ABSTRACT
LOU, LINGLI. Inheritance of Fruit Characteristias Watermelon Citrullus lanatus (Thunb.)
Matsum. & Nakai]. (Under the direction of Todd CeWher, M.S.)
Watermelon fruit characters may affect customereptance of the watermelon fruit. The
gualitative fruit traits, such as flesh color, se&k, seed coat color, rind pattern, fruit shape,
exhibit wide ranges of phenotypes. The flesh colr be red, orange, yellow, or white. The
seed length of watermelon also varies from 4.4mrm&&mm. The seeds can have various
coat colors or other decorations. The rind of watdon fruits can be striped or solid colored,
which are further characterized by different stvpdths, stripe colors, backgrounds colors,
and additional modifications. The fruit shape carebbngate, oblong, and round. Other fruit
traits include shape of fruit blossom end, fruitface characters, and hollow-hearted flesh.
By crossing watermelon cultivars with different pbgypes, we studied the inheritance of the
various phenotypes and identified and verified geesponsible for the flesh color, seed size,
rind pattern, and fruit shape. In addition, we sddhe quantitative traits of the fruit weight
and total soluble solids content. The calculatexhrsense and narrow-sense heritability for
fruit weight is low to medium, indicating large eronmental effect on fruit weight. Medium
to high heritability is found for the total soluldelid content, suggesting possible gains from

selection.
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GENETIC CONTROL OF SEED CHARACTERS IN WATERMELON - A REVIEW
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Introduction

Watermelon Citrullus lanatus (Thunb.) Matsumura & Nakai] is a vining, annual
vegetable crop. Native to southern and tropicalcafand probably Asia, and naturalized in
the Americas, it is now cultivated in warm regiomsrldwide. Watermelon counts for 6.8%
of vegetable production area around the world (FA@)2; Guner and Wehner, 2004). The
ripe fruit is directly edible and is normally sedveool as a dessert. The immature fruit can be
cooked as vegetable. The fruit can also be usedonfectionary. Small white-fleshed
cultivars are used for preserves. Baked watermsémus from large-seeded cultivars have
traditionally been popular snacks. Watermelon seeel®lso used in soups and for producing
seed oll.

Breeding for improving production, quality and ehse resistance in watermelon
cultivars is of considerable commercial intereghdd breeding goals include diversification
of the fruit and plant types, and adaptation tagmeareas. Since the late 1800s, hundreds of
watermelon cultivars have been developed in théddnGtates. Some examples of popular
cultivars include 'Charleston Gray', 'Allsweet'daBugar Baby'.

Watermelon is a diploid with 22 chromosomes amélatively small genome size of
4.2x1¢ bp (Arumuganathan and Earle, 1991). Extensive tgerstudies and breeding
experiments since the 1930s have identified maae tne hundred genes. These genes are
related to phenotypes in seed and seedling, Vimeef, fruit, and resistance (Robinson et al.,

1976; Cucurbit Gene List Committee, 1979, 1982, 719%8&nderson, 1991, 1992; Rhodes and



Zhang et al., 1995; Rhodes and Dane, 1999; Wel2068). A comprehensive list of these
genes can be found in recent reviews (Guner anch@feB004; Wehner, 2008).

Seed traits are important for the watermelon ntar8eed characters, such as seed
size and seed color, may to a certain extent atfestomer acceptance of the watermelon
fruit. In breeding seedless watermelon, the sizehef undeveloped seeds in the triploid
determines the acceptability of the watermelonsagdless". Therefore it is advantageous to
breed high-quality watermelon cultivars having dnsded as parents for the seedless
triploids. In terms of seed coat color, black amovn seeded cultivars are often preferred in
the market, since light-colored or white seed coébrs may mislead consumers to think that
the fruit is not ripe. In the market when edibled® are of interest, seed coat colors other
than black and brown are also pursued. For exartipes is considerable interest to develop
watermelon cultivars having high yield of red-cahéslible seeds (Zhang, 1996b).

Watermelon seed is also known for its rich nutr@mtent. Although not common in
the United States, in some countries, watermel@a $& considered an important dietary
item (Oyolu, 1977; Zhang, 1996b). It has been detezd that watermelon seed contains
high amounts of minerals such as Ca, P, Mg, K, athige, and other nutrients (Oyolu, 1977,
Oyenuga and Fetuga, 1975). In China, baked watemmted from large-seeded cultivars
has traditionally been a popular snack and is the¥eof commercial interest. Another
example comes from egusi seed, where the fruibisedible but the seed has been used in
the diet in some African countries (Oyolu, 1977).

Because of the importance of seed traits, theseelde®n a lot of research on the

underlying genetic mechanisms that controls thesést(Kanda, 1931; Poole et al., 1941,



Porter, 1937; Suzuki et al.,, 1971; El-Hafez et &4B81; Sharma and Choudhury, 1982;
Tanaka et al., 1995; Zhang, 1996b; Zhen and Ji@5;18ang et al., 2000). Following is a

review of research on watermelon seed traits @, ©i@aat color, and coat pattern.

Seed Size

Watermelon seed length can vary from as long as dfin to as short as 4.4 mm
(Poole et al., 1941; Zhang, 1995a; Tanaka et 8b5)L Watermelon seed length has been
used as a measure of seed size by researchers,langth is highly correlated with width
(Poole et al., 1941; Zhang et al., 1995; Hawkind Bane, 2001). The size of seeds can be
classified according to their length: long seedthuength of 11.5-16.5 mm (or 13 mm in
average), medium seeds with length of 7.5-11.5 mm1Q mm in average), and short seeds
with length of 4.5-7.5 mm (or 6 mm in average).isltlassification may not be very strict. A
study crossing a line having seed length of 12.7 tmmone with 7.4 mm by Konsler and
Barham (1958) suggested that 7.4 mm might belorigeanedium size. In addition, an even
smaller seed size (“tomato seed”), with an avergggth less than 4.5 mm, was also
proposed (Zhang et al., 1995; Zhang, 1996a).

Early researchers (Weetman, 1937) investigatednimeritance of seed weight and
demonstrated the segregation ratio did not fit weethe monogenic segregation ratio 3:1 but
was close enough to suggest that light weight plypeowas monogenic dominant over
heavy weight. However, correlation of seed weighd asize was not significant in

Weetman’s experiment (Weetman, 1937). Poole eswgested that the light and heavy



seeds corresponded to medium and large seed Biaeke (et al., 1941; Konsler and Barham,
1958), since seed size is usually correlated vadddength (Poole et al., 1941; Zhang, 1995a;
Hawkins and Dane, 2001). Poole et al. (1941) atsnahstrated good correlation (r = 0.913)
between seed length and width when crossing 'SuonMmd Stars' x "Winter Queen'. This
correlation was also confirmed by other researclighang et al., 1995; Zhang, 1996a;
Hawkins and Dane, 2001).

