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List of Abbreviations

BWYV Beet western yellows virus

CaMV Cauliflower mosaic virus

CMV  Cucumber mosaic virus

CP Coat protein

ELISA Enzyme-Jinked immunoabgorbent gssay
FLCP  Free-living Cucurbita pepo

mRNA Messenger RNA

PRSV Papaya ringspot virus
(previously watermelon mosaic virus 1)

PVY Potato virus Y
T™MV Tobacco mosaic virus
TVMV  Tobacco vein mottling virus

WMV2 Watermelon mosaic virus 2

ZYMV  Zucchini yellow mosaic virus







Environmental Assessment

Table of Contents —
Environmental Assessment

VI.

Vil

Xi.

A
B.

Developmentof ZW-20Squash..........................
APHIS Regulatory Authority. .. ................. v,

PuposeandNeed .......... ... ... ... ittt

AREmMatiVES . .. ... e e e

A
B.

C.

Determination That ZW-20 Squash is No Longer a
Regulated Article . ................. ... .. ... ... ...,

Determination That ZW-20 Squash is No Longer a
Regulated Article Under Certain Geographic Limitations. ... ...

Affected Environment and Potential Environmental impacts .........

A
B.

Potential for the Appearance of New Plant Viruses . ..........

Potential impacts Based on Increased Weediness of ZW-20
Squash Relative to Traditionally Bred Squash...............

Potential Impacts on the Free-Living Relatives of Squash
Arising From Pollinationby ZW-20Squash . ................

Potential Impact on Nontarget Organisms, Including Beneficial
Organisms Such asBeesand Eathworms . . ...............

Agencies and Individuals Consulted . . ..........................

Preparersand Reviewers . . .......... ... . it iininnnn.

Determination:

Response to the Upjohn Company/Asgrow Seed Company Petition for Determination
of Nonregulated Status for ZW-20 Squash.




. Summary

The Animal and Plant Health Inspection Service (APHIS) of the

United States Department of Agriculture (USDA) has prepared an
Environmental Assessment (EA) prior to making a determination on the
regulated status of a genetically engineered, virus resistant line of yellow
crookneck squash (Cucurbita pepo subsp. ovifera var. ovifera)

designated “ZW-20 squash.” The developer of ZW-20 squash, the Upjohn
Company/Asgrow Seed Company (Upjohn/Asgrow), petitioned APHIS
requesting the determination on the regulated status of ZW-20, a plant
that has been a regulated article under APHIS regulations. Under
APHIS regulations, interstate movements and field tests of ZW-20
squash have required permits issued by APHIS. Upjohn/Asgrow has
petitioned APHIS for a determination that ZW-20 squash does not pre-
sent a plant pest risk and should therefore no longer be a regulated
article under the APHIS regulations found at 7 CFR Part 340.

The ZW-20 squash has been developed to resist infection by two plant
viruses that infect squashes. The genes conferring viral resistance in ZW-
20 were introduced via genetic engineering techniques. These techniques
enabled the developer to introduce into yellow crookneck squash viral
coat protein genes from zucchini yellow mosaic virus (ZYMV) and water-
melon mosaic virus (WMV2). Incorporation of these coat protein genes
into the squash plants does not cause plant disease, but rather enables
ZW-20 squash plants to resist infection by ZYMV and WMV2. The genes
were introduced into ZW-20 via a well-characterized procedure that util-
izes the bacterium Agrobacterium tumefaciens to introduce genes into
plant genomes.

From 1990 through 1993, APHIS has issued 14 permits to Upjohn/Asgrow
to conduct 46 field tests in 10 States with ZW-20 squash. APHIS
prepared EAs prior to granting the field test permits. Previous EAs
addressed issues pertinent to plant pest risk issues relative to field tests
conducted under physical and reproductive confinement, but they did not
address several issues relevant to the unconfined growth of ZW-20
squash. With respect to the unconfined growth of ZW-20 squash, APHIS
has reached the following conclusions:

1. ZW-20 squash exhibits no plant pathogenic properties. Although plant
pathogenic organisms were used in the development of ZW-20 squash,
these squash plants are not infected, nor can they incite disease in other
plants.

2. ZW-20 squash is no more likely to become a weed than a virus-
resistant squash plant developed by traditional breeding techniques.
Squash is not considered to be a weed pest, and there is no reason to
believe that the ability of ZW-20 squash to resist infection by ZYMV and
WMV2 will lead to this squash becoming a weed pest. The introduction of
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traditionally-bred, improved squash varieties has not resulted in
squashes that are considered weeds.

3. ZW-20 squash is unlikely to increase the weediness potential for any
other cultivated plant or native wild species with which it can interbreed.
As with other cultivated squashes, it will be possible for the pollen of
ZW-20 squash to pollinate free-living Cucurbita pepo (FLCP) plants, the
so-called “wild” relatives of cultivated squash. Although genes can move
freely via pollen from ZW-20 squashes to FLCP plants, there is no indica-
tion that such cross-pollination will result in hybrid offspring that
present any significant increase in their weediness.

4. ZW-20 squash should not cause damage to processed agricultural
commodities.

5. ZW-20 should not increase the likelihood of the emergence of new
plant viruses. APHIS has carefully considered the biology and epidemiol-
ogy of the plant viruses that infect squash, and APHIS has determined
that the unconfined cultivation of ZW-20 squash would be no different
than traditionally bred, virus resistant squash cultivars with respect to
the appearance of new plant viruses.

6. ZW-20 squash is unlikely to harm other organisms, such as bees,
which are beneficial to agriculture.

APHIS has also concluded that there is a reasonable certainty that new
progeny ZW-20 squash varieties bred from these lines should not exhibit
new plant pest properties, i.e., properties substantially different from any
observed for the ZW-20 squash lines already field tested, or those
observed for squashes in traditional breeding programs.

Therefore, after review of the available evidence, APHIS concludes that
ZW-20 squash will be just as safe to grow as virus resistant squash culti-
vars developed through traditional breeding practices. The cultivation of
ZW-20 squash should present environmental impacts that are no differ-
ent from the impacts associated with traditionally-bred squash varieties
that are not subject to regulation under 7 CFR Part 340 before they enter
agriculture. Based upon the analysis documented in this Environmental
Assessment, APHIS has reached a finding of no significant impact on the
environment from its determination that the ZW-20 squash will no longer
be a regulated article under the regulations in 7 CFR Part 340.
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Il. Background

A. Development of ZW-20 Squash

The ZW-20 squash has been developed to resist infection by two plant
viruses that commonly infect squashes. The genes conferring viral
resistance in ZW-20 were introduced via recombinant DNA (genetic
engineering) techniques rather than conventional breeding techniques.
The recombinant techniques enabled the developer to introduce two viral
coat protein genes from plant viruses into the yellow crookneck squash
variety YC77E. The genes were obtained from zucchini yellow mosaic
virus (ZYMV) and watermelon mosaic virus (WMV2), two members of the
potyvirus group of plant viruses. Incorporation of these genes into the
squash to yield the ZW-20 plants does not cause plant disease, but rather
enables the plants to resist infection by ZYMV and WMV2. The genes
were introduced into ZW-20 via a procedure mediated by a strain of the
plant pathogenic bacterium Agrobacterium tumefaciens, which has been
“disarmed” so that it is no longer pathogenic to plants. This procedure is
well characterized and has been used widely for over a decade as a means
of introducing various genes of interest directly into plant genomes.

ZW-20 squash lines have been evaluated extensively in laboratory,
greenhouse, and field experiments to confirm that they exhibit the
desired agronomic characteristics and that they do not present a plant
pest risk. Through the end of 1993, APHIS has issued 14 permits for
field tests of ZW-20 squash at 46 sites in 10 States. The field tests of ZW-
20 have been conducted in controlled agricultural settings, under permit
conditions that have stipulated physical and reproductive confinement of
the ZW-20 plants.

B. APHIS Regulatory Authority

APHIS regulations at 7 CFR Part 340, which were promulgated pursuant
to authority granted by the Federal Plant Pest Act (7 U.S.C. 150aa-150jj),
as amended, and the Plant Quarantine Act (7 U.S.C. 151-164a, 166-167),
as amended, regulate the introduction (importation, interstate move-
ment, or release into the environment) of certain genetically engineered
organisms and products. A genetically engineered organism is considered
a regulated article if the donor organism, recipient organism, vector or
vector agent used in engineering the organism belongs to one of the taxa
listed in the regulation and is also a plant pest, or if there is reason to
believe that it is a plant pest. The transgenic squash plants described in
the Upjohn/Asgrow petition have been considered regulated articles
because noncoding DNA regulatory sequences and portions of the plasmid
vector were derived from plant pathogens.

An organism is not subject to the regulatory requirements of 7 Part 340
when it is demonstrated not to present a plant pest risk. Section 340.6




of the regulations, entitled “Petition Process for Determination of
Nonregulated Status,” provides that a person may petition the agency to
evaluate submitted data and determine that a particular regulated arti-
cle does not present a plant pest risk and should no longer be regulated.
If the agency determines that the regulated article is unlikely to pose a
greater plant pest risk than the unmodified organism, APHIS can grant
the petition in whole or in part. As a consequence of determining non-
regulated status, APHIS permits are no longer required for field testing,
importation, or interstate movement of that article or its progeny.

lll. Purpose and Need

APHIS has prepared this EA prior to making a determination on the
status of ZW-20 squash as a regulated article under APHIS regulations.
The developer of ZW-20 squash, Upjohn/Asgrow, submitted a petition to
USDA/APHIS requesting that APHIS make a determination that ZW-20
squash shall no longer be considered a regulated article under 7 CFR
Part 340.

This EA was prepared in compliance with the National Environmental
Policy Act of 1969 (NEPA) and the pursuant implementing regulations
published by the Council on Environmental Quality (42 USC 4331 et seq.;
40 CFR 1500-1508; 7 CFR Part 1b; 44 FR 50381-50384; and 44 FR 51272-
51274).

IV. Alternatives

A. No Action

Under the Federal “no action” alternative, APHIS would not come to a
determination that ZW-20 squash is no longer a regulated article under
the regulations at 7 CFR Part 340. Permits from APHIS would still be
required for introductions of ZW-20 squash. APHIS might choose this
alternative if there were insufficient evidence to predict the lack of plant
pest risk from unconfined cultivation of ZW-20 squash.

B. Determination That ZW-20 Squash is No Longer a Regulated
Article

Under the Federal action to render a determination that ZW-20 squash is
no longer a regulated article under the regulations at 7 CFR Part 340,
ZW-20 squash would be subject to the same regulatory oversight as culti-
vars that result from traditional breeding practices. As such, permits
from APHIS would no longer be required for introductions of ZW-20
squash or its progeny.
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C. Determination That ZW-20 Squash is No Longer a Regulated
Article Under Certain Geographic Limitations

In this alternative, the geographic limitation would stipulate that ZW-20
squash could only be grown at sites that are not near populations of free-
living Cucurbita pepo (FLCP). The intent of this condition would be to
minimize the unintentional pollination of FLCP plants by locating ZW-20
squash fields outside the effective pollination distance for squash.
Although this alternative was considered briefly, APHIS believes that
such a determination is not warranted based upon the improbability of
potential plant pest risks or impacts on the environment arising from the
transfer of the virus resistance trait to FLCP.

V. Affected Environment and Potential
Environmental Impacts

This EA addresses potential environmental impacts from a determination
that ZW-20 squash would no longer be considered a regulated article
under APHIS regulations at 7 CFR Part 340. Previous EAs prepared by
APHIS in conjunction with the issuance of permits for field tests of

ZW-20 have addressed various attributes of this squash line. This EA
discusses the genetic modification of this squash line, the resultant pheno-
type, and the potential environmental impacts that might be associated
with the unconfined cultivation of ZW-20 squash.

Additional technical information is included in the determination docu-
ment appended to this EA, and incorporated by reference. This includes
detailed discussions of the biology of cucurbits, the genetic components
used in the development of ZW-20 squash, and another analysis that sup-
ports APHIS’ conclusion that ZW-20 squash has no potential to pose plant
pest risks.

A. Potential for the Appearance of New Plant Viruses

As mentioned above, ZW-20 squash was developed by engineering the
viral coat protein genes of ZYMV and WMV?2 into a cultivar of yellow
crookneck squash, a plant which is frequently infected by these and other
plant viruses. As part of its analysis, APHIS evaluated whether the
expression of these viral genes in ZW-20 squash might present some
unusual circumstances that could lead to the appearance of new plant
viruses.

In the course of the infection of a plant cell by more than a single type of
virus, it is possible for some of the constituents of the viruses to become
mismatched. Such occurrences can lead to recombination of the nucleic
acid genome or a mixture of the protein subunits (termed “transencapsi-
dation”), which comprise the coat of the virus particle. Itis theoretically




possible for new plant viruses to arise in the ZW-20 squash through the
recombination or transencapsidation, and APHIS considered this issue
carefully in making its determination. A technical discussion of this is-
sue is found in Issue 1 of the Determination document appended to this
EA. After careful consideration of the physical and biological properties
of ZYMV and WMV2, APHIS concluded that it is unlikely that new
viruses will appear as a consequence of the widespread cultivation ZW-20
squash.

B. Potential Impacts Based on Increased Weediness of ZW-20
Squash Relative to Traditionally Bred Squash

APHIS evaluated whether the ZW-20 squash itself is likely to present a
plant pest risk as a weed. The parent plant in this petition, yellow crook-
neck squash, is an agricultural crop plant that exhibits no appreciable
weedy characteristics. None of the standard texts and lists of weeds indi-
cate that squash is regarded as a weed (Holm et al., 1979; Muenscher,
1980; Reed, 1970; Weed Science Society of America, 1992).

The relevant introduced trait, resistance to infection by ZYMV and
WMV2, is unlikely to make the ZW-20 squash into a weed. Resistance or
tolerance to pests is commonly bred into agricultural crops, including
squash. Despite this, improved squash cultivars have not become weeds.
Likewise, there is no indication that resistance to ZYMV and WMV2 will
result in ZW-20 squash becoming a weed (see the Determination, Issue 2).

No other attributes of ZW-20 squash suggest that it is any more “weedy”
than squash cultivars that are the result of traditional breeding. The
ZW-20 squash has retained the agronomic characteristics of the parental
crookneck squash.

C. Potential Impacts on the Free-Living Relatives of Squash
Arising From Pollination by ZW-20 Squash

APHIS evaluated two potential impacts that ZW-20 squash might have
on the free-living relatives of squash. First, that the traits from ZW-20
squash might cause the free-living relatives to become “weedier.” Second,
that the pollination of free-living populations of squashes would cause
population changes that would lead to reduced genetic diversity.

Successful transmission of genetic material from ZW-20 squash via pol-
len is possible to a limited number of squash relatives (see Appendix II of
the Determination document for a detailed, technical discussion). In the
United States, the squash relatives that might be successfully pollinated
by ZW-20 squash and produce offspring are Cucurbita pepo subsp. texana
and C. pepo subsp. ozarkana, plants referred to here and in the Determi-
nation as free-living Cucurbita pepo (FLCP). In the past, these FLCP
plants have been cited as weeds in soybean and cotton fields (Weed
Science Society of America, 1992), but the agricultural significance
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appears to be minimal with the advent of effective control practices over
the past decade (see Issue 4 of the Determination).

It is unlikely that offspring arising from natural crosses of FLCP and ZW-
20 will pose a weed problem. Current agricultural production of squash
in the United States occurs near the habitats where FLCP plants are
found in the Southeastern States. This proximity is sufficient for the
pollination of FLCP by squash cultivars, but there has been no apparent
emergence of weedy hybrid progeny (see the Determination, Issue 5).

This has not occurred even as plant breeders continue to develop
cultivated squash varieties with enhanced pest resistance qualities.
Typically, breeders seek out free-living (wild) relatives as a source of pest
resistance traits to cross into a cultivated crop.

In addition, it is clear that any progeny of cultivated and free-living
squashes will receive a set of genetic material from each of the parents.
In this case, the cultivated squash parent contributes genetic material
responsible for ensuring a plant that produces tender-skinned fruits that
have low levels of cucurbitin, a bitter-tasting compound that discourages
feeding by herbivores. Invariably, the FLCP is better adapted than com-
mercial squash cultivars to survival in the absence of cultivation. Thus,
there has been no report to date of weed problems arising from the possi-
ble crosses that might occur between domesticated varieties of squash
and their free-living relatives.

Given the available knowledge, it is unlikely that resistance to ZYMV
and WMV?2 infection will confer a selective advantage or be maintained in
the FLCP populations. Surveys of natural FLCP populations for the
incidence and severity of ZYMV and WMV2 infections suggest that
resistance to these viruses will confer little, if any, selective advantage,
because disease caused by these viruses is apparently not among the
factors important to the survival or reproductive success of FLCP (see
Issue 3 of the Determination).

Based upon our analysis of the biology of cultivated squash and its rela-
tives, APHIS concludes that the environmental impacts of cultivation of
ZW-20 squash anywhere in the world will be no different than such im-
pacts attributable to similar varieties produced with traditional breeding
techniques. The species Cucurbita pepo is native to the North American
continent, with a center of biological diversity in northern Mexico, and a
center of diversity (probably secondary, though embracing a greater
variety) in the Southeastern United States. Cultivated and nonculti-
vated varieties of C. pepo have coexisted and co-evolved over millennia.
Even if ZW-20 squash were to be cultivated in agricultural regions
around centers of C. pepo diversity, there is no reason to expect impacts
from ZW-20 squash would be significantly different from those arising
from the cultivation of any other variety of squash. As discussed above,
natural populations of FLCP appear to be largely free of infection by
ZYMV and WMV2. It therefore appears that resistance to ZYMV and




WMV2 should not provide any selective advantage. Without a selective
advantage, this trait is unlikely to persist in the gene pool of FLCP.

There is already considerable cultivation of traditional squash varieties
throughout the centers of diversity for C. pepo, including virus resistant
varieties. The impact of cultivation of ZW-20 squash on the genetic
diversity of FLCP populations is likely to be comparable to that from
nontransgenic varieties.

We note also that any international traffic in ZW-20 squash would be
fully subject to national and regional phytosanitary standards promul-
gated under the International Plant Protection Convention (IPPC). The
IPPC has set a standard for the reciprocal acceptance of phytosanitary
certification among the nations that have signed or acceded to the
Convention (98 countries as of December 1992). The treaty, now
administered by a Secretariat housed with the United Nations Food and
Agriculture Organization in Rome, came into force on April 3, 1952. It
establishes standards to facilitate the safe movement of plant materials
across international boundaries. Plant biotechnology products are fully
subject to national legislation and regulations, or regional standards and
guidelines promulgated under the IPPC. The vast majority of IPPC sig-
natories have promulgated, and are now administering, such legislation
or guidelines, including Mexico, which has in place a regulatory process
that would require a full evaluation of the ZW-20 squash before it could
be introduced into their environment. Our decision in no way prejudices
regulatory action in Mexico or any other country. The IPPC has also led
to the creation of Regional Plant Protection Organizations such as the
North American Plant Protection Organization (NAPPO). Our trading
partners will be kept informed of our regulatory decisions through
NAPPO, and other fora. In addition to the assurance provided by the
analysis leading APHIS to a finding of no significant impact for the intro-
duction of this squash variety, it should be noted that all the consider-
able, existing national and international regulatory authorities and
phytosanitary regimes that currently apply to introductions of new
squash varieties internationally apply equally to those covered by this
analysis.

D. Potential Impact on Nontarget Organisms, Including
Beneficial Organisms Such as Bees and Earthworms

Consistent with its statutory authority, APHIS evaluated whether ZW-20
squash might indirectly harm plants or plant products (such as some agri-
cultural commodities). APHIS considered the potential impact that ZW-
20 might exert indirectly on organisms that are recognized as beneficial
to agriculture. APHIS concludes that there is no reason to believe that
the unconfined growth of ZW-20 squash will pose any deleterious effects
or significant impacts on nontarget organisms, including beneficial organ-
isms. The coat proteins expressed in ZW-20 squash are not known to
have any toxic properties. In fact, these viral coat proteins are routinely
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ingested by virtually all animals, including humans, when squash is
consumed. Naturally occurring infections of susceptible squash varieties
result in concentrations of coat proteins far higher than those that occur
in the tissues of the ZW-20 squash (see Issue 1 of the Determination).

APHIS believes that ZW-20 squash will have no deleterious effects on
organisms recognized as beneficial to agriculture (e.g., earthworms,
honeybees). In addition, there is no reason to believe that the presence of
ZW-20 squash would have any adverse effect on other organisms, includ-
ing any species recognized as threatened or endangered in the United
States. The release of ZW-20 squash from regulation should have no
adverse impact on agricultural commodities.

VI. Conclusion

APHIS has evaluated information from the scientific literature as well as
data submitted by Upjohn/Asgrow that characterize the ZW-20 squash.
After careful analysis, APHIS has identified no significant impact to the
environment from issuance of a determination that ZW-20 squash would
no longer be a regulated article under APHIS regulations at 7 CFR Part
340.

APHIS has considered the foreseeable consequences of removing ZW-20
from its regulation and reached the following conclusions:

1. ZW-20 squash exhibits no plant pathogenic properties. Although plant
pathogenic organisms were used in the development of ZW-20 squash,
these squash plants are not infected, nor can they incite disease in other
plants.

2. ZW-20 squash is no more likely to become a weed than a virus-
resistant squash plant developed by traditional breeding techniques.
Squash is not considered to be a weed pest, and there is no reason to
believe that the ability of ZW-20 squash to resist infection by ZYMV and
WMV2 will lead to this squash becoming a weed pest. The introduction
of traditionally-bred, improved squash varieties has not resulted in
squashes that are considered weeds.

