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ABSTRACT Potato tuberworm, Phthorimaea operculella (Zeller),isthe most seriousinsect pest of
potatoes worldwide. The introduction of the Bacillus thuringiensis (Bt) toxin gene through genetic
engineering offers host plant resistance for the management of potato tuberworm. We report on the
field and storage studies to evaluate Bt-cry5 potato linesfor resistanceto potato tuberworm in Egypt
under natural infestations and their agronomic performancein both Egypt and Michigan. From 1997
to 3001, field experiments were conducted at thelnternational Potato Center (CIP) Research Station,
Kafr El-Zyat, Egypt, and/or Agricultural Genetic Engineering Institute (AGERI), Giza, Egypt, to
evaluate resistance to tuberworm, A total of 27 Bt-transgenic potato lines from dx different Bt
constructs were evaluated over a5-yr period. After harvest and evaluation of the agronomic trials,
storage evaluation of potato tuberworm damage wasdone at the CIP Research Station. The 1997 field
trinl was the first field test of genetically engineered crops in Egypt. Field tests to assess potato
tuberworm resistance in Egypt were able to differentiate between the Bt-transgenic lines and the
nontransgenic lines/cultivars in 1999, 2000, and 2001. The Bt-cry5-Spunta lines (Spunta-G2, Spunta-
G3, and Spunta-6a3) were the most resistant linesin field with 99-100% of tubersfree of damage. In
the 2001 storage study, these lines were also over 90% free of tuberworm damage after 3 mo.
NYL235- 413, which combines glandular trichomes with the Bt-cry5/gus fusion construct, also had a
high percentage of clean tubers in the field studies. In agronomic field trialsin Michigan from 1997
to 2001, the Bt-transgenic lines in most instances performed similar to the nontransgenic line in the
agronowmic trials: however, in Egypt (1998-1999), the yields were less than one-half of those in
Michigan. Expression Of the Bt-crys gene in thepotato tuber andfoliagewill provide the seed producer
and grower a tool in which to reduce potato tuberworm damage to the tuber crop in the field and
storage,
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THE CULTIVATED POTATO, Solanum tuberosum L., is one
of the world's most important food crops, following
rice, wheat, and maize (Ross 1986). Potatoes are
widely grown over many latitudes and elevations in
over 130 countries. In Egypt, potatoes are grown on
~80,000 ha per year, and =2.2 nillion tons are pro-
duced annually (Ali 1993). Three cropsofpotatoesare
grown in Egypt per year (=32,000~36,000 hain sum-
mer and 20,000 - 24,000 ha each in fall and winter). Of
this, =90% isconsumed locally, and 10% isexported to
Europe and other Arab countries (FAO 2002). Local
consumption IS important for subsistence and for nu-
tritional balance, while export isan important source
of foreign currency.

P Eemail: douchesd@@ msu.edu.

2 Department of Entomology, Michigan State University, Eust Lan-
sing, M1 48K24

VAgricultural Genetic Engineering Researeh Ingtitute, ARC, Giza,
Egypt,

The potato tubenvorm, Phthorimaea operculella
(Zeller), is the most serious insect pest of potatoes
worldwide. It probably originated in South America,
where the potato aso originates (Goldson and Em-
berson 1985). The potato tubenvorm is of greatest
importance in subtropical and tropical latitudes. In-
secticide use is the most common means of potato
tuberworm control in both field and storage. As many
as12-20insecticide applications may be usedin Egypt
to control potato tubenvorm and other insects during
the spring growing season. Three to four insecticide
sprays or direct applications are often applied in sum-
mer storage for potato tuberworm control (Madkour
1999).