Poole et al. (1941) investigated crosses betwbert and long, short and medium,
and medium and long seeds. The result showed #w siee is controlled digenically as
medium sized seeds were dominant to both shortag] while two recessive genésnds,
determine the long and short phenotypes of thessaedpectively. Poole et al. also found
that s is epistatic tol. Therefore the following designations were giventlte genotypes
corresponding to different seed sizek:SS for medium, |l SSfor long, and_L ss or Il ss for
short seeds. Konsler and Barham crossed a largedealtivar with seed length 12.7 mm
(‘'Charleston Gray') to a medium seeded breedirgwith seed length 7.4 mm (N.C.9-2),
and the results showed the medium seed was siegke @pminant to the long seed, which is
consistent with Poole’s study (Konsler and Barh&8%8). Shimotsuma also confirmed the
monohybrid inheritance of medium over long in thess between a large-seeded line,
V.No.3 and a medium-seeded line, V.No.1 (Shimotsuifé3).

Tanaka et al. (1995), however, reported thatltle@d s genes proposed by Poole
could not explain their results from the crossSsteet Princess' (average seed length 6.5 mm)
and 'Fujihikari' (average seed length 8.5 mm). Tioemd that the short seed type was due to

a single gene dominant over medium, contradictiregyipus findings. They proposed an



additional dominanTi (tiny controlling the short seed type in 'Sweeah&ess' (Tanaka et al.,
1995).

Zhang et al. studied the inheritance of a smafldsg/pe called “tomato seed”
(average length of 4.4 mm) (Zhang et al., 1995)s Emaller than the short seed described
earlier By crossing a large edible seed cultivahva “tomato seed” cultivar, an additional
gene was proposed by the authors to explain therobd segregation ratio in the progenies.
Zhang (1996b) confirmed this gene in the crossagBaby Tomato Seed' x 'Gn-1' (long
seed, average 17.6 mm). The tomato seed type wampietely dominant over long seed.

The symbols was later given to the “tomato seed” type (Gumer &ehner, 2004).

Seed Coat Color

Watermelon seeds have various coat colors suethds, tan, black, brown, green,
and red. Some seeds do not have uniform colorsgXamples, some tan or white colored
seeds have pink or black tips, or black rims (apberal band around the seed). Some other
watermelon seeds have a main background color adiffeaent foreground color which
makes it is very hard to classify. Watermelon seeat color is also difficult to classify due
to the shades of different colors. It is reasondht different researchers may classify the
same phenotype as different or give same namefterafit phenotypes. Because of the
discrepancy in describing the complicated seed co#&ir and pattern, it is sometimes

difficult to find the correspondence of the coalioce in different published studies.



Studies of watermelon seed coat color began inedmdy 1930s. Kanda (1931)
reported the first genetic study of watermelon sebdracters including 13 crosses. He
described 6 base colors (white, yellowish whiteldish brown, reddish orange, black, and
yellowish green) and 5 patterns (black spot onsbed tip, black dots, black rim, yellow
margin on the periphery of the both flat sides, aolitl color) and proposed 7 pairs of genes
controlling these characters. However, due to thbiguity in naming the seed coat color, it
is difficult to compare Kanda's classification withther studies. Therefore Kanda's
classification and gene names are not widely adapte

McKay (1936) studied the inheritance of tan, green red seed coat colors in
preserving and stock citron. The author demongtrtitat both tan and green are monogenic
dominant over red. The author also proposed thmatal green might be two independent
factors dominant over red. The genotypes for tathrad were later assigned by Poole et al.
(1941): RR tt WW for tan, andrr tt WW for red.rr TT WW was inferred to correspond to
green (McKay, 1936; Poole, 1944).

Porter (1937) investigated crosses between bltok,and white and found the
possibility of multiple factors controlling seedatacolor. The results suggested that black is
dominant over clump, tan, and white. The white sgadr in 'Pride of Muscatine' referred in
the paper is formally named as “white with tan tipdw (Wehner, 2008). This clearly
demonstrates the ambiguity of classification ofdseeat colors as mentioned above. It is
difficult to confirm the results due to this ambiguvhen some of the cultivars are no longer
available. The white seeded cultivars used by Ponight include the real white and white

with tan tip. Some other crosses were carried el only in the F generation, which



showed the dominance of black over white, red ewdte, black over green, and green over
red. The green over red dominance is consisterit mievious reports (McKay, 1936).

Additionally, Porter (1937) also tested the linkagenong main characteristics (rind

toughness, flesh color, skin color) and no linkage found.

Weetman (1937) crossed 'Long lowa Belle' (desdriag light tan with peripheral
black banded seeds) with 'Japan 4' (described asumebrown, black dotted seeds) and
found the later has single gene dominance. Thesectvat colors were later referred as
clump and black, respectively (Poole et al., 194The cross between 'Japan 6' (the seed
color is described as reddish brown or tan as nedeby Poole) and 'Long lowa Belle'
showed a 9:3:3:1 segregation ratio ppiRdicating two-gene dominance (Weetman, 1937).

Poole et al. (1941) systematically examined tHeeiitance of several color types
including black, tan, red, clump, white tan-tip,dawhite pink-tip and found that these
phenotypes can be explained by a 3-gene model. bldek seed-color is found to be
dominant over other colors, consistent with presigaports. Poole et al. proposed three
geneg, t andw, which interact to determine the seed color. Fteair crossing experiments,
Poole et al. assigned the genotyRBSTT WW for black seedsRR tt WW for tan,RR TT ww
for clump,RR tt ww for white tan-tip,rr tt WA for red, andr tt ww for white pink-tip. They
did not have the genotypesTT WW andrr TT ww in the experiments. From earlier studies
and the above genotypes, it can be inferredrth@i VWW should correspond to green seed
color (McKay, 1936; Poole, 1944).

In addition, there is a fourth gerg,suggested by Poole for the stippled surface with

numerous black dots (usually with a visible tannsshreddish undercoat). Thek gene is



considered as modifying factor to the black seddrand is only effective together with the
RRTT WW genotype, sRR TT WW DD is black, andRR TT WW dd is dotted black (Poole et
al., 1941).

Shimotsuma reported that brown seed color is dantiover white in the crosses of 3
wild watermelon lines (Shimotsuma, 1963). Shama @hdudhury (1982) showed fuscous
black is one gene dominant over white seed coaircélowever, it is not clear how the
brown, fuscous black and white colors corresponduiwent accepted color classifications.
Same confusion applies for several other inheréastadies of seed coat colors, which are

not reviewed here.

Seed Coat Pattern

Other than size, and coat color, watermelon saachave different seed coat textures
and decorations such as dots, cracks or coverBgse special seed types have particular
characteristics, for instance the egusi seed leafyl pericarp covering the seeds when it is
inside a fruit, but it looks like the normal sedtéawashing and drying.