3. ZW-20 squash is unlikely to increase the weediness potential for any
other cultivated plant or native wild species with which it can interbreed.
As with other cultivated squashes, it will be possible for the pollen of
ZW-20 squash to pollinate FLCP plants, the so-called “wild” relatives of
cultivated squash. Although genes can move freely via pollen from
ZW-20 squashes to FLCP plants, there is no indication that such cross-
pollination will result in hybrid offspring that present any significant
increase in their weediness.

4. ZW-20 squash should not cause damage to processed agricultural
commodities. '
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5. ZW-20 should not increase the likelihood of the emergence of new
plant viruses. APHIS has carefully considered the biology and epidemiol-
ogy of the plant viruses that infect squash, and APHIS has determined
that the unconfined cultivation of ZW-20 squash would be no different
than traditionally bred, virus resistant squash cultivars with respect to
the appearance of new plant viruses.

6. ZW-20 squash is unlikely to harm other organisms, such as bees, that
are beneficial to agriculture.

APHIS has also concluded that there is a reasonable certainty that new
progeny ZW-20 squash varieties bred from these lines should not exhibit
new plant pest properties, i.e., properties substantially different from
any observed for the ZW-20 squash lines already field tested, or those
observed for squashes in traditional breeding programs.

Therefore, after review of the available evidence, APHIS concludes that
ZW-20 squash will be just as safe to grow as virus resistant squash culti-
vars developed through traditional breeding practices. The cultivation of
ZW-20 squash should present environmental impacts that are no differ-
ent from the impacts associated with traditionally-bred squash varieties
that are not subject to regulation under 7 CFR Part 340 before they enter
agriculture. Based upon the analysis documented in this Environmental
Assessment, APHIS has reached a finding of no significant impact on the
environment from its determination that the ZW-20 squash will no longer
be a regulated article under the regulations in 7 CFR Part 340.
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. Summary

Based on a review of scientific data and public comments, the Animal
and Plant Health Inspection Service (APHIS) has determined that the
genetically engineered, virus resistant line of yellow crookneck squash
(Cucurbita pepo subsp. ovifera var. ovifera) designated ZW-20 does not
represent a plant pest risk and is therefore not a regulated article under
the regulations found at 7 CFR Part 340.6. As a result of this determina-
tion, permits under those regulations will no longer be required from
APHIS for field testing, importation, or interstate movement of ZW-20
squashes or their progeny.

This determination by APHIS has been made in response to a petition re-
ceived from Asgrow Seed Company, a subsidiary of the Upjohn Company,
Inc., Kalamazoo, Michigan, dated July 13, 1992. The petition requested a
determination from APHIS that the ZW-20 squash does not present a
plant pest risk and is therefore not a regulated article. On September 4,
1992, APHIS announced receipt of the Upjohn/Asgrow petition in the
Federal Register (57 FR 40632) and stated that the petition was avail-
able for public view. In that notice, APHIS also announced its intent to is-
sue an interpretive ruling that the ZW-20 squash does not present a plant
pest risk and would therefore no longer be considered a regulated article
under its regulations. APHIS invited written comments on this proposed
action, to be submitted on or before October 19, 1992. On March 22,
1993, APHIS published a second Federal Register notice (58 FR 15323)
requesting additional information on eight issues raised by commenters
to the first Federal Register notice. Briefly, the issues raised included
the weediness potential of squash and its taxonomic relatives, the distri-
bution of zucchini yellow mosaic virus (ZYMV) and watermelon mosaic
virus 2 (WMV2) in the United States, and the likelihood of creating new
plant viruses. Concurrently, APHIS commissioned Dr. Hugh Wilson of
Texas A&M University, an expert in cucurbit taxonomy and ecology, to
prepare a report (see Appendix II) addressing issues raised by commen-
ters to the first Federal Register notice. On May 23, 1994, APHIS pub-
lished a notice in the Federal Register (59 FR 26619-26620) announcing
the availability of an environmental assessment (EA) and preliminary
finding of no significant impact (FONSI) for comment at a public meeting
and for written comment during a 45-day comment period, which ended
July 7, 1994. At the public meeting held June 21, 1994, only two
individuals spoke, one in favor of the EA and FONSI, and one against.

The ZW-20 squash, as defined by its developer, the Asgrow Seed
Company, is a squash line that is designed to resist infection by two plant
viruses that frequently infect squash, namely ZYMV and WMV2. ZW-20
squash has been modified with genes that express the coat proteins of
ZYMV and WMV2. Expression of these coat protein (CP) genes does not
cause plant disease, but rather confers resistance to infection by ZYMV
and WMV2. The introduced DNA that encodes the CP genes also has
accompanying DNA regulatory sequences that modulate their expression.




The DNA regulatory sequences were derived from three plant pathogenic
organisms: the bacterium Agrobacterium tumefaciens, cauliflower mosaic
virus (CaMV), and cucumber mosaic virus (CMV). Although the
regulatory sequences were derived from plant pathogens, the regulatory
sequences cannot cause plant disease by themselves or in conjunction
with the genes that they regulate in these squash. With respect to

A. tumefaciens, the genes that cause disease have been removed. The
sequences derived from the two plant viruses are only small portions of
their genomes and do not encode any pathogenic properties.

APHIS regulations at 7 CFR Part 340, which were promulgated pursuant
to authority granted by the Federal Plant Pest Act (FPPA) (7 U.S.C.
150aa-1505j) as amended, and the Plant Quarantine Act (PQA) (7 U.S.C.
151-164a, 166-167) as amended, regulate the introduction of certain
genetically engineered organisms and products. An organism is no longer
subject to the regulatory requirements of 7 CFR Part 340 when it is
demonstrated not to present a plant pest risk. Section 340.6 of the
regulations, entitled “Petition Process for Determination of Nonregulated
Status,” provides that a person may petition the agency to evaluate
submitted data and determine that a particular regulated article does
not present a plant pest risk and should no longer be regulated. ZW-20
squash has been considered a “regulated article” for field testing under
Part 340 of the regulations in part because ZW-20 squash has been
engineered with CP genes derived from the plant pathogenic viruses
ZYMV and WMV2. Field testing of the ZW-20 squash has been done
under APHIS permits in 1990, 1991, 1992, and 1993, and is continuing in
1994. All field trials were performed essentially under conditions of
reproductive confinement.

APHIS has determined that the ZW-20 squash does not pose a direct or
indirect plant pest risk and, therefore, will no longer be considered a regu-
lated article under APHIS regulations at 7 CFR Part 340. Permits under
those regulations will no longer be required from APHIS for field testing,
importation, or interstate movement of ZW-20 squash or their progeny.
(Importation of ZW-20 squash [and nursery stock or seeds capable of
propagation] is still, however, subject to the restrictions found in the
Foreign Quarantine Notice regulations at 7 CFR Part 319.) This deter-
mination has been made based on an analysis that revealed that ZW-20
squash: (1) exhibits no plant pathogenic properties; (2) is no more likely
to become a weed than a virus-resistant plant developed by traditional
breeding techniques; (3) is unlikely to increase the weediness potential
for any other cultivated plant or native wild species with which the organ-
isms can interbreed; (4) should not cause damage to processed agricul-
tural commodities; (5) should not increase the likelihood of the emergence
of new plant viruses; and (6) is unlikely to harm other organisms that are
beneficial to agriculture, such as bees. APHIS has also concluded that
there is no reason to believe that new progeny ZW-20 squash varieties
bred from these lines will exhibit new plant pest properties, i.e., proper-
-ties substantially different from any observed for the ZW-20 squash lines
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already field tested, or those observed for squashes in traditional
_breeding programs.

The potential environmental impacts associated with this determination
have been examined in accordance with regulations and guidelines imple-
menting the National Environmental Policy Act of 1969 (42 U.S.C. 4331
et seq.; 40 CFR 1500-1509; 7 CFR Part 1b; 44 FR 50381-50384; and 44 FR
51272-51274). An Environmental Assessment (EA) was prepared and a
Finding of No Significant Impact (FONSI) was reached by APHIS for the
determination that ZW-20 squash is no longer a regulated article under
its regulations at 7 CFR Part 340.

The body of this document consists of the following two parts: (1) back-
ground information, which provides the legal framework under which
APHIS has regulated the field testing, interstate movement, and
importation of ZW-20 squash, and a summary and response to comments
provided to APHIS on its proposed action during the public comment
periods; and (2) analysis of the key factors relevant to APHIS’ decision
that the ZW-20 squash does not present a plant pest risk.

Il. Background

Regulatory Authority

APHIS regulations, which were promulgated pursuant to authority
granted by the Federal Plant Pest Act (FPPA), (7 U.S.C. 150aa-150jj) as
amended, and the Plant Quarantine Act (PQA), (7 U.S.C. 151-164a, 166-
167) as amended, regulate the introduction (importation, interstate move-
ment, or release into the environment) of certain genetically engineered
organisms and products.

Under § 340.0 of the regulations, a person is required to obtain a permit
before introducing a regulated article. A genetically engineered organism
is deemed a regulated article either if the donor organism, recipient
organism, vector or vector agent used in engineering the organism
belongs to one of the taxa listed in the regulation and is also a plant pest;
or if APHIS has reason to believe that the genetically engineered organ-
ism presents a plant pest risk. Permission to conduct a field trial with
an article regulated under 7 CFR Part 340 is granted when APHIS has
determined that the conduct of the field trial, under the conditions
specified by the applicant or stipulated by APHIS, does not pose a plant
pest risk.

Before the introduction of a regulated article, a person is required under
§ 340.0 of the regulations to either (1) notify APHIS in accordance with

§ 340.3 or (2) obtain a permit in accordance with § 340.4. Introduction
under notification (§ 340.3) requires that the introduction meets specified
eligibility criteria and performance standards. The eligibility criteria
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impose limitations on the types of genetic modifications that qualify for
notification, and the performance standards impose limitations on how
the introduction may be conducted. Under § 340.4, a permit is granted
for a field trial when APHIS has determined that the conduct of the field
trial, under the conditions specified by the applicant or stipulated by
APHIS, does not pose a plant pest risk.

The FPPA gives USDA the authority to regulate plant pests and other
articles to prevent direct or indirect injury, disease, or damage to plants
and plant products. In addition, the PQA provides an additional level of
protection by enabling USDA to regulate the importation and movement
of nursery stock and other plants that may harbor injurious pests or
diseases. Some imported plant material must be grown under confined
conditions after importation and certified as free of pests before it can be
released from oversight by USDA.

An organism is not subject to the regulatory requirements of 7 CFR Part
340 when it is demonstrated not to present a plant pest risk. Section
340.6 of the regulations, entitled “Petition Process for Determination of
Nonregulated Status,” provides that a person may petition the agency to
evaluate submitted data and determine that a particular regulated arti-
cle does not present a plant pest risk and should no longer be regulated.
If the agency determines that the regulated article does not present a
risk of introduction or dissemination of a plant pest, the petition will be
granted, thereby allowing for unregulated introduction of the article in
question. A petition may be granted in whole or in part.

Section 340.6 of the regulations was published on March 31, 1993 (58 FR
17044), after publication of the initial notice of receipt of this petition.

It is our intent that the interpretive ruling under which this petition was
submitted utilizes standards equivalent to those for the petitioning pro-
cedure subsequently adopted. These standards include the opportunity
for public comment on the petition and a reasoned consideration of the
relevant scientific information and the comments.

ZW-20 squash has been considered a “regulated article” for field testing
under Part 340 of the regulations in part because the CP genes were from
plant viruses and the vector system used to transfer the viral CP genes
was derived from A. tumefaciens, all of which are on the list of organisms
in the regulation and are widely recognized as plant pathogens. In addi-
tion, certain noncoding regulatory sequences were derived from plant
pathogens, i.e., from CaMV, CMV, and A. tumefaciens.

APHIS believes it prudent to provide assurance before commercialization
that organisms such as the ZW-20 squash, that is derived at least in part
from plant pests, do not pose any potential plant pest risk. Such
assurance may aid the entry of new plant varieties into commerce or into
breeding and development programs. The decision by APHIS that the
ZW-20 squash is not a regulated article is based in part on evidence
provided by Upjohn/Asgrow concerning the biological properties of the
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ZW-20 squash and its similarity to other varieties of squash grown using
standard agricultural practices for commercial sale or private use.
Through the end of 1993, the ZW-20 squash has been field tested under
14 APHIS permits at 46 sites in 10 States.

The fact that APHIS regulates genetically engineered organisms having
plant pest components does not carry with it the presumption that the
presence of part of a plant pest makes a whole plant a pest or that the
plants or genes are pathogenic. The regulations instead have the premise
that when plants are developed using biological vectors or material from
pathogenic sources, or when pathogens are used as vector agents, they
should be evaluated to assure that there is not a plant pest risk
(McCammon and Medley, 1990). APHIS performs a review that allows a
verification of the biology and procedures used; assesses the degree of
uncertainty and familiarity; and allows the identification of any hazards,
should they be present and predictable. The overall aims of APHIS’
regulations in the Code of Federal Regulations at 7 CFR Part 340 are to
allow for the safe testing of genetically engineered organisms under an
appropriate level of oversight, and to enable any issues of potential or
hypothetical risks to be addressed early enough in the development of the
new organisms to allow for the safe utilization of the technology in
agriculture.

A certification that an organism does not present a plant pest risk means
that there is reasonable certainty that the organism cannot directly or in-
directly cause disease, injury, or damage either when grown in the field,
or when stored, sold, or processed. APHIS’ approach to plant pest risk is
considerably broader than a narrow definition that encompasses only
plant pathogens. Other traits, such as increased weediness, and harmful
effects on beneficial organisms, such as earthworms and bees, are clearly
subsumed within what is meant by direct or indirect plant pest risk. In
APHIS'  regulations at 7 CFR Part 340, a “plant pest” is defined as: “Any
living stage (including active and dormant forms) of insects, mites, nema-
todes, slugs, snails, protozoa, or other invertebrate animals, bacteria,
fungi, other parasitic plants or reproductive parts thereof; viruses; or any
organisms similar to or allied with any of the foregoing; or any infectious
agents or substances, which can directly or indirectly injure or cause
disease or damage in or to any plants or parts thereof, or any processed,
manufactured, or other products of plants.”

A determination that an organism does not present a plant pest risk can
be made under this definition, especially when there is evidence that the
plant under consideration: (1) exhibits no plant pathogenic properties;
(2) is no more likely to become a weed than a virus-resistant plant devel-
oped by traditional breeding techniques; (3) is unlikely to increase the
weediness potential for any other cultivated plant or native wild species
with which the organisms can interbreed; (4) should not cause damage to
processed agricultural commodities; (5) should not increase the likelihood
of the emergence of new plant viruses; and (6) is unlikely to harm other
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organisms, such as bees, which are beneficial to agriculture. Evidence
has been presented by Upjohn/Asgrow that bears on these topics.
Upjohn/Asgrow has also presented data that ZW-20 may alter current
methods used for the control of ZYMV and WMV2. In addition, because
the Upjohn/Asgrow petition seeks a determination regarding new squash
varieties containing the virus resistance genes, it should be established
that there is no reason to believe that any new squash varieties bred
from ZW-20 squash lines will exhibit plant pest properties substantially
different from any observed for squash in traditional breeding programs
or as seen in the development of the ZW-20 squash lines already field
tested.

Oversight by Other Federal Agencies

The Environmental Protection Agency (EPA) regulates the use of
pesticide chemicals in the environment. Under the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA) (7 U.S.C. 136 et seq.), the EPA
has the authority to regulate the development, sale, distribution, use,
storage, and disposal of pesticides. The EPA has published its proposal
rule for plant pesticides including an proposed exemption for viral CP pro-
duced in plants (59 FR 60495-60547). Their draft proposal has been the
subject of three scientific advisory meetings. The material presented at
these meetings is available from the EPA’s Office of Pesticide Program’s
Public docket. The proposed exemption of viral CP was supported by
EPA’s scientific advisory panel.

The USDA Food Safety Inspection Service (FSIS) is responsible for regula-
tion of genetically engineered meat and poultry products (59 FR 12582-
83; 56 FR 67054-55). Food safety in the United States, for products other
than meat and poultry, is assured by regulation under the Federal Food,
Drug and Cosmetic Act (FFDCA) (21 U.S.C. 201 et seq.). The FDA's policy
statement concerning the regulation of foods derived from new plant
varieties, including genetically engineered plants, was published in the
Federal Register on May 29, 1992, and appears at 57 FR 22984-23005.
Regulatory oversight for the safety of any food or feed products derived
from ZW-20 squash is under the jurisdiction of the FDA, shared with the
EPA when pesticides are involved. The FDA has completed its consul-
tation and has concluded that ZW-20 squash is just as safe to consume as
any other squash variety. On November 2 and 3, 1994, the FDA Food
Advisory Committee concurred with the process used by FDA to arrive at
this position. Under the FFDCA, the EPA has responsibility for estab-
lishing tolerances or exemptions from the requirement of tolerance for
pesticide residues on food or feeds, including viral CP.
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lll. Response to Comments

On September 4, 1992, APHIS announced receipt of the Upjohn/Asgrow
petition in the Federal Register (57 FR 40632) and announced its intent
to issue an interpretive ruling that the ZW-20 squash does not present a
plant pest risk and would no longer be considered a regulated article un-
der its regulations. During the 45-day comment period, APHIS received
17 comments regarding its proposed interpretive ruling in response to
Upjohn/Asgrow’s petition. Of the 17 comments, 7 were generally suppor-
tive of APHIS’ proposed action and 10 expressed serious reservations or
disapproval of it.

On March 22, 1993, APHIS published a second Federal Register notice
(58 FR 15323) requesting additional information on eight issues raised by
commenters to the first Federal Register notice. Concurrently, APHIS
commissioned Dr. Hugh Wilson of Texas A&M University, an expert in
cucurbit taxonomy and ecology, to prepare a report (see Appendix II)
related to issues raised in comments to the first Federal Register notice.
Of the 12 comments to the second notice, 10 (none of whom commented to
the first Federal Register notice) were generally supportive of APHIS’
action and two expressed serious reservations. (The latter two commen-
ters had previously commented negatively in the first Federal Register
notice.)

After the close of the official comment period, APHIS received letters
from two commenters urging the agency not to approve this petition
because they believed that the agency would not fulfill its requirements
under the National Environmental Policy Act (NEPA). One of the letters
reiterated issues previously communicated in comments to the two
previous Federal Register notices. The second letter reiterated issues
dealing with gene movement also previously communicated in the two
Federal Register notices and expressed the opinion that if the agency
decides to prepare an EA that reaches a FONSI, the availability of such
documents must be announced in the Federal Register with the opportu-
nity to comment during a minimum 30-day comment period. The letter
also requested that APHIS consider holding a public hearing during the
30-day comment period because of the “considerable controversy sur-
rounding the Upjohn/Asgrow’s petition.” The plant pest risk issues raised
in these two letters are addressed in this determination. Besides this
determination document, the agency has prepared an EA in compliance
with NEPA that addresses the environmental issues regarding the
widespread use of virus-resistant squash in agriculture.

Most of the supportive comments in response to both Federal Register
notices were based on scientific data concerning the lack of plant pest
risk presented by ZW-20 squash and its plant pest-derived components.
Several commenters mentioned that the A. tumefaciens derived transfor-
mation system is well-characterized, has been used extensively, and does
not present any plant pest risk. Several commenters, including State




agricultural officials, said that they think that the virus resistant squash
plants would not become noxious weeds. Several plant breeders and
State agricultural officials mentioned that the viruses ZYMV and WMV2
cause severe losses in squash production, and that a heritable form of
viral resistance would be advantageous for producers and preferable to
use of chemicals or other control strategies.

Four commenters (including plant virologists) discussed in detail why
they believe that transencapsidation (i.e., the coating of one viral RNA
partially or completely by the CP of another virus) and the possible
appearance of new plant viruses by recombination between plant encoded
viral CP and endemic plant viruses would not pose a plant pest risk
significantly different than could occur in natural mixed viral infections.
APHIS agrees with these comments.

Eight commenters noted that pest-resistant squash plants are used and
have been used in commercial production without any significant
increase in weediness of squash or its sexually-compatible relatives.

One commenter (a plant breeder) noted that free-living Cucurbita pepo is
limited not by infection by plant viruses but by dispersal of the seeds.
The range of dispersal is limited by deposition of the buoyant fruits that
are usually deposited between high water marks during spring flooding.
APHIS agrees with these comments.

Of the 12 comments opposed to granting this petition, 6 said that the
petition should be rejected because there is no strong Federal program to
which all transgenic crops should be subjected to assess and minimize
their risks. APHIS disagrees. The “Coordinated Framework for Regula-
tion of Biotechnology” (51 FR 23302-50), developed by the Office of
Science and Technology Policy (OSTP), establishes a clear system for
product-based coordinated reviews of the products of agricultural biotech-
nology. Roles are set out for APHIS, FSIS, the Environmental Protection
Agency (EPA), and the Food and Drug Administration (FDA), based on
the existing legal authorities of the respective agencies for oversight over
particular aspects of this economic sector. This system is entirely ade-
quate to identify and address any significant potential risks that may be
posed by any of the new products of agricultural biotechnology. One com-
ment suggested that APHIS’ authority to regulate these products under
the FPPA is questionable. APHIS also disagrees with this comment. Our
responsibilities under the Act to protect against the introduction or dis-
semination of plant pests provide broad authority over any products that
may have potentially significant impacts on the environment, based on
the broad definition of “plant pest” in the statute.

One commenter argued that if seeds of ZW-20 squash are to be exported,
the U.S. Government should address the potential adverse impacts on
transgenic squash in the other centers of genetic diversity for cucurbits,
Mexico and Central America. APHIS disagrees with the apparent
assumption of the commenters that this determination is likely to allow
unregulated commerce across national borders of the seeds of ZW-20
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squash. The comment is correct, however, in suggesting that this determi-
nation does not carry with it any foreign safety presumption, since our
authority and our review only extend to the borders of the United States
and its territories and possessions. APHIS is in frequent contact with
agricultural officials from many foreign nations, including those with
interest in the cultivation of genetically engineered squashes. We are
actively involved with many countries to help them develop national
scientific and regulatory frameworks that will enable them to make their
own scientifically credible decisions about the safety of new crop varieties.