The potato tuberworm attacks the potato by mining
the leaves and tubers. Damage is caused only by the
larval stage (Raman 1980, Goldson and Emberson
1985, Trivedi and Rajagopa 1992). Larvae tunnel in
leaves, ledf veins, and stems of the plant. Thisdamage
causes|oss of leaf tissue, death of growing points, and
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weakening or breakage of stems (Bald and Helson
1944, Raman 1980). In the field, the tubers may be
infested by larvae from eggsdeposited on the surface
of the soil near the base dof the plant, or moths may
move down through cracks in the soil and oviposit
directly on tubers. In storage, eggs are laid near the
eyes of the tubers. The larvae mine into the tuber
causing irregulax tunnels both near the surface and
deepinsidethe tuber, rendering them unfit for human
consumption and susceptible to pathogens. The po-
tato tuberworm is not strictly confined to potatoes. It
may feed on numerousSolanaceae including tobacco
(Nicotiana tabacum L.), tomatoes (Lycospersicon es-
culentum Mill.), and eggplants (Solanurn melongena
L.) (Goldson and Emberson 1985).

Bacillus thuringiensis (Bt) is an aerobic, gram-pos-
itive, soil bacterium that accumulates high levels of
insecticidal crystal proteins during sporulation (Mc-
Gaughey and Whalon 1992, Barton and Miller 1993).
These crystalline protein inclusions, or 6-endotoxins,
are the principle active ingredients in Bt pesticide
formulations currently in use (McGaughey and Wha-
lon 1992) to control insect pests. The advantage of Bt
over conventional insecticides is target specificity.
The origina Btinsecticidal protein isspecific for Lep-
idoptera and has no known detrimental effects on
beneficial insects, mammads, or birds (McGaughey
and Whalon 1992).

The introduction of the Bt toxin gene through ge-
netic engineeringoffershost plant resistancefor man-
agement of potato tuberworm. The major advantages
to thisddivery system areincreased efficacy, reduced
application cogts, and minimal scouting needs (Lam-
bert and Peferoen 1992) compared with a conven-
tional insecticidespray strategy. Our transformations
in potato with a codon-modified Bt-cry5 gene (effec-
tive againgt both lepidopteran and coleopteran in-
sects) haveproduced highlevel sof Bt expression, with
80-100% tubenvorm mortality in detached leaf tests
(Doucheset al. 1998, Li et a. 1999).The devel opment
of this germplasm was supported under the Agricul-
tural Biotechnology Support Project (ABSP, hitp://
www.ila.msu.edu/absp), funded by the U.S Agency
for International Development (USAID). ABSP sup-
ports the use of biotechnology to develop crops with
improved agronomic traits for developing countries,
and in this case, collaborative research between MU
and the Agricultural Genetic Engineering Research
Institute (AGERI) in Egypt.

Wereport onfield and storagestudiesto eval uate Bt
potato linesfor resistanceto the potato tuberworm in
Egypt under natural infestations. We aso report on
the agronomic performance of these lines in both
Egypt and Michigan.

Materialsand Methods

The Bt-cry5 gene constructs used to produce these
lines are described in Table 1. All Bi-cry5 and Bt-
crylAcl transgenic potato lines were developed at
Michigan State University. Tablelliststhepotatolines
evaluated inthesetrials. All Bt-cry5-Lemhi Russet and
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Bt-cry5-NYL235-4 lines were previously described in
Douches et al. (1998).

The Bt-cry5-Spunta transgeniclinesare described in
Li et al. (1999).The glandular trichome-based insect
resistant line, NYL235-4 (Plaisted et al. 1992), was
obtained from Cornell University.

Seed tubersfor the field studies were grown at the
Michigan State University Lake City Experiment Sta-
tion, Lake City, MI, the seed production site for the
MSU Potato Breeding project. All seed waseither one
or two generations removed from disease-free tissue
culture-derived greenhousetubers. Field-grown seed
tubers were shipped to Egypt in January for the winter
fieldtrials. Trials were planted in late January to late
February and harvested in June. The timing of the
fieldtrialscoincides with maximum potato tuberworm
infestation in Egypt. Both insect control arid agro-
nomic trials were conducted concurrently.

