from Agdia (Elkart, Ind.) according to the
manufacturer’s protocol. Young leaf tissues were ground in 10 vol
of phosphate-buffered saline-Tween extraction buffer (0.14 m NaCl,
8 mm Na,HPO,, 1 mm KH,PO,, 0.05% Tween-20, and 3 mm KCI,
pH 7.4) containing 10 mm Na,SO,, 2% (wt/vol) polyvinylpyrroli-
done-40, 2% Tween-20, 0.2% (wt/vol) powdered milk, and 3 mm
NaN;. Reactions were allowed to proceed for 2 h, then terminated
by addition of 50 pl of 3 m sulfuric acid. Absorbance values were
measured at 490 nm with an Automated Microplate Reader EL X 808
(Bio-TEK Instruments, Winooski, Vt.).

Results and discussion

The results presented here demonstrate the incorporation
of the N gene of thelettuce strain of the TSWV (Wang and

Gonsalves 1990) into the peanut genome of three com-
mercial peanut cultivars, Florunner, Georgia Runner, and
MARC-I. Fifty-two hygromycin-resistant cell lines were
derived from six bombardment experiments of which 49
cell lines were positive for the hph gene and 45 were pos-
itivefor the N gene when assayed by PCR using two prim-
ers specific to the CaMV 35 S promoter region and two
others specific for the hph and Ngene coding regions, re-
spectively (Table 1). The three putative escapes were not
analyzed with asecond DNA preparation and could reflect
false-negative results. Based on these data, a maximum of
6% escapes can be expected. The cotransformation fre-
guency for the two covalently linked genes was greater
than 90% in the cell lines. Thetotal frequency of transfor-
mation appears to be somewhat greater in MARC-1 com-
pared to Florunner and Georgia Runner, and we speculate
that this may be due to the presence of less differentiated
somatic embryos in MARC-1 cultures. Putative primary
transgenic plants analyzed by PCR also showed that the
majority were cotransformed with both the hph and N
genes(Fig. 1). Expression of the N geneat theproteinlevel
was detected by ELISA in only 74% of the embryogenic
lines analyzed. Undetectable protein could have reflected
expression below the limit of sensitivity of the ELISA as-
say or complete lack of expression due to gene rearrange-
ment or gene silencing, either transcriptional or post-tran-
scriptional.

Many of the primary transgenic plantsin the greenhouse
had to be destroyed because of an inadvertent TSWV out-
break and clearly did not display resistance to the patho-
gen. Most of the plants from the T62 experiment survived
and several were highly fertile; therefore, subsequent mo-
lecular analyseswere carried out only ontheselines. South-
ern blot analysis of genomic DNA from transgenic plants
revealed that the N gene was integrated into the peanut ge-
nome of different individuals with diverse copy numbers
and insertion sites (Fig. 2). The transgenic R, plants
62-2a3, 62-2a6, 62-2d1, and 62-2d2 showed only asingle
band of the samesizeasthe HindIl1 fragment of theN gene.
In the remaining transgenic R, plants analyzed there were
numerous other hybridizing bands of higher molecular
weightsin addition to the strongly hybridizing band which
comigrated withthe Hindl1-fragment of the N gene. These
bands presumably were chimeric fragmentsresulting from
integration of multiple copies of foreign DNA at various
positions in the plant genome. Such bands may contain
truncated and/or rearranged Hindlll fragments of the N
gene. In addition, the band patterns observed on the
Southern blot indicated that the primary transgenic plants
were derived from at least three independent transforma-
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Fig. 1 PCR analysis of DNA from transgenic peanut plants. The
amplification product shown in the upper row of lanesisthe 380-bp
fragment from the CaMV 35S promoter and the hph coding region.
The amplification product in the lower row of lanes is the 950-bp
fragment from the CaMV 35S promoter and the N coding region.
Themarker isPstl-digested lambdaDNA (numbered |anes represent
transgenic plants, FR non-transgenic control Florunner, plasmid pos-
itive control with pCB 13-N™)

tion events. The transgenic plants 62-2c1, 62-2c¢2, 62-2c3,
62-3d2, and 62-3d3 showed the same banding pattern, sug-
gesting that they may have originated from the same trans-
genic cell. The transgenic plant 62-3d1 showed a unique
banding pattern and must have developed from a different
transgenic cell line than all other plants tested. In compar-
ison to other transgenic plants, 62-3d1 was morphologi-
cally distinct with ayellowish leaf color and extremely re-
duced growth in the greenhouse. Since multiple cell lines
were occasionally recovered from asingle flask at differ-
ent times, it is possiblethat not all were of independent or-
igin because of the fragmentation of embryogenic tissues
growing under agitation in liquid medium. It might also be
possible for an embryogenic clump to comprise achimera
of two different transgenic lines.