Most countries prohibit the unrestricted importation of seeds, and many
have specific requirements to address any releases of transgenic plants in
their environment. We believe that the issues raised about use of ZW-20
squash in Mexico can be analyzed by the same approach used in the deter-
mination. Many crucial scientific facts explained in this determination
for the United States also apply in Mexico: (1) ZYMV and WMV?2 are
major problems in cucurbit production in Mexico (Delgadillo et al., 1988).
(2) Many of the same aphid species in Mexico are also vectors in the
southern United States (see Appendix I, Table 4, data from Perring et al.,
1992). (3) The common free-living cucurbit C. pepo ssp. fraterna of
Mexico and northern Central America is most likely susceptible to these
viruses as are all other C. pepo subspecies. (4) C. pepo ssp. fraterna or
Ssp. pepo is not reported to be a serious weed in Mexico (Holm et al.,
1979).

The three major plant pest risk issues raised by commenters to both
Federal Register notices that had reservations or disapproved of APHIS’
proposed action were: (1) Will the introductions of ZYMV and WMV2 CP
increase the likelihood of new plant viruses (five comments)? (2) Could
the introduction of two new virus resistance genes cause squash to
become a weed (three comments)? (3) Will the virus resistance genes
move to wild squash relatives and would this have a detrimental impact
on these wild plants (four comments)?

On May 23, 1994, APHIS published a notice in the Federal Register (59
FR 26619-26620) announcing the availability of an environmental assess-
ment (EA) and preliminary finding of no significant impact (FONSI) for
comment at a public meeting and for written comment during a 45-day
comment period, which ended July 7, 1994. At the public meeting held
June 21, 1994, only two individuals spoke, one in favor of the EA and
FONSI, and one against. Each of the speakers at the public meeting sub-
mitted written comments as well. During the remainder of the 45-day
comment period, APHIS received an additional 52 written comments
from individuals. A total of 29 comment letters disagreed with APHIS’
proposal to approve the subject petition, whereas 23 comments supported
the APHIS findings in the EA and FONSI. The affiliations of the persons
that commented were: private individuals (18); universities (12);
agricultural experiment stations (11); public policy/public interest groups
(6); industry (2); associations (1); cooperative extension service (1); and a




Federal research laboratory (1). Approximately two-thirds of the respon-
dents in both groups wrote relatively brief, general comments expressing
their views about the petition and APHIS procedures for conducting an
environmental analysis and making a final determination. The remain-
ing one-third of the respondents, both in opposition to and in favor of

approval of the petition, provided detailed, issue-specific comments on
the EA and FONSI.

The five major plant pest risk issues raised by commenters in all three
Federal Register notices that had reservations or disapproved of APHIS’
proposed action were:

(1) Will the introduction of ZYMV and WMV2 CP increase the likelihood
of appearance of new plant viruses?

(2) Could the introduction of two new virus resistance genes cause
squash to become a weed?

(3) Will the virus resistance genes move to wild squash relatives and
would this have a detrimental impact on these wild plants?

(4) Are free-living C. pepo (FLCP) plants serious weeds?

(5) Are hybrids between ZW-20 squash and FLCP plants weeds, and will
they persist in the environment and become weeds?

APHIS addresses each of these questions following a brief description of
the taxonomy of squash.
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The Taxonomy of C. pepo in the United States

It is generally assumed that before the development of New World
agriculture, C. pepo existed as a single, wild-growing entity. The
common ancestor of all cucurbits was probably an annual, gourd-
producing plant adapted to colonization of disturbed ground in
riparian habitats. This free-living ancestor was apparently first
used in New World agriculture approximately 10,000 years ago.
Subsequent evolution under both human and natural selection and
dispersal by humans has produced the structurally diverse gourds
that are currently available in the United States. C. pepo spp.
include pumpkins, acorn squashes, zucchini, and ornamental
gourds.

During the 1980’s there was a significant change in the taxonomic
description of Cucurbita spp. The C. pepo lineage is believed to be
composed of two subsets, formally identified as subspecies ovifera
and pepo. Subspecies pepo includes only domesticated plants
including all pumpkin cultivars, all marrow cultivars (zucchini,
spaghetti, cocozelle, etc.), and some ornamental gourd types
(orange ball and miniature ball) that usually have reddish pig-
ments in the fruit. Subspecies ovifera contains three varieties.
Variety ovifera is the domesticated line that contains ornamental
gourds that are not included in ssp. pepo (spoon, bicolor) as well as
acorn squash, crookneck squash, yellow squash, straightneck
squash, and scallop squash. Free-living gourds that occur in Texas
are designated as C. pepo ssp. ovifera var. texana, and those living
in Illinois, Missouri, Arkansas, Oklahoma, and Louisiana are desig-
nated C. pepo ssp. ovifera var. ozarkana. The latter two varieties
will be designated in this document as FLCP (free-living Cucurbita
pepo). The term “free-living” means that the plants can survive
without direct human intervention. All C. pepo subspecies are
freely interbreeding, and thus genes introduced in one subspecies,
given time and proximity of the two subspecies, will be transferred
via pollen to other subspecies (Wilson, 1993). (For a more detailed
analysis of the taxonomy of Cucurbita species, see the report by
H. Wilson in Appendix II).

The parental line used in the development of ZW-20 is a yellow
crookneck squash, C. pepo s8sp. ovifera var. ovifera variety YC77E.
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Each of the five issues mentioned in comments as relevant to potential
plant pest risk for ZW-20 squash will now be addressed.

Issue 1. Will the Introduction of ZYMV aﬁd WMV2 Coat
Proteins Increase the Likelihood of the Appearance of New
Plant Viruses?

Conclusion: ZYMV and WMV?2 and the aphids that vector the vi-
ruses are widely prevalent in the United States. Based on the
known physical and biological properties of ZYMV and WMV2, the
likelihood of the appearance of new plant viruses with novel bio-
logical properties through field cultivation of ZW-20 plants is no
greater than in naturally occurring potyvirus-infected squash.

ZYMV and WMV2 are members of the potyvirus group, which is one of
the largest groups of plant viruses. At least 40 different potyviruses are
reported to be widely prevalent in at least 43 States. ZYMV produces a
severe disease consisting of mosaic (patchwork of yellow chlorotic tissues
and green uninfected tissues), yellowing, shoestringing, stunting, and
fruit and seed deformations on zucchini squash, muskmelon, cucumber,
and watermelon. WMV2 causes mosaic and mottle diseases of canta-
loupe, pumpkin, squash, and watermelon. On a given cucurbit host,
ZYMV usually causes more severe symptoms than WMV2. The complete
nucleotide sequence of at least three potyviruses (Reichmann et al., 1992)
and partial sequences of WMV2 and ZYMV have been published
(Quemada et al., 1990).

ZYMYV and/or WMV2 are reported to be widely prevalent in at least 34
States (see Appendix I, Table 1) including those where commercial
squashes are grown and FLCP plants are found.

There are many known and potential plant hosts to provide ZYMV or
WMV2 as a source of inoculum to infect C. pepo. WMV2 and ZYMV are
apparently not seed transmitted in common virus-susceptible cucurbit
crops (Purcifull et al., 1984). The source of these viruses for infection of
commercial plantings must be other host plants. These plants may be
either: perennials; other plants that transmit the virus in seed; or in
warm climates where continuous cucurbit production occurs, other
production fields. WMV2 is potentially harbored in many wild and
cultivated crops through the winter months in the Imperial Valley of
California. By contrast, all the known sources for ZYMV are in the
Cucurbitaceae (Perring et al., 1992). The reservoirs for ZYMV are home
garden plantings of squash or sponge gourd, or commercial plantings of
melons or squash grown under plastic or in greenhouses. The overwinter-
ing host for ZYMV in Florida is the wild perennial cucurbit Melothria
pendula (Adlerz et al., 1983), while the host in New York State has not
been identified (Provvidenti et al., 1984). The source for WMV2 in Texas
is probably M. pendula (Chala et al., 1986), and in Arizona the sources
are mallow, sour clover, and sweet pea (Nelson and Tuttle, 1969). The
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overwintering hosts of WMV2 in Florida (Adlerz, 1978) and Massachu-
setts (Komm and Agrios, 1978) have not been identified. For most areas
in the United States where cucurbits are grown, the specific overwinter-
ing host(s) has not been identified; however, many potential hosts have
been identified (see Appendix I, Tables 2 and 3, data from Perring et al.,
1992). Because of the extreme susceptibility of the FLCP plants to these
viruses (Provvidenti et al., 1978), it is a reasonable assumption that
FLCP plants would not be significant reservoirs for these viruses. APHIS
could not identify evidence that FLCP plants have ever been naturally
infected by ZYMV or WMV2.

The three aphid species involved in the dissemination of ZYMV and
WMV2 are widespread in the United States. The viral CP is not the
primary determinant of aphid transmission of potyviruses. Most
potyviruses are transmitted by many aphid species in a nonpersistent
manner (see Appendix I, Table 4, data from Perring et al., 1992). The
most important and widespread of these aphid vectors are Myzus persi-
cae, Aphis gossypii, and Macrosiphum euphorbiae (CMI/AAB Description
of Plant Viruses, 1988; Perring et al., 1992). The main features of non-
persistent transmission are that the virus can be picked up by the aphid
after as little as 15 seconds on the infected plant and can transmit it
immediately to one or only a few healthy plants. These brief acquisition
and inoculation times limit the usefulness of insecticides to reduce the
spread of these viruses. Most research suggests that viral infections gen-
erally originate locally (less than one-quarter of a mile distant) and that
long-range emigration of viruliferous aphids is rare (Perring et al., 1992;
Adlerz, 1978).

There is evidence that two virus-coded proteins, a noncapsid protein
(called helper component) and the CP, play key roles in potyvirus trans-
mission and vector specificity. The way in which helper component
makes aphid transmission possible has not been established. The most
likely effect is that the protein makes it possible for the virus to attach to
sites within the aphid in a way that allows it to be transmitted. Although
helper component appears essential for aphid transmission of poty-
viruses, its presence does not guarantee transmission (Matthews, 1991).
Modifications to the CP can result in loss of aphid transmissibility
(Atreya et al., 1990).

Coat proteins are the most extensively characterized potyviral gene
products (Reichmann et al., 1992). The primary function of CP is to
encapsidate viral RNA. Other CP functions reported for other plant
viruses include host response determinant and cell-to-cell movement, but
these functions have not been identified for potyviruses (Reichmann

et al., 1992).

Upjohn/Asgrow’s approach for achieving viral resistance is based on obseer-
vations that plants expressing a viral CP gene are often resistant to
infection by the virus from which the CP was derived (Powell Abel et al.,
1986). Most evidence suggests that expression of viral CP by a plant
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interferes with one of the first steps in viral replication uncoating
(removal of CP) from the incoming virus (for a review of this topic, see
Register and Nelson, 1992).

ZW-20 does not exhibit stronger disease symptoms than its parental
variety when infected with common cucurbit-infecting viruses. To
determine the response of ZW-20 to infection with common cucurbit-
infecting viruses, ZW-20 plants (and control plants) were inoculated with
each tested virus. The symptoms that developed and the amount of CP
produced were determined. The ZW-20 population used was segregating
for resistance to WMV2 and ZYMV. The line used is fixed for one block of
genes that provides moderate viral resistance and segregating for
another block that confers strong resistance. All the nontransgenic
control plants inoculated were susceptible to viral infection. ZW-20
plants were resistant to WMV2 infection and to ZYMV in ZW-20 plants
containing the strong resistance gene block. ZW-20 plants containing the
moderate viral resistance block showed milder symptoms than the
nontransgenic controls (data reports for permit numbers 90-365-02 and
90-365-03).

The levels of ZYMV and WMV2 CP detected by ELISA (enzyme-linked
immunoabgsorbent assay) did increase when ZW-20 plants were chal-
lenged with ZYMV and WMV2 singly or in combination (data reports for
permit numbers 90-365-02 and 90-365-03, tables IV and V) as compared
to mock-inoculated ZW-20 plants. This increase may be due to limited
replication of the viruses in ZW-20 plants, or that ZYMV and WMV2 CP
produced by the plants are stabilized in the presence of replication of lim-
ited amounts of ZYMV and WMV2. Similar results have been reported
for other potyviruses (Farnelli et al., 1992).

According to data provided by Upjohn/Asgrow, ZW-20 plants are as
susceptible as the parental plants to CMV and papaya ringspot virus
(PRSV), which are two of the most prevalent cucurbit viruses (data
reports for permit numbers 90-365-02 and 90-365-03). As anticipated,
the levels of ZYMV and WMV2 CP detected by ELISA did not increase
when ZW-20 plants were inoculated with CMV (data reports for permit
numbers 90-365-02 and 90-365-03, tables IV and V), as compared to
uninoculated ZW-20 plants.

In contrast to the reported synergism between CMV and ZYMYV infections
in cucumber (Poolpol and Inouye, 1986), no synergism was detected in
CMV-infected ZW-20 (data reports for permit numbers 90-365-02 and
90-365-03). The levels of ZYMV and WMV2 CP detected by ELISA did
increase when ZW-20 plants were inoculated with PRSV, a closely related
potyvirus that often infects cucurbits (data reports for permit numbers
90-365-02 and 90-365-03, tables IV and V), as compared to uninoculated
ZW-20 plants. This increase may be due to the stabilization of two CP
when the potyvirus PRSV is replicating. Similar results have been
reported for other potyviruses (Farnelli et al., 1992). The levels of CP
produced, in general, were still less than those detected in naturally
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occurring plant infections. Infections of ZW-20 were no more severe than
those of the parental variety.

Genomic masking in ZW-20 virus-infected plants should not increase
the likelihood of the appearance of plant viruses with altered host
specificities. When two viruses multiply together in the same tissue,
some progeny particles may be formed that consist of the genome of one
virus encased in a particle made partially or completely from the struc-
tural component of the other virus. Where the genome of one virus is
encased in a protein shell made entirely of subunits of another virus (or
strain), the phenomenon has been termed “genomic masking” or “transen-
capsidation.” When the protein coat consists of a mixture of proteins
from the two viruses, it has been termed “phenotypic mixing” (Matthews,
1991). This phenomenon occurs with potyviruses and is important in in-
sect transmissibility of certain potyviral isolates (Bourdin and Lecoq,
1991). Since these three potyviruses (PRSV, WMV2, and ZYMV) are
already endemic in the United States and infect many of the same crops
(according to APHIS survey of endemic viruses, Appendix I, Table 1, and
data reports for permit numbers 90-365-02 and 90-365-03); therefore, one
would expect that significant amounts of masked virus particles are
naturally present.

Genomic masking between CMV and potyviruses has not been reported
and would not be expected because of the different architecture of the
virions, icosahedral and flexuous (slightly curved) rods, respectively.

The likelihood of genomic masking is expected to be higher between
another potyvirus and ZW-20-encoded CP. The most common potyvirus in
squash (besides ZYMV and WMV2) is PRSV. There are two questions
that need to be addressed in considering the likelihood and significance
in any potential instance of genomic masking. First, is there a sufficient
amount of CP produced by the transgenic plant to produce masked virus?
Second, if a masked virus is produced, would it have any new biological
properties, e.g., the ability to be transmitted by insect vectors, especially
vectors different from those that transmit the parent virus?

The amount of CP produced is important in genomic masking. Often, in
mixed infections where genomic masking occurs, there is an increase in
the amount of the viral CP produced by one of the viruses. For example,
co-replication of carmovirus-like ST9 RNA and the luteovirus beet west-
ern yellows virus (BWYV) results in a 10-fold increase in BWYV CP levels
over luteoviral replication alone (Falk and Duffus 1984; Passmore et al.,
1993). In addition, the CP produced by the ZW-20 plant under the direc-
tion of CaMV 35 S promoter is found in the same tissues (leaf mesophyll
cells) (Benfey et al., 1990) that CP is found during natural infections
(Matthews, 1991).

Generally, lower levels of ZYMV and WMV2 CP are produced by PRSV-
infected ZW-20 (as detected by ELISA) than in PRSV-infected nontrans-
genic squash plants also infected with ZYMV or WMV-2 (data reports for
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permit numbers 90-365-02 and 90-365-03, tables IV and V). Thus, less

ZYMV and WMV?2 CP are available to potentially produce masked virus,
so that production of masked virus in ZW-20 should be less efficient than
in nontransgenic squash infected with combinations of the three viruses.

Even if a masked virus were generated, it would not pose a risk to the
environment because it would not have any significant new biological
properties. If masked virus arose in PRSV-infected (or any other cucurbit-
infecting potyvirus) ZW-20 plants, the primary determinant for aphid
transmissibility is not CP, but rather a noncapsid protein, the helper
component of PRSV (Reichmann et al., 1992; Matthews, 1991). Thus, the
primary determinant for transmission would be derived from the poty-
virus that would infect ZW-20 squash (i.e., the helper component of the
infecting virus), not the plant-encoded CP.

If masked PRSV, containing CP of ZYMV and/or WMV2, was produced,
the masked virus would not gain any significant advantage in its ability
to be transmitted by aphids or to be transmitted to new plant hosts since
the three most common vectors for all three viruses are the same:

A. gossypii, M. euphorbiae, and M. persicae (see Appendix 1, Table 4; data
from Perring et al., 1992). In fact, these are the most common aphid
vectors of potyviruses in temperate regions of the United States. One
comment to the draft EA/Determination noted the existence of gaps in
the list of aphids that transmit four cucurbit viruses (see Appendix I,
Table 4). The data presented was tabulated from scientific literature
(CMVI/AAB Description of Plant Viruses and Perring et al. 1992). APHIS
again notes that information provided in Table 4 is from published re-
ports. Not every researcher could or would test every aphid vector for its
ability to transmit each of the four viruses. APHIS stands by its earlier
conclusion that the most economically important aphid vectors of ZYMV,
WMV2, PRSV, and CMV in the United States are three aphid species
listed above.

If masked virus were produced, it could only be maintained in the popula-
tion as long as the virus replicated in ZW-20 plants or plants infected
with ZYMV and/or WMV2. Once the masked virus was transmitted to a
nontransgenic or an uninfected plant, only the original virus would be
produced because the ZYMV and/or WMV2 CP would not be available for
the production of masked virus.

Generation of recombinant virus in ZW-20 virus-infected plants should
not increase the likelihood of the appearance of viruses with novel
attributes. Recombination is defined as the formation of new genetic
combinations by the exchanging of genes. In this case, the result of the
recombination event would be that the plant-encoded CP from either
ZYMYV or WMV2 would replace the CP in a cucurbit-infecting virus (most
likely a potyvirus).

First, recombination has not been demonstrated within the potyvirus
group (Lai, 1992) although recombination has been seen with other plant
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viruses under high selection pressure (Bujarski and Kaesberg, 1986;
Allison et al., 1990; Greene and Allison, 1994). In contrast, under weak
selection pressure no recombination is seen (Angenent et al., 1989;
Robinson et al., 1987; Falk and Bruening, 1994).

“New” potyviral strains or viruses apparently have not arisen via
recombination. In the early 1980’s, a new cucurbit-infecting potyvirus
ZYMV appeared in Europe, the Middle East, and Northern Africa

(Lecoq et al., 1981); and in Connecticut, New York, Florida, and Califor-
nia (Provvidenti and Gonsalves, 1984). Subsequent molecular analysis of
the nucleotide sequence of ZYMYV revealed that it apparently did not
arise from recombination between “known” cucurbit-infecting potyviruses
WMV2 and PRSYV, but these three viruses probably evolved from a
common progenitor (Quemada et al., 1990; Shukla and Ward, 1989).
Recently, a necrotic strain of potato virus Y (PVY) has caused severe
losses in tobacco plants. Nucleotide sequencing reveals that it differs
from existing PVY strains by several bases that are distributed through-
out the genome (Robaglia et al., 1989; Sudarsono, et al., 1993) and
apparently did not arise from recombination gene cassettes. Many “new”
viruses are only newly recognized because they impact forest, nursery,
and crop plant production.

Why these three closely related potyviruses maintain their individual
genome sequence may be a result of selection pressure in their over-
wintering hosts and their reliance on aphids for transmissibility. In tem-
perate regions of the United States where cucurbit crops are only grown
during the summer months, these viruses must survive most of the year
in other plant hosts. In Florida the overwintering host for ZYMV is the
wild perennial cucurbit Melothria pendula (Adlerz et al., 1983), and for
PRSV it is Momordica charantia (Adlerz, 1972). The overwintering
host(s) for WMV2 in Florida has not been identified, although the above
two plants have been ruled out (Adlerz, 1978). Thus, since each virus has
a different overwintering host, this may be an important source of selec-
tion pressure on these viruses in maintaining their individuality. The
viruses must maintain genome that replicates efficiently in the many
commercially grown cucurbit crop plants (squash, cantaloupe, water-
melon, and cucumber) and the different overwintering hosts, and be able
to be transmitted by the aphid vectors between these plants. Another
factor in maintaining separate identities of these three viruses may be
that they replicate in different subcellular sites and that other viral
RNAs cannot permeate the replication complexes, thus reducing viral
RNA recombination frequency.