The inheritance of cracked seed coat was invdstighy El-Hafez et al. (1981) by
crossing cultivars with uniform seed, 'Kaho' andri@o', to a cracked seed cultivar, 'Leeby'.
Crack seed coat was found to be controlled by glesirecessive geng. Recently, Gusmini
et al. (2004) reported a new gepg, related to the egusi seed type. This particidadgype
is found in egusi watermelon, which has fleshy qg@p covering the seeds when the seeds

are fresh. By crossing egusi-seed type breedirgs l(if] 490383w and Pl 560006) with



normal seed type cultivars (‘Charleston Gray' addlhoun Gray'), the authors found
monohybrid inheritance of theg gene.

The genes controlling seed size, color, and patten be used to develop new
cultivars having interesting appearance, such dsseeds in red flesh, or green seeds in
yellow flesh. They can also be used to provideivails that are nearly seedless, having tiny
or tomato size seeds, or cultivars that have giartls and used in edible seed production.

Small seed cultivars are also useful in developiipdpid seedless watermelons.
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Introduction

Watermelon Citrullus lanatus (Thunb.) Matsumura & Nakai] is an important
vegetable crop native to southern and tropicalcafiand probably Asia, and now cultivated
in warm regions worldwide. 93% of the watermeloruitf is water, and others are
carbohydrates and small amounts of protein, fahenais, and vitamins. Lycopene, one of
the major nutritional components of watermelontf(d4i100ug/100g, range 2,300-7,200), is
an anticarcinogenic compound found in red fleshivais (Wehner, 2008b). Lycopene is a
red-colored pigment that may help reduce the riklcartain cancers, such as prostate,
pancreas, and stomach (Wehner, 2008b). Dark recrmvaton cultivars have higher
lycopene content than light red cultivars. Wateonedeed is also known for its rich nutrient
content. It has been determined that watermeloth s@atains high amounts of minerals such
as Ca, P, Mg, K, Zn and Fe, and other nutriento[@y1977; Oyenuga and Fetuga, 1975).

Breeding for improving production, quality and ehse resistance in watermelon
cultivars is of considerable commercial interestnc8 the late 1800s, hundreds of
watermelon cultivars have been developed in theddrfstates. Extensive genetic studies and
breeding experiments since the 1930s have idemtifidre than one hundred genes in

watermelon (Guner and Wehner, 2004; Wehner, 2008a).

Flesh Color

Watermelon fruit exhibits a wide range of fleshocpincluding red, orange, yellow,
green and white. The red, orange and yellow coiorgvatermelon flesh are due to the

accumulation in the chromoplasts of different levelf carotenoids and tetraterpenoid
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pigments, a family of organic pigments beneficamlhuman health (Tadmor et al., 2004a).
Red-fleshed watermelons have high levels of lycep@nmajor red-pigmented carotenoid in
watermelon) and/or small amount pfcarotene. Orange-fleshed watermelons accumulate
high levels of pro-lycopene op-carotene. Salmon yellow watermelons contain small
amounts of pro-lycopene and canary yellow watermgelmntain trace amount of lutein and
B-carotene. White-fleshed watermelons have no adaoadecontent (Di Mascio et al., 1989;
Tomes et al.,, 1963; Tadmor et al., 2004b; Perkia2i#e et al., 2001). The inheritance of
watermelon flesh color has been investigated ektelysand several genes have been
identified. These include genes for scarlet redalceed, orange, salmon yellow, canary
yellow and white colors (Henderson et al., 1998n&uand Wehner, 2003, 2004; Gusmini
and Wehner, 2006a, 2006b). Understanding the gsneftithe inheritance of flesh color is of
great importance. For example, the fruit flesh calovatermelon is correlated to the content
of carotenoids and tetraterpenoid pigments (lycepsenthe major red pigment), which are
beneficial to human health. Therefore, understantiie genetics of the flesh color helps to
breed cultivars producing higher level of lycopenbich are favored on the market.

The genetics of watermelon flesh color has beeesitigated since 1930s. A series of
three alleles at thglocus is responsible for producing coral r&, prange ¥°), and salmon
yellow (y) flesh colorsY was dominant tg° andy, andy’ was dominant ty (Porter, 1937;
Poole, 1944; Henderson et al., 1989, 19%8). was designated as the gene controlling
scarlet red, a dark red color in cultivars 'Dixetland 'Red-N-Sweet', which is darker than the
coral red color Y) of many common cultivars including 'Charlestoray 'Allsweet’, and

'‘Angeleno Black Seeded'. Scarlet red is dominantaal red, so Gusmini and Wehner
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proposed that the genotype of scarlet red cultdatielee’ and 'Red-N-Sweet' w&er Scr YY
and that of coral red cultivar 'Angeleno Black Ss#dvasscrscr YY (Gusmini and Wehner,
2006a). But the possibility th&cr is another allele of th¥ locus was not eliminated and
further investigation was necessary.

Another geneC (C was from 'Honey Cream' and NC-5X7was from 'Dove’), was
found to control the canary yellow flesh col@Q YY I-CI-C) and it was epistatic to coral
red €c YYi-Ci-C) in the absence ofC (Poole, 1944; Henderson et al., 1998). A relatatkg
i-C was reported as an inhibitor of canary yellow (gEnson et al., 1998; Rhodes and Dane,
1999). Genotyp&€C YY I-CI-C is canary yellow for "Yellow Baby' or 'Yellow DoMlue to
the inhibition ofYY (coral red) byCC (Canary yellow in the presence ¢fCI-C; genotypecc
y°y° I-CI-C is orange for 'Tendersweet Orange Flest'yy I-CI-C is salmon yellow for
'‘Golden Honey'cc YY i-Ci-C is coral red for 'Sweet Princess'.

Shimotsuma conducted a cross between a red-fleshesetling line V.No.1 and
white-fleshed breeding line V.N0.3 and found thas trait is controlled by two factor¥v
(originally named a%V by Shimotsuma and renamed by HendersowsandB (originally
named asy by Shimotsuma and renamed by Hendersom)asM is epistatic toB and
genotype3MWF BB or WIWF bb are white-fleshed. Genotypdwf BB is yellow fleshed and
wiwf bb is red fleshedWf and B are from breeding line V.No.3, antf andb are from

V.No.1 (Shimotsuma, 1963; Robinson et al., 197&)déeson, 1992).
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Seed Coat Color and Pattern

Watermelon seeds have various coat colors suevhas, tan, black, green, and red
(Kanda, 1931). Some seeds may have a peripherdl daund the seed (or called rim), or
other decorations such as dots, colored tips,anked seed coat. Seed coat color and pattern
also affect the customer acceptance of watermelan Black and brown seeded cultivars
are often preferred in the market, since light-oedoor white seed coat colors may mislead
consumers to think that the fruit is not ripe. Qtkeed type, such as red seed, are also
interested by breeders when edible seeds areasésit(Zhang, 1996b).

