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ABSTRACT

Gene Flow in Cucurbita

Cucurbita pepo and Cucurbita texana when artificially crossed produce

fully fertile hybrids. Thus interspecific genetic exchange is possible.

An attempt was made to moni tor actual gene flow between these two taxa

under both agricultural and natural conditions. Two synthetic

populations were established for this purpose using experimental plants

that were genetically marked by isozyme phenotype. At the end of the

growing season progeny were electrophoresed. The resulting data

quantified the event of genetic exchange between taxa, revealed the

source of foreign genetic material, and thus established the distance

over whi ch gene flow occu rred. It can be concl uded from the data that

since genetic exchange does indeed take place between the � pepo complex

and � texana, their classification as two distinct and separate species

is in question. The data also indicate that the previously published

distance requirement for genetic isolation within the Cucurbita is

incorrect.
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I. INTRODUCTION

Cucurbita is a genus composed of the various gourds, squashes and

pumpkins, all of which are indigenous to the Americas. American

"farmers" have been using certain species of the genus as both a staple

food and a tool for more than 5,000 years (Whitaker et ale 1957). Of the

twenty-seven species within the Cucurbita, only five have been

domesticated. Previous work in relation to the phylogeny of Cucurbita

species has centered on the use of artificial interspecific crosses to

determine their placement within a phylogenetic framework based on

genetic barriers to successful reproduction. Such artificial

hybridization studies provided the basis for suggesting possible genetic

links between species, and thus a possible path for evolutionary

progression as it occurred within the genus (Whitaker et ale 1975).

Cucurbita texana (Scheele) Gray, the native "Texas gourd" and

Cucurbita pepo L. yare ovifera Alef., the domesticated "ornamental" or

"yellow-flowered" gourd, have long been identified as two closely related

taxa. The difficulty in assessing their taxonomic relationship is due in

large part to their multiplicity of morphological variations (Bailey

1937). Cucurbita texana was originally described by Scheele in 1848 as

Tristemon texana based on a collection by Lindheimer, and was later

transfered to the genus Cucurbita by Asa Gray. On making this change,

Gray remarked that the "fruit is just that of Cucurbita ovifera, of which

our plant may possibly be only a naturalized variety," (Gray 1850).

Thi s pos it i on was supported by Coulter, (Coulter 1891). However, Gray

later wrote that the plant had the appearance of being native; "At least

this is the opinion of Mr. Lindheimer and Mr. Charles Wright (both well
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known students of the Texas flora) two good judges. The later informs us

that, from the stations and localities in which alone it is met with, he

could not so feel it to be other than an indigenous p l ant ," (Gray 1857).

Several other students of Cucurbita; Bailey (1930), Erwin (1938), and

Correll and Johnston (1970), upon examining the plant growing wild, also

concur with this opinion.

If one accepts the current biological definition of a species as a

group of actually or potentially interbreeding organisms reproductively

isolated from other such groups, then � texana and � pepo should

obviously not possess the ability to interbreed. However, artificial

interspecific crosses made between C. texana and � pepo in an effort to

determine the evolutionary history of the genus resulted in the formation

of fully fertile hybrids (Whitaker and Bemis 1965). Thus, the potential

for gene flow between populations of both species exists. Demonstration,

however, of the presence or absence of actual interspecific gene flow

would clarify this taxonomic relationship within the Cucurbita. It

should be noted, though, that the biological definition is presently not

accepted by some biologists, who maintain that, because of the nature of

hi gher p 1 ant g enet i c sy stems, empi ric a 1 de fin it ion s 0 f p 1 ant s pe c i e s as

natural units of evolution cannot be made, for such units are either

nonexistant or can only be abstractly conceived (Levin 1979).

It is not the author's point to debate this issue, because regardless

of whether or not a plant species can meet certain stringent quantitative

qualifications, it is necessary to have a basic evolutionary and

taxonomic unit which incorporates the parameter of genetic exchange into

its definition, and so the biological definition is maintained here.
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One of the primary objectives from the onset of this research was,

therefore, to determi ne if genet i c exchange can occu r between C. texana

and h pepo under natural conditions, incorporating natural pollen

vectors. Some means of monitoring gene flow between Cucurbita

populations would be necessary to determine if interspecific

hybridization was occuring, and developing this procedure was also a

specific goal of the project. Because gene flow is such a critical

aspect of plant population biology, an accurate method of quantifying the

event would certainly have many applications. Prior work, however, has

been limited to observation of pollen flow and seed dispersal rather than

actual genetic exchange, or has incorporated the use of

dominant/recessive genetic markers affecting the gross morphology of only

the recessive parent's hybrid progeny (Handel 1982). The use of such

markers is limited to the monitoring of unidirectional gene flow and may

possibly invite selective pressure against such morphologically modified

cultivars. Therefore the development of isozyme analysis as a means of

demonstrating actual gene flow among plant populations was, of necessity,

an integral part of the research.
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II. MATERIALS AND METHODS

Taxa Incorporated

The genus Cucurbita is a well defined group within the Cucurbitaceae,

all of its species being monoecious. The flowers are solitary,

relatively large and showy. Species of Cucurbita, particularly the

cultivated species, are not easily distinguished by any particular

morphological trait, and there is a tendency toward parallel variation

and phenotypic plasticity. The genus is assumed to be of relatively

recent phyl ogenet i c ori gi n (Whi taker and Bemi s 1975). Evi dence to thi s

effect can be found not only in the vague morphol ogi cal di fferences of

its members, but also in the fact that all Cucurbita species have the

same number of chromosomes (2n = 40) (Whitaker and Davis 1962). To

further support this idea of recent origin, the use of SEM analysis has

r e c e n t 1 y rev ealedun i form i tyin s i z e and s hap e 0 f mat u rep 0 1 1 eng r a ins

from 18 species of Cucurbita (Andres 1983). Also, one cannot ignore the

significance of the fact that no single species of Cucurbita or group of

species is reproductively isolated from all other species of the genus in

terms of artificial interspecific crossing (Hurd et al. 1971).

Cucurbita pepo is a large, coarse, polymorphic species, with

variation occuring in both vegetative and reproductive characters. Only

cultivated varieties are known, with no record of � pepo ever becoming

naturalized. � pepo includes the numerous cultivars of summer and

winter squashes, pumpkins, and ornamental gourds. There have been

several attempts to delimit the group at the subspecific level.