From 1997 to 2001, field experiments were con-
ducted at the International Potato Center (CIP) Re-
search Station, Kafr El-Zyat, Egypt, and/or AGERI,
Giza, Egypt, to evaluate resistanceto tuberworm. The
AGERI field trial in 1997 was artificially infested with
potato tuberworms, and the trial was enclosed in row
covers to maintain insect pressure. At AGERI, two
potato tuberworm-infected tubers were placed in
each row, whereas at Kafr El-Zyat, natural infestation
of potato tubenvorm occurred. From 1997 to 2000,
each tria had 10-plant (85.4 ¢cm spacing) one-row
plotsthat were replicated four times using a random-
ized complete block design. A row of anontransgenic
cultivar was planted between each plot. Normal ag-
ronomic practices were followed, except that no in-
secticides were applied. Row hilling was done before
row closure by the potato vines. Flood irrigation was
applied at least once per week up to vine senescence.
At harvest, each tuber was visually examined for po-
tato tuberworm damage, and the percent tubers free
from tuberworm damage and larvaewererecorded. In
2001, plotswereeight rowsof 20 plantseach with a row
of asusceptible cultivar between each plot. The plots
were replicated three times using arandomized com-
plete block design.

From 1999 to 2001, after harvest and evaluation of
the agronomic trials in June, storage evaluation of
potato tuberworm control was done at the CIP Re-
search Station. In 1999 and 2000, at least 100 undam-
aged tubers from each line from the CIP field trials
were placed in a traditional, above ground, nonrefrig-
erated potato storage building (Nawalla), which will
store potatoes up to 3 mo before fall planting or mar-
keting. In 2001, three replications of 100 tuber samples
were placed in the Nawallaafter harvest. The tubers
were examined for tuberworm damage monthly for 3
mo.

Agronomicfield trialswere conducted at the Mont-
calm Research Farm, Entrican, M|, from 1997 to 2001,
to measure total and marketable yields, tuber size
distribution, and specificgravity, and to evaluate tuber
appearance and incidence of external ancl internal
defects. Trials were planted in May, arranged in a
randomized complete block design with four replica-
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Table 1. Potato lines tested in potato tuberworm and agronomie field trials and their Bt-gene construets
Potato line Construct name Construct" Parent clone
FL1607 None-NT” None-NT NA"
FLBT-11 pWB130Bt CaMV35S/erylAcl FL1607
FLBT-35 pWB139Bt CaMV35S/crylAcl 1607
NYL235-4 None-NT None-NT F&
NYL235-4.13 PSPUDI2 CaMV355/cry5/gus NYL235-4
‘Lemhi Russet’ None-NT None-NT NA
LRBT-1 pSPUDI2 CaMV355/cry5/gus ‘Lemhi Russet'
LRBT-7 pSPUDI2 CaMV33S/crys/gus ‘Lemhi Russet'
LRBT-12 pSPUDI12 CaMV355/cry5/as ‘Lemhi Russet'
LRBT-14 pSPUDI2 CaMV35S/crys/gus 'Lemhi Russet
LRBT-15 pSPUDI2 CaMV355/cry5/gus ' ; '
LRBT-21 pSPUDI2 CaMV358/ery5/gus EEmR Ruse
LRBT-22 pSPUDI12 CaMV355/cry5/gus ‘Lemhi Russet'
‘Atlantic’ None-NT None-NT NA
ATBT-1 pSPUDI2 CaMV355/ery5/gus ‘Atlantic’
ATBT-2 pSPUDI2 CaMV355/cry5/ gus ‘Atlantic
ATBT-3 pSPUDI2 CaMV358/cry5/gus 'Atlantic
ATBT-4 pSPUDIL2 CaMV35S8/cry5/gus ‘At|antic!
ATBT-5 pSPUDI2 CaMV358/cry5/gus ‘Atlantic'
ATBT-6 pSPUDI12 CaMV355/crySlgus ‘Atlantic'
ATBT-7 pSPUDI2 CaMV358/cry5/gus ‘Atlantic'
ATBT-8 pSPUDI2 CaMV355/crys/gus ‘Atlantic’
ATBT-9 pSPUDI12 CaMV355/cry5/gus 'Atlantic'
‘Spunta’ None-NT None-NT NA
Spunta-P2 pSPUD2 Class | Patatin/cry5/gus 'Spuntal
Spunta-P6 pSPUD2 Class | Patatin/cry5/gus ‘Spunta’
Spunta-G2 pSPUDA CaMV355/erys ‘Spunta’
Spunta-G3 pSPUDS CaMV355/crys ‘Spuntal
Spunta-Get pSPUD5 CaMV355/cry5/gus ‘Spunta’
Spunta-§1 pSPUD1 oesgmas/cerys/ gus 'Spunta
Spunta-S4 pSPUDI ocsgmas/ery5/ gus ‘Spuntal
Spunta-ta3 pSPUDG CaMV3558/ery5//CaMV355/PVY ‘Spunta’
‘Nicola® None-NT None-NT NA
‘Diamant’ None-NT None-NT NA