Poole et al. (1941) proposed a 3-gene model ferirtheritance of seed coat color.
The black seed color was dominant, with three s@eesgenes, w andt that interact to
determine other colors (Poole et al., 1941). THi®iong genotypes were assigndgR TT
WW for black seedsRR tt WW for tan,RR TT ww for clump,RR tt ww for white tan-tiprr tt
WW for red, andr tt ww for white pink-tip (McKay, 1936; Poole, 1944). Thenotypesr
TT WW andrr TT ww were not used in the experiments, but it can feried thatr TT WW
corresponds to green seed color (McKay, 1936; Pd@4é4). In addition, there isdagene,
which is effective only with th&R TT VW genotype, wher@R TT WW DD is black,RR TT
WW dd is dotted black (Poole et al., 1941).

The cracked seed coat trait was found to be clbedirby a single recessive gecre It
is recessive to the normal uniform seed c@a} (El-Hafez et al., 1981). Gusmini et al. (2004)
reported a new geneg, related the egusi seed trait. This trait is founégusi watermelon,
which has fleshy pericarp covering the seeds aokisltike the normal type watermelon seed

after washing and drying. Theg gene found in two plant introduction accessiont (P
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490383w and PI 560006) was recessive to the nosgeded cultivars 'Charleston Gray' and

'‘Calhoun Gray'Kg).

Seed Size

Watermelon seed size is usually measured using Isegth, since there is a strong
correlation (r = 0.913) between the length and waftthe seed (Poole et al., 1941). The seed
sizes are classified in 3 types: long seeds witgtleof 11.5-16.5 mm (or 13 mm in average),
medium 7.5-11.5 mm (or 10 mm in average), shor7456mm (or 6 mm in average) (Poole
et al., 1941). Besides, smaller seed sizes arefalsw in watermelon, such as tomato seed
(ts) with an average length of 4.4 mm.

The early results from Poole et al. (1941) showvieat seed size is controlled
digenically: medium sized seed is dominant ovehbgort and long, and two recessive
genes,| ands, determine the long and short phenotypes of tleelsserespectively, witls
epistatic tol. The following designations were given to the dgpes corresponding to
different seed sizes:L SS (from 'Klondike") for medium length seeld,SS (from 'Peerless’)
for long seed, antL ss (‘Baby Delight’), andl ss (no type line) for short seed (Poole et al.,
1941). Thel gene was confirmed in later experiments (Konsled @arham, 1958;
Shimotsuma, 1936).

Another short size seed was called tiny seed laadyéne controlling this phenotype
was found non-allelic tg, s (Tanaka et al., 19957i is from ‘Sweet Princess’ (average seed
length 6.5 mm), dominant over medium length sé¢drom 'Fujihikari' (average seed length

8.5 mm) (Tanaka et al., 1995).
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In addition, an even smaller seed size (tomatd)sedth an average length of 4.4
mm, was reported. The getgas from 'Sugar Baby tomato seed mutant’, is seee$0 long
seed Ts) from 'Gn-1' (Zhang et al., 1994; Zhang, 1996a).

Although there have been extensive studies orh fleslor and seed traits of
watermelon, there is still a lot of research neeedescribe the inheritance of fruit quality
traits. Therefore, we conducted this experimenhlhie following objectives: 1) investigate
the inheritance of rose flesh color; 2) study thiernaction of scarlet reds¢r) and coral red
(Y) flesh color genes; 3) investigate the inheritarofe hollow hearted endocarp; 4)
investigate the inheritance of tan with black rinssd coat; 5) confirm the inheritance of

some published genes, such as seed ize (

Materials and Methods

Traits and Families

We used six families to investigate the inheritaoé watermelon fruit flesh color.
Two families were used to study hollow heart resise, three families for seed coat color,
and four families for seed size (Table 2-1). A tatal0 watermelon inbred lines were used
in the experiment. We developed seven generatmmeach family: parent A ¢, parent B
(Py), Fi, F' (Fy reciprocal), B, backcross to Parent A (BE;) and backcross to parent B
(BC:Py). Crosses were made in the greenhouses at NorthifizaState University in Raleigh,

North Carolina. Seeds of the inbred lines usedch@sé experiments were obtained from the
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gene mutant collection of the Cucurbit Genetics gvative (Curators: T.C. Wehner and S.R.
King).

Listed below are the phenotype descriptions ofibevatermelon cultivars used as
parents for the relevant crosses:

'PDS 808' has rose flesh color (Fig. 1). 'Red-Ne&Whas scarlet flesh color, long
seed length and brown with black dotted seed déigt ). 'Crimson Sweet' has coral red
flesh and medium size seed (Fig. 3). 'Allsweet' ¢@sl red flesh (Fig. 4). 'Black Diamond'
has coral red flesh (Fig. 5). 'Tendersweet Orarigeh-has orange flesh color as indicated in
the name, tan with black rimed seed (Fig. 6). '&ston Gray' has coral red flesh color, long
length seed, and hollow hearted endocarp (FigKmg&Queen' has coral red flesh color
and medium seed length (Fig. 8). 'Peacock Shiper'coral red flesh, medium size black
seed (Fig. 9). 'Cream of Saskatchewan' has wigigh tolor and medium size black seed (Fig.

10).

Cultural Practices

Seeds of the seven generations for each familg wewn in 72-cell polyethylene
flats in the greenhouses at North Carolina Statevddsity. An artificial soilless growing
medium was used (composed of Canadian sphagnumnpes, perlite, vermiculite, and
processed pine bark). The flats were moistenedapaaty after seeding, and held in the
greenhouse at 25-30 °C until full emergence (Fij. The transplants were moved to cold

frames for acclimation one week before transplgntifhe seedlings were transplanted by
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hand at the two-true-leaf stage. Missing or damaggusplants were replaced a week after
the initial transplanting.

The fields had raised and shaped beds (rows)lem3enters with single hills 1.2 m
apart. The beds were made up with drip irrigatidmes and covered with black polyethylene
mulch. The experiment was conducted using horticaltpractices recommended by the
North Carolina Extension Service (Sanders, 2004prdler to keep families, generations, and
plants separate for data collection, each plant wasually trained each week into a spiral
shape by turning all the vines in a clockwise eratound the crown until about 70% of the
plants in the field had set fruit (Fig. 12). Thaeitraining allowed easy tracing of the fruit to
the plant that produced it, giving high accuraaytfe system.