Classification systems for the species have included anywhere from two to

eight varieties. For the purposes of this experiment, � pepo has been
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artificially divided into four subspecific groups based primarily on the

use of the fruits by man (Bailey 1929, 1949; Purseglove 1974). Three of

these four subspecific entities were directly incorporated into the

experimental procedure: � pepo var. ovifera (L.) Alef. (CPO), � pepo

var. melopepo (L.) Alef. (CPML), and � pepo var. medullosa Alef. (CPMD).

CPO are the ornamental gourds which are often attractively shaped and

colored. Their fruits are typically characterized by a hard pericarp

wi th very 1 itt 1 e fl esh, the fl esh often bei ng bi tter and thus i nedi bl e

due to the presence of a class of organic compounds appropriately named

cucurbitacins (Whitaker and Bemis 1975). The plants are slender, long-

running or climbing vines with tendrils. A cultivar producing yellow,

warty fruits was used. CPML are most often recognized as summer squashes

or squashes which are consumed in the immature state. The particular

cultivar of CPML used throughout this study was the early summer

crookneck squash. CPMD is a somewhat homogeneous group recognized as the

Italian marrows. All cultivars from this group have elongated fruits,

and the black zucchini type was selected for the procedure. Both CPML

and CPMD plants have compressed internodes with abortive tendrils and are

commonly referred to as bush squash.

The second species of interest used in this study, � texana (Scheele)

Gray, abbreviated CT, is known commonly as the Texas gourd. This wild,

spontaneously occuring gourd is similar to CPO in having relatively

small, hard-shelled, bitter tasting fruits. The species has long been

thought endemi c to Texas, occuri ng "i n debri s and pi 1 es of dri ftwood,

often climbing into trees, along several rivers, especially the

Guadalupe, that drains the Edwards Plateau in central Texas" (Correll and
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J 0 h n s ton 1 9 7 0 ) • Pop u 1 at ion sin T e x a s are u ncomm 0nan d 1 0cal i zed •

Isolated occurrences of spontaneous gourd populations in the southern to

midwestern U.S. have variously been treated as CPO or CT.

Isozyme Labeling

Because of the nature of the project, which involved an assessment of

the possible genetic exchange between various taxa within the Cucurbita,

a mechanism for monitoring actual gene flow among plant populations under

natural conditions had to be established. The most suitable means for

accomplishing a quantitative inquiry into the actual gene flow problem

proved to be a process of isozyme labeling of the experimental plants.

Before the advent of molecular technique in population genetics, lithe

traditional methods of analysing genetic variation were stymied by the

impossibility of equating phenotypes with genotypes" (Gottlieb 1971).

Today, through the use of gel electrophoresis, variation within a

population can be examined quickly and efficiently. The use of gel

electrophoresis is also unique in that it allows the visualization and

quantification of variation at the simplest level of genetic expression:

that of the primary structure of proteins, or simply, changes in the

amino acid composition of such proteins. The technique is based upon the

fact that such changes in protein structure are the direct result of

variation within the nucleotide sequence of the structural genes coding

for the product. Changes in the amino acid composition of a protein,

whether it be a deletion, addition, or substitution, can alter the net

electrostatic charge on that protein and thus overtly affect the

migration of that protein through an electric field. Such different

molecular forms of the same enzyme are termed isozymes (Markert and



7

Moller 1959). Upon electrophoresis and subsequent staining of a gel for

a particular enzyme system, different isozymes will appear as distinct

phenotypic banding patterns on the gel. Seed stocks for the three

varieties of � pepo and C. texana to be used in the study were selected

and planted in the 1 aboratory. Cotyl edon materi a 1 from the seedl i ngs of

each taxon were electrophoresed and stained for three enzyme systems:

PGI, GOT, and PER (Fig. 1). Only those seedlings exhibiting selected

phenotypes in all three enzyme systems were chosen for planting in the

field. Phenotypes useful as genetic markers for each taxon were selected

so as to fascilitate easy recognition of outcrossing if it occured.

Establishment � Populations

In order to monitor genetic exchange as it occurs among populations

of Cucurbita, land was obtained from the agricultural branch of Texas A&M

University at A&M Farms in the Brazos Valley of central Texas. Under the

assumption that the published limit of Cucurbita gene flow was accurate

at 400 meters maximum isolation distance necessary in order to insure

genetic purity of seed (Kernick 1961), two experimental populations were

estabished in the Spring of 1982 to assess the potential for

interspecific crossing under different environmental conditions (Fig. 2).

Stat ions 1 through 5 were establ i shed in such a way as to determi ne the

potent i a 1 for hybri di zat i on under agri cul tural condi t ions. CPML was

grown at station 5 in a garden-like arrangement consisting of a single 12

meter row, while stations 1 through 4 represented isolated occurrences of

CT along a fence row.

The second experimental population, stations 6 through 15, was an

attempt to portray a more natural occurrence of the two species in the
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wild condition. Station 14 was planted in such a manner as to represent

a small 6x6 meter "patch" of CPO with CT stations variously located along

the banks of the Brazos River, the flood-plain being representative of

its natural habitat.

Flower Development and Pollinator Activity

Frequent visits to the site were necessary in order to insure that

each genetically marked plant became established, and once flowering

began in late June, daily visits were necessary in order to record data

pertinent to the study of the gene flow problem. Information such as the

number of pistillate and staminate flowers per plant had to be collected

on a daily basis due to the fact that the flowers of Cucurbita open and

wither in a single day (Hurd et ale 1971). Pistillate flowers were

marked on the day of their opening for later identification of fruits in

the case of fruit set so that the date of pollination would be known.

The activity of certain bees was noted and various potential

pollinators found in association with the different taxa were caught for

i dent i fi cat ion. When circumstances a 11 owed, bees were ma rked to permi t

monitoring of movement within the study area. Various colors of liquid

paper were dabbed on their thorax to identify the bees with a particular

station.

Electrophoretic Procedure

The various fruits were allowed to mature on the plants and then

h a r v est edin mid d 1 e to 1 ate s u mm e r • The pic ked f r u its we red r i e d , and

the seeds extracted. The dri ed seeds were then germi nated in an

incubator and sown to produce the progeny generation in the laboratory.