*Transgene construct information: CaMV358: 358 Cauliflower Mosaic Virus promoter; ocszmas: trimer octopine synthase and mannopine
activator and promoter; Cluss | Patatin: tuber-specific promoter; erylAcl and eryS: Bt-crylAcl and Bt-cryS are lepidopteran and coleopteran-
specific insecticidal crystal protein genes; PVY: confers resistance to potato virus Y; gus: B galacturonidase reporter gene.

" None-NT: No gene construct, nontransgenic potato line.
“NA: not applicable,

tions, and harvested in September. The plotswere7m
long with 31 em spacing between plants in-row; be-
tween-row spacing was 86 cm. Normal agronomic
practices were Followed, and supplemental irrigation
was applied as needed, Imidacloprid (Bayer, Kansas
City, M O) was applied at the standard rates at planting
to control Colorado potato beetle (Leptinotarsa de-
cemlineata Say) and aphids. The soil typeat the Mont-
calm Research Farm isa McBride sandy loam.

All data from Egypt field experiments, the Egypt
Nawalla storage trial, and the Michigan agronomic
performance trials were analyzed by analysis of vari-
ance (ANOVA) as a randomized complete block de-
sgn using SAS general linear models procedure (SAS
Institute2000). All percent tuberworm-free tuber data
were arcsine transformed before statistical analysis.
Mean comparisons were done using Fisher least Sg-
nificant difference (1.SD; « = 0.05) for agronomic
tria{s and Dunnet’s test (a= 0.05) for insect control
trials.

Results

Potato Tuberworm Field Trials. From 1997 to 2000
at the AGERI, Egypt location, only the 1999 results

showed differences in potato tuberworm tuber dam-
age between the Bt-transgeniclinesand the nontrans-
genicclones.In 1997, thetuber damagelevel washigh,
and only 8 and 2%of the 'Atlantic’ and 'Lemhi Russet’
tubers, respectively, were free df potato tuberworms.
Some of the Bt-transgeniclines had less damage, but
none were even 40% potato tuberworm-free. In 1999,
theinfestation levelswere much lower than 1997, but
differences were observed between some Bt-cry5
lines. Of the 14 lines tested, ATBT-3, Spunta-G3, and
Spunta-S1 were free of potato tubenvorm mining.In
the 2000 trial, no significant differences for percent
tuberworm-free tubers was observed.

In 1998, a the CIP in Egypt, potato tuberworm
infestation was very low, and no differences were
observed between lines (data not shown). Tuber-
worm damage was high enough in 1999 to separate
many of Bt-cryd transgenic linesfrom the susceptible
check clones. Both 'Atlantic' and 'Spunta had similar
percentages of tuberworm-free tubers (Table 2).
Many of the Bt-cry5-Spunta lines were significantly
less damaged than 'Spunta’. Spunta-G2, Spunta-G3,
Spunta-S1, and Spunta-S4 were free of potato tuber-
worm mining, while Spunta-P2 was 96% potato tuber-
worm-free. NYL235- 4.13, alinethat combinesBt-cryd
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Table2. Potatotuberwormfield trial results from the International Potato Center (CIP) in Kafr-El-Zayat, Egypt