One fully-mature fruit was harvested from eacmpl&ruit was determined to be ripe
by looking for a dried tendril nearest the fruitlight-colored ground spot, and a dull sound

of the fruit when thumped (Maynard, 2001).

Experiment Design

Field experiments were performed in the summe@¥8 at two North Carolina
locations: Cunningham Research Station in Kinstamg Horticultural Crops Research
Station in Clinton. We used two sets (two locatjoas a precautionary measure in case
adverse weather, stressful environmental condit@mngdisease epidemics might damage the
plants in a particular set. All seven generatidhS:( B,S., Fi, i, R, BC,P., BCiPy) of each

family were planted at each location. For eachtlooathere were 10 plants of3, 10 of
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PbS1, 10 of F, 10 of ', 30 of BGP,, 30 of BGPy,, 100 of k. At Kinston each field was 0.4
ha with six rows 85 m long. Each family occupietkthrows. At Clinton, each field was 0.4
ha with eight rows 60 m long, and each family ocedgour rows.

The data were analyzed by location and then poolest locations for each tested
trait. Segregation analysis and goodness-of-fiste®re performed based ghtesting of the
expected segregation ratios for a single genegubie SAS-STAT statistical package (SAS
Institute, Cary, North Carolina) and the SASGert statement (Liu et al., 1997). For the
families involving a heterozygote with a third pb&pe (incompletely dominance) other
than the two parents, or 2 loci of genes involtbe, calculation was done manually. Afl
tests were performed with a 95% confidence levet. the i and F’, when both had the
same phenotype, the; Fand K’ were combined as one generation. When different
phenotypes were present, they were treated asadegganerations.

Gene nomenclature rules for the Cucurbitaceaeu®udsene List Committee, 1982)

were used for naming the new genes discovered.

Results and Discussion

Flesh Color

A family made up of crossing 'PDS 808’ (rose f)emhd 'Red-N-Sweet' (scarlet red
flesh) was carried out to study the inheritanceose flesh color (Table 2-1). However, the
rose color was very similar to other red flesh cgland it was difficult to differentiate them.

Difficulty in distinguishing may also arise from fidirences in fruit maturity. Similar
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situations were found in the three other familiegolving coral red flesh color ('Crimson
Sweet', 'Allsweet’, and 'Charleston Gray') withrletaed 'Red-N-Sweet'. No useful data was
collected for these families. To avoid the diffies$ of determine the subtle color differences,
the future experiments can be performed by meaguha pigment contents quantitatively.
In addition, the fruit should be harvested at thme ripe level to improve the accuracy.

In the family of 'Cream of Saskatchewan' (whiesHed) and 'Red-N-Sweet' (scarlet
red), the inheritance of white flesh and scarldtftesh was studied. In both locations, all F
and BGP, had an unexpected flesh color that was not prdseeither of the parents (red
center with yellow margin. Fig. 13), while alk’FF, and BGP, had the same scarlet red
flesh as 'Red-N-Sweet'. A Mendelian segregatiotepatvas not found in the progenies for
white and scarlet flesh in this family.

In the family of 'Tendersweet Orange Flesh' (oeafigsh) and 'Red-N-Sweet' (scarlet
red), the progenies in generations BC,P,, BC,P, and F, had different flesh colors, but
there were still very obviously two classes of cplellow (or orange) and scarle red (or red),
disregarding the different shades. All ffuit were red indicating dominance over orange.
The F, progenies segregated in 3 scarlet : 1 orange.gboglness-of-fit tests for the,F
BC:P, and BGP, data were significantxf=0.00, 2.46, 0.00, P-value=0.95, 0.11, 1.00,
respectively at Kinstorx®=1.00, 1.29, 0.00, P-value=0.31, 0.25, 1.00, resgsyg at Clinton;
x?=0.53, 3.63, 0.00, P-value=0.46, 0.056, 1.00, rspy for pooled data) (Table 2-2). The
segregation ratios showed that scarlet red flestr swas the major allele dominant over
orange flesh color, but the different shades inpttogenies indicates there may be modifying

genes as well as environmental effects.
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Earlier research showed that there was a singleslaontrolling yellow flesh color
with three allelesy (coral red)y® (orange)y (salmon yellow), withY dominant toy° andy,
andy® dominant toy (Porter, 1937; Poole, 1944; Henderson et al., 19898). Also, scarlet
red was found to be a single gene dominant oveal ¢ced and was proposed as a different
locus, with genotypescrScr YY for scarlet red andcerscr YY for coral red was proposed
(Gusmini and Wehner, 2006a). But the possibiligt 8r is another allele of th¥ locus has
not been eliminated. If the two-locus hypothesisppised by Gusmini and Wehner were
correct, the segregation pattern ingrogenies of the family 'Tendersweet Orange Flgsh’
yoy©) x 'Red-N-Sweet'SerSer YY) would be 9 §r Y ): 3 (Sor_ y°y©): 3 (serser Y): 1
(scrser y°y©), which would give 12 scarleS¢r_ Y_and Scr_ y°y©): 3 coral 6crser Y ): 1
orange ¢crscr y°y©) in F» generation. This ratio is not consistent with dbservation in our
experiment (3 scarlet red: 1 orange). The alterediypothesis theficr is another allele af
locus dominant over orange flesh would give a sgagren ratio 3 scarlet red: 1 orange in F
progenies, which is consistent with our observati®o, the second hypothesis is supported
by this experiment. And a corresponding modificatid gene names is necessary as follows:
Scr is renamed a¥™, Y asy™". Four allelesy™ (scarlet red)y®" (coral red)y® (orange)y

(salmon yellow) are in the same locus controlling tiesh color

Hollow Heart

Two families were investigated for the inheritardehe hollow hearted fruit. These
two families include 'Tendersweet Orange Fleshilginoheart susceptible) x 'Red-N-Sweet'

(hollow heart resistant) and 'Peacock Shipper'lgloheart resistant) x 'Charleston Gray'
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(hollow heart susceptible). No Mendelian inherimeas found for the trait in either family

(Table 2-1).

Seed Coat Color

Three families were used to investigate seed colat. These families include 'Red-
N-Sweet' (brown with black dots seed coat) x 'Kiqgdeen' (black seed coat), 'Cream of
Saskatchewan' (black seed coat) x 'Red-N-Sweet';Tamdersweet Orange Flesh' (tan with
black rim seed coat) x 'Red-N-Sweet' (brown witlickldots seed coat) (Table 2-1).