Previous work had shown that as soon as the young plants put forth their
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first true leaves they were at the proper age for electrophoresis.

The night before electrophoresis was to be done, starch gels were

prepared. Standard methods for horizontal starch gel electrophoresis in

a PK buffer system were used (Appendi x I & I I). After the starch gel s

were poured and the surface of each had solidified, they were covered

with cellophane and allowed to cool overnight. The following morning,

cotyl edons from the progeny seedl i ngs were pi cked and pl aced in

homogenizing blocks. The plant material was then homogenized by grinding

it with a drill press fitted with a blunt acrylic bit designed to fit

snugly into the individual sample wells of the homogenizing block. The

resulting crude homogenate was immediately absorbed onto 2xlO mm wicks

made of Whatman #3 chromatography paper. Once saturated, the wicks were

then loaded into the gel at the origin, a slice made in the gel 6 cm from

one end. Interior gel mold dimensions were 14.5xlOx.7 cm. Thirty

wicks, and thus thirty individual samples, could be evenly spaced along

the wid tho f the gel, s epa rat e d by at 1 e a s t 2 mm to avo i d c r 0 s s

contamination, improve band resolution and fascilitate easy scoring.

Once the wi ck s were loaded, the gel was re-covered wi th the

cellophane and electrophoresed at 200V and 50mA for thirty minutes, after

which the wicks were removed. The electrophoresis then continued at 200V

until the borate front of the discontinuous tris-citrate or PK buffer

system (a modification of Poulik 1957) moved the 6 cm necessary to cross

the origin and progress toward the anodal end of the gel. Immediately

after the front had crossed the origin, the voltage was increased to 250

V at 50mA max i mum • All elect rophores is wa s done unde r refri dge rat i on at

40C. After approximately six hours of electric field exposure, the gels
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were removed for slicing and staining. Three horizontal slices of

approximately 2 mm thickness were taken from each gel electrophoresed,

and each was stained for one of the three enzyme systems used to

genetically mark the experimental plants in the field (Appx. II!). The

enzyme systems examined were phosphoglucose isomerase (PGI), E.C.

5.3.1.9; glutamate-oxaloacetate transaminase (GOT), E.C. 2.6.1.1; and

peroxidase (PER), E.C. 1.11.1.7. Only anodal activity was used to

determine the enzymatic phenotypes of these progeny plants. By

comparison of the progeny phenotype in each enzyme system with that of

the known egg parent, the occurrence of gene flow could easily be

recognized, the pollen parent's taxon identified, and the event readily

quantified.
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Fig. 1. Resulting phenotypes expressed by differential migration of

;sozymes in the PGI, GOT, and PER enzyme systems using starch gel

electrophoresis. * Denotes a heterozygous phenotype.
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o 400m

Fig 2

Diagram showing distribution of the two experimental populations

on land of Texas A&M Farms . "Agricultural" population is depicted by

stati ons 1 through 5. "Natural" popul ati on is represented by stati ons

6 through 15.

p = Cucurbita �

T = Cucurbita texana

Note: 400m scale representative of previously published isolation

requirement for Cucurbita.

13
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III. RESULTS

Bees and other potential pollinators found in association with the

experimental plants were caught and identified (Table 1). Based on the

results of this identification, the wild bee, Xenoglossa strenua, was

determined to be the primary pollinator working the taxa of interest

within the study area. Xenoglossa far outnumbered the other wild bee,

Peponapi s, found in the study area as well as Api smell i fera, the local

honeybee. The "squash bees", Xenoglossa and Peponapis, commonly

o v ern i g htin the wi 1 ted fl owe r s 0 f C u curbit a ( Lin s 1 ey 1960), and s eve ra 1

instances of finding Xenoglossa in this circumstance occurred.

Because of the high frequency of Xenoglossa sightings among the

experimental plants, an attempt was made to monitor their movement in and

between stations (Table 2). According to the table, Xenoglossa tended to

remain associated with a particular area as seen in the high number of

instances a marked bee was re-caught at the same station it was

originally tagged. Much more infrequently, however, instances of bees

moving between stations were monitored. For example, bees marked at

stations along the fencerow (1-4) were seen at station 5, and vice-versa.

Xenoglossa was also observed to have travelled from station 5 to station

14 and from 14 to 7. From such observations of pollinator movements, the

potential for interspecific gene flow was established in the

"agricultural" and "natural" populations of Cucurbita. Also, evidence of

possible gene flow between these synthetic populations at distances far

in excess of previously published limits was revealed.

The number of stami nate flowers produced by pl ants represent i ng the

three individual taxa used in the study was recorded on a daily basis
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over a two month peri od in the summer of 1982 (Fi g 3). Thi s fl oweri ng

phenology represents the total contribution by each taxon to pollen and

nectar availability on a temporal scale. Each taxon exhibited a peak of

flowering activity at a different time in relation to the others. CPML

led the way by peaking early in July. CT, however, exhibited a more

obtuse peak which extended through the middle third of the month. After

the maximal flowering activity of CT, it was finally CPOIS turn at the

top, thi s taxon reachi ng a sharp pi nnacl e of fl oweri ng near the end of

July. The information gained from this flowering phenology was used in

conjunction with the results of isozyme data to give an indication of

conditions necessary or beneficial for interspecific gene flow to occur.

The net result of screening the progeny of the experimental plants

for isozyme phenotype is shown in Table 3, a condensed version of the

original electrophoretic data (Appx. IV). CPO at station 14 was set

apart from the other taxa by exclusively exhibiting a type 3 PGI

phenotype. CPML (with the exception of CPML-2) and CT, on the other

hand, expressed exclusively type 1 PGI. The occurrence of type 2 PGI in

progeny of CPO - 3, 4, and 5 is illustrative of the heterozygous

condition and the result of a cross with the type 1 PGI of CPML or CT.

To resolve the problem of which taxon was the pollen parent, the GOT

enzyme system must be examined. CPO was (with the exception of CPO-I)

genetically marked with a GOT 3 phenotype as was CPML. The occurrence of

a type 2 GOT in either CPO or CPML progeny indicates the heterozygous

condition and is the result of an outcross from the type I GOT unique to

CT. It is evident then, that in CPO-3, five interspecific crosses from CT

occurred (5 GOT 2Is), and the remainder of the progeny exhibiting PGI 2
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(10 - 5 = 5) are the result of outcrossing from CPML. It should be noted

that the occurrence of the parental phenotype in progeny is usually the

result of selfing or a cross with a plant exhibiting the same phenotype

within that taxon. CPO-1 has evidently crossed with all other station 14

plants, though, as seen by the presence of its GOT 4 phenotype.