1999 2000 2001
Potato line % Potato Total no. % Potato Total no. % Potato Total no.
tuberworm-free tubers tubeworm-free tubers tuberworm-free tubers
‘Atlantic' 74 69 — — - —
ATBT-2 85 72 95¢ 263 — ==
ATBT-3 92 78 — = = —
ATBT-4 81 89 — — — —_
ATBT-5 — —_ 9g* 166 — i
ATBT-6 87 102 — — —_ —_
ATBT-8 91 67 — — — _—
‘Diamant’ - — 79 317 — —
NYL235-4 88 162 — = —_— e
NYL235-4.13 100° 213 9g¢ 309 = -
'Spuntal 73 153 87 97 7 G18
Spunta-6a3 —_ — 100¢ 195 100¢ 1733
Spunta-G2 1007 155 100¢ 151 100* 1356
Spunta-G3 100* 189 100¢ 191 L00* 2068
Spunta-G4 88 171 — — — s
Spunta-P2 96 197 96 159 —- -
Spunta-PG 71 130 88 188 - s
Spunta-S1 100¢ 165 100* 209 — -
Spunta-S4 100¢ 135 100" 157 — s

= Means within year are significantly different from corresponding nontransformed variety as determined by Dunnett’s Test at « = 0.05,

expression with glandular trichomes, was dso free of
potato tubenvorm tuber damage.

In 2000, less potato tuberworm infestation was ob-
served than 1999, However, significant differencesin
percent tuberworm-free tubers were observed over-
al, and 'Spunta’ had 87%potato tubenvorm-free tu-
bers. Smilar to 1999, the Bi-cry5-Spunta lines, Spunta-
G2, Spunta-G3, Spunta-S1, Spunta-54, and Spunta-6a3
werefree d potato tubenvorm mining (Table2).The
only Bt-cry5-line that was not better than'Spunta was
Spunta-P6, smilar to the results in 1999. In 2002, all
three Bt-cry5 lines were free of potato tuberworm
damage, despite 'Spunta having only 71% potato tu-
berworm-freetubers (Table 2).

In the 1999 storage evaluation, the Bt-cry5-Spunta
lines, Spunta 6a-3, Spunta-G2, and Spunta-G3 were
effectivein reducing potato tubenvorm mining over a
3-mo storage period (datanot shown). In 2001, after
44 d of storage, only 19%df the 'Spunta tubers were
free of potato tuberworm damage, whereas the three
Bt-cry5-Spunta lineswere greater than or equal to 96%
clean (Table3).By the second evaluation (74d), al
'Spunta tubers were damaged by the potato tuber-
worm, while the three Bt-cry5-Spunta lines were

Table 3. Cumulative percent of tuberworm damage-free Bt-
cry5 potato tubers in Nawalla storage over 3-mo period at the
International Potato Center (CZP), Kafr El Zayat, Egypt

Date
Potato line 16 July 15 August 15 September
2001 2001 2001
Spunta-G2 Pa Ba 96 a
Spunta-G3 %Ba 94b 91b
Spunta-6a3 %a R2b 90b
'Spunta 19b a Oc

Means within sampling date with the same letter are not signifi-
cantly different as determined by Fisher's LD at a = 0.05.
Tubers were placed in storage 2 June 2001.

greater than or equal to 92% clean. Of the three Bi-
cry5-Spunta lines, Spunta-G2 was the least damaged
by mining after the second and third evaluations (74
and 105 d) of storage (Table 3).

Agronomic Trials. In the 1997 agronomic trialsin
Michigan, dl Bt-transgenic lines had similar emer-
gence, vine vigor, vine maturity, tuber size distribu-
tion, and internal and external defects compared with
thenontransformed lines (data not shown). However,
of thesx Bt-cry5 Atlantic lines, ATBT-2, ATBT-8, and
ATBT-9weresignificantly lower in U.S #1 yield than
‘Atlantic', while ATBT-9 was dso lower in total yield
(Tabled).Therewere nodifferences between FL1607
and the two Bt-cryl-FL1607 lines and no differences
between 'Lemhi Russet' and the seven Bt-ery5 Lembhi
Russet lines.