By Northern analysis, no transcriptsof theN genewere
detected in transgenic plants 62-3d1, 62-3d2, 62-3d3, and
62-2c2, athough arelatively uniform signal from rRNA
was observed (Fig. 3). Neither was N protein detected by
ELISA in the leaf extract of 62-3d3. These plants were
also inthe group that showed strong hybridization signals
with multiple bands on Southern blots. When total RNA
samples from primary transgenic plant 62-2a3 and one of
itsprogeny wereincluded on aNorthern blot, we observed
a single hybridizing band of the expected size (1.3 kb)
which represented the N gene transcript (Fig. 3), and this
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Fig. 2 Southern blot analysis of Hindlll-digested genomic DNA
from transgenic peanut plants using the *2P-labeled TSWV N gene
as a probe (numbered lanes represent transgenic plants, control
non-transgenic peanut, N-gene 1.2-kb Hindlll fragment of the
TSWV N gene excised out of the vector pCB-N*")
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Fig. 3 Northernblot of TSWV N genetranscriptsin transgenic pea-
nut plants probed with the N gene (a) and reprobed with ribosomal
DNA containing 28 s, 18 s, and 5.8 s sequences (b) (lanes 1, 2, 4
RNA isolated from 62-3d1, 2, 3; lanes 3, 5 RNA isolated from R;
plant 62-2a3-2 and R, parent 62-2a3, respectively; lane 6 RNA iso-
lated from 62-2c2)

plant also showed only a single band by Southern analy-
sis(Fig. 2). These data suggest that the absence of N gene
transcripts in some of the transgenic plants may be corre-
lated with the high transgene copy number in the host ge-
nome.
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Fig. 4 Northern blot analysisof TSWV N geneexpressionin 10 R,
plants of the transgenic line 62-2a6 probed with the N gene (a), and
reprobed with 18 srDNA (b). Positive ELISA results corresponded
with N gene RNA expression
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Of 60 progeny of 62-2a6 which were subjected to
ELISA assay using an anti-TSWV-N protein antibody, N
geneexpression wasdetected in 43 plants, while 17 plants
showed no reaction. Since peanut is a self-pollinated
plant, the segregation of N gene expressionintheR; prog-
eniesof thetransgenic plant 62-2a6 followed the expected
Mendelian segregation ratio (3:1; x*=0.356, P=0.55).
Theresult suggested that only one copy of the N genewas
integrated in the plant genome, or possibly several ex-
pressed copies could have been integrated in a cluster
which behaved as a single locus. The progeny of 62-2a6
which showed a strong ELISA signal were also positive
at themRNA level, whilethe progeny which did not show
any immunological color development were negative for
MRNA of the N gene (Fig. 4). The OD 44, values of 100-
pl samples from the ELISA-positive plants ranged from
2.66 to greater than 4.00 while plants were considered
negative for expression when the OD,q, Was less than
0.10. The positive TSWV-infected tobacco control
showed an OD 494 Of 2.71. One positive control, a TSWV-
infected plant of Florunner, failed to show an ELISA-pos-
itive signal which may have been due to sampling error
since TSWV typically is not uniformly distributed
throughout individual host plants (Krestaet al. 1995). In
arepeated ELISA assay, a different leaf extract from the
same infected plant did respond positively (data not
shown).

Four of the Northern- and ELISA-positive progeny
plantswere also analyzed by RT-PCR using primers flank-
ing aportion of the N gene coding sequence. A clear band
of the expected size (0.62 kb) was amplified in all four
plants tested (Fig. 5). The fact that three of the four con-
trol reactions which contained all the components for
RT-PCR except reversetranscriptasefailed to amplify, and
only one produced a barely discernible DNA band (Fig. 5,
lane 6) suggested that the products of the RT-PCR reac-
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Fig. 5 Agarose gel electrophoresis of RT-PCR products obtained
from mRNA of transgenic plants (lanes 1, 3, 5, 7 RT-PCR products
of progeny 62-2a6-3 through -6; lanes 2, 4, 6, 8 PCR control reac-
tions (no reverse transcription) for the same progeny; lane 9 PCR
product amplified from genomic DNA of 62-2a6; lane 10 1-kb DNA
ladder

tions were indeed amplified cDNAs synthesized from
MRNA and not contaminating genomic DNA.