Recombination and ZW-20. For recombination to occur, at least two
different viruses or viral strains must replicate in the same plant. In
many field grown plants multiple viral infections (up to six viruses in a
single plant) have been detected (Abdalla et al., 1985; Falk and Bruening,
1994, data report 93-365-02 and 93-065-03, table VI). Most evidence
suggests that recombination occurs at a higher frequency between viruses
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and viral strains that share significant nucleotide homology (homologous
recombination) than those that do not share nucleotide sequences

(Lai, 1992). Thus, recombination is more likely to occur between the
ZW-20 encoded CP mRNAs and potyviruses rather than other nonrelated
viruses. The primary function of CP is to encapsidate viral RNA. Its
other biological property is as a secondary determinant of aphid transmis-
sibility. Because the aphids that are the most important vectors for
transmitting these viruses are the same for the most widely prevalent
potyviruses in cucurbits (see above), the recombinant virus would not
have gained any new attributes.

Issue 1 was the subject of several comments: Two plant virologists

(Drs. de Zoeten and Palukaitis) who commented in support of the
Agency’s FONSI have written publications on this general subject area
that were used by other commenters to support their opposing views.
None of the plant virologists who commented on the draft EA/Determina-
tion disagreed with the conclusions made by APHIS regarding this issue.
APHIS concurs with the several comments that indicated that there may
be certain crops and gene constructs in which the creation of new plant
viruses that pose increased disease risk may be theoretically possible, but
that ZW-20 squash is not one of those.

APHIS’ conclusion that new viruses are no more likely to be produced
through cultivation of ZW-20 squash than through cultivation of tradi-
tional varieties is based in part on the fact that the insect vectors of the
relevant squash viruses are all the same and also in part on the fact that

multiple infections by these viruses are common in commercial squash.

APHIS disagrees with one commenter who suggested that the data
presented from a random sampling of cucurbits from grocery stores does
not support the contention that multiple infections are common. In our
analysis of the data, we had never concluded that all cucurbits are always
infected with plant viruses every year. For a variety of reasons (e.g.,
reduced population of insect vectors), the frequency and severity of viral
infections in a given location can vary from year to year. The survey
showed that in a random sample of 35 fruits, 89 percent showed at least
one viral infection, 55 percent were infected with at least two viruses,
and 18 percent were infected with all four viruses tested. APHIS con-
cludes that these viruses are widely prevalent in the environment and
that most samples tested contained two or more viruses. Other reports
confirming multiple viral infection of crop plants have been reported
(Falk, 1994; Abdalla et al., 1985).

FLCP plants have survived since the arrival of the severe strain of ZYMV.
APHIS would like to respond to a general concern about the occurrence of
severe strains of viruses, given that ZYMV can kill FLCP plants when in-
oculated with human intervention. In his classic textbook Plant Virology
(1991), Matthews discusses survival of severe strains.
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“A virus that kills its host plant with a rapid developing systemic disease
is much less likely to survive than one that causes only a mild disease
that allows the host plant to survive and reproduce effectively. There is
probably natural selection in the field against strains that cause rapid
death of the host plant. Leafhoppers living on desert plants of the west-
ern United States are infective primarily with strains of beet curly top vi-
rus that cause mild symptoms in beet. Virulent strains of curly top virus
kill certain desert plant species before they can allow a generation of leaf-
hoppers to mature. Thus, the virulent strains in the desert tend to be self
limiting. However, disease severity has a very different effect in beet
plants. Sugar beet is a good host for the leafhopper if the plants are
small and exposed to full sunlight. They are poor hosts when large,
providing a lot of shade. For this reason severe strains of curly top virus
facilitate their own spread in beet by producing small, stunted plants,
which favor vector multiplication (Bennett, 1963). Leafhoppers over-
wintering near beet fields carry strains of higher virulence than hoppers
found in the desert.”

It is true that young FLCP plants deliberately inoculated with ZYMV or
WMYV2 may die? What happens to the strain of potyviruses that killed
the plant? Aphids do not feed on dead and dying plants (Matthews,
1991). Thus, a severe strain of a virus , ie., a virus that kills its host
plant, will theoretically be transmitted to other plants less efficiently
than less severe strains. Thus, virus strains tend to persist that cause
mild symptoms and do not kill plants before seeds are produced. The sur-
vival of even severe strains is enhanced if there is any genetic variability
in the hosts, i.e, if there are some host biotypes present that do not die
upon infection and can produce seeds. The association of a moderation of
symptoms coupled with maintaining the ability of a virus to be efficiently
transmitted has been observed with barley stripe mosaic virus in barley
and seed transmission (Timian, 1974), rice stripe virus in rice and leaf-
hopper transmission and lettuce mosaic virus and seed transmission
(Matthews, 1991).

Do severe viral strains exist? Yes, but they are predominantly seen in
commercial plantings where plants are well maintained and are of one
uniformly susceptible genotype, which greatly facilitates transmission
via vectors (e.g., aphids) that travel a short distance. In unmanaged
ecosystems, plants are not well maintained (i.e., no irrigation, fertilizer,
or pesticides) and the aphid vectors may feed on nonhost plants, thus
losing the virus.

APHIS believes that the recent history of the development of biological
control agents illustrates the general (though not exclusive) trend that
virulent viruses can evolve or be selected by the host to become less viru-
lent strains. One classic example is myxoma (rabbitpox) in Australia and
Great Britain. Asevere strain of the virus was introduced into the coun-
try to control rabbits. From the initial very severe strain of virus (highly
virulent with essentially no recovery of infected rabbits) researchers
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found in the field progressively less and less virulent strains of the virus
with faster and faster recovery rates of infected rabbits (Morse, 1993).
There is indirect evidence of a similar trend with plant viruses that have
been considered for use in biological control. APHIS could find no evi-
dence of the successful use of plant viruses to control weeds (i.e., no regis-
tration of plant viruses as biological control agents by EPA and no recent
requests to APHIS for testing of plant viruses as biological control agents
(C. Divan, USDA, BBEP, personal communication)). This has frequently
been attributed by plant virologists to difficulty in finding strains that
kill the plant, attenuation of the severe strain of the virus to a less viru-
lent strain (less effective), and failure to obtain high infection rate.

There are no specific literature citations for this finding because such
negative data traditionally have not been judged suitable for publication.

Issue 2. Could the Introduction of Two New Virus Resistance
Genes Cause Squash to Become a Weed?

Conclusion: Introduction of virus resistance genes is unlikely to increase
the weediness of yellow crookneck squash.

A study (National Research Council, 1989) entitled “Field Testing
Genetically Modified Organisms: Framework for Decisions,” identified
the potential to inadvertently produce a new weed or increase the aggres-
siveness of existing weeds as “perhaps the single most commonly voiced
concern about the introduction of genetically modified plants.”

A weed pest is a plant that grows persistently in locations where it is un-
wanted. Baker (1965) described the ideal characteristics of a weed that
include: rapid plant growth to germination in many environments;
internally controlled discontinuous germination; long-lived seeds; rapid
growth to flowering; continuous seed production; use of wind or unspe-
cialized insects for pollination if outcrossing occurs; high seed production;
good competitiveness achieved through for example, allelochemicals or
choking growth; and long-lived seeds. None of the characteristics
described by Baker involved resistance or susceptibility to pathogens or
insects. In 1989, Keeler considered in detail whether genetically engi-
neered crops can become weeds. Her analysis of the closely-related
squash, C. maxima, stated that squash possesses 3 out of the 15
characteristics of plants that are notably successful weeds. Those are:
continuous production of seeds as long as growing conditions permit; use
of unspecialized insects as pollinators; and strong competitiveness with
other plants.

Several comments criticized APHIS’ mention in the draft EA/Determina-
tion of Baker’s list of characteristics of known weeds. Almost all defini-
tions of weediness stress as core attributes the undesirable nature of
weeds from the point of view of humans; from this core, individual defini-
tions differ in approach and emphasis (Baker, 1965; de Wet and Harlan,
1975; Muenscher, 1980). Baker (1965) listed 12 common weed attributes,
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almost all pertaining to sexual and asexual reproduction, which can be
used as an imperfect guide to the likelihood that a plant will behave as a
weed. Keeler (1989) and Tiedje et al. (1989) have adapted and analyzed
Baker’s list to develop admittedly imperfect guides to the weediness
potential of transgenic plants; both authors emphasize the importance of
looking at the parent plant and the nature of the specific genetic changes.
APHIS listed Baker’s characteristics as a preamble to introducing
Keeler’s characterization (1989) of C. maxima, a close relative of yellow
crookneck squash. Keeler’s article listed the weedy characteristic of

C. maxima. We believe that Keeler described several important growth
characteristics of squashes. Although Baker’s list has been criticized, no
other universally acceptable characters have been defined by ecologists
(Williamson, 1994) and in our view, there is no formulation that is clearly
superior at this time.

Yellow crookneck squash is not listed as a weed in the Federal Noxious
Weed Act (7 U.S.C. 2801-2813) and is not reported by the Weed Society of
America to be a common or troublesome weed anywhere in the United
States (Bridges and Baumman, 1992). Although squash volunteers are
not uncommon in areas next to production fields, they do not readily es-
tablish feral or free-living populations. Volunteers can still be controlled
by mechanical means or herbicides. The ZW-20 squash is likely to be
grown mostly in areas that are currently under squash cultivation, i.e., in
typical growing regions for the crop. Upjohn/Asgrow has reported that
there are no major changes in seed germination, cucurbitin levels, seed
set viability, susceptibility or resistance to pathogens or insects (except
ZYMV and WMV2), and there are no differences in overwintering
survivability between virus resistant transgenic squash and nontrans-
genic squash (data reports for permit numbers 90-365-02, 92-027-01,
90-365-03, and 93-053-02).

There is no evidence to support the conclusion that introduction of virus
resistance genes into squash could increase its weediness potential.
Many pathogen and insect resistance genes have been introduced into
commercial varieties of squash by conventional means in the past with-
out any reports of increased weediness of squash plants. These include
genes for resistance to scab, powdery mildew, downy mildew, cucumber
beetle, squashbug, and cucumber mosaic virus. Squash cultivars having
ZYMYV, PRSV, and CMYV resistance genes introduced by conventional
plant breeding techniques are soon to be sold by Upjohn/Asgrow

(H. Quemada, personal communication).

There are no morphological or physiological characteristics of the ZW-20
squash that would entail the use of agricultural practices that vary from
the traditional practices used today for the cultivation and propagation of
squash except a reduced need for control of aphids that vector these
viruses.

One commenter who took issue with our draft EA/Determination stated,
“ ..there are examples where resistance to stress is suspected
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(emphasis added) of playing a role”, and three references were cited.
One, Darmency and Gasquez (1990), discussed the movement of a herbi-
cide tolerance gene into a known common weed, lamb’s quarters, and
another was a review article covering the same subject (Darmency, 1994).
The third paper (Burdon et al., 1981) dealt with biological control of an
exotic weed in Australia. Several commenters cited a reference by
Williamson (1994). This paper, which discusses the major invasive plant
pests in Great Britain and their traits, is not relevant to the discussion.
The paper does not address the introduction of resistance genes into in-
digenous plants of Great Britain. All of the 14 weedy plants described in
the paper were foreign introductions (one from Australia, 5 from Asia,
and 4 each from Europe and the Americas).

Even successful multiple virus infection of weed populations does not
guarantee their poor growth and reproductive patterns. Plants from non-
agricultural ecosystems are known to be infected and act as significant
reservoirs for many viruses. Plantago species may be one of the most
important potential virus reservoirs. These plants are efficient and
adaptable perennial weeds with a worldwide distribution. They are
listed as common or serious weeds in 37 countries (Holm, 1979). They
have been found infected naturally with at least 26 viruses from 19
groups and families (Hammond, 1982). Although Plantago sp. are often
infected with many viruses, they are still successful and troublesome
weeds. Of course, viruses are not the only pathogens and pests of these
plants that exert stress on the plant.

Issue 3. Will the Virus Resistance Genes Move to FLCP Plants,
and Will This Have a Detrimental Impact?

Conclusion: The survey of FLCP plants for the presence of plant viruses
was adequate and scientifically based. Many plants can be infected with
a plant virus with direct human intervention but are never naturally
infected. A survey for the presence of viral infections is an appropriate,
adequate, and proven means for determining whether a plant is a
significant natural host for a particular virus. APHIS believes that other
experimental approaches suggested by commenters to determine impact
of movement of virus resistance genes to FLCP plants are flawed.

The major scientific controversy for this issue was APHIS’ reliance on a
survey of FLCP plants for the presence of several plant viruses as a basis
for determining whether the virus resistance genes would provide selec-
tion advantage to the FLCP plants. Two types of experiments were
proposed as alternatives to survey approach. We will discuss the scien-
tific merits of the survey approach and the deficiencies in the other
experimental approaches before our analysis of the impact.

a. The survey for the presence of plant viruses in FLCP plants—
To determine whether FLCP plants are natural hosts for ZYMV or WMV2
Upjohn/Asgrow surveyed at APHIS’ request natural stands of FLCP
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plants in Arkansas, Louisiana, and Mississippi for the presence of ZYMV,
PRSV, WMV2, CMV, squash mosaic virus, tomato ringspot virus, and to-
bacco ringspot virus. No FLCP plants were taken in Texas because the
previously identified C. pepo ssp. ovifera var. texana stands could not be
located and stands in Illinois were inundated by floods in 1993. Analysis
of previous published data and anecdotal evidence strongly suggests that
the FLCP plants are not infected by ZYMV and WMV2. The presence of
viruses was assayed by double diffusion and ELISA tests. The plant
samples were also visually inspected for symptoms, and plant extracts
assayed for viruses on indicator plants (Chenopodium quinoa, Nicotiana
benthamiana, cucumber, tobacco, and zucchini). Although a sample of
FLCP plants from a single site showed symptoms consistent with viral
infection, none of the above-listed viruses were detected in FLCP samples
even when susceptible commercially-grown nontransgenic squash plants
were growing less than 2,500 feet away (see Appendix I, Table 6).

The survey that was done to address the presence of these viruses in
FLCP plants was performed by agricultural Extension agents and
agricultural scientists who are trained to recognize and identify disease
symptoms. These scientists were asked to survey the FLCP stands for
plants showing symptoms of virus infection (e.g., necrosis, foliar mosaic,
etc.) and collect representative plant tissue samples to conduct laboratory
and greenhouse tests to confirm the presence of the viruses. The surveys
were done in mid-July to late August 1993 to maximize the likelihood
that infected FLCP plants would be present and detectable. APHIS
wanted to ensure that commercial cucurbit production was well under-
way to increase the potential for viral inoculum from aphid populations
in the commercial plantings of squash and other crops. Sampling later in
the growing season also increases the likelihood of detecting FLCP plants
that are infected with multiple viruses (Matthews, 1991). Provvidenti

et al. (1978) have shown that infection of young FLCP plants with certain
cucurbit viruses can yield severe symptoms, but if infection occurs when
the C. pepo plants are older, the symptoms are less severe. This observa-
tion is true for many plant/virus combinations, i.e., that once seed produc-
tion in a plant is initiated (therefore, the older the plant is) the less effect
viral infections have on plant seed production and plant survival
(Matthews, 1991). This is a trade-off for this sampling date. When a
greater number of plants may potentially be infected, less severe
symptoms may be observed.

The surveyors saw no clear evidence of viral infection in any FLCP
plants. The only suggestion of any infection was slight chlorosis in a
single plant. The vine-like nature of these plants renders it difficult to
determine the number of FLCP plants growing in a given area, especially
late in the growing season. However, because these viruses move
systemically throughout the infected plants, sampling one or two leaves
of a plant should be sufficient to detect the viruses in any size plant,
assuming the initial infection started several weeks before the sampling
date. (By this time the virus would have moved systemically throughout
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the plant from initial site of infection). Because the surveyors did not see
any viral symptoms on the FLCP plants, they took only a limited number
of samples at each site. There is a low probability of viral infection in
plants that do not exhibit symptoms. The asymptomatic samples were
tested for the presence of seven different viruses that infect cucurbits,
and none was detected.

Occasionally virus concentrations in field grown plants are too low to
allow easy detection. To increase the likelihood of detecting virus if it
were present, sap from sampled FLCP plants was used to inoculate other
plants (including cultivated squash) that are highly susceptible to the
seven viruses. None of these plants showed viral symptoms, nor could
any viruses be detected by any of the serological tests performed.

b. The first proposed alternative experiment to the survey—
Several commenters to our draft EA/Determination stated that counting
the number of plants that exhibit symptoms of infection by a virus does
not necessarily give an adequate indication of the frequency of the pres-
ence of the virus in those plants. They mentioned the nonviral example
of cactus moth and prickly pear in Australia. The commenters noted that
in this instance the moth populations are low and the host plant prickly
pear populations are small. They pointed out that even though the num-
ber of cactus moths that one could count is low, the moth has been effec-
tive in reducing cactus populations. APHIS believes that the Australian
scenario is not comparable to FLCP plants and cucurbit viruses for the
following reasons. First, the FLCP plants are native to the United
States. By contrast, all cacti are native to the Americas and are exotics
in Australia. Cactus moth was successfully introduced to Australia as a
biological control agent for prickly pear. Second, the cucurbit viruses and
their aphid vectors populations are not low in the United States. In fact,
the viruses are widely prevalent and aphid populations high.

Several commenters to our draft EA/Determination suggested additional
experimental approaches that they believed appropriate and/or necessary
in order to study the impact of movement of virus resistance genes to
FLCP plants. In a report prepared by Dr. Hugh Wilson for APHIS,

Dr. Wilson described a series of experiments (see Appendix II, p. 17-19) to
decide if the introduction of virus resistance gene(s) into FLCP plants
would increase the weediness potential of FLCP plants. Briefly, he
suggested that the following plants be inoculated with ZYMV: ZW-20;
nontransgenic yellow crookneck squash; FLCP plants; and F; and F2
hybrids between ZW-20 and nontransgenic parent and FLCP plants.
Wilson suggested that the experiments should be performed in a green-
house because: (1) FLCP plants are “unwieldy” and (2) pollen carrying
the virus resistance gene from transgenic plants should not be allowed to
fertilize FLCP plants. As part of the experiments to determine the
response of the FLCP carrying the virus resistance gene, Wilson suggests
that the listed genotypes be inoculated with ZYMV in the greenhouse.
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APHIS does not believe that this greenhouse experiment will yield reli-
able or useful information, because the response of plants to viral
infection under artificial conditions cannot predict their resistance or
susceptibility under natural conditions. APHIS believes that viral inocu-
lation of plants under artificial conditions may give rise to conclusions
that are not substantiated under natural conditions. It is not uncommon
for a crop plant to be susceptible under controlled conditions to a widely
prevalent virus yet are rarely infected by that virus under natural condi-
tions. One of the best documented examples is that of CMV infection of
tobacco (Nicotiana tabacum). Tobacco plants are readily infected by all
widely prevalent strains of CMV under artificial conditions (Kaper and
Waterworth, 1981). All commercial tobacco cultivars grown in North
Carolina and Kentucky are susceptible to CMV under greenhouse condi-
tions with human intervention (E. Wernsman, North Carolina State
University, personal communication). CMV is widely prevalent in North
Carolina and Kentucky (APHIS List of Widely Prevalent Viruses). CMV
1s transmitted under field conditions by the aphid vector M. persicae,
which is common in tobacco fields and is the same vector that transmits
the major tobacco potyviral diseases: potato virus Y, tobacco etch virus,
and tobacco vein mottling virus (Shew and Lucas, 1991). However, field
grown tobacco plants are only rarely infected with CMV (Shew
and Lucas, 1991; E. Wernsman, North Carolina State Univ., personal com-
munication). Thus, reliance on greenhouse data in this instance would
have led to incorrect conclusions, i.e., one would have predicted that CMV
would be a major problem of tobacco plants but it is not. This observation
is not an isolated case. APHIS has identified other virus-plant combina-
tions (Jones et al., 1991; Hooker, 1981) similar to CMV-tobacco scenario
described above: the aphid-transmitted potyvirus, tobacco vein mottling
virus infecting tomato (confirmed by T. Pirone, University of Kentucky,
personal communication); the aphid transmitted luteovirus, potato
leafroll virus infecting tomato; the aphid transmitted potyvirus, tobacco
etch virus infecting potato; and the aphid transmitted potyvirus, tobacco
vein mottling virus infecting potato (confirmed by T. German, University
of Wisconsin, personal communication).

APHIS concludes: (1) there is sufficient scientific evidence that surveying
of host plants for the presence or absence of a particular virus is ade-
quate to determine if a particular virus will have a significant impact on
those plants; and (2) this approach will provide more reliable informa-
tion than a greenhouse experimentation-based one.

c. The second proposed alternative experiment to the survey—

A second experiment described in two comments entails exclusion of,

“a particular natural enemy . .. as the way to determine the effect of that
natural enemy on a wild population”. APHIS believes that after careful
consideration exclusion of the “natural enemy” is not feasible. First,
although the details of this experiment were not given by the commen-
ters, we assume that the commenters’ experiment involved placing insect-
proof cages over FLCP plants or using pesticides to eliminate the aphid




vectors. Wilson noted the “unwieldy nature” of FLCP plants. Performing
this experiment for an extended period under natural conditions would
be difficult or impossible.

Second, what is the “natural” enemy? Aphids are the only important
vectors for transmission of ZYMV and WMV?2 under field conditions.
However, the same aphids that vector these viruses are plant pests them-
selves and cause significant crop losses even when they do not vector
viruses (Davidson and Lyon, 1987). Thus, placing insect-proof screens
around plants would prevent not only virus-infected aphids but
noninfected aphids from developing on the FLCP plants. Furthermore,
screening or insecticide treatment to exclude the aphid vectors would also
eliminate other insects, e.g., thrips, leafhoppers, beetles, vine borers,
squash bugs, mites, and whiteflies, that are known pests of cucurbits
(Davidson and Lyon, 1987). Several of these insects also vector serious
viruses of cucurbits. For example, thrips transmit tomato spotted wilt
virus; beetles transmit squash mosaic virus; and aphids transmit zuc-
chini yellow fleck virus, CMV, and PRSV (Matthews, 1991); all of which
would be eliminated.