In 1998, the Six Bt-cry5-transgenic lines of 'Atlantic'
and seven 'Lemhi Russet' lines were equivalent or
better for total or U.S.#1 vyield and specific gravity to
the respective nontransformed cultivar. An advanced
selection from Cornell University that hastypeA glan-
dular trichomes (NY L235-4) was also evaluated. Ag-
ronomic performance of NYL235-4 was similar to
‘Atlantic’, 'Lemhi Russet', and ‘Spuntu’.

In 1999, Sx Bt-cry5-Atlantic lines were compared
with "Atlantic. No differences were observed. The
yieldsin 2000 werethe highest observed over the 5-yr
period (Table 4). In 2000, seven Bt-cry5-transgenic
lines of ‘Atlantic’, seven of ‘Spunta’, and one of
NYL235-4 werecompared with their nontransformed
cultivar. Only ATBT-3 had alower yield, but no dif-
ference for specific gravity was observed (Table 4).
Two Bt-cry5-Spunta lines (Spunta-S4 and P1) were
lower in yield, and Spunta-S4 had a lower specific
gravity. No differences were observed between the
three Bt-cry5-Spunta lines and ‘Spunta’ in 2001.

In 1998 and 1999, at the CIP Egypt location, in
general, theyieldswerelessthan one-half of theyields



August 2004 DOUCHES BT AL,

Table -+ Agronomic performance trials of the Bt-ery3 lines at the Michigan State University Montealm

: TESTING POTATOES FOR RESISTANCE TO PoTaTO TUBERWORM

1429

Research Farm, Entrican,

Michigan
T T
Yi Hl Yi H1 : Y'eld1999 = 201
. el . o HE | . .
Potato line ot ha hpm.-iu- (:nt.}'](m) Specific (mt/ha)  Specific (r;:(tlﬁg) Specific {:Itlr’dh% Specific
o .y sty = ity eeee—— . . .
US#1Y Total Us#l Tota d US#1 Total gravity USEI Totad gravity US#L Tom gravity
Atlantic 65 W2 LN 3240 379 LoTs 380 421 1090 470 511 1090 2 — . —
ATBT-1 _— _ — — — 25 487 1.881 - —
ATBT-2 211 2 [0 05 4T4 0 1080 306 384 1087 435 493 1090 — -
ATBT-3 W00 WA LW 31T 376 1 0 315 895 1087 359 408 18  — —
ATRI-A 215 25N 18T 83T 3wg 0 7 319 385 1089 502 570 1091 . _ —
ATBT-5 — —_ — —_ 508 578 1.089 — - -
ATBT-6 ax i W7 1087 WA 0l 1077 331 407 1.088 415 470 1091 e - —
ATBT-S 001 Liwl 340 407 1078 318 306 1088 365 412 1087 — — —
ATBT-Y A1 M6 LOST 200 392 1077 272 aue - _ _ - -
FLIGO7 W3 20 el .o .0 T BT = — =
FLBT-11 RS & 1ObN - o — _— —_ - —_ _ - — —_ —
FLBT-30 I EN O R Rt - — - = — - — - - —
Lemhi Russet 11 20 TR 311 4100 1071 — - —_ — —_ — _ —_ —
LRBT-1 200 25 Tose 2S5 o7 —_ — — - — — —_— - —
LRBT-7 2300 24 [oso 292 1.075 — — — — — —_— — _ —
LBBT-12 | ESN O B R 1080 W5 3/™e 1072 - —_ — — — —_ —_ — —
LRBT-1 ¢ 20 N1 Me 13 1.0 — — — — - — — —
LRBT-15 1y RE 1 OT4 263 0 1.075 - — — — — — — —
LRBT-2) 15.0 R FO7S 19.1 "05 1.072 - - —_ — — — —_
LRBT-22 16.2 Db I O78 225 303 1070 - — — _ — — — _ —
NYL235 a7 HED 10714 AR O 1070 - _— — 61.1 67.7 1084 - - —_—
NYL2- 1113 — - — —_ _ 540 626 1064 — - —
Spunta - — _ — — 514 605 1066 3P4 500 1058
Spunta-tia 3 - —_ —_ —_ 621 719 1062 415 515 1056
Spunta-G - — — —_ 52 627 1063 422 527 1059
Spunta-(:3 — - —_ —_— _ 479 582 1062 478 594 1058
Spunta-G 4 - - — —_ —_ —_ 533 606 1062 — — —
Spunta-Pl — —_ — —_ — 405 499 1.061 - —_— —
Spunta-PH — — _ — —_ 480 599 1063 - — —_
Spunta-54 - — — —_ —_ 365 453 10% - - —
LSy 4 A UMM 9.9 98 0004 15 45 0003 103 104 0005 NS NS NS