The production of transgenic plants has become routine
for a number of crop species, including peanutsin our la-
boratory (Ozias-Akinset al. 1993; Singit et al. 1997; Wang
et a. 1998). However, the levels of transgene expression
generally are unpredictable and vary among independent
transformants (Finnegan and M cElroy 1994). Althoughthe
phenomenon is not completely understood, increasing
numbers of parallel observations suggest that copy num-
ber and/or insertion site may be responsible (Flavell 1994;
Meyer 1996). Linn et al. (1990) showed that in petunia
plants transformed with a Zea mays Al gene, plants with
single-copy insertions usually showed uniform and pre-
dictable expression of pigment, whereas transformants
containing multiple copies of the gene generally exhibited
methylation of all the promoter regions and showed no ex-
pression of the transgene. Integration of multiple copies of
the GUS gene into tobacco led to lower expression than a
single-copy insertion (Hobbs et al. 1990). Our data show
another example of transgene inactivation correlated with
multiple-copy insertions in the host genome, although we
have not demonstrated whether inactivation was dueto the
absence of functional copies or a silencing mechanism.
Distinguishing between transcriptional and post-transcrip-
tional silencing would require the performance of nuclear
run-on analysis (Dehio and Schell 1994).

Our expression analysis indicated that single- or low-
copy-number insertions resulted in predictable expression
in transgenic progeny, hence any means to reduce copy
number of transgenes would be desirable if the goal isto
achievestableproteinexpression. Unfortunately, Agrobac-
terium-mediated transformation, which is known to pro-
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duce a higher frequency of low-copy-number transfor-
mants than free DNA uptake methods, is highly genotype
dependent in peanut (Cheng et al. 1996; Li et a. 1997);
therefore, direct gene transfer remains the sole alternative
method for transformation of runner-type peanut cultivars.
Hansen and Chilton (1996) bombarded maize suspension
cells using constructs having T-DNA border sequences
codelivered on aseparate plasmid with vir genesdriven by
theCaMV 35 Spromoter. Sequence datashowed that some
inserts exhibited right border junctions with plant DNA
that corresponded precisely to the sequence expected for
T-DNA insertion events. This plant transformation tech-
nique, termed “agrolistic,” combines the advantages of
low-copy insertion of the Agrobacterium transformation
system with the high efficiency of biolistic DNA delivery.
Inclusion of nuclear matrix attachment regions (MAR)
flanking a transgene has been shown to both increase the
level and lower the variability of transgene expression by
reducing the influence of enhancer and other cis-acting
regulatory elements surrounding a given integration site
(Breyne et al. 1992; Allen et al. 1993). Incorporation of
MARs into transgene constructs could be one approach to
stabilization of gene expression in peanut and other crops.

It has been shown in the literature that protection of
transgenic plants against TSWV is under both RNA- and
protein-mediated control (Pang et al. 1993). In Nicotiana,
resistance to the tomato spotted wilt virusis, to alarge de-
gree, a consequence of the untranslated RNA transcripts
(De Haan et al. 1992; MacKenzie and Ellis 1992; Pang et
al. 1992, 1993, 1996, 1997; Kim et al. 1994; Vaira et al.
1995). When tobacco was transformed with a translation-
aly defective or antisense gene, the transgene gave high
levels of resistance to TSWV. Theratio of resistant plants
was noted to be close to that obtained from tobacco plants
containing atranslationally intact gene.

If transgenic peanut containing the N gene reacts to
TSWV infection in amanner similar to tobacco, we could
predict that the line with high N protein expression would
show sometoleranceto TSWV (probably adelay in symp-
toms) and perhaps to other tospoviruses. Mechanical inoc-
ulation of peanutsisnot highly reproducible, and although
Li et al. (1997) observed a delay in symptom devel opment
intransgenic New Mexico ValenciaA, thisreaction did not
result in useful field resistance. Stable, engineered resis-
tance likely will require the production of numerous inde-
pendent transformants to allow the selection of one with
the appropriate level of N gene expression.
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