Segregating into type 3 and 5, GOT 4 produces type 3's and 4's in a 1:1

ratio when crossed with a GOT 3 homozygous plant.

Within the CPML progeny, interspecific crosses with CT are detennined

by the presence of a GOT 2 phenotype as found in CPML 3,4,7,11 and 12.

The accurate verification of outcrossing from CPO into CPML is limited to

one plant within station 14, that plant being CPO-I. The presence of PGI

2, GOT 4 and PER 4 in CPML 9 and 12 indicate the occurrence of gene flow

from CPO-l to CPML. The presence of plant CPML-2, however, with its type

2 PGI phenotype made it impossible to determine by isozyme analysis alone

if the remaining type 2 PGI progeny within the CPML were the result of

gene flow from CPO or from plant 2 within the taxon.

Analysis of progeny within the CT group revealed interspecific gene

flow from stat ion 5 CPML by the presence of PGI 1 phenotypes in

assoc i at i on wi th GOT 2 phenotypes in CT -2 and 3. As for cross i ng wi th

CPO, progeny from CT-7 and 15 offer firm proof of gene flow from station

14 because of thei r PGI 2 phenotype. CT-7 obviously had to cross with

CPO-l in order to exhibit the GOT 4 phenotype of that plant, while the

GOT 2 of CT-15 is the result of a cross from a CPO having a GOT 3

phenotype.

The unique slow bands of PER marker phenotypes 4 and 5 in CPO

provided firm identification of this taxon as the pollen parent in hybrid
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progeny from fruits of both CPML and CT. However, CPO germplasm was not

always detectable with the PER system because PER phenotype 4 is a

heterozygous phenotype. In hybridization with plants carrying PER 3,

progeny will shown PER 3 and PER 4 in a 1:1 ratio.

Table 4 summarizes the frequency of intertaxon genetic exchange

events observed in the number of progeny sampled from each taxon. The

identity of the pollen parent was determined as above, and the distance

over which gene flow occurred was measured.
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Table 1

Potential pollinators caught in association with experimental

plants. All specimens vouchered in the Entomology Department Insect

Collection, Texas A&M University.
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Table 1

Collection it Insect Species Sex of Associate<.l Station at Date of
(H. Wilson) Identification Bee Plant which Caught Collection

3925 Melissodes b. b imacula ta (Lepeletier) F texana 12 12 07 82
3926 Peponapis pruinosa (Say) F melopepo 05 09 07 82
3927 Peponapis pruinosa (Say) M melopepo 05 09 07 82
3928 Peponap i s p ru inos a (Say) M melopepo 05 30 06 82
3929 Xenoglossa strenua (Cresson) F melopepo OS 01 07 82
3930 Xenoglossa strenua (Cresson) F melopepo 16 09 07 82
3931 Xenoglossa strenua (Cresson) F melopepo 05 29 06 82
3932 Xenoglossa strenua (Cresson) M melopepo 05 29 06 82
3933 Xenoglossa strenua (Cresson) F melopepo 05 30 06 82
3934 Xenoglossa strenua (Cresson) M melopepo 05 01 07 82
3935 Xenoglossa strenua (Cresson) F ovifera 14 27 07 82
3936 Xenoglossa strenua (Cresson) F ovifera 14 31 07 82
3937 Xenoglossa strenua (Cresson) M texana 15 03 09 82
3938 Xenoglossa strenua (Cresson) F texana 03 17 07 82
3939 Xenoglossa strenua (Cresson) F me1opepo OS 03 09 82
3940 Xenoglossa strenua (Cresson) F texana 01 29 07 82
3941 Peponapis pruinosa (Say) F ovifera 14 17 07 82
3942 Bombus p. pennsy1vanicus (Degeer) ? me1opepo 16 17 07 82
3943 "skipper" ? ovifera 14 27 07 82
3944 Xenog1ossa strenua (Cresson) F ovifera 14 22 07 82
3946 �)is mellifera Linnaeus ? texana 03 25 07 82
3948 Agapostemon texanus (Cresson) ? texana 02 15 07 82
3949 Agapostemon texanus (Cresson) ? me1opepo OS 24 07 82
3950 Hemitha1ictus lustrans (Cockerell) ? texana 10 23 07 82
3951 Hemithalictus lustrans (Cockerell) ? ovifera 14 28 07 82
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Table 2

Data showing how bee movement was monitored within and between

stations of experimental plants using various color markers.



N

Table 2

STATION TAXON MARKER #BEES* #TIMES MARKED #TIMES BEE #TIMES BEE #SIGHTINGS OF OTHERS
COWR MARKED BEES RE-CAUGHT** WIlli DIFFERENT WIlli DIFFERENT

MARKING CALlCHI' MARKING SIGITED APIS OOMBUS "SKIP" AGAPOSTEM)N HEMI1HALICIUS

1-4 cr pink 08 03 02 (white) 01 0 0 0 0 0

5 CYML white 18 11 00 02 (pink) 0 0 0 1 0

6 cr none 00 00 00 00 0 0 1 0 0

7 cr none 00 00 00 01 (blue) 0 0 2 0 4

9 cr none 00 00 00 00 0 0 0 0 3

10 cr orange 01 01 00 00 0 0 0 0 4

12 cr none 00 00 00 00 0 1 0 0 0

14 CPO blue 17 27 03 (white) 00 2 3 4 0 2

15 cr blue 04 01 00 00 0 0 0 0 0

1tXenog10ssa

1t1tdoes not refer to #of bees, rather number of instances of re-catching
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Fig 3

Staminate flowering phenology allowing comparison of the flowering

activity of the three** taxa throughout the growing season.

*CP30=CPML
CT-5=CT
CO-4=CPO

**CPMD was eventually omitted from the study as it became evident that

plants of this taxon did not become well established.
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Table 3

Illustrates the results obtained upon electrophoresis of progeny

from experimental plants. The number of progeny sampled from each parent

plant is shown according to electrophoretic phenotype expressed for

each enzyme system, e.g., 48 progeny from plant CPML-6 were sampled,

and all expressed the phenotype of the parent plant in PGI, GOT, and

PER systems. These phenotypes being indicative of the taxon, no

intervarietal or interspecific crossing appears to have occured.