In the family of 'Red-N-Sweet' (brown with blaclotd seed coat) x 'King&Queen'
(black seed coat), all;Fhad black seed coat, which indicated that thekbkeed coat is
dominant over the brown with black dots. $egregated into 3 black : 1 brown with black
dots. BGP, had equal black seed and brown seed with dotgPBRad black seed. The
goodness-of-fit tests for the,BC,P, and BGP, data were significanty=0.82, 0.15, 0.00,
P-value=0.36, 0.69, 1.00, respectively at Kinstgf0.09, 0.69, 0.00, P-value=0.75, 0.40,
1.00, respectively at Clintorx®=0.74, 0.03, 0.00, P-value=0.38, 0.87, 1.00, reapy for
pooled data) (Table 2-3). The segregation ratio&,jnBC;P, and BGP, suggest that the
black seed coat is single gene dominant over brawtin black dots seed coat. Based on
literatures, we can conclude that the brown witickldots seed coat color in our experiment
corresponds to the seed coat color described bieRba@l. (1941) as stippled surface with
numerous black dots and visible tannish or reddisdercoat (also dotted black). Therefore,
the gene acting in our experiment is thgene. 'Red-N-Sweet' with brown with black dots

seed coat has genotyp® TT WW dd. 'King&Queen' with black seed coat has genotige
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TT WW DD (Table 2-7). However, in the family of 'Cream @s8atchewan' (black seed coat)
x 'Red-N-Sweet' (brown with black dots), the inteerce of brown with black dots seed coat
did not fit this model. All I and BGP; in this family had black seed coat, alf,F~; and
BC,P, had brown with black dots seed coat. We were bt# 80 explain this segregation
pattern.

The third family of "'Tendersweet Orange Flesh (tdth black rim seed coat) x 'Red-
N-Sweet' (brown with black dots), showed that tea lere involved. All £ had black seed
coat, and the Fsegregated into four seed coat colors, blackwiéim black rim, brown with
black dots, and tan with black tip, with a rati@attHhit 9:3:3:1. All BGP, segregated into
black seed coat and tan with rim seed coat, anB@JP, segregated into black and brown
with black dots. The goodness-of-fit tests for BagBC,P,, and BGP, data were significant
(x?=2.05, 0.38, 0.33, P-value=0.56, 0.54, 0.57, resmsy at Kinston;x?=1.85, 1.79, 0.86,
P-value=0.60, 0.18, 0.35, respectively at Clintgfs4.01, 1.92, 1.14, P-value=0.26, 0.17,
0.29, respectively for pooled data) (Table 2-4h)e BGP,, BC,P,, F, data showed that two
genes are involved in this family. After comparitg the earlier studies, the following
genotypes are proposed that can explain the sdgregatio in our experimentR tt WW
DD for "Tendersweet Orange Flesh' (tan with blacksead coatRR TT VWV dd for 'Red-N-
Sweet' (brown with black dotdRR T_WW D__ for the K generation (black seed cod®R tt
WW dd for the tan with black tip seed coat ipfogenies (Table 2-7). THheandd genes are
the two genes involved in this family. From thigpesment, we can also conclude that the
tan seed coat coloRR tt WW) described by the earlier researchers actualljudss two

classes: tan with black rim seed cdaR tt WW DD) and tan with black tigRR tt WW dd).
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Thed gene was considered as modifying factor to thekid@ed color and thought to be only
effective together with thBR TT WW genotype RR TT WW DD is black, andRR TT WW dd
is dotted black) (Poole et al., 1941). Tthgene acts more like a separate gene having equal

role asr t w in controlling seed coat color.
Seed Size

Four families were investigated for the inheritanaf seed size. These families
include 'Peacock Shipper' (medium length seed) harléston Gray' (long seed), 'Red-N-
Sweet' (long seed) x 'Crimson Sweet' (medium lergghd), 'Cream of Saskatchewan'
(medium length seed) x 'Red-N-Sweet' (long seed)] ®ed-N-Sweet' (long seed) x
'King&Queen' (medium length seed) (Table 2-1).

The first two families, 'Peacock Shipper' (medilength seed) x 'Charleston Gray'
(long seed) and 'Red-N-Sweet' (long seed) x 'CmmSaeveet’ (medium length seed),
confirmed that medium length sedd_(SS) is dominant over long seetl §5. All F; had
medium length seed and the goodness-of-fit testshi® F,, BC,P,, and BGP, data were
significant. For 'Peacock Shipper' and ‘Charlesoay’, (for Kinston datay?=0.35, 0.00,
0.89, P-value=0.55, 1.00, 0.34, respectively; fdint6n data, x°=0.95, 0.00, 1.00, P-
value=0.32, 1.00, 0.31, respectively; and for pdalatax®=0.05, 0.00, 0.00, P-value=0.82,
1.00, 1.00, respectively) (Table 2-5). Significafitfor F», BC,P., and BGP, data are also
observed for 'Red-N-Sweet' x 'Crimson Swegt:2.05, 0.38, 0.00, P-value=0.56, 0.54, 1.00,
respectively at Kinstong?=0.87, 0.20, 0.00, P-value=0.28, 0.41, 1.00, respy at Clinton;

x?=2.00, 0.09, 0.00, P-value=0.15, 0.76, 1.00, rasmdy for pooled data) (Table 2-6).
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However, in the other two families that also invadva long seeded cultivar and a medium
length seeded cultivar, i.e., 'Cream of Saskatchemedium length seed) x 'Red-N-Sweet'
and 'Red-N-Sweet' x 'King&Queen' (medium lengthd¥ewe did not observe a Mendelian

inheritance pattern.

Conclusions

For flesh color, an allelism test clarified théat®nship of the geneScr andY. Scr
was found to be an allele at tiidocus. The complete series is now* (scarlet red from
'Red-N-Sweet!) y*"' (coral red from 'Angeleno Black Seeded, (orange flesh from
'Tendersweet Orange Flesh'), andsalmon yellow flesh from 'Golden Honey¥y™ is
dominant toy/*", y° andy.

No Mendelian inheritance was observed in the fasiinvolving hollow heart.
However, thd gene was confirmed in two families, 'Peacock Séipfmedium length seed)
x 'Charleston Gray' (long seed) and 'Red-N-Swémtg(seed) x 'Crimson Sweet' (medium
length seed), where medium length sddd3S) was dominant over long sedtd$S5).

Thed gene is confirmed in the family of 'Red-N-Swebtofvn with black dots seed
coat) x 'King&Queen' (black seed coat); Tthandd genes are confirmed in the family of
‘Tendersweet Orange Flesh' (tan with black rim seeat) x 'Red-N-Sweet' (brown with
black dots). We also conclude that the tan seetloobar (RR tt WW) described by the earlier

researchers includes two classes: tan with blankseed coatRR tt VWV DD) and tan with

black tip(RR tt WW dd). Thed gene acts as a separate gene other than a mgdifgire only
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effective together with thBR TT WW genotype RR TT WW DD is black, andRR TT WW dd

is dotted black) and has equal roler asv in controlling seed coat color. The genotyp&is
tt WW DD for 'Tendersweet Orange Flesh' (tan with black seed coat)RR TT WW dd for
'Red-N-Sweet' (brown with black dot&R TT WW DD for 'King&Queen' (black seed coat),
andRR tt WW dd for the tan with black tip seed coat (no type liiEgble 2-7).