Therefore, APHIS believes that the experiment described to exclude the
“natural enemy” would not only eliminate the two viruses in question but
many insect pests and the plant pathogens that they transmit. This type
of experiment would not only eliminate selective pressure of aphids
containing ZYMV or WMV2, but all aerial pests and the pathogens that
they may vector. It would therefore potentially grossly overestimate any
potential impact from the viruses in question. While APHIS believes that
additional scientific research in these general directions could yield infor-
mation about virus replication in FLCP plants and about total pest and
disease pressure on FLCP plants, we believe that Upjohn/Asgrow’s
experiments are most appropriate for addressing the relevant concerns.

In conclusion, APHIS believes that the additional experiments proposed
by commenters were neither appropriate nor necessary in order to study
the impact of movement of virus resistance genes to FLCP plants.

The virus resistance genes in ZW-20 will be transferred via polien to
FLCP plants. APHIS assumes pollen from ZW-20 squash is likely to be
carried by bees and successfully pollinate FLCP plants. Although
Upjohn/Asgrow has presented data (data reports for permit numbers 89-
300-01 and 90-365-03) showing that pollen movement declines rapidly at
distances greater than 50 feet from a source plant, we assume that fertile
hybrids between ZW-20 plants and FLCP plants will occur given a suffi-
cient period of time and widespread use of ZW-20 squash in agricultural
settings.

FLCP plants are susceptible to ZYMV and WMV2 infection but are not in-
fected in the wild. In greenhouse and field tests, C. pepo spp. ovifera var.
texana (seed source from Texas) was found to be highly susceptible to
CMYV, PRSV, and WMV2 when mechanically infected or grown in the
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presence of aphid vectors and infected plants (Provvidenti et al., 1978).
Recently, several accession lines of C. pepo that have genes for resistance
to CMV and WMV2 have been identified by the USDA Germplasm
Information Network (Kyle et al., 1993). Thus, earlier reports that no
sources of resistance to potyviruses and cucumoviruses have been
reported in C. pepo are incorrect (Provvidenti, 1990). However, the
survey of FLCP plants failed to detect seven important cucurbit-infecting
viruses (see Appendix, Table 6).

APHIS believes that further reviews of the botanical record with respect
to FLCP plants in Arkansas supports our previous decision that FLCP
plants have not been impacted by ZYMYV or other potyviruses. ZYMV
first appeared in the mid-1980’s in the United States and is now widely
prevalent in Arkansas and Texas. It is the most devastating single virus
in cucurbit production. Has the appearance of ZYMV in Arkansas
affected the FLCP population in soybean fields? The evidence available
is qualitative, but has been provided by agricultural experts who have
continuously monitored cucurbits in these areas. Dr. Ford Baldwin (Weed
Specialist of the USDA, Extension Service) said that FLCP populations in
these fields have not noticeably changed since the arrival of ZYMV.

Dr. Greg Weidemann (University of Arkansas), who worked during the
1980’s to identify biological control agents for FLCP control, potentially
including viruses, does not recall any evidence over several years of
research of natural viral infections in stands of FLCP plants. (Instead,
he selected the fungus Fusarium solani to test as a biological control
agent (Weidemann and Templeton, 1988). Mr. Joe Vestle also did not re-
call the presence of viral-infected FLCP plants but did recall the presence
of rust (fungus) infection of FLCP plants. Furthermore, these Arkansas
scientists indicated that the appearance of ZYMV as a major pest of
cucurbits did not affect FLCP populations enough to alter the rate of
farmer requests for information on controlling FLCP plants in soybean
and cotton fields during the 1980’s.

The lack of infection of FLCP plants is not a result of absence of virus
or aphid vectors. APHIS believes that the absence of potyviral infection
in FLCP plants is not a result of the lack of inoculum for the following
reasons: (1) ZYMV and WMV2 are widely prevalent in cucurbit crops in
many of the major honeydew melon-, cucumber-, pumpkin-, and squash-
producing States (see Appendix I, Tables 1 and 5); (2) many potential
weed and annual plants that are hosts of ZYMV and WMV?2 are present
in these States (see Appendix 1, Tables 2, 3, and 5); and (3) many aphid
vectors that can transmit ZYMV and WMV2 (see Appendix I, Table 4, and
data from Perring et al., 1992) are widely distributed in the States where
FLCP have been reported. Wilson (1993) states, “C. pepo populations dur-
ing a given growing season would probably include every county with the
12 State FLCP distribution....”

Why FLCP plants are not infected with common cucurbit-infecting
viruses is unknown. If the aphids are to infect FLCP plants they must




feed on a ZYMV- or WMV2-infected plant immediately before visiting the
FLCP plants. The development cycle of the aphids and the maturation of
plants in the spring where FLCP grow may not be favorable to viral
infection of FLCP. Second, the FLCP plants could produce chemicals that
make them unattractive to feeding by the aphid vectors. A Cucumis melo
genotype has been identified that exhibits this type of resistance (Gray
et al., 1986).

It should be noted that the fact that the two cucurbit viruses’ ZYMV and
WMV2 have the cucurbit names “watermelon” and “zucchini” in their
titles does not imply that they have ever been pests of FLCP plants in na-
ture. Viruses are given their names after the plant from which they were
first isolated and characterized. If the only hosts of these viruses in the
eastern United States were squash, these viruses would likely perish.
Because these viruses are not seed-transmitted in squash and do not over-
winter in squash detritus, squash by itself is a dead-end host. The criti-
cal host for survival of these viruses is their overwintering host (usually
woody perennials or in dormant seeds). Since the overwintering host for
ZYMV in Florida is the wild perennial cucurbit Melothria pendula
(Adlerz et al., 1983), a more biologically appropriate name for the virus
might be Melothria yellow mosaic virus.

The absence of (poty)viral infection of FLCP was not unexpected.
FLCP plants have been reported to be highly susceptible to several
viruses, yet FLCP plants have survived for decades in areas where these
viruses and their aphid vectors are widespread. Therefore, if these
viruses impacted FLCP populations, there should have been natural selec-
tion for resistance or symptomless infections. The virus survey of FLCP
plants performed by Upjohn/Asgrow showed that the plants were not
infected asymptomatic strains of the selected plant viruses since no
viruses were detected. Therefore, FLCP plants are apparently not
infected by common viruses that affect commercial cucurbit production
(see Appendix I, Table 6).

The movement of the virus resistance genes from ZW-20 to FLCP plants
should not have a significant negative impact on FLCP plants. Wilson
(1992) states, “. . . any genetically transmissible trait that provides
enhanced fitness in the wild is cause for concern”. Foreign genes (e.g.,
virus resistance genes) are most likely to be retained in a population if
they confer a reproductive advantage to the plant containing the foreign
gene over other competitors in the population. Since all evidence
supports the conclusion that FLCP populations are not under significant
environmental stress from viral infection, the selective pressure to main-

tain the virus resistance genes in natural populations of FLCP plants
should be minimal.
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Issue 4. Are FLCP Plants Serious Weeds? Will Virus-
Resistant FLCP Plants Be More Difficult to Control Than Virus
Susceptible Plants?

Conclusion: FLCP plants are not serious weeds in unmanaged or agri-
cultural ecosystems. No scientific or anecdotal evidence was presented in
comments or uncovered in APHIS review establishing that FLCP plants
are weeds in unmanaged ecosystems. Although FLCP plants were
reported to be weeds in cotton and soybean fields during the 1970’s,
registration of new herbicides now allows effective management of these
plants.

There are no reports of FLCP plants as significant weeds in any unman-
aged ecosystems, but rather, they stably occupy only a particular biologi-
cal niche along riverbanks. FLCP plants have only been reported to be a
serious problem in soybean and cotton fields in the Red River Valley of
Arkansas. These reports date from the 1970’s, but the FLCP plants con-
tinue to be an occasional problem in soybean and cotton fields that are
located in flood-prone areas today (F. Baldwin, personal communication).
Dr. Baldwin was the representative from Arkansas on the Weed Society of
America’s 1992 publication entitled “Crop Losses Due to Weeds in the
United States” in which FLCP plants were listed as serious weeds in soy-
bean fields. Dr. Baldwin stated that he believed that FLCP plants were
not as serious a problem currently as in the past, and he provided APHIS
with the names of other persons with up-to-date familiarity with FLCP
plants occurrence in Arkansas. A summary of APHIS’ discussions with
these scientists follows.

Dr. Greg Weidemann (University of Arkansas) conducted research during
the 1980’s to identify biological control agents to eliminate FLCP plants
from soybean fields. He said that the FLCP problem in soybean fields
has been controlled in recent years by new herbicides (e.g., Cobra®) that
were not available in the 1980’s, so that FLCP plants are only a minor
problem in soybean fields in the Red River Valley. Joe Vestle, a County
Extension agent who works in areas where the FLCP plants were pre-
viously serious problems, agreed with Drs. Baldwin and Weidemann that
the FLCP plants are less a problem in 1994 than during the 1980’s. They
also noted that pending registrations of the herbicide bromoxynil for use
in conjunction with bromoxynil-tolerant cotton and of the herbicide
glyphosate for use in conjunction with glyphosate-tolerant soybeans will
further expand the tools for effective control of FLCP plants. They noted
that with these additional options FLCP plants should not become a sig-
nificant weed problem in soybean or cotton fields in Arkansas.

If FLCP plants acquire resistance to WMV2 and ZYMV from ZW-20
squash, the control of the virus-resistant wild plants in soybean or cotton
fields should not be more difficult or require new measures than of their
nonengineered counterparts. Incorporation of the ZYMV and WMV2
resistance genes into FLCP plants growing in cotton or soybean fields




would not make the control of these plants more difficult. Soybean and
cotton crops are not affected by these two viruses (or PRSV and CMV)
and no viruses are known that cause both squash diseases, in either of
these crops (Matthews, 1991). ZYMV and WMV2 resistance genes will
not confer any resistance to any soybean or cotton virus. Thus, even if
the soybean or cotton plants were severely infected by a plant virus, the
virus resistant FLCP plants would not have any selective advantage over
their nonengineered counterparts with respect to viruses present in
soybean or cotton plants. The most effective means of controlling FLCP
plants are herbicide application, rogueing, and collection of the gourds at
the end of the season to eliminate the seed source. The effectiveness of
all of these methods would be uncompromised by the presence of
virus-resistant FLCP plants.

Issue 5. Will Hybrids Between ZW-20 Squash and FLCP Plants
Persist in the Environment and Become Weeds?

Conclusion: There is no scientific or anecdotal evidence that supports
the contention that hybrids between yellow crookneck squash and FLCP
plants are weeds and are persistent.

Several comments criticized APHIS’ draft EA/Determination for not
adequately addressing whether there might be a risk of a new weed pest
arising after the pollination of FLCP plants by ZW-20 squash. A number
of comments suggested that APHIS should require greater testing of ac-
tual hybrids to determine if there are any potential risks. APHIS agrees
that the petition does not contain extensive data to address definitively
the potential “weediness” of such hybrids under a large variety of environ-
mental conditions. However, APHIS believes it is possible to reach some
valid conclusions based on our current knowledge of FLCP plants in
managed and unmanaged ecosystems.

Traditional plant breeding methods have been used for centuries to
develop squash varieties that exhibit improved ability to resist environ-
mental stresses, both biotic and abiotic. During the past century many
disease resistant varieties have been developed and cultivated through-
out the world. FLCP plants have grown in proximity to new, improved
cultivars of squash, and yet there have been no reports in the scientific
literature to suggest that disease resistance traits have introgressed into
FLCP plants to produce hybrid populations that pose increased problems
as weeds. There is no reason to believe that the viral resistance associ-
ated with ZW-20 squash will impact FLCP populations differently from
viral resistance introduced into squash cultivars by traditional breeding.
This includes the new Harrms Moran zucchini squash, developed by
traditional breeding techniques, that is phenotypically identical to ZW-20.

Upjohn/Asgrow has supplied to APHIS additional information of ongoing
field tests with hybrid plants derived from controlled crosses of ZW-20
with FLCP plants. Based upon the limited observations in field tests
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during the past 2 years, the FLCP x ZW-20 hybrids do not appear to be
strong competitors when growing in fields that have not been tilled to
remove competing wild plants based on survival of plants and seed set.
These field tests have been conducted with several hundred hybrid prog-
eny growing at a single site (interim data report 93-041-01). Whereas
these results cannot predict the behavior of any future hybrid progeny
when FLCP plants are pollinated by ZW-20 plants, the evidence supports
APHIS’ contention that the introgression of the virus resistance from
ZW-20 into FLCP plants does not appear to pose a risk of developing a
weed pest.

By contrast, unlike squash and FLCP plants, there are several well-
known interbreeding crop-weed complexes that are serious pests. One
example is the shattercane that is derived from crosses of wild and culti-
vated sorghum. Shattercane is a serious pest in the United States and
world-wide. Other hybrid complexes that are serious pests outside the
United States include rice, barley, wheat, and corn (Harlan, 1992).

Other Comments to the Draft EA/Determination

One commenter asked APHIS to clarify its statement, “Genetically engi-
neered crops are comparable to traditionally bred resistant varieties.”
This statement was meant to convey a limited meaning: that blockage of
viral replication results in a similar phenotype whether produced by
genetic engineering, traditional breeding, or whether the plant is tolerant
via natural cross protection. It is true that the nature and mechanism of
only one plant virus resistance gene (N gene for resistance to tobacco
mosaic virus in tobacco) has been identified (Whitmam et al. 1994). How-
ever, it has been established that plants bred via traditional means do
not achieve that resistance by means of expressing a gene identical to, or
homologous, to any viral CP genes (Matthews, 1991). By contrasts,
genetically engineered cross protection is likely mediated directly by CP,
as is the phenomenon of natural cross protection. In the latter cross pro-
tection, the production of CP by a mild strain of virus has been suggested
as the means by which the challenge virus replication is blocked. In fact,
this hypothesis was one of the bases for the landmark research by

Dr. Roger Beachy (Scripps Research Institute), that determined that ex-
pression of CP genes in plants results in resistance. Thus, when ZYMV
or WMV2 infect a ZW-20 plant or another cross protected squash plant,
replication is blocked. All the virus “sees” is that CP is present and does
not “recognize” whether it was produced by another strain of the virus or
the transgenic plant. APHIS acknowledges that other modes of action of
cross protection have been suggested (Matthews, 1991). APHIS also
notes one significant difference between traditional breeding and geneti-
cally engineered resistance, i.e., the presence of viral sequences in the
plant. Issues dealing with that difference have already been addressed
above.




Genes from nonsexually compatible plants have been introduced into
C. pepo. Genes from nonsexually compatible plants have been previously
introduced into C. pepo. CMV, WMV2, ZYMV, and PRSV resistance genes
from C. ecuadorensis, C. martinezii, and C. moschata (Gilbertalbertini

et al., 1993); fruit fly resistance from C. maxima (Nath, 1975); trifluralin
herbicide tolerance from C. moschata (Adenijji and Coyne, 1981); pow-
dery mildew and scab resistance from C. martinezii (Kyle et al., 1993)
have been or are being introduced into C. pepo by classical breeding tech-
niques. C. martinezii and C. ecuadorensis are not sexually compatible
with C. pepo, but through a series of bridging crosses (i.e., crosses with
other species compatible with both) the genes have been moved into
domestic squash plants. The risk of gene pool corruption from ZW-20 is
no greater than has been accepted without alarm in the past with no
noted ill effects.

The use of ZW-20 squash provides an alternative method for the control
of ZYMV and WMV2. Currently, chemical, physical, biological, and
genetic methods are used to control these viruses. Attempts to reduce
virus spread through vector control by insecticides are largely ineffective
but are still used in limited situations. Although these insecticides can
kill the aphids, the aphids transmit these viruses efficiently throughout
the field before their death. Insecticides registered for control of aphids
include diazinon, lannate, metasystox-R, phosdrin, and thiodan. Many
insecticides are toxic to nontarget organisms. Many growers now use
mineral oils (often supplemented with insecticidal soaps or insecticides)
to control both aphid and non-aphid insect pests. These chemicals are
effective, but the oil sprays need to be applied frequently, every 3 to 5
days, to effectively control aphids.

Physical measures, like reflective surfaces and sticky yellow sheets, can
also diminish vector spread. These measures are expensive and
cumbersome to use on a large scale.

Another approach for protecting plants from viral infection requires
inoculation of the plants with an asymptomatic (mild) strain of the virus.
Infection of a plant by the mild strain of a virus protects the plant from
the effects of subsequent inoculation with another severe strain of the
same virus (Matthews, 1991). This phenomenon is called cross protec-
tion. It has been field tested successfully to control ZYMYV in Taiwan
(Wang et al., 1991) and Hawaii (Cho et al., 1992). Cross protection has
several disadvantages that have been summarized by Fulton (1986), but
1s not widely used in the United States for controlling viruses.

Genes for resistance to WMV2 have been identified in C. ecuadorenis,

C. ficifolia, C. foetidissima, C.pedatifola, and C. moschata (Nigerian

squash) and for ZYMV in C. ecuadorenis, and C. moschata. However,

introduction of these resistance genes into domestic cultivars via

traditional plant breeding has proven difficult because of genetic incom-

patibility among species (Provvidenti, 1990). A traditionally bred culti-
" var phenotypically identical to ZW-20 is commercially available
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from Harris Moran Seed Company. Virus resistant zucchini squash
(specific virus not described but possibly CMV) and CMV-resistant mar-
row squashes are available commercially from Thompson and Morgan,
Inc. of Jackson, New Jersey. Also, several traditionally bred virus resis-
tant cultivars developed by Upjohn/Asgrow or Cornell University are, or
shortly will be, on the market.

If virus resistant squashes, developed by genetic engineering or by tradi-
tional breeding techniques, become widely accepted, the use of certain
agricultural chemicals may be reduced. Whether there is oris not a
reduction at any specific production site probably depends on whether
whiteflies are a major problem at that site. Because precise data on the
amount of insecticide used exclusively on yellow crookneck squash is not
available, APHIS cannot hypothesize on the absolute amount of any
reduction in use but we do not think that speculation on the possible
reduction in pesticide use will have any bearing on our determination or
FONSI. We would hypothesize that a reduction, if any, in insecticide use
would be minor relative to total insecticide use on U.S. crops. A reduction
in usage would be most likely in States where whiteflies are only a minor
pest. In States where whiteflies are a major problem we might predict
that insecticide use would be unlikely to change. Whiteflies are a major
problem in the Southern tier of States from North Carolina to California.
Cucurbit viruses are problems in many of these States (see Appendix,
Table 1). If whiteflies are a major problem at the site, chemicals will
probably still be applied. Without whiteflies, genetic resistance will
probably be sufficient since aphids alone usually do not cause sufficient
damage to warrant chemical application.

IV. Analysis of the Properties of ZW-20
Squash

To reach its determination that ZW-20 squash does not present a plant
pest risk, APHIS has addressed not only issues raised in public com-
ments, but also considered basic information on the biology of squash and
data presented by Upjohn/Asgrow or otherwise available to APHIS that
are relevant to consideration of plant pest risk. Based on the data de-
scribed, APHIS has arrived at a series of additional conclusions regarding
the properties of ZW-20 squash.

The Introduced Genes, Their Products, and the Added
Regulatory Sequences Controlling Their Expression Do Not
Present a Plant Pest Risk in ZW-20

The ZW-20 squash plants were derived by transforming yellow crookneck
squash via a well-characterized technique that uses DNA sequences from
A. tumefaciens to introduce genes into the chromosome of the recipient
plant (see reviews by Klee and Rogers, 1989; and Zambryski, 1988).




Although some DNA sequences used in the transformation process were
derived from the plant pathogen A. tumefaciens (the causal agent of
crown gall disease), the genes that cause crown gall disease were
removed, and therefore the squash plant does not develop crown gall dis-
ease. Once inserted into the chromosome of the squash plant, the intro-
duced genes are maintained and transmitted in the same manner as any
other genes. Squash plants pass their genes to their progeny by sexual
reproduction that involves self pollination, or pollination of other squash
plants or sexually compatible relatives.

The ZW-20 squash line was produced using an Agrobacterium-meditated
transformation protocol to transform yellow crookneck squash with genes
designed to confer resistance to ZYMV and WMV2, two plant viruses that
frequently infect squash. The genes that confer this resistance are
derived from virus genes that encode the CP of ZYMV and WMV2.
Expression of these CP genes in the squash does not cause plant disease,
but rather confers resistance to infection by ZYMV and WMV?2.

The introduced DNA that encodes the CP genes also has accompanying
DNA regulatory sequences that modulate the expression of the CP genes.
The DNA regulatory sequences were derived from three plant pathogenic
organisms: the bacterium Agrobacterium tumefaciens, CaMV, and CMV.
Specifically, the DNA regulatory sequences associated with the viral CP
coding regions comprise promoter and transcriptional termination se-
quences derived from the 35S gene of CaMV and translational initiation
sequences from CMV. In addition, the amino-terminus of the WMV2 cod-
ing region is fused to the 5’ intergenic region and the first 48 nucleotides
(N-terminus) of the CMV CP gene. Although these regulatory sequences
were derived from plant pathogens, the regulatory sequences cannot
cause plant disease by themselves or with the genes that they regulate.
Because of the physical and biological properties of ZYMV and WMV2,
the likelihood of creating new plant viruses with novel biological proper-
ties through field cultivation of ZW-20 plants is no greater than in
naturally occurring potyvirus-infected squash.