+ Denotes heterozygous phenotype within that enzyme system

* Denotes the phenotype of the parent plant
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Table 3

Electrophoretic Resul ts By Plant & Taxon

Parent PGr GOT PER
Plant 1 2+ 3 1 2+ 3 4+ 5 1 2 3+ 4+ 5

CPO-l 36* 9 12* 5 7 29*

CPO-2 47* 12* 1 10 32*

CPO-3 10 141* 5 122* 23 35 73* 36

CPO-4 3 39* 3 25* 14 11 29*

CPO-5 23 123* 9 83* 52 21 86* 32

CPO-TOTAL 36 386 17 251 102 5 56 187 158

CPML-l 26* 11 37* 37*

CPML-2 16 26* 'I 44* 44*c:

CPtv['- 3 74* 1 1 74* 75*

CPML-4 49* 1 1 49* 50*

cprv['- 5 26* 16* 26*

CP}v[,- 6 48* 48* 48*

CPML-7 63* 1 62* 63*

CPML-8 21* 21* 10*

CPML-9 28* 2 18* 2 28* 'I
c:

CPML-10 12* 12* 12*

CPML-11 71* 1 4 68* 59*

CPML-12 23* 3 11 14* 1 25* 1

CPHL-13 19* 9* 19*

CPML-14 12* -* 12*

CPML-15 37* 22* 37*

CPML-16 3 3

CPML-1DTAL 528 45 2 18 507 3 545 3
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Electrophoretic Results-cont.-

Parent PGI GOT PER
Plant 1 2+ 3 1 2+ 3 4+ 5 1 2 3+ 4+ 5

CT-1 56* 56* 55* 1

CT-2 38* 28* 10 28* 10

CT-3 100* 99* 1 6 22 72*

CT-4 62* 48* 12 12 38*

CT-6 30* 30* 30*

CT-7 19* 14 19* 14 4* 15 14

CT-9 82* 72* 14 14 54*

CT-15 7l* 1 59* 1 6 9 56* 1

CT-TOTAL 458 15 411 12 14 66 146 246 15
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Table 4

Observed frequency of gene flow between taxa with source of

foreign pollen and distance from pollen source to egg parent.

* Determination of specific pollen source within taxon not possible

with available data.



Table 4

Number of % Showing Po 11 en Distance of

Taxon Progeny Sampled Genetic Exchange Source Gene Flow (m)
---

CPO 422 4.30 CT >15
4.50 CPML 1410 or

1315*

CPML 575 er
CPO

>100
1410 or

1160*

3. 13
.52

CT 2.33
3. 17

<200
565

473 CPt�L
CPO

27
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IV. DISCUSSION

Xenoglossa and Peponapis, commonly known as the "squash" or "gourd

bees", are two genera of solitary bees that have evidently co-evolved

with the Cucurbita (Hurd et ale 1971) and preferentially, if not totally,

subsist on its nectar and pollen. It was indeed interesting to find that

one of these genera, Xenoglossa, held such an irrefutable place as

primary pollinator over the others in this study area. Shear supremacy

in numbers of Xenoglossa over Peponapis, and the fact that honeybees have

a difficult time removing pollen from the anthers of Cucurbita (Linsley

1960), resulting in much smaller pollen loads in comparison to

Xenogl ossa, makes for a genui ne 1 ack of compet i tors for thi s pos it ion.

It was wi th thi sin mi nd that Xenoglossa was sel ected to moni tor

"pollinator" movements within and between the stations.

The high frequency with which marked bees were re-caught at the

1 arger stat ions, 5 and 14, and the fact that these two stat ions

continually exhibited more pollinator activity in comparison with the

smaller stations is consistent with the proposed correlation between

resource quality and pollinator flight movements (Pyke 1978). Because

Cucurbita is distinctive in that its flowers open early in the morning

and quickly wilt as temperatures rise and light intensity increases (Hurd

et al. 1971), Xenoglossa could be consistently found in high numbers

early in the morning at the larger sites where their reward in nectar and

pollen was greatest. Conversely, at smaller stations, where flowers were

produced sporadically or only in small numbers, pollinator activity also

was observed to be low and sporadic.

It still remains, however, that pollinator movement between stations
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was observed. This can most likely be explained by the fact that no

station established in this study could accurately be described as dense

enough to keep the high number of bees in one area. The marked bees

probably visited the highest resource quality areas first, and then had

to "hustle" for their food, foraging over the entire area. The low plant

density situation in the CT stations and their relatively distant spacing

from each other combines to reduce the probability of intrataxon crossing

and increases the likelihood of pollinator movement toward a higher

resou rce area, stat ions 5 and 14. Thi s hypothes is is cons i stent wi th

observation of bee movement and electrophoretic evidence of gene flow

between stations.

The flowering phenology, when combined with the isozyme data (Appx.

IV), revealed that pistillate flowers fertilized at a time when the

number of staminate flowers within all taxa was low had the highest

probability of undergoing genetic exchange. This is almost surely the

result of long distance pollen carryover between taxa by bees as a result

of low resource quality.

One note of interest is the rather significant event of what appears

to be crosses from CPO into CPML at a time before June 28. Staminate

flower production within the CPO group was not observed before June 28.

This may be accounted for by station 16, a pre-existing establishment of

zucchini like Cucurbits discovered later in the summer. For the purposes

of this study they have been incorporated into both the CPO and CPML

groups due to the fact that the station was destroyed before it could be

genetically assessed.

In considering the overall meaning of the electrophoretic results, it
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should be noted that interspecific gene flow can and does occur between

the � pepo complex and � texana under natural conditions involving

natural pollen vectors. The distances over which both interspecific and

intervarietal crossing occurred were great enough to effectively dissolve

the boundaries of the two populations of Cucurbita established and thus

allow consideration of possible genetic exchange between all stations.

The fact that gene flow was observed to occur at distances well over the

published isolation requirements for Cucurbita may possibly be due to the

fact that the isolation distance was established for the genus as a crop.