Understanding of the inheritance of fruit flesHocpseed coat color, seed size, and
other fruit traits is an integral part of expandihg current knowledge of watermelon genes.
Such knowledge is valuable for breeding watermelaltivars with desired fruit traits. For
example, genetic information of flesh colors, sashscarlet red, is helpful for breeding dark
red fleshed cultivars with high level of benefic@bments. Knowledge of the genes that
control seed coat color and size is crucial foredmeg different fruit types for different
market, for example, middle size black and browadsé cultivars are preferred in the
market, small-seeded cultivars are used as pafentte production of triploid seedless
cultivars, large-seeded cultivars with uncommondseeat color are favored in the

confectionary industry.
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Table 2-1. Families and traits analyzed for gaéire inheritance of flesh color in
watermelon fruit during summer 2008 in Clinton &idston, North Carolina.

Trait of interest

Families Phenotype Gene
Study of new genes
Flesh Color
'PDS 808' x 'Red-N-Sweet' Rose flesh color valeteed 2
'‘Cream of Saskatchewan' x 'Red-N-Sweet'  Whiteosslet red 2
Hollow heart
"Tendersweet OF' x 'Red-N-Sweet' Hollow heart quisitie vs. resistant &
'Peacock Shipper' x 'Charleston Gray' Hollow hessistant vs. susceptible a
Verification of known genes
Flesh color
‘Tendersweet OF' x 'Red-N-Sweet' Scarlet red damhiozer Orange Ser=Y*
'Red-N-Sweet' x 'Crimson Sweet' Scarlet vs. coral &
'Red-N-Sweet' x 'Allsweet' Scarlet vs. coral a
'Red-N-Sweet' x 'Charleston Gray' Scarlet vs. coral @
Seed coat color
'Red-N-Sweet' x 'King&Queen' Dotted vs. black d
'Cream of Saskatchewan' x 'Red-N-Sweet'  Blackneswvib with black dots &
‘Tendersweet OF' x 'Red-N-Sweet' Tan with blackwémbrown with black dotg; d
Seed size
'Red-N-Sweet' x 'Crimson Sweet' Long length seedneslium I
'Peacock Shipper' x ‘Charleston Gray' Medium lesgtd vs. large I
‘Cream of Saskatchewan' x 'Red-N-Sweet'  Mediuntlesged vs. long &
'Red-N-Sweet' x 'King&Queen' Long length seed vsdiom 2

a No gene was found or verified.
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Table 2-2. Single locus goodness-of-fit-test feslh color in watermelon in family
‘Tendersweet Orange Flesh' (orange flesh) x 'R&set’ (scarlet red flesh).

Location/ Total Scarlet Orange No. Expected  Chi

Generation  no. réd flesf  missind  ratic® squaré df Prob?
Kinston®

P.S, 10 0 10 0

P.S, 10 5 0 5

F, 20 12 0 8

F 100 64 21 15 31 0.00 1 0.95
BC.P, 30 17 9 4 1.1 2.46 1 0.11
BC.P, 30 27 0 3 1.0 0.00 1 1.00
Clinton?®

PS; 10 0 10 0

PyS; 10 8 0 2

F. 20 20 0 0

F 100 60 15 25 3:1 1.00 1 0.31
BC,P, 30 17 11 2 1:1 1.29 1 0.25
BC,P, 30 29 0 1 1.0 0.00 1 1.00
Pooled

P.S, 20 0 20 0

PyS; 20 13 0 7

F. 40 32 0 8

F 200 124 36 40 3:1 0.53 1 0.46
BC.P, 60 34 20 6 11 3.63 1 0.056
BC.P, 60 56 0 4 1.0 0.00 1 1.00

a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.

Scarlet red flesh color was dominant agavBs the carrier.

Orange flesh color was recessive apav&s the carrier.

Some plants were missing or damaged.

Expected was the hypothesized segregation katwirigle gene inheritance for each segregatingrgéion
Heterogeneity® (0.0s: 1)

P-value (Probability) >.05 was accepted as Sihgtaus.

Q "0 Q0T
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Table 2-3. Single locus goodness-of-fit-test toipe in watermelon in family 'Red-N-Sweet'
(Brown with black dots; also black dotted) x 'KinQ&een' (Black).

Location/ Total Black No. Expected  Chi
Generation  no. Bla® dotted missind  ratic®  squaré df Prob?
Kinston?
P.S; 10 0 10 0
P.S; 10 10 0 0
Fr 20 20 0 0
F, 100 72 19 9 31 0.82 1 0.36
BC,P, 30 14 12 4 1:1 0.15 1 0.69
BC,P, 30 29 0 1 1:0 0.00 1 1.00
Clinton®
PS; 10 0 6 4
PuSt 10 5 0 5
F 20 13 0 7
F, 100 68 21 11 31 0.09 1 0.75
BC,P, 30 5 8 17 1:1 0.69 1 0.40
BC,P, 30 27 0 3 1:0 0.00 1 1.00
Pooled
P.S; 20 0 16 4
PuSt 20 15 0 5
F 40 33 0 7
F 200 140 40 20 31 0.74 1 0.38
BC,P, 60 19 20 21 1:1 0.03 1 0.87
BC,P, 60 56 0 4 1:0 0.00 1 1.00
a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.
b Black seed coat was dominant agdv@s the carrier.
¢ Black dotted seed coat was recessive gnibR the carrier.
d Some plants were missing or damaged.
e Expected was the hypothesized segregation @tiirigle gene inheritance for each segregatingrgéion
f  Heterogeneity? (0.05; 1)
g P-value (Probability) >.05 was accepted as Sihghaus.

37



Table 2-4. Two loci goodness-of-fit-test for s@eat color in watermelon in family
‘Tendersweet Orange Flesh' (Tan with black rined-N-Sweet' (Brown with black dots;
also black dotted).

Location/ Total Tan with Black  Tan with Expected hiC
Generation no. Black black rinf dotted blacktif ratid squar& df  Prob"
Kinston?

PS; 10 0 10 0 0

PuSt 10 0 0 5 0

F 20 14 0 0 0

F 100 47 14 20 2 9:3:3:1 2.05 3 0.56

BC,P, 30 14 11 0 1 1:1:0:0 0.38 1 0.54

BC,P, 30 12 0 15 0 1:0:1:0 0.33 1 0.57
Clinton®

P.S; 10 0 10 0 0

P.S; 10 0 0 8 0

Fr 20 20 0 0 0

F 100 36 14 19 5 9:3:3:1 1.85 3 0.60

BC,P, 30 17 10 0 1 1:1:0:0 1.79 1 0.18

BC,P, 30 12 0 17 0 1:0:1:0 0.86 1 0.35
Pooled

PSS, 20 0 20 0 0

P.S; 20 0 0 13 0

Fr 40 14 0 0 0

F, 200 83 28 39 7 9:3:3:1 4.01 3 0.26

BC,P, 60 31 21 0 2 1:1:0:0 1.92 1 0.17

BC,P, 60 24 0 32 0 1:0:1:0 1.14 1 0.29
a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext

locations.