During characterization of the performance of ZW-20 squash in labora-
tory, greenhouse, and field experiments, the plants exhibited the typical
agronomic characteristics of the parent crookneck squash, with the addi-
tion of resistance to ZYMV and WMV?2 infection. In APHIS’ opinion, the
components and processing characteristics of ZW-20 squashes reveal no
differences in any component that could have an indirect plant pest effect
on any processed plant commodity. The ZW-20 plants have no plant pest
characteristics.
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The ZW 20 Squash is No More Likely to Become a Weed Than
a Virus-Resistant Plant Developed by Traditional Breeding
Techniques '

APHIS’ analysis of this issue can been found in Section III, Response to
Comments, Issue 2. Briefly, yellow crookneck squash is not listed as a
weed in the Federal Noxious Weed Act (7 U.S.C. 2801-2813) and is not
reported by the Weed Society of America to be a common or troublesome
weed anywhere in the United States (Bridges and Baumman, 1992).
Upjohn/Asgrow has reported that there are no major changes in seed ger-
mination, cucurbitin levels, seed set viability, susceptibility or resistance
to pathogens or insects (except ZYMV and WMV2), and there are no dif-
ferences in overwintering survivability between ZW-20 squash and non-
transgenic squash. APHIS concludes that ZW 20 is unlikely to increase
the weediness of yellow crookneck squash and is no more likely to become
a weed than virus-resistant plants

developed by traditional breeding techniques.

The ZW 20 Squash is Unlikely to Increase the Weediness
Potential for Any Other Cultivated Plant or Native Wild Species
With Which the Organism Can Interbreed

APHIS’ analysis of this issue can been found in Section III, Response to
Comments, Issue 3, 4, and 5. Based on review of current data, FLCP
plants are not serious weeds in unmanged or agricultural ecosystems.
The virus resistance gene from ZW-20 plants will move via pollen to the
FLCP plants. Since all evidence supports the conclusion that FLCP
populations are not under significant environmental stress from viral
infection, the selective pressure to maintain the virus resistance genes in
natural populations of FLCP plants should be minimal. APHIS concludes
that widespread cultivation of ZW 20 squash is unlikely to increase the
weediness potential for any other squash or native wild species with
which ZW 20 can interbreed.

The ZW-20 Squash Should Not Cause Damage to Processed
Agricultural Commodities

There is no reason to believe that the development of virus-resistant
squash plants would result in a change in fresh marketing or processing
procedures. Most yellow crookneck squash is consumed as a raw table
vegetable or processed for the frozen food market.

The ZW 20 Squash Should Not Increase the Likelihood of the
Emergence of New Plant Viruses
APHIS’ analysis of this issue can been found in Section III, Response to

Comments, Issue 1. APHIS concludes that based on the known physical
and biological properties of ZYMV and WMV2 and data provided by
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Table 1. Prevalence of WMV 2, ZYMV, CMV, and PRSV by State

State WMV 2 ZYMV CMv PRSV

2

+

Alabama'
Arkansas
Arizona
California
Connecticut
Delaware
Florida
Georgia
Hawaii
Idaho
Minois

lowa
Kansas + +
Kentucky +

Louisiana
Maine
Massachusetts
Marytand
Michigan
Minnesota
Mississippi
North Carolina
Nebraska

New Jersey
New York

Ohio
Oklahoma
Oregon

South Carolina
Tennessee
Texas
Vermont
Virginia
Washington
Wisconsin

+ + 4+
© +
+ 4+ + 4+ o+ o+ o+ o+

+ + + + 4+ o+ o+ o+

+

A T T T T S Gy
+ + + +

+

+
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+ + + 4+ + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+

+ 4+ + + o+ o+ o+

+ + + + o+

+

! States listed in italic typeface contain FLCP populations.
2 (+) = virus is widely prevalent in the State.
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Table 2. Host Plants of WMV 2

Family Curcurbitaceae
Citrullus lanatus (Thunb.) Matsum. & Nakai
Citrullus lanatus Var. citroides (L.H. Bailey) Mansf.
Cucumis africanus L.f.
Cucumis anguna L.
Cucumis dipsaceus C.G. Ehrenb. ex Spach.
Cucumis ticitolius A. Rich
Cucumis heptadactylus Naud.
Cucumis melo L.
Cucumis metuliferus E.H. Mey ex Schrad.
Cucumis myriocarpus Naud.
Cucumis sativus L.
Cucumis zeyheri Sond.
Cucurbita andreana Naud.
Cucurbita ticifolia Bouche
Cucurbita gracilior L.H. Bailey
Cucurbita lundelliana L.H. Bailey
Cucurbita martinezii L.H. Bailey
Cucurbita maxima Duch. ex Lam.
Cucurpita moschata (Duch. ex Lam.) Duch. ex Poir
Cucurbita okeechobeensis (Small) L.H. Bailey
Cucurbita pepo L.
Cucurbita sorona L.H. Bailey
Cylanthera brachystachya (Ser.) Cong.
Echinopepon wrightii Cong.
Lagenaria sicerana (Mol.) Stand!.
Sicyos angulatus L.

Trichosanthes anguina L.

Watermeion

Citron

West India gherkin
Hedgehog gourd

Muskmelon
African horned cucumber
Bitter apple

cucumber

Malabar gourd

Winter squash

Winter squash

Squash

Wild cucumber
Calabash gourd
Star cucumber

Snake gourd

Family Chenopodiaceae
Chenopodium album L.
Chenopodium amaranticolor Coste & Reynier
Chenopodium quinoa Willd.

Spinacia oleracea

Lambsquarter

Quinoa

Spinach
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Table 2. Host Plants of WMV 2 (continued)

Family Compositae
Dimorphotheca pluvalis (L.) Moench

Senecio vulgans L.

Cape marigold

Common groundsel

Family Cruciferae

Capsella bursa-pastons (L.) Medic.

Shepherd's purse

Family Euphorbiaceae

Euphorbia marginata Pursh

Snow-on-the-mountain

Family Hydrophyliaceae
Phacelia congesta Hook

Phacelia minor (Harv.) Thell. ex F. Zimm

Bluecurls

Wild canterbury-bell

Phacelia tancetifolia Benth Fiddieneck
Family Labiatae

Lamium amplexicaule L. Henbit
Family Leguminosae

Cyamopsis tetragonolobus (L.) Taub. Guar

Lathyrus odoratus L. Sweet pea

Lupinus albus L. Lupine

Macroptilium lathyroides (L.) Urb
Melilotus indicas (L.) All
Phaseolus vulgans L.

Pisum sativum L.

Trifolium incamatum L.
Trifolium sp.

Trigonella calliceras
Trigonella comiculata
Trigonella cretica

Trigonella foenum-graecum L.
Vicia narbonensis L.

Vicia sativa L.
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Phasey bean
Sour clover
Bean

Pea

Crimson clover

Huban clover

Fenugreek
Narbonne

Spring vetch




Table 2. Host Plants of WMV 2 (continued)

Family Malvaceae
Gossypium hirsutum L.
Lavatera trimestris L.
Malva moschata L.
Malva parviflora L.

Malva verticillata L.

Family Plantaginaceae

Plantago psyllium L.

Cotton

Tree mallow

Musk flower
Cheeseweed, Mallow

Curled mallow

Flax-seed plantain

Family Ranunculaceae

Adonis aestivalis L.

Pheasant's-eye flower

Family Resedaceae
Reseda odorata L.
Reseda luteloa L.

Reseda odorata L.

White cut-leaved mignonette
Dyer's rocket

Common mignonette

Family Scrophulariaceae
Alonsoa lineans Ruiz & Pav.
Collinsia heterophylia Buist ex R.C. Grah.

Torenia foumieri Linden ex E. Foum.

Mask flower
Chinese houses

Bluewings

Family Solanaceae
Ammi majus L.
Anthriscus cerefolium (L.) Hoffm.
Nicotiana benthamiana

Nicotiana clevelandii Gray Umbelliferae:

Bishop's weed

Chervit

Family Valerianaceae
Valenanella locusta (L.) Betcke

Valerianella olitoria (L.) Betcke

Lamb's lettuce

Corn saiad
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Table 3. Host Plants of ZYMV

Family Cucurbitaceae

Citruilus lanatus (Thunb.) Matsum & Nakai
Cucumis anguria L.

Cucumis dipsaceus C.G. Ehrenb. ex Spach
Cucumis ticitolius A. Rich

Cucumis heptadactylus Naud.

Cucumis melo L.

Cucumis metuliferus E.H. Mey ex Schrad.
Cucumis mynocarpus Naud.

Cucumis sativus L.

Cucumis zeyheri Sond.

Cucurbita andreana Naud.

Cucurbita ticifolia Bouche

Cucurbita foetidissima H.B K.

Cucurbita gracilior L.H. Bailey

Cucurbita lundelliana L.H. Bailey

Cucurbita martinzii L.H. Bailey

Cucurbita maxima Duch. ex Lam.
Cucurbita moschata (Duch. ex Lam.) Duch. ex Poir
Cucurbita okeechobeensis (Small) L.H. Bailey
Cucurbita paimata S. Wats.

Curcurbita pepo L.

Cucurbita sorona L.H. Bailey

Echinopepon wrightii cong.

Luffa acutangula (L.) Roxb.

Luffa aegyptiaca Mill.

Momordica charantia L.

Trichosanthes anguina L.

Watermelon

West India gerkin

Hedgehog gourd

Muskmelon
African homed cucumber
Bitter apple

Cucumber

Malabar gourd

Buffalo gourd

Winter squash

Winter Squash

Coyote gourd
Squash

Wild cucumber
Chinese ckra
Sponge gourd
Bitter meion

Snake gourd

Family Labiatae

Lamimum amplexicaule L.
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Table 3. Host Plants of ZYMV (continued)

Family Leguminosae

Trigonella foenum-graceum L. Fenugreek

Family Ranunculaceae

Ranunculus sardous Crantz Crowfoot

Family Scrophulanaceae

Torenia foumien Linden ex E. Foum. Bluewings
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Table 5. Acreage of Cucurbit Crops in States Containing FLCP*

State Cucumber Pumpkin Honeydew Squash
Melons
llinois ’ 6442 n.r.2 572
Missouri ' 749 n.r. 252
Arkansas 1 181 n.r. 564
Texas 5500 1500 4700 4417
Louisiana 1 103 n.r. 392
Alabama 1 281 n.r. 725
Indiana 1600 2116 n.r. 466
Tennessee n.r. 1086 n.r. 349
Oklahoma 1 369 n.r. 391
Kansas n.r. 181 n.r. 564
Mississippi ' 261 nr. 143

' Limited production reported in Agricultural Statistics (1992) but exact acreage
not reported (approximately 1000 acres per State).
2 No significant production reported in Agricultural Statistics (1992).

* Data from Wilson (1993) and Agricultural Statistics (1992).
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Table 6. Results From Survey Performed by Upjohn* of FLCP Plants for Plant

Viruses'

County or  Visual Double Host ELISA Electron Distance to Distance to

Parish Assess- Diffusion Indexing Micro- Soybean Squash

Location ment scopy

Faulkner slight no virus no virus  no virus  no virus 25 feet N.D.

AR chlorosis

Washing- no no virus no virus  no virus  no virus 0.25 mile 0.5 mile

ton AR symptoms

Red River ~ no. novirus  novirus  novirus ©novirus. . within . -

LA: symptoms - soybean fleld .

Red River  no novius:  novirus  novirus ' novius:  25'yards.

LA symptoms: - o s ;

Red River  powdery no virus no virus  no virus  no virus 10 yards >6 miles

LA mildew

Red River  no no virus no virus  no virus  no virus 0.1 mile 0.1 mile

LA symptoms

Wamen MS  no no virus no virus  no virus  no virus >2 miles >2 miles v
symptoms

Wamen MS  no no virus no virus  no virus  no virus >2 miles >2 miles -
symptoms

Wamen MS  no no virus no virus  no virus  no virus >2 miles >2 miles
symptoms

Wamren MS  no no virus no virus  no virus  no virus >2 miles >2 miles
symptoms

Warren MS  no no virus no virus  no virus  no virus >2 miles >2 miles
symptoms

Wammen MS  no no virus no virus  novirus  no virus >2 miles >2 miles
symptoms

Issaquena no no virus no virus  no virus  no virus >2 miles >2 miles

MS symptoms

Issaquena no no virus no virus  no virus  no virus >2 miles >2 miles

MS symptoms

' Viruses tested for in double ditfusion and ELISA tests were ZYMV, PRSV, WMV 2, cucumber mosaic, squash
mosaic, tomato ringspot, and tobacco ringspot viruses. For host indexing studies, extracts from FLCP plants were
inocuiated to Chenopodium quinoa, Nicotiana benthamiana, cucumber, tobacco and zucchini.

* Data reprinted from correspondence dated October 5 and 18, 1993.
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Introduction: This report brings together information relating to free-living gourd
populations of the United States, their association with domesticated squash and pumpkin
populations growing under cuitivation, possible genetic contact between free-living and
domesticated populations, and possible consequences if this contact involved a transgenic
domesticated line that carries viral resistance. Specific questions include:

O What is known about the geographic distribution of Cucurbita texana, especially
with respect to the areas where cucurbits are cultivated commercially?

Q Is Cucurbita texana a weed? Is it a common weed or a serious weed in any localities?
What weedy properties does it possess?

Q Is Cucurbita texana difficuit to control? How is it controlled?

) What is known about the viability, fertility, and ecological fitness of hybrids arising
from crosses of Cucurbita texana and Cucurbita pepo? What impacts on Cucurbita
texana might be expected from gene flow from commercial plantings of cucurbits?

3 How would you design an experiment if you wanted to determine whether virus
resistant texana-pepo hybrids were more '‘weedy’ than the parental species? Would
gene copy number, homozygosity, or heterozygosity of the virus resistance gene
influence the design or interpretation of results?

The report begins with a review of recent information relating 0 Cucurbita taxonomy
and evoluuon. agncultural history of the eastern United States. and biological definition of the
plants under considerauon. This overview of recent research. published either in the past five
vears or in press. provides a rational foundation and biological context for consideration of the
specific quesuons listed above.

What is Cucurbita texana?

Cucurbita texana is a free-living system of populations that fall within the primary
gene pool of Cucurbita pepo. a species that also includes fully domesticated elements and
other free-living popuiauon systems.

The category 'species’ is used here in the biological sense, i.c.. to denote those
populauon systems that share a common ancestor and lack full reproductive isolation. The
term ‘free-living’ is assigned to plant populations that are able to survive, without direct
human assistance, over the long term in competition with the native flora. This is a general
ecological category that includes plants that colonize open, disturbed, pnme habitat that is
cither under human control (weedy populations) or natural disturbed areas such as river banks
and sand bars (wild populations). Domesticated populations show structural features that
have resulted from human selection and, usually, an inability to maintain long term
populations without human assistance.
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A rational approach to any problem involving free-living C. pepo of the United States
requires definition of the biological elements involved as well as the relative position of these
elements within the broader biological context of the species. This involves two fundamental
aspects of plant systematics: classification and phylogeny.

Classification: The biological connection between C. rexana and C. pepo was not
appreciated when the plant was first ‘discovered’ by Western Science. The first documented
collections of the plant were taken from South Texas in 1835 by J. L. Beriandier, a botanist
working for the U.S.-Mexico Boundary Commission. G. H. A. Scheeie, examining
collections of the plant made by F. J. Lindheimer along the upper Guadalupe River in 1845,
decided that these specimens represented a genus of the Cucurbitaceac new to science, and
provided the name Tristemon texanum in 1848. Asa Gray later studied the Lindheimer
collections from Texas and noted that the Texas Gourd' was quite similar to forms of the
domesticated ornamental gourds. then known as Cucurbita pepo var. ovifera. In an effort to
insure that the classification system reflected this similarity, Gray changed the name from
Tristemon texanum to Cucurbita texana in 1850. While the Texas Gourd' remained formally
classified as a distinct species of Cucurbita until 1988, students of the genus recognized a
close affinity between this free-living taxon and C. pepo. Debate centered on the position of
C. texana as ecither a native element of the flora and possible progenitor of the domesticate, or
a derivative, feral ‘escape’ from pre-historic cultivation of omamental gourd-like plants that
onginated in Mexico (Bailey 1929:1943:Erwin, 1938). This debate has continued to the
present (Heiser, 1985), although data generated in the 1980s has placed the problem of Texas
Gourd' classification as one component of a broader problem that involves free-living types
from Mexico and the eastern U.S.

Cucurbita fraterna. a putauve relative of C. pepo was rediscovered at several sites in
northeastern Mexico dunng the early 1980s (Nee. 1990). Subsequent comparauve analyses
indicate that C. fraterna will hybndize with C. pepo (Nee. 1990) and. in terms of both
allozyme geneuc idenuues (Wilson. 1989:Decker-Walters et al.. 1993) and shared chloroplast
DNA restncuon site mutauons (Wilson et al.. 1992) placement of this taxon as a free-living
element of C. pepo by Andres (1987) 1s generally accepted. Simular cntena. cross-
compaubility and hugh indices of geneuc similarity, were used by Decker (1985, 1986, 1988)
to formally place the Texas Gourd as an intraspecific element of C. pepo.

In addition to jusufying the placement of two free-living elements within C. pepo,
recent studies of molecular geneucs have also revealed a fundamental pattern of intraspecific
vanauon. and the classificauon has been changed to reflect that perspective. As indicated by
congruent patterns of vanation among both from nuclear (Decker, 1985:Decker and Wilson,
1987:Wilson. 1989;1990) and plasud (Wilson. et al.. 1992) molecular markers. the C. pepo
lineage 1s composed of two fundamental elements, formally identified as subspecies ovifera
and pepo. These, however, do not represent free-living vs. domesticated lineages. Subspecies
pepo includes only domestcated elements. These include all Mexican landraces examined to
date. all ‘pumpkin’ cultivars, all ‘marrow’ (zucchini, cocozelle, etc.) cultivars, and a subset of
the ornamental gourd types (orange ball, miniature ball, warty hardhead) that usually carry
reddish pigment in the fruit. Subspecies ovifera, on the other hand, contains a mixed group
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that is organized into three varieties. Variety ovifera is the domesticated element of the
subspecies. It contains domesticated ornamental gourd types that are not included in ssp. pepo
(spoon, egg, bicolor, crown of thomns, pear, etc.), as well as cultivars of acom squash,
crookneck squash, straighteck squash, and scallop or 'paddy-pan’' squash. As most recenty
defined (Decker-Walters, et al., 1993), free-living gourds that occur in Texas are classified as
C. pepo ssp. ovifera var. texana. Similar, free-living plants that occur in the U.S. beyond
Texas (Illinois, Missouri, Arkansas, Oklahoma, and Louisiana) are placed in C. pepo ssp.
ovifera var. ozarkana.

A summary of C. pepo classification, both ‘traditional’ (based primarily on plant
structure) and ‘current' (based on crossability and genetic structure), is presented here as Fig.
1. The 'current' alignment stands as a working hypothesis and a functional foundation for on-
going studies of the species. While there is general agreement on fundamental aspects of this
classification system, i.c., a basic, two-parted pattern of differentiation of the species indicated
by the “Lineage Division" of Fig. 1. and conspecific placement of free-living and
domesticated elements, other aspects of the classification are debated and under test at this
point in time. However, primary areas of disagreement among those working with the C.
pepo ‘problem’ do not center on the pattern of genetic differentiation that has produced the
entities defined as subspecies and varieties in Fig. 1. These have been relatively well defined
by a series of comparative studies that show considerable congruence. The Texas Gourd' has
not been treated as a distinct species by specialists since the formal name change in 1988
(Decker. 1988:Decker-Walters, 1990:Decker-Walters et al., 1990;Decker-Walters et al.,
1993:Harlan, 1992:Heiser, 1989:Smith, 1992;Cowan and Smith, 1993:Wilson, 1989:1990).
There are, however, several compeung hypotheses regarding phylogenetic linkage between
both free-living and domesticated elements of C. pepo. As indicated below, these different
notions relate 1o eastern North Amenica as a possible center of New World agricultural origin
and geneuc differenuation under human selection. This, in turn, produces different
perspectives on the biological/histoncal significance of free-living gourd populations currently
inhabiting eastern North America.

Phylogeny: As indicated by the structural difference between an 'egg' gourd cultivar
and a world record pumpkin that mught weigh several hundred pounds, C. pepo shows
remarkable polymorphisms 1n plant stucture. It also shows a worldwide pattern of
distribution within a wide range of habitats, both cultivated and natural. The extant pattern of
distribution and vanation represents the end points of a lineage or 'family tree’ that evolved
through ime. Phylogenetic analysis is an attempt 10 define this evolutionary history.

It is generally assumed that. prior to the development of New World agriculture, C.
pepo existed as a single. wild-growing entity. This is based on comparative analyses of
crossing relationships (Whitaker and Bemis, 1964:1975:1976), pollen vectors (Hurd et al.,
1971). and chloropiast mutauons (Wilson et al., 1992) among species of Cucurbita. All
elements of the species. as depicted in Fig. 1, therefore share a common ancestor, i.c. the
species is monophyletuc. The common ancestor of extant members of the C. pepo lineage was
probably an annual, gourd-producing plant adapted to colonization of disturbed ground in
riverine habitats. The archacological record indicates that this free-living ancestral type
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initially became involved as a fundamental eiement of the New World agricuitural revolution
in the highlands of Oaxaca, Mexico more than 10,000 years ago. (Smith, 1986). Subsequent
evolution under both human and natural selection, coupled with human-mediated and ‘natural’
means of dispersal, has produced the remarkable suite of structural forms that now comprise
the species and now show a giobal distribution.

The archaeological record shows domesticated C. pepo in central (Tehuacan) and
northeastern (Tamaulipas) Mexico at about 7,000 years ago (McClung de Tapia, 1992). The
plant is found among the first archacological indications of agriculture in the northern desent
borderiands of the Mexican agricultural center (southwestern U.S.) by about 3,000 years
before present (Minnis, 1992). This sequence of dates establishes a relatively uncomplicated
picture of origin and diffusion, with the fraterna types from northeastern Mexico or rexana
types from Texas representing extant descendants of the ancestral progenitor type of C. pepo
(Nee. 1990). It appears, however, that this is not the full picture of domestication and
differentiation of C. pepo.