The cu rrent be 1 i ef is that gene flow between natu ra 1 popu 1 at ions may be

higher than in crops over the same distance (Levin 1981). The results of

this study certainly confirm this belief. The effects of such gene flow

between popu 1 at ions, even if the 1 evel s were low from each sou rce, are

additive, and in the end may have a considerable impact on the genetic

structure of the recipient population (Levin, 1981).
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v. CONCLUSIONS

When the biological criteria are used to delimit a species, one must

have a means of directly measuring the parameters of genetic exchange

between groups of organisms. In the past, this has proved to be an area

of great tribulation among taxonomists and evolutionary biologists alike,

who tended to rely most heavily on gross morphological characteristics to

defi ne a speci es. In areas such as the pal eo-sci ences, a method that

relies on accurate determination of genetic exchange is hardly likely.

However, for those interested in more contemporary puzzles, a practical

solution to the problem of measuring gene flow among and between plant

populations would be through isozyme analysis. The technique of gel

electrophoresis is certainly one of the fastest and most accurate means

of quantifying this event, and undoubtedly has many applications in the

fields of taxonomy and evolutionary systematics.

The use of isozyme analysis has shown that gene flow between �

texana and the � pepo complex can and does occur under both agricultural

and natural conditions, and raises serious questions as to their present

classification as separate and distinct species.

Furthermore, and in conclusion, the published estimates of distance

limits to Cucurbita gene flow are incorrect, and any subsequent

modification should include isolation requirements necessary for the

genus under natural conditions.
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APPENDIX I.

Buffer Solution Preparation

PK-G (Poulik Gel Buffer pH=8.7)

200 g. Tris (0.083m)

22 g. Citric Acid (0.005m)

19 L. H20
Fill for total volume of 20.0 L with H20

PK-E (Paulik Electrode buffer pH = 8.1)

482.3 g. H3B03 0.3M (Granular) Boric Acid

62.4 g. NaOH 0.056m Sodium Hydroxide

25.0 L. H20
Fill for total volume of 26.0 L. with H20

Stain Buffer (0.1 M Tris HCL pH 8.0)

96.8 9 Tris

7.0 L H20
ca. 45 ml HCL (conc)

pH to 8.0 with HCL L. Fill for total volume of 8.0 L. with H20
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APPEND I X II.

Procedure Followed � Electrophoresis Using � Thin II Slice) Gel.

1. Prepare the buffer solutions (gel, electrode, and stain)

2 • Ge 1 prepar at ion

a. Firmly seal gel mold electrode slots with masking tape and apply
thin even film of glycerin on base plate using kim-wipes.

b. In a lL vacuum flask, add 39.5 g hydrolyzed potato starch with
approximately 100 ml of 395 ml gel buffer and mix into a slurry.

c. Heat over a bunsen burner the remaining gel buffer in a lL
volumetric flask until just prior to a rolling boil.

d. Quickly, yet carefully, pour the heated buffer into the vacuum

flask containing the slurry while continuously mixing.
e. Imm e d i ate 1 y s top 0per the va c u u m fl ask, at t a c h to a va c u u m p u m p

and aspi rate whi 1 e st ill mi xi ng and occas i ona lly heat i ng unt i 1
the small ai r bubbles are gone. Care must be taken not to cook
the starch.

f. Pour into the prepared gel mold, remove with fine forceps any
foreign matter or cooked starch while still hot, and allow to
cool 30-40 mi nutes.

g. Cover gel with saran wrap and allow to further set for 2-48 hours
before loading samples.

3. Sample preparation and gel loading

a. Collect and label samples to be run.

b. Homogenize samples and absorb onto wicks.
c. Cut slit along the width of the gel at the origin and insert the

wicks using fine forceps.

4. Gel running

a. Fill electrode trays in refrigerated cabinet with chilled
electrode buffer.

b. Allow power supply to warm up.
c. Remove masking tape seal.
d. Place loaded gel in proper + / - orientation in the electrode

trays, check circuitry, and set power pack at 55 milliamps and
250 volts for the duration of the run.

e. Remove wicks after 30 minutes.
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5 • Ge 1 s 1 i c i n g and s t a i n i n g

a. Carefully remove gel from its mold and cut a notch in
standardized corner for orientation.

b. Horizontally slice on a plexiglass slicing bed.
c. Place separate slices into staining trays
d. Add pre-weighed stain to warmed stain buffer
e. Let incubate at 380C and occasionally agitate until sites of

activity reach optimum visibility.
f. Decant stain, rinse slice, and fix in 30% ETOH.

6. Score the phenotypes and/or photograph gel.
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APPENDIX III.

Stain Assay Procedures

1. Phosphoglucose Isomerase (PGI) - 1 gel

a. lml Pt·1S
b. lml MTT
c. Iml Fructose-6-phosphate
d. lm] NADP
e. 2 drops G-6-PDH
f. 5 Om 1 St a i n B u f fer (warm)

After slicing, add PMS, MTT, and F-6-P to heated stain buffer. Just

prior to staining, add NADP and G-6-PDH to stain buffer. Pour over gel
and incubate for 30 minutes. Rinse and fix in 40% EtOH.

2. Glutamate-Oxaloacetate Transaminase (GOT) - 2 gels

a. GOT Substrate Mixture
160mg L-Aspartic Acid
600mg PVP

60mg EDTA
1. 7g Na2HP04

b. Substrate Solution
6 Om 1 H20 (warm)
45mg aTpha-Ketoglutaric Acid
1 flask Substrate Mixture

100mg Fast Blue BB Salt (GOT Capsule)

After slicing, add a-Ketoglutarate and GOT capsule to flask of
substrate mixture. Add the warm water, mix, and pour over two gels,
dividing the stain evenly between them. Incubate for 15 minutes. Rinse
and fix in 50% glycerol.