The double dominant genotype D_ has black seed coat.

Genotypdt D_ has tan seed with black rim and Pa is the carrier.

Genotypel _dd has black dotted seed coat and Pb is the carrier.

The double recessive genotypdd has tan seed with black tip.

Expected was the hypothesized segregation ratisifigle gene inheritance for each segregatingrg¢ion
Heterogeneitx? (0.05; 1)

P-value (Probability) >.05 was accepted as Sihgtaus.

oKQ "o Q0T
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Table 2-5. Single locus goodness-of-fit-test ®ed size in watermelon in family 'Peacock
Shipper' (Medium) x 'Charleston Gray' (Large).

Location/ Total No. Expected  Chi
Generation  no. Mediuln Largé  missind  ratic®  squaré df Prob?
Kinston?
P.S; 10 7 0 3
P.S; 10 0 10 0
Fr 20 20 0 0
F, 100 68 26 6 31 0.35 1 0.55
BC,P, 30 30 0 0 1:0 0.00 1 1.00
BC,P, 30 7 11 12 11 0.89 1 0.34
Clinton®
PS; 10 7 0 3
PuSt 10 0 7 3
F 20 17 0 3
F, 100 63 16 21 31 0.95 1 0.32
BC,P, 30 23 0 7 1:0 0.00 1 1.00
BC,P, 30 10 6 14 11 1.00 1 0.31
Pooled
P.S; 20 14 0 6
PuSt 20 0 17 3
F 40 37 0 3
F 200 131 42 27 31 0.05 1 0.82
BC,P, 60 53 0 7 1:0 0.00 1 1.00
BC,P, 60 17 17 26 1:1 0.00 1 1.00
a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.
b Medium seed size was dominant agavBs the carrier.
¢ Large seed size was recessive andds the carrier.
d Some plants were missing or damaged.
e Expected was the hypothesized segregation @tiirigle gene inheritance for each segregatingrgéion
f  Heterogeneity? (0.05; 1)
g P-value (Probability) >.05 was accepted as Sihghaus.
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Table 2-6. Single locus goodness-of-fit-test e size in watermelon in family 'Red-N-
Sweet' (Large) x '‘Crimson Sweet' (Medium).

Location/ Total No. Expected  Chi
Generation  no. Mediuln Largé  missind  ratic®  squaré df Prob?
Kinston?
P.S; 10 0 9 1
P.S; 10 7 0 3
Fr 20 17 0 3
F, 100 52 13 35 31 0.87 1 0.35
BC,P, 30 11 9 10 1:1 0.20 1 0.65
BC,P, 30 23 0 7 1:0 0.00 1 1.00
Clinton®
PS; 10 0 10 0
PuSt 10 8 0 2
F 20 17 0 3
F, 100 68 17 15 31 1.13 1 0.28
BC,P, 30 10 14 6 11 0.67 1 0.41
BC,P, 30 21 0 9 1:0 0.00 1 1.00
Pooled
P.S; 20 0 19 1
PuSt 20 15 0 5
F 40 34 0 6
F 200 120 30 50 31 2.00 1 0.15
BC,P, 60 21 23 16 1:1 0.09 1 0.76
BC,P, 60 44 0 16 1:0 0.00 1 1.00
a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.
b Medium seed size was dominant agavBs the carrier.
¢ Large seed size was recessive andd3 the carrier.
d Some plants were missing or damaged.
e Expected was the hypothesized segregation @tiirigle gene inheritance for each segregatingrgéion
f  Heterogeneity? (0.05; 1)
g P-value (Probability) >.05 was accepted as Sihghaus.
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Table 2-7. Suggested genotypes and correspondergppypes for the genes controlling seed
coat color in watermelon.

Genotype suggested Phenotype Type line

RR TT WW dd Black dotted with a brown undercoat Red-N-Sweet

RR TT WwW DD Black King&Queen

RR tt WW DD Tan with black rim Tendersweet Orange Flesh
RR tt Wwdd Tan with black tip Vs

a unknown type line based on available literature.
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Introduction

Watermelon Citrullus lanatus (Thunb.) Matsumura & Nakai] is a major annual
vegetable crop cultivated in warm regions worldwidéatermelon fruit can be severed as a
dessert, cooked as vegetable, and used in comfagfioWatermelon counts for 6.8% of
vegetable production area around the world (FA@22@uner and Wehner, 2004). In the
U.S., the Agricultural Marketing Resource Centarorded watermelon production at 4.29
billion pounds in 2007 and 4.3 billion pounds wél$492 million value for the fresh market
in 2008. The top five states in U.S. watermelordpation, accounting for more than 75% of
the total production, were Georgia, Florida, Texzaljfornia and Arizona (www.agmrc.org).

The genome size of watermelon is relatively sméde whole genome size of
watermelon is 4.2x¥0bp which consists of 22 chromosomes for a dip{@idimuganathan
and Earle, 1991). Extensive genetic studies anddiong experiments since the 1930s have
identified more than one hundred genes. Those gamerelated to phenotypes in seed and
seedling, vine, flower, fruit, and resistance (Wahr2008a). A comprehensive list of those
genes can be found in recent reviews (Guner anchéfeB004; Wehner, 2008a).

The rind of watermelon fruit can be striped origa@olored. The solid rind patterns
include solid dark green as in 'Black Diamond'jdatedium green as in 'Peacock Shipper’,
solid light green as in 'King&Queen', gray (medigreen reticulations on a light green
background) as in 'Charleston Gray', or goldenna®fkoyal Golden' (Guner and Wehner,

2003, 2004; Gusmini and Wehner, 2006a, 2006b).
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The stripe patterns of watermelon can be chainaetkusing different stripe widths
(narrow, medium, wide), stripe colors, and backgowolors (dark green, medium green,
light green). The phenotype of super narrow stripattern on watermelon is also called
lined or penciled. Since the stripe patterns am@ $ets of alternating light and dark colored
stripes on the rind, there might be some ambigistgiding which set are the "stripes". Here,
we refer to the darker colored set as "stripes"is Tdtefinition is consistent with the
observation that the dark areas always cover thecwar boundaries underneath the
watermelon rind (Korn, 2007). Although the devel@mal basis of the longitudinal stripe
pattern in watermelon has not been studied in ldetaslonal mosaic model was