Centers of origin are usually centers of genetic diversity. However, in terms of
molecular and structural differentiation, landraces now under cultivation in traditional milpas
throughout Mexico are remarkably uniform (Decker, 1985:Wilson, 1990). The produce
section of most U.S. supermarkets carries a more diverse sampie of C. pepo than could be
obtained from a full sample of modem field collections taken from throughout Mexico.

While natve C. pepo cultivar diversity in Mexico could have been extirpated during European
colon1zauon, 1t is also quite possible that one arm of the C. pepo lincage - diverse elements
associated with ssp. ovifera (Fig 1) - evolved under human selection in the eastern North
Amenca. (Whitaker and Carter, 1946:Decker, 1988:Smith, 1992:Cowan and Smith, 1993).

Recent archaeological work has demonstrated that C. pepo was present in the eastern
L.S by 7.000 years ago. It is difficult to determine with certainty if these early remains
represent a domesucated form (Smith. 1987), although there appears to be a consensus that
fully domesucated types were present in eastern North America at least 3,000 years ago
(Heiser. 1989:Smuth. 1992). Perspectives on the phylogenetic significance of C. pepo in
castern North Amenca are reviewed by Smith (1992- chapter 4), Cowan and Smith (1993),
Decker-Walters et al. (1993), and Asch and Sidell (1992). Data relating to this issue arc a
complex mux of biochemucal geneuics, archaeology, history, plant population biology, and
personal inclinations. Assessmeat of the situation and interpretation of the data are difficult
for the non-specialist as well as those actively engaged in the issue. Of various phylogenetic
scenanos presented by Smuth (1992). two are presented here (redrawn and modified) to depict
opposing hypotheses. The first (diagram A) firmly roots the wild progenitor of C. pepo
domesucates 1n Mexico, with human-med:ated dispersal from Mexico into eastern North
Amenca whereas the second (diagram B) places the ancestral wild type with a broader
distribution that includes eastern North America, and subsequent independent domestication
in both Mexico and eastern North America.

Depictions of C. pepo evolution present as panels A and B in Fig. 2 are consistent with
available data, both botanical and archaeological. In terms of gaining a better understanding
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of the genetic structure and phylogenetic history of C. pepo, the difference between these two
notions is critical. However, for the purposes of this report, both scenarios contain common
elements that speak directly to the issue of free-living gourds of the eastern U.S. and risk
assessment:

e many free-living C. pepo populations of the eastern U.S. do not appear to be recent
(historical) escapes from cuitivation (see Asch and Sidell, 1992 for an opposing view).
They appear to represent an ancient lineage that carries a genetic legacy of long-term
human selection.

e cxtant free-living C. pepo populations of the eastern U.S. appear to be the result of long-
term genetic interactions that have involved both domesticated and free-living entities.

Consideration of both classification and phylogeny reveals that the biological entity
defined by the name 'C. rexana’ constitutes only a portion of a broader system of free-living C.
pepo populations that inhabit eastern North America. Plants carrying this name are not
biologically distinct or reproductively isolated from other clements of C. pepo, both
domesticated and free-living. The U.S. populations show levels of genetic differentiation that
allow classification as C. pepo ssp. ovifera var. texana (Texas) and C. pepo ssp. ovifera var.
ozarkana (Dllinois, Missouri, Arkansas, Oklahoma, and Louisiana). Populations from other
areas of the U.S. distribution are difficult to classify, possibly because of hybridization or
other connections to domesticated elements of the species (Asch and Sidell, 1992:Decker-
Walters et al.. 1993). Since the focus of this report is not restricted to the traditional 'fexana’
tvpes that are limited to Texas. plants under consideration here will be referred to as free-
living C. pepo of the U.S (excluding the Mexican ssp. fraterna), or FLCP.

What is known about the geographic distribution of FLCP, especially with respect to
) the areas where cucurbits are cuitivated commercially?

Geographic Distribution of FLCP:

Data relaung to plant distnibutions are housed in herbaria, collections of plant
specimens that are maintained by pnvate and public insututions throughout the world. While
thus 1s a unique and extremely valuable resource. interpretation of herbarium data requires
sensiuvity to possible bias. Some plants are collected more often than others. Herbanum
collections often house a relauvely full assemblage of rare plants that are of interest to the
field botanust and relatively easy to collect and process. Thus, genera and species of orchids
are usually well represented in herbanum collections. On the other hand, common weeds that
are difficult to identify, possibly not part of the native flora (‘escaped’ garden plant), and
carrying awkward structures that are difficult to manage in a plant press (large, fragile flowers
and gourds), are often neglected by the field botanist and. as a resuit, not present in herbarium
collecuons. Given this potenual bias, it is reasonabie to assume the FLCP is under-collected
and therefore under-represented in herbarium collections. The herbarium sample is also
biased geographically in that areas near centers of botanical activity (universities, botanical
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gardens) are more intensively sampled. The distribution data presented here must be
interpreted with these factors in mind.

The first effort to map the distribution of FLCP was made by Andres (1983).
Subsequent work in this area has been reviewed by Smith (1992). The distribution presented
here (Fig. 5) is based on data compiled by Asch and Sidell, (1992), Smith (1992) and Cowan
and Smith (1993). This has been expanded by inclusion of data from Andres (1983),
unpublished collection data from research collections at Texas A&M, and data taken from a
request for information sent to 77 herbaria and 35 weed specialists from the eastern U.S. as
part of the development of this report. While most of the county records depicted in Fig. S are
vouchered by herbarium specimens, some represent sightings of the plant made by field
botanists or weed specialists. The nature and source of these records are listed in Appendix I,
which is an extension of Smith's table 4.1 (1992-chapter 4).

The distribution depicted in Fig. 5 represents records of established, free-living
populations. Reports that might represent recent €scapes from cultivation were not mapped,
although these were included in Appendix I.

Documented FLCP populations are recorded for 125 counties in 12 states. Given
dates of collection (Appendix D), it is reasonable to assume that, with the possible exception of
the extremne West Texas cluster (area 'A’, fig. 5), this is a reasonably accurate depiction of the
general range of distribution of extant populations. Clusters of county records from south-
central Texas (Texas A&M). northwestern Arkansas (University of Arkansas), south-central
Alabama (University of Alabama), and western Missouri (Missouni Botanical Garden)
probably reflect insutuuonal-proximuty collecuon bias. This probably aiso explains relatively
large areas in the central poruon of the range of distribution. such as northern
Alabama/Mississipp: and western Tennessee, that lack FLCP records. Thus. a more dense
pattern of county records would be expected from a fully accurate FLCP distnibuuon map.
Thus would. however. probably correspond to patterns of drainage 1n that the enure range of
distnbution 1s assoctated with niver svstems that lead from the central U.S. to the Gulf of
Mexico. This corresponds to the floodplain or ‘riverine’ ecological adaptations of FLCP.

The southeastern limit of distnbuton depicted in Fig. 5 is problematic. Duncan and
Kartesz (1981) list C. pepo var. ovifera as present on the Georgia coastal plain. and there are
records for C. pepo growing wild in the Carolinas (Asch and Sidell. 1992). However, contacts
with a full complement of field botanists at the University of Georgia. floristic workers from
northern Florida. and agricultural expenment station weed specialists from several areas of
Georgia (S. Brown, pers. com.) produced no FLCP records for the states of Georgia and
Flonda. Northern limits are also uncertain. A fully accurate map might include more county
records from Indiana and southeastern Kansas, and possibly some records for Ohio.

As indicated above, the genetic structure of FLCP within this range of distribution is
complex and ill-defined at this point in time. It appears, however, that plants showing the
classic ‘wild type’ morphology of free-living Cucurbita species, as depicted by L. H. Bailey
(Fig. 3) can only be found along streams that lead to the Gulf of Mexico in Texas and the
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Ozark highlands of Arkansas, Missouri, and Oklahoma (areas 'B' in Fig. 5). While other
populations are comparable in terms of vegetative morphology, patterns of variation in fruit
color, shape, and the absence of bitterness. suggest genetic linkage - either ancient (Cowan
and Smith, 1993) or recent (Asch and Sidell, 1992) - with domesticated forms of the species.

Geographic Distribution of Domesticated C. pepo within the FLCP range of distribution:

An accurate mapping of domesticated C. pepo populations during a given growing
season would probably include nearly every county within the 12 state FLCP distribution
presented in Fig. 5. Domesticated C. pepo, both ssp. pepo (zucchini) and ssp. ovifera
(crookneck, acorn) are common clements of the U.S. home garden. With the exception of the
trans-pecos and Edwards Plateau areas of western Texas, it is reasonable to assume that home
gardens are common throughout the range and also that many of these support cuitivated
populations of C. pepo domesticates. While this aspect is difficult to quantify, a Gallop Poll
census contracted by the U.S. Gardening Association (B. Butterfield, pers. com.) indicates that
30% of all households in the mid-western U.S. maintained a home garden during the 1991-
1992 growing season. Of these 9.300.000 gardens, 18.3% grow 'summer squash’ (mostly
'vellow crookneck’ and ‘zucchini’), 9.8% have 'winter squash’ (mostly 'acorn squash’) as part of
the garden, and 13.5% cultivate ‘pumpkins’. These data indicate that possible weed/crop
hybndization events in the central U.S., with only ‘summer squash' as the putauve
domesucated pollen soifee: Ve 1,701,900 local, cultivated populations that are
distributed uuougho&tﬁiéﬁ@'ﬁhge of distribution. The entire FLCP range is within the
range of distnbution of specialized pollen vectors, ‘squash bee' species of the genera
Xenogiossa-end Peponapis (Hurd and Linsiey, 1964)_ These large, solitary bees can transfer
pollen berween domesticated and free-living Cucurbita populations that are separated by at
ieast 1300 m (Kirkpatnck and Wilson. 1988). Density of home gardens within the 12 state
FLCP range 1s probably highest in ferule lands of floodplains and valleys: the habitat of
FLCP Thus. in terms of both populauon density and ecology. crop/weed genetic interaction
withun the FLCP range 1s most likely to involve domesucated elements inhabiting home
gardens. If only |% of home gardens carrying 'summer squash’ fall within ‘bee range' of a
FLCP populauon. then over 17.000 sites would be expected to show some type of crop/weed
geneuc interacuon dunng a given growing season.

In terms of crop-to-weed gene flow, large monocultures of domesticates that are
tvpical of commercial planungs consutute a significant element in that these present a massive
pollen source. The nauonal census of agncultural production, produced by the U.S. Census
Bureau. tracks nauonal commercial producuon of 'squash’ and ‘pumpkins’. Data listed under
these names are mosuy linked to plants assignable to C. pepo cultivars. While commercial
production of other taxa. such as C. argyrosperma (cushaw squash), C. moschata (butternut
squash), and C. maxima (large pumpkins), are included in these figures, it is assumed here that
their contnbuuon 1s mumumal.

The most recent data for 1987 indicate that 58,198 acres of squash were produced at
7.763 farms in the U.S. Nauonal production of pumpkins at 6,921 farms was drawn from
40.652 acres in 1987. Total squash production within the 10 ‘core’ (excluding Kansas and
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Indiana) state FLCP range of distribution was, in terms of acres harvested, 13.7% of the
national total. Commercial pumpkin crops were taken from 11,189 production acres within
the FLCP range of distribution, which was 27.5% of the national total. A ranking of
commercial production by state for both squash and pumpkin acreage combined. as a
percentage of the national total, is presented in Fig. 6. This figure is based on data taken from
the 1987 agricultural census that are present here as Appendix II. States within the ‘core’
FLCP range of distribution (Fig. 5) are indicated by an arrow in Fig. 6 and boid font in
Appendix II.

As indicated by these figures, significant levels of commercial C. pepo production
occur in Illinois (#3), Texas, (#5), and Tennessee (#20). The southern center, Texas, features
high levels of squash production (ssp. ovifera var. ovifera) whereas there is a shift to pumpkin
production (ssp. pepo) at the northern portion of the FLCP range of distribution. Examination
of state census data by county reveals that 41% of Illinois pumpkin production is centered
along the upper Qllinois River bottoms in Tazewell County (Fig. 5) and the state center for
squash production (49% of the state total) is adjacent Mciean County. Of the 15 Illinois
counues known to carry populations of FLCP, 3 are listed by census data as squash producers
(8% of the state total acreage) and 4 report a total of 186 acres of commercial pumpkin
production (3% of the state total). Squash production in Texas is centered along the lower
Rio Grande Valley in Cameron County with 25% of, {9t} ALVE: ted acres. The set of 33
counties with documented records of FLCP populations.ip includes 5 that report squash
harvest of 97 acres (2% of the State total) to the census.

Is FLCP a weed? Is it a common weed or a serious weed in any localities? What weedy
properties does it possess?

The ecological niche of FLCP is centered in open. disturbed, fertile ground. Itis an
annual plant that becomes established each Spring as a seedling that germinates in loose soil
at an open. sunny site. The seedling develops into a clambering vine that, through the use of
tendnis. uses other plants as support to gain access to the sun. The size of the plant is limited
by available nutnents and mossture. As elements of the native, riverine flora of North
Amenca. FLCP are adapted to climb tall trees of the native floodplain forests and gather light
from the forest canopy. They are also able to form roots at each stem node (point of leaf
attachment) if the node is in contact with moist soil. This allows horizontal converge of open
areas (sandbars. nver banks). Since new shoots can also be produced at each node, individual
plants are able to access light through both ground and canopy cover. Thus, under favorable
conditions, individual FLCP plants can be massive. Large, yellow, unisexual, bee-pollinated
flowers, identical to those produced by domesticated squash (Fig. 4), are initially produced in
late Spring. Flower production continues until the first frost. Large plants have the potential
10 produce 25-50 fruits. each containing 100-200 seeds. Seed dispersal is accomplished by the
buoyant fruits which are typically deposited at the high water level during spring floods, often
in fertile accumulations of 'drift’ deposits along the river margin. Thus, FLCP is distributed
along drainage systems and fertile floodplains within its range. As indicated above, these are
also ecological centers of agncultural acuvity. -
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The suite of structural and ecological factors expressed by FLCP are also manifested
by other elements of the Cucurbitaceac that have been introduced into the North American
flora and survive today as aggressive, economically important weeds. These include the ‘Bur-
Gherkin' (Cucumis anguria), the weed form of Muskmelon or ‘Dudaim melon' (Cucumis melo
var. dudaim), and the weed form of Watermelon or 'Citron' (Citrullus vulgaris var. citroides).
While these plants rarely achieve 'top 10’ ranking on State listings of noxious weeds, local
infestations can represent a significant agricuitural problem. This is also the case for FLCP.

Population structure for FLCP in what appear to be 'native' areas within its range of
distribution (Fig. 5 - 'B") is expressed by Correll and Johnston (1970) as "rare but abundant
where found.” High population densities within the native area couid reflect annual situations
where minimal Spring flooding has left fruits in place. However, this writer has observed a
large, relatively permanent (10 years) population at Lake Sommerville, an impoundment of
Yegua Creek in Burieson County, Texas. This population is apparently maintained and
increased by water level fluctuations associated with the reservoir. These function to ‘float’
fruits into areas surrounding the impoundment, such as pastures and fields, that are not typical
habitat. Subsequent colonization of these arcas allows expansion of the population into areas
where they could present a problem for the local human population, i.c., a transition to the
‘weedy' condition as defined by the Weed Science Society of America. Thus, it would appear
that the plant can take advanjags guman-mdmcd habitat changes to 'invade’ open ground
beyond the drainage course, maxymize population size. and thereby impact agricuitural plant
populauons of the floodplain.

This response does not appear to present a significant agricultural problem within the
nauve’ subareas (Fig. 5 - ‘B') of FLCP distribution. It has. however, produced significant
weed populauons in Arkansas. Louisiana. Mississippi. Illinots. and Kentucky (Asch and
Sidell. 1992). The plant s listed. as C. texana. as a weedy contributor to current crop losses 1n
Arkansas (Bndges. 1992) and has been ranked among the top 10 weeds in that state for some
ume (McCormuck. 1977). Large weed populations have been reported (Harnson et al..
1977:Oliver et al.. 1983) from counues along the Arkansas and Red River drainages (Fig. 5 -
'C). Ford Baldwin (pers. comm.) “knows of it along 100-km segment of Arkansas Valley,
Clarksville to Conway, not south of Little Rock: and Red River. southwest Arkansas. Mostly
occurs on very sandy, very well-drained overflow areas; very tenacious where established. but
doesn't easily spread. A weed of soybean and rice” (Asch and Sidell, 1992). The plantis
described as a “troublesome weed in field crops of the Arkansas and Red River bottomlands
in Arkansas” with a “potenual to spread to other areas within the Mississippi Delta” by Oliver
et al.. 1983). Reports from Mississippi and Louisiana suggest that this has occurred. Large,
weedy populauons of FLCP have been reported from soybean and cotton fields along the
lower Yazoo drainage 1n Mississippi (D. Asch. C. Elmore. pers. com.;Asch and Sidell, 1992),
and the Mississippi bottoms 1n northeastern Louisiana (D. Reynolds, pers. comm.:Smith,
1992). A small, local instance has been reported along the Red River floodplain just North of
Shreveport in northwestemn Louisiana (Smith, 1992). Asch and Sidell (1992) cite D. Sanders
(pers. comm.); "A weed problem of cotton in north half of state; Red River and Mississippi
River valleys. Not rare, but localized; an intense problem where it is established” and R.
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Rogers (pers. comm.) as indicating the FLCP is a weed problem "from 11 northeast parishes
of Louisiana.”

While the weedy populations of Arkansas are evidently a perennial problem, reports
from Mississippii and Louisiana are based on ‘outbreaks' that are evidently linked to dispersal
from sporadic flooding events and associated fruit dispersal into cuitivated fields (C. Elmore,
D. Reynolds, pers. comm.). Infested fields are *difficult to harvest and may have reduced
yields" that result from "uncontrolled early-season or late-season gourds which entwine
soybean plants and eventually cause soybean lodging” (Oliver et al., 1983). This also appears
to be significant for FLCP populations in Tllinois. Asch and Sidell (1992), citing
communications with Kaskaskia Island (Randolph County) farmers R. Bartels and C. Jokerst,
indicate, "Bartels recalls seeing plant on his farm as long ago as 1953 or 1954 when he was 12
or 13 years old. Plant became a serious field weed on island after it was widely dispersed by
1973 flood. Also spread by soybean combines. Bartels collected and destroyed 60,000 Ibs. of
gourds from a 140 acre field in 1987. Bartels has seen only round or pear forms; none long-
necked or warty."

Is FLCP difficuit to control? How is it controlied?

Asch and Sidell (1992), citing personal coffnidfiication with G. Brown regarding
FLCP as a weed in Kentucky. indicate that the plaht 18 prevalent in Union Co. (West
Kentucky). but only in Ohio River Bottoms. A soybean-field weed, but also in com if atrazine
herbicide not used.” G. Kapusta, also responding to questions from Asch and Sidell (1992)
:ndicates that FLCP can be easily controlied by Atrazine in com fields but. in Ilinois, it is
mosty a weed of soybeans due to wide rows and open habitat.

Control of FLCP in soybean fields can be provided by preemergence application of
metnbuzin. metnbuzin plus alachlor, and oxadiazon. although success depends of soil and
climate condiuons (Oliver et al.. 1983). Adequate postemergence control can be obtained by
wreatments of acufluorfen. oxyfluorfen, and metribuzin plus 2,4-DB if applied at an early
soybean growth stage and repeated (Oliver et al., 1983). However, effective chemical control
in soybean fields has been complicated by the need for repeated applications due to "continual
emergence of Texas Gourd under favorable conditions throughout the growing season”
(Weideman and Templeton, 1988). Also, the mix of herbicide agents used for FLCP control
in soybeans fields 1s not applicable for use 1n cotton fields (D. Sanders, pers. comm.). Tests
by Oliver et al. (1983) indicate that “none of the herbicides evaluated provided a consistent
level of Texas gourd control over all years and locations." Consistent control is difficuit
"since preemergence herbicides such as metribuzin are rainfali-dependent and postemergence
herbicides must be applied by the V2 stage of soybean growth and repeated at the V4 stage or
as needed.” The literature provides no informatioin regarding mechanical control of FLCP
weed populations. Continuous seed germination and a capability to root at the nodes probably
minimize the efficacy of mechamcal control. Thus, efforts are underway to perfect a
biological control that targets FLCP specifically using 'mycoherbicides’ (Yu and Templeton,
1983;Boyette et al., 1984;Yu et al.. 1988). These efforts demonstrate that FLCP is a problem
weed that can be difficult to control with traditional methods.
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What is known about the viability, fertility, and ecological fitness of hybrids arising
from crosses of FLCP and domesticated types of Cucurbita pepo? What impacts
on FLCP might be expected from gene flow from commercial plantings of
cucurbits?

The nature of FLCP/domesticate hybrids and their progeny

Initial connections between FLCP and domesticated C. pepo were established when it
became evident the F} hybrids between the two types were readily produced and fully fertile
(Whitaker and Bemis, 1964). Eventual recognition that FLCP and domesticated forms
constitute a conspecific unit resulted from demonstration of normal mendelian genetic
behavior of the Fy hybrid (Kirkpartick et al., 1985) and experimental proof that crop/weed
hybridization can be expected to result if crop and weed populations are growing in proximity
(a radius of atleast 1300 meters) and within the distributional range of specialized 'squash’
bees (Kirkparuck and Wilson, 1988), which occur throughout the FLCP range of distribution.
This perspective has been supported by the discovery of first-generation gene flow from
cultivars to FLCP, as indicated by concordant heterozygosity at multiple isozyme loci among
progeny taken from FLCP populations (Decker and Wilson, 1987; Decker-Walters et al.,
1993). Allozyme frequency distributions and distinctive patterns of variation in fruit
structure. color, and bitterness within populations of FLCP clearly indicate that past
hybnidization events have resulted in permanent gene transfer, or introgression, between
domesucates and FLCP in the eastern U.S. (Decker and Wilson. 1987; Decker-Waiters et al.,
1993:Srmuth, 1992:Wilson. 1989:1990).