3. Peroxidase (PER) - 1 gel

a. Benzidine Stock Solution
2mg Benzidine Dihydrochloride*

18ml Glacial Acetic Acid
(Let dissolve 1 hour before adding H20)
72ml H20

b. Substrate Solution
3Om 1 H20 ( warm)
10ml 0.6% Hydrogen Peroxide
4ml Benzidine Stock Solution
2.5mg Ammonium Chloride
Mi x subst rate sol ut i on and pou rover gel. Sta in 10 mi nutes, decant

stain into biohazard container, fix in 30% EtOH.
*Benzidine is a possible carcinogen.
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CP 30 0306 1807
CP 30 0306 1807
CP 30 0307<2806
CP 30 0307<2806
CP 30 0308 2906
CP 30 0308 0207
CP 30 0308 0207
CP 30 0313 2806
CP 30 0314 2906
CP 30 0314 2906
CP 30 0314 2707
CP 30 0314 2707
CP 30 0314 2707
CP 30 0314 2707
CT 05 0004 1707
CT 05 0007 2107
CT 05 0001 2107
CT 05 0001 2107
CT 05 0001 2107
CT 05 0001 2107

N
N
P
P

BO
CO
CO
BO
BO
BO

o
o
o

CE
R

R
R

S
S
T

CA
U
U
V
V

V
W
X
y

y
y

G
Z

BP
BP
X

BB
E

CC
CC
00
00
DO
EE
EE
FF
GG
GG
HH

JJ
JJ
KK
KK
KK
KK

BG
CF
BC
BE
BE
BC

09! 01 I OO!
041 04! 001
041 03! 001
OS! 04 I 01 I

021 13! 001
OS! 041 011
001 02! 001
08! 001 001
131 011 OO!

10! OO! 001
16! 001 OO!
10! 001 001
171 OO! OO!
10! OO! OO!
14! 001 OO!
091 OO! OO!
061 01 I OO!
101 OO! OO!
10! OO! OO!
16! OO! OO!
10! OO! 001
101 OO! 001
101 OO! OO!
17! OO! OO!
017
101 OO! 001

10! OO! OO!
02! 001 OO!
08! 001 OO!
171 001 OO!
111 OO! 001
101 OO! 001
141 01! 001
141 011 OO!
161 001 OO!
121 001 001
131 OO! OO!
18! 001 OO!
10! OO! OO!
201 011 001

101 OO! 001
071 01! OO!
161 02! 001
02! OO! 001
08! OO! 001
09! OO! OO!
12 I 001 OO!
08! OO! 001
051 001 001
091 OO! OO!
021 OO! 001
131 OO! OO!

131 OO! OO!
18! OO! OO!
171 OO! 001
131 001 001
141 OO! 001
121 OO! 001

001 OO! 10! OO! 00'

001 001 08! OO! 001
001 OO! 07! OO! 001
OO! OO! 09! 001 001
OO! OO! IS! OO! 00'
001 001 10! OO! OO!
001 001 03! OO! OO!
001 OO! 081 OO! OO!
OO! OO! 12! 001 OO!

027

OO! OO! 10! OO! OO!
OO! OO! 16! OO! OO!
OO! 001 10! 001 OO!
OO! 01! 16! OO! OO!
OO! 001 10! OO! OO!

OO! OO! 14! OO! OO!
OO! 01! 08! OO! OO!
OO! OO! 07! OO! OO!
OO! OO! 101 OO! OO!
OO! 001 OO! OO! OO!
OO! 001 161 OO! OO!
001 001 10! OO! OO!
OO! 001 101 001 OO!
OO! OO! 10! OO! OO!
001 001 18! OO! 001

001 001 10! 001 001
OO! OO! 10! 001 OO!
001 OO! 021 OO! OO!
OO! OO! 08! 001 001
001 001 17! OO! 001
OO! OO! II! 001 001
OO! OO! 10! OO! OO!
001 OO! 141 011 OO!
001 OO! 14! 011 001
OO! 01? 151 001 001
OO! OO! 12! OO! 001
OO! 001 137 OO! 001
OO! 017 171 001 OO!
OO! OO! 10! OO! OO!
OO! 03! IS! OO! OO!

03?
OO! 001 10! OO! 001
OO! 06! 02! OO! OO!
OO! 05! 12! 01! OO!
OO! OO! OO! OO! OO!
OO! OO! OO! OO! 00'
OO! OO! 09! OO! OO!
OO! OO! OO! OO! OO!
OO! OO! OO! OO! OO!
OO! OO! OO! OO! 00'
OO! OO! 09! OO! OO!
OO! 001 001 OO! OO!
OO! 001 II! OO! OO!

027
12! OO! OO! 001 OO!
18! OO! 001 OO! OO!
17! OO! OO! OO! OO!
13! 001 OO! OO! OO!
14! 001 OO! 001 001
12! 001 OO! 00' OO!

OO! OO! 10! 001 OO! 280982
OO! OO! 08! OO! OO! 300982
OO! OO! 07! 001 OO! 300982

OO! 001 09! OO! OO! 280982
OO! OO! 151 OO! OO! 261082
OO! OO! 1O! OO! 001 140283
OO! 001 031 OO! 001 110283
OO! OO! 08! 001 OO! 261082

OO! OO! 141 OO! OO! 260183
260183

001 001 10! 001 001 300982
OO! OO! 161 001 OO! 261082
OO! OO! 10! OO! OO! 280982
OO! OO! 17! OO! OO! 140283
OO! OO! 10! OO! OO! 280982
OO! 001 14! OO! OO! 261082
'001 OO! 09! OO! OO! 300982
001 001 071 OO! OO! 300982
OO! OO! 101 001 OO! 280982
001 OO! 10! OO! 001 280982
OO! OO! 161 001 001 140283

OO! 001 10! OO! OO! 140283
OO! 001 101 OO! 001 280982

OO! OO! 10! 001 001 280982
001 OO! 18! 001 OO! 110283

110283
001 OO! 10! 001 001 280982
001 OO! 101 001 001 280982
001 OO! 02! OO! OO! 280982
OO! OO! 08! OO! OO! 300982
OO! 001 171 OO! 001 110283
001 001 OO! 00' OO! 160982
001 OO! 10! 001 001 300982
00 I 00 I 14! 0 I! OO! 26 1082

OO! 001 141 01! 001 040383
001 001 161 OO! OO! 110283

001 OO! 121 001 001 300982
001 OO! 001 OO! OO! 160982
OO! 001 181 OO! 001 110283
001 OO! 101 OO! OO! 300982
OO! OO! 211 001 OO! 110283