aUS# L tubers, A0 wne U ) exeluding culls.

at the Michigan field trials (Table 5). ATBT-6 was the
only Bt-cryd-Atlwntic line with significantly lower
vield than *Atlantic’, whereas two Bt-cry5-Lemhi Rus-
st lines had lower total vield than ‘Lemhi Russet’. In
the 1999 agronomic trial at CIP, the vields were below
US. averages: however, the B-ery5-Atlantic lines per-
formed comparably with their nontransgenic cultivar.,
Spunta-G line was higher yielding and Spunta-S4 was
lower yielding than ‘Spunta’.

Discussion

The objective of these field trials was to examine
agronomic performance and field and storage ress-
tance t0 potato tuberworm among 26 Bt-transgenic
potato lines over a 3-yr period. Six different Bt con-
struets were evaluated that were transformed into five
different potato lines/ cultivars (Table 1). The first
fiddtest of genetically engineered potatoes in Egypt
occurred in January 1997 at AGERI after the estab-
lishment of Egyptian biosufety regulations.

Potato tuberworm trials were planted at two loca-
tions in Egypt. one at AGERI and the other at CIP. The
AGERI location is outside the potato production re-
gion. In 1997, the field trial was artificially infested
with potato tuberworms. and the trial was enclosed in
row covers t0 maintain insect pressure, This enclosure

of thetrial led to severe potato tuberworm damage in
some plots (Table 2) and considerable heat stressin
the later stagesof thetrial. In thefollowing years, the
row covering was discontinued. The AGERI trids
weredtill artificiallyinfested, but the tuberworm dam-
age was much lower, with 1999 being the only year
differences between the Bt-cry5-transgenic lines and
the nontransgenic check cloneswere observed. Trials
at AGERI were discontinued after the 2000 trial.

The CIPlocation was added in 1998for both potato
tuberworm and agronomicfieldtrials. Thislocationis
within the Nile deltaregion where potato production
is centered in Egypt, Natural tuberworm infestations
occur each spring season (Ali1993).1n 1998, likethe
AGERI tria, no differences were observed between
thelinesin thetrial (datanot shown).The mediocre
level of resistance of the Bt-crys5 lines (‘Atlantic' and
‘Lemhi Russet' lines expressing the pSPUDI12 con-
struct) may have aso contributed to the lack of dif-
ferences in 1998. The 1999-2001 trids at CIP all
showed differences between some of the Bt-cry5lines
and 'Spunta’ (Table 2).

The low level of potato tuberworm-damaged Bt-
cry5 tubersin field and storage assays parallel [abora-
tory tuber bioassays results of Douches et al. (1998),
Li etal. (1999), and Mohammedet al. (2000).Thehigh
expression of the Bt in the Bt-cry5-Spunta |ines may

S
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Table 5. Agronomic performance trials at the International
Potato Center (CIP)field station, Kafr El Zayat, Egypt

1998 1999
Potato line Yield (mt/ha) Yield (mtlha)
US#1" Total US#1 Total
‘Atlantic’ 11.0 18.5 74 10,9
ATBT-2 — — 58 8.3
ATBT-3 9.1 17.8 6.1 10.7
ATBT-4 10.4 18.6 8.5 12.1
ATBT-6 52 10.7 6.4 10.1
ATBT-8 8.7 16.5 5.8 8.1
ATBT-9 9.4 18.0 — —
‘Lemhi Russet’ 9.3 17.8 —_ —
LRBT-12 11.3 19.3 — —
LRBT-14 10.1 17.0 — —
LRBT-21 7.9 13.0 — -
LRBT-22 8.2 11.9 - —
NYL235-4 6.9 13.0 10.4 14.4
“‘Spunta’ — - 7.4 10.7
Spunta-G2 — — 9.9 14.3
Spunta-G3 - — 9.8 127
Spunta-G4 — — 10.7 16.4
Spunta-S4 — —— 6.6 9.7
LSDy 05 35 4.0 3.1 3.9

@ US#1: tubers, =41.3 mm; =113 g, excluding tubers with unmar-
ketable defects.

have also made it easy to discriminate between sus-
ceptible and resistant lines compared with 'Atlantic’,
where Bt levelswere lower. For example, in the 1999
trial, none of the five Bi-cry5-Atlantic lines were sig-
nificantly different in potato tuberworm damage from
'Spunta, whereas most of the Bt-cry5-Spunta lines
were different. In both the 1999 and 2000 trials,
NYL235-4.13, the line that combines Bi-cry5 expres-
sion and type A glandular trichomes, was also very
resistant to potato tuberworm mining of the tubers.
This observation was surprising because the Bi-cry5
expressionlevel issimilar to the Bi-cry5-Atlantic lines,
and the glandular trichome-based resistance is only
found in the foliage. J. Kalazich (personal communi-
cation) observed partial resistance to the potato tu-
berworm in Chile using similar germplasm. These ob-
servations may suggest that the NYL235-4 may have
additional insect resistance factors besides type A
glandular trichomes.

Agronomic trials in Michigan and Egypt showed
that many of the Bt-cry5 transgeniclines perform sm-
ilarly to their nontransformed cultivar (Tables4 and
5).Dale and McPartlan (1992) reported evidence of
somaclonal variation of transgenic potatoes expressing
gus and nptlI gene constructs. They dso proposed that
the gus expression may be influencing the plant per-
formance. Some of our Bt-cry5 transgenic lines did
havelow levelsof gus expression, but agronomic per-
formance was not compromised. Conner et al. (1994)
suggested that phenotypic changesin transgenic po-
tatoes also might result from a combination of soma-
clonal variation and insertional mutagenesis from the
random integration of the gene construct. Felcher et
al. (2003) reported many off-type transgenic lines
when potato cultivars were transformed with a con-
dtitutively expressed glucose oxidase gene. The Bt-
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erys transgenic lines chosen for our trials were pre-
vioudy tested against tuberworms in the laboratory
using detached leaf tests (Westedt et al. 1998, Li et al.
1999) and were selected based on agronomic perfor-
mance in preliminary field trials (data not shown);
therefore, the comparable agronomic performance of
these lines was not unexpected. Other field tests of
Bt-cry3A transgenic lines in Michigan have been able
to identify transgenic lines with agronomic perfor-
mance similar to the nontransformed line (D. S.
Douches and J. Coombs, unpublished data).
Expression of the Bt-cry5 gene in the potato tuber
and foliagewill provideseed producers and growers a
tool to reduce potato tuberworm damage to the tuber
cropinthefield and storage. Theaddition of host plant
resistance to an integrated pest management (IPM)
program to manage potato tuberworms will result in
less pesticide use in the field and in storage. Benefits
will be lower potential pesticide residues in and on
tubers, potentially improved environmental quality
and farm worker safety, increased vield, quality and
storability of the tubers, and increased Egyptian seed
production, which reduces need for foreign currency.
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