Given current theory regarding genetic relationships among crop/weed systems as they
relate to crop plant evoluuon (Harlan. 1992), this pattern of sporadic crop/weed genetic
interacuon 1s 1o be expected. It provides a unique foundation for "mixing the gene pool”
\Harlan. 1965:1969) and injecting high levels of geneuc vanation that are needed to produce
the types of extreme structural adaptations that charactenze domesticated plants. However, as
indicated by "wild carrots” (Queen Ann’s Lace-Daucus carota) in the northeastern United
States. “wild cucumbers” (Bur-Gherkin. Dudaim Melon-Cucumis spp.) in the southeast, and
“wild oats” (Avena farua) in the plains and West. this pattern of gene exchange can function to
increase adapuve fitness of the non-domesticated participant.

Relauve fitness of C. pepo crop/weed hybrids and F progeny has not been examined.
However, Kirkpatnck (1983), in an effort to define general linkage relationships between
structural and molecular characters, conducted a detailed quantitative study of crop/weed F|
hybnds. parental types, and F progeny generated by self-pollinating the Fy. The hybrids
were developed using ssp. ovifera
var. rexana from Fayette County, Texas as the staminate parcnt and a zucchini cultivar (ssp.
pepo) as the pistillate parent. The following discussion is based on data extracted from that
study. '
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The Fy hybrids generated from this study were clearly heterotic, i.c., more robust and
vigorous than either parent. This is reflected by data depicted in Fig. 7. The texana parent
was a typical vining plant with relatively small fruit and leaves, whereas the zucchinis were
'bush’ types with suppressed lateral shoots, larger fruits and larger leaves. The F; plants
combined features of both parents, retaining the longer, more numMerous lateral shoots of the
texana parent and the larger fruits and leaves of the zucchini parent. Expression of the 'wild
type' features was weighted, mainly because these are generally genetic dominants in the
Mendelian sense (Robinson et al. 1976). Thus, a combination of heterosis resuiting from a
relatively ‘wide' intraspecific cross and simple genetic dominance produces a crop/weed Fy
that is essentially greater than the sum of its parts. One would assume that Fy plants would,
at the very least, compete well with typical FLCP in a 'weedy' agricultural habitat and, more
likely, show greater fitness in terms of progeny production. This, however, has not been
tested. One would also expect a reduced heterotic response from a crop/weed F1 plant if the
crop parent was more closely related to FLCP, i.e., an element of ssp. ovifera var. ovifera such
as crookneck or acorn squash. This has not been tested.

The Fy hybrid is an important. but ephemeral. element of the crop/weed introgressive
process. More important is the nature of the F2 generation. This would derive from either
self pollination of the F} or back crossing from parental types. Given the breeding system of
FLCP and a probable ‘home garden’ polien source, the generation immediately following a
crop/weed hybridization event would most likely result from self-pollination of the Fy. As
indicated by the ‘F5’ panel in Fig. 7 self pollination of the texanafzucchini F produces an Fs
progeny that shows a broad pattern of variation that reflects the results of "mixing the gene
pool * ;

A more detailed perspective on the nature of vanation among F1 plants is presented in
Fig 8 Analysis of thus F- farmuly was conducted to test the notion that differenuation
netween crop and weed forms of C. pepo 1s based on ‘supergenes’ or tightly linked gene
-iusters. This involved measurement of 14 characters, representing both vegetative and floral
morphology. from 272 field-grown plants. The pattern of vanation among measured plants
was examuned by pnncipal component analysis. a procedure that reduces a complex pattern of
vanaton to ‘factors which allow visualizanon via two-dimensional plots such as Fig. 8. The
diffuse pattern of data points present in Fig. 8. each representng 2 single plant, indicates that
genetic segregauon 1s mosty independent. 1.¢.. loci that carry differentiated crop/weed alleles
are probably dispersed throughout the genome and not localized in linkage groups or centered
on specific chromosomes.

The data presented in Fig. 8 roughly define that nature of progeny that might be
produced by crop/weed hybnds generated under ‘natural’ field conditions. It is clear that Fy
hvbnds (Fig. 8 - 'F) and their progeny (Fig. 8. - ‘circle’) tend to express the genetic
consutution of the FLCP parent (Fig. 8 - T). Adaptations characteristic of the domesticate
are typically the product of homozygous, recessive genetic expression (Robinson et al., 1976).
Thus. F) hybnds ('F) cluster with the FLCP parents (T in the ordination (Factor 1) provided
by the suite of vanables that separate domesucate ('P") from weed ('T"). Variables influencing
Factor | are mostly vegetauve (shoot and leaf characters). Ordination of samples along Factor
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2. which is weighted by floral characters, places the F| plants (F) in a unique position, i.c.,
the variables to not separate parental crop ('P") and weed ('T") plants along the axis of Factor 2.
This unique phenetic placement of the F plants is concordant with data presented in Fig. 7 as
an indication that first generation hybrids constitute, in terms of phenotypic expression, a
unique entity that transcends either parent. Weighted variabies for Factor 2 include
measurements of reproductive structures. Higher values along the axis of Factor 2 signify
larger staminal columns, both anther and filament. Thus, in terms of general reproductive
potential, F1 plants and a subset of their progeny can be expected to offer more pollen to
pollination vectors than either parent. Consequently, over the long term history of 'hybrid
swarm' populations in nature, plants expressing a genetic 'mix’ of crop and weed genomes will
probably show a slight reproductive edge which would function maximize introgressive gene
flow and recombination.

The pattern of variation among F plants depicted in Fig. 8 does not reflect hybnd
intermediacy. Structural variation ordinated by both Factors is clearly skewed toward the
FLCP condition in both the Fy plants (‘'F’) and their progeny (‘circle’). This pattern, probably
also a funcuon of 'wild type' genetic dominance, demonstrates the tendency of both first
generauon and segregating progeny to move toward the FLCP phenotype. This suggests that
the frequency of plants that are ill-adapted for existence in the wild. i.e.. those that resemblie
the domesticated parent, will be minimal in a hybrid swarm population. Conversely, the
percentage of plants in a given hybrid swarm that either resemble the FLCP parent, or carry
unique features associated with the FLCP condition that might enhance fitness in the wild, is
maximuzed. The pattern of vanation among both Fy and F- plants in Fig. 8 therefore
suggests that the products of ‘natural’ hybridization events between domesticated and free-
living C. pepo are geneucally ‘pre-adapted’ for life in the wild or weedy habitat.

It should be noted that the data generated by Kirkpatrick (1983) were not produced to
approach the problem of hybnd fitness. and the analyses were not conducted with this aspect
ot the crop/weed interface 1n mund. However. the data do reflect phenotypic varauon as
indicated by measurements of both vegetauve and floral characters. If plant size is an element
of fitness. then the patterns of vanauon depicted in Figs. 7 and 8 are relevant to the question
of hybnd fitness.

Possible impacts from crop-to-weed gene flow

Given the demonstrated potenual for crop/weed hybndizaton within the FLCP range
of distnbution. as well as the documentauon of both first generauon and introgressant plants
in extant FLCP populations within this range, it is reasonable to assume that genetic contact
between domesticated and free-living C. pepo has occurred within the FLCP range, and that
this has resulted in the producuon of self-perpetuating, introgressed population systems.
Given the agncultural history of eastern North Amenca (Harlan, 1992:MacNeish.
1992:Watson. 1993). and the possible role of C. pepo (Smith, 1992:Cowan and Smith, 1993),
it is quite possible that some of these populations are extant manifestations of ancient
crop/weed interactions in the area (Wilson. 1990).
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This set of circumstances suggests that the introduction of new C. pepo strains into the
FLCP range of distribution (Fig. 5) will genetically impact FLCP popuiations in that those
genetic features that mark the strain as 'new’ will be 'captured’ by FLCP populations via
crop/weed hybridization events. All available evidence indicates that this has happened in the
past, it will happen during the growing season of 1993, and there is no reason to believe that it
will not happen in the future.

If crop/weed genetic interacuon has occurred within the C. pepo compiex of
domesticated and free-living forms throughout the 3,000 year history of human agricultural
activity in the eastern U.S., then why be concerned about the possible involvement of
transgenic strains? All available evidence, both archaeological and botanical, indicates that
new. domesticated elements of the C. pepo complex have been sequentially introduced into
the agricultural system of eastern North America over the past 3,000 to 7,000 years (Smith,
1992). However, these introductions have not carried genetic material that is that has been
obtained from phyletic lineages that are not part of the C. pepo compiex. Thus, the source of
transgenes, and unknown interactions berween these unique genetic elements and the C. pepo
genome, represent, within the biological and historical context of C. pepo, an unknown and
untested factor. The process of injecung a foreign genetic element, a functional gene that has
no precedent within the phylogeneuc hustory of a complex crop/weed system such as C. pepo,
consututes a biological risk. The dynamics of this risk. in terms of level and nature of
impacts, are difficult - if not impossibie - to predict. Specific negative impacts. if any, cannot
be determined with any accuracy. However, the historical record of both intentional and
accidental human genetic manipulauons and subsequent impacts on natural populatons (most
recently the ‘Africamzed’ honey bee) suggests cauuon.

A cautious approach 1s reinforced 1n thus wnstance by the acnon of the unique genes
camed by the a transgenuc C. pepo strain. Calgene’s flavr-savr tomato, for instance, poses
munimal fisk 1n that acuon of the gene has no obvious selective relevance to free-living
clements of the tomato pnmary gene pool of Central and South Amenca. However. any
genetically transmussible trait that provides enhanced fitness in_the wild is cause for concern.
This 1s based on the simple fact that any selecuve advantage that might be ‘captured’ from a
transgeruc domesucated line by FLCP could alter exisung ecological and genetic balances in
such a way that individual recipient plants, and FLCP progeny that carry the advantage, would
expand their numbers and their range of distnbution. A transgene-mediated range extension
would have negative impacts in two cnucal areas of the human agncultural enterpnse:

2 crop losses due to FLCP infestauon could increase

1 potenually valuable geneuc diversity associated with an economically important crop plant
could be diminished or exurpated through displacement of extant FLCP populations by
plants representing the relauvely narrow genetic base of the transgene-equipped.
‘expanding’ lineage
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Engineered resistance to either predators (Bt-toxin) or disease (multi-viral resistance)
that impact both domesticated and free-living population systems represent the type of genetic
trait that could produce these changes in population structure.

Watermelon mosaic virus-2 (WMV-2) and zucchini yellow mosaic virus (ZYMV) are
among the most important viruses transmitted by aphids infecting squash (Provvidenti, 1990).
The viruses and their aphid vectors occur throughout the FLCP range of distribution. ZYMV
has assumed great economic importance since its first recognition in 1981. Itis one of the
most destructive viruses occurring in squash, where it produces foliage mosaic, severe
malformation, and plant stunting (Provvidenti, 1990). Symptoms of WMV-2 are less severe
mosaics, chlorotic rings, and superficial changes in leaf structure, although expression varies
among Cucurbit species and viral strain involved (Provvidenti, 1990).

It is important to keep in mind, for the purposes of this discussion, that interactions
between plant viruses and host plant taxa are long-term, phylogenetic phenomena. This
represents a basic host/parasite, co-evolving relationship that existed in the native flora long
before the origin of domesticated plant species. Itis therefore reasonable to assume that
impacts on domesticated populations that are brought about by viral parasitism are fully
comparable to similar impacts on populations of free-living relatives of the crop that exist in
the native flora. This fundamental reality provides a rational justification for efforts, which
are often successful, to find virus resistance among wild relatives of a given crop.

If extant FLCP populations carried resistance to important cucurbit viruses, such as
WMV-2 and ZYMV. then the presence of engineered resistance in transgenic domesticated
lines would pose no obvious problem in that increased fitness would not resuit from
crop/weed introgression. This, however, is not the case. Genetic resistance to ZYMYV and
WMV-2 is not present in the C. pepo primary gene pool. This is clearly demonstrated by the
fact that breeders have not been abie to produce resistant C. pepo cultivars using traditional
methods.

FLCP. a sample of var. texana from DeWitt County, Texas, was included in 2 suite of
20 free-living and domesucated taxa that were screened for viral resistance by Provvidenti et
al. (1978). Plants were subjected to virus attack by inoculation of six virus strains in the
greenhouse, and exposure to native viruses in the field. The FLCP sample showed resistance
to one. Tobacco Ringspot Virus. of the six viral strains, as did most Cucurbita taxa tested.
While resistance to several viral strains was present in several wild Cucurbita species tested,
FLCP showed a paftern similar to that of the domesticated C. pepo used in the screen; full and
often extreme susceptibility to viral attack.

If multi-viral resistance entered FLCP populations by hybridization/introgression
events involving a transgenic line. 1t is reasonable to assume that this would provide a
selecuve advantage in that extant negative selective pressures produced by viral parasiusm
would be released. Fitness of those FLCP plants carrying transgenic resistance would increase
and. if viral disease constituted a significant negative selective factor in the natural habitat,
this could lead to increases in population size and range of distribution for resistant FLCP
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lineages. Clearly, FLCP populations have demonstrated an ability to expand and become
weed problems within the agroecosystem. A relatively small shift in the selective forces that
act on these populations could amplify this tendency.

While data presented here point toward the clear presence of risk in two areas -
increased weedyness and loss of crop plant biodiversity - the nature of risk, in terms of
magnitude and dimensions, is difficult to access. Efforts to simplify the problem by
experimental determination of levels of ‘fitness' or 'selective pressure’ and units of selection
(gene vs. genome) are complicated by the multifaceted nature of the problem. The potential
participants, FLCP and C. pepo domesticates, are not uniform entities in terms of genetic
structure. Different results might obtain from different points of genetic contact (ssp. pepo Vs.
ssp. ovifera, var. texana vs. var. ozarkana), either natural or experimental. Possible selective
arenas include both ‘natural’ (undisturbed) and human (cultivated fields), as well as third
‘weedy’ realm that extends, more or less as a continuum of human vs. non-human selective
pressures, between these extremes. While Kirkpatrick's study (1983) provides a rough picture
of what might be expected to resuit from the combination of two differentiated C. pepo
genomes (free-living vs. domesticated), the selective dynamics of heterosis and hybrid
recombination are unknown. When considered against this diverse comparative background,
assessment of 'fitness’ or selective advantage that might be associated with a given transgene
would be extremely difficuit, even if the foreign genetic material was expressed cleanly (no
plelotrophy or epistasis) and without any genetic or recombinational ‘load’ (non-coding
clements).

Given this set of circumstances. and that fact that these circumstances will exist when
transgenic culuvars of Helianthus annuus are released into the U.S. and transgenic Zea mays
s reteased 1nto Mexico. one must consider the impact of this transgenic squash as a cultural
precedent. If future agncultural development is to be insured, those responsible for
environmental protecuon as 1t relates the development of biotechnology should - at the very
\east - move 1o insure that extant germplasm resources representng crop plant biodiversity in
the United State (at a munimum) are located and salvaged as viable accessions as soon as
possible. This would serve as a hedge against possible ‘'worse case’ genetic interactions and
also provide a foundauon for eventual assessment of real risk over the long term.

How would you design an experiment if you wanted to determine whether virus
resistant FLCP-domesticate hybrids were more 'weedy’ than the parental
species? Would gene copy number, homozygosity, or heterozygosity of the virus
resistance gene influence the design or interpretation of resuits?

Expenimental assessment of the possibility for enhanced 'weedyness’ in virus-resistant
FLCP is complicated by two factors: 1) containment, and 2) the large, unwieldy nature of
FLCP and FLCP/domesticate hybnds. These factors work to negate the use of field studies
based on open pollinated plants that are grown to reproductive maturity. Both problems
would be eliminated by an expenmental design that is based on greenhouse-grown plants and
an assumption that variation in vegetative growth, or production of biomass, roughly
corresponds to ‘fitness’ in the wild. This assumption is probably valid in that:
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3 All available data indicate no loss of fertility or seed-set in FLCP/domesticate hybrids and
progeny

2 Solitary flowers are produced at nodes. As the number of nodes increases with overall
plant size, the number of flowers will increase

3 The number of potential fruit increases with increases in the number of flowers.

Thus, an assumption of a direct relationship between seed production (reproductive
fitness) and plant size (vegetative fitness) is reasonable.

Such an experiment could involve the following test groups:

o Domestcate A (ssp. pepo)

« Domesticate B (ssp. ovifera-non-transgenic cultivar - ‘Domesticate C' without resistance)

« Domesticate C (transgenic. viral resistant)

« FLCP A (texana type)

« FLCP B (ozarkana tvpe)

« First Generauon Hvbrids(10) involving crossing between Domesticates A-C and FLCP A
and B as the pisullate parent (the most likely direction of gene flow under field
condiuions)

« F- progenies resulung trom self-pollinauon of the 10 Fys

These 25 famulies would be grown as single plants in 10 ™ pots under uniform
sreenhouse conditions with the following vanables (5 plants from each family per vaniable):

. control

—

> virus noculation (first prionty should be the most virulent virus. the zucchini yellow
mosaic virus [ZYMV])

tea

. compeution with soybean

4. virus inoculation and competiion with soybean

The expenment would require 500 10" pots. It would be replicated at least 4 times
during the growing season. Consequently, to minimize the effect of varying photoperiod.
light intensity, etc. encountered by different replicate plantings, data would be expressed as
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percentage biomass produced relative to the control. The results would provide a reasonable
picture of relative vigor in vegetative growth under the varying experimental conditions. This,
as indicated above, should directly correspond to relative reproductive potential among the
different test groups.
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Figure 5. Free-Living Cucurbita pepo

Distribution in the United States

Counties shaded carry FLCP record. outlined counties are centers of commercial
production. Data based on maps present in Heiser, 1989:Nee, 1990:Asch and
Sidell. 1992:Smith, 1992, Smith and Cowan, 1993 with recent additions. See

Appendix I for mapped records.
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Figure 3. Cucurbita pepo SSp- ovifera var.texana
(electronic re-draw from Bailey, 1943)




Figure 4. Cucurbita pepo ssp. ovifera var. ovifera

‘Bicolor spoon’ type of ‘ornamental gourd' - others include ‘crown of thomns', ‘egg’,
and ‘ball' in various colors and fruit surface types
(electronic re-draw from Bailey, 1951)




Figure 7. Structural variation among free-living, domesticated
and hybrid plants. Polygonal graphs depict relative patterns and
levels of variation among parental and hybrid classes in terms

of plant, leaf, and fruit size. Polygons defined by mean values.

Fruit Mass

Shoot Length ! Leaf Length

Shoot Number Leaf Width

Data taken from Kirkpatrick (1983)
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Figure 8: Pattern of structural variation among plants

of a 'hybrid swarm' sample.
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Factor 1
Principal Component Analysis -1st two factors

P = domesticated parent (ssp. pepo - 'zucchini')
T = free-living parent (FLCP - ssp. ovifera var. texana)
F = Fy plants (T x P [pistillate])

¢ = F5 progeny (from seifed Fy)

Analysis involving 14 floral and vegetative characters and
272 plants from Kirkpatrick (1983)
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Appendix II - Harvested Acres for Sale - U.S. Agricultural Census - 1987

STATE PUMPKIN SQUASH TOTAL PERCENT
California _ 3998 7586 11584 11.72
Flonida 299 10855 11154 11.28
Illinois 6442 572 7014 7.10
New Jersey 2165 4328 6493 6.57
Texas 1500 4417 5917 5.99
Michigan 2145 3386 5531 5.60
New York 3108 2073 5181 5.24
Georgia 112 3572 3684 3.73
Pennsylvania 2608 870 3478 3.52
North Carolina 691 2482 3173 3.21
Massachusetts 1096 1995 3091 3.13
Ohio 1743 855 2598 2.63
Indiana 2116 466 2582 2.61
Oregon 332 2060 2392 2.42
Minnesota 1413 857 2270 2.30
Maryland 862 1076 1938 1.96
Wisconsin 1050 795 1845 1.87
Virginia 951 774 1725 1.75
Washington 508 1143 1651 1.67
Tennessee 1086 349 1435 1.45
Colorado 527 675 1202 1.22
Anzona 3N 812 1123 1.14
Alabama 281 728 1006 1.02
Missoun 749 252 1001 1.01
Connecucut S81 376 957 0.97
New Mexico 273 517 790 0.80
South Carolina 68 707 775 0.78
Oklahoma 369 391 760 0.77
Arkansas 181 564 745 0.75
Kansas 548 136 684 0.69
Maine 21 299 510 0.52
lowa 337 158 495 0.50
Louisiana 103 392 495 0.50
Utah 282 205 487 0.49
New Hampshure 218 206 424 0.43
Mississippi 261 143 404 041
Kentucky 217 156 373 0.38
Delaware 120 247 367 0.37
Vermont 154 153 307 0.31
Rhode Island 143 143 286 0.29
Nebraska 168 85 253 0.26
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Hawaii 25 156 181 0.18

South Dakota 81 58 139 0.14
West Virginia 84 10 94 0.10
Idaho . 55 36 91 0.09
North Dakota 31 27 58 0.06
Nevada 20 33 53 0.05
Montana 29 21 50 0.05
Alaska 0 6 6 0.01
All Other States 1 0 1 0.00
Total* 40653 58200 98853 100.00

*State totals do not sum exactly to national totals published by the census
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