110283
001 001 101 OO! 001 300982
OO! OO! 08! 001 001 300982
OO! OO! 171 01! 001 110283
001 001 021 001 001 081082
OO! OO! 081 001 001 081082
OO! 001 09! OO! OO! 140283
00' OO! 12! OO! 001 081082
00' OO! 08! 001 OO! 081082
OO! 001 OS! OO! OO! 081082
001 001 09! 001 OO! 110283
OO! OO! 02! OO! 001 081082
OO! OO! 131 001 001 140283

140283
04! 05 041 OO! OO! 310183
OO! 04 14! 001 001 040383
'OO! 16 01! 001 OO! 040383
00' 13 OO! OO! OO! 310183
OO! 14 OO! OO! OO! 090383
OO! 12 OO! OO! OO! 171282 W

1..0



120. CT 05 0002 1007 AW 06! 00 OO! 06! 001 00 001 001 06! OO! OO! 00 001 161282
121. CT 05 0002 1007 AW 03! 00 001 031 001 00 001 001 03! 00 I OO! 00 001 171282
122. CT 05 0002 1507 BJ 141 00 001 03! 10! 00 001 001 041 001 101 00 OO! 260183
123. CT 05 0002 1507 BJ 01? 260183
124. CT 05 0002 2007 AR 111 001 OO! II! OO! 001 001 OO! II! OO! 001 001 001 161282
125. CT 05 0002 2007 AR 041 001 OO! 04! 001 001 OO! OO! 04! 001 OO! 001 OO! 171282
126. CT 05 0003 1307 BH 151 001 001 15! 001 001 OO! OO! 051 041 05! 001 001 260183
127. CT 05 0003 1307 BH 01? 260183
128. CT 05 0003 1407 BL 0.3! OO! OO! 03! 00' OO! OO! OO! 001 001 03! OO! OO! 310183
129. CT 05 0003 1407 BL II! OO! 001 II! OO! 001 OO! OO! 02! 03! 06! 001 001 310183
130. CT 05 0003 1407 BL II! 001 OO! II! OO! 001 001 001 001 03! 08! OO! OO! 040383
131. CT 05 0003 1407 BL 06! 001 001 061 001 OO! 001 001 001 01! 051 001 OO! 090383
132. CT 05 0003 1607 AQ 14! OO! 001 131 017 001 001 001 001 021 12? OO! 001 301182
133. CT 05 0003 1607 AQ 151 OO! OO! 151 001 001 001 001 001 05! 101 OO! 001 090383
134. CT 05 0003 1707 Bl 101 001 001 10! 001 OO! 001 001 001 021 081 OO! OO! 310183
135. CT 05 0003 1707 Bl 021 001 OO! 021 001 001 001 001 001 01! 011 001 001 310183
136. CT 05 0003 ·1707 BI 02! 001 001 021 OO! OO! 001 001 021 001 001 001 001 260183
137. CT 05 0003 1807 AU 101 001 OO! 10! OO! OO! 001 001 021 001 051 OO! OO! 161282
138. CT 05 0003 1801 AU 031 001 001 031 001 001 001 001 001 011 021 001 001 171282
139. CT 05 0003 1807 AU 03? 161282
140. CT 05 0003 2907 AP 131 OO! 001 131 001 OO! 001 001 001 041 097 001 001 301182
141. CT 05 0004 BM 12 I 001 OO! 121 OO! OO! 001 OO! 04! 031 OS! OO! 001 310183
142. CT 05 0004 1507 AX 041 001 001 01 I OO! 001 OO! 001 041 OO! 001 001 001 281082
143. CT 05 0004 1707 BG 01? 310183
144. CT 05 0004 1801 AV 121 001 001 121 001 OO! 001 001 001 001 121 001 001 161282
145. CT 05 0004 1807 AD 08! 001 001 001 OO! 001 OO! 001 OO! 001 08! 001 001 t11182
146. CT 05 0004 1807 AD 131 001 001 10! 001 001 001 001 001 041 091 001 001 111282
147. CT 05 0006 1307 BK 151 OO! 001 IS! OO! 001 001 001 001 151 OO! 001 001 260183
148. CT 05 0006 1307 BK 151 OO! OO! 151 OO! 001 001 OO! 001 lSI 001 OO! 001 040383
149. CT 05 0001 1509 CG 01 I 141 001 011 OO! OO! 141 001 001 001 01! 141 001 040383
150. CT 05 0009 0607 AM 041 OO! OO! 04! OO! 001 001 OO! 041 001 OO! OO! OO! 171282
151. CT 05 0009 0607 AM 01? 161282
152. CT 05 0009 0607 AM 101 001 001 10! OO! 001 OO! OO! 03! 001 061 001 OO! 161282
153. CT 05 0009 0601 AM 101 001 001 001 OO! OO! 001 OO! 001 001 101 OO! 001 111182
154. CT 05 0009 1007 AY 111 OO! 001 111 OO! 001 001 001 02! 001 071 001 001 161282
155. CT 05 0009 1007 AY 03! OO! 001 031 OO! OO! OO! OO! 001 OO! 031 OO! OO! 111282
156. CT 05 0009 1007 AY 017 017 161282
151. CT 05 0009 1107 BN 031 OO! 001 03! 001 OO! 001 00 OO! 03! 001 OO! 001 310183
158. CT 05 0009 1107 BN 121 OO! 001 12! OO! OO! OO! 00 017 031 081 001 001 310183
159. CT 05 0009 1607 BD 12! 001 001 12! OO! OO! OO! 00 02! 031 071 OO! OO! 310183
160 CT 05 0009 1607 BD 171 OO! 001 17! OO! 001 OO! 00 OO! 051 12! OO! OO! 09p383
161. CT 05 0015 1607 BF IS! 011 001 IS! 011 001 001 00 OO! 04! 111 011 OO! 040383
162. CT 05 0015 1607 SF 16! OO! 001 16' OO! OO! 001 00 06! 02! 08! OO! OO! 310183
163. CT 05 0015 2607 AN 121 OO! OO! OO! OO! 001 001 00 OO! 001 121 OO! OO! 111182
164. CT 05 0015 2607 AN 02! 001 OO! 02! OO! OO! OO! 00 OO! OO! 02! OO! 001 171282
165. CT 05 0015 2607 AN 13! OO! 001 13! 001 OO! 001 00 OO! 03! 10! OO! OO! 040383
166. eT 05 0015 1408 AT 13! OO! OO! 13! OO! 001 OO! 00 OO! OO! 131 OO! OO! 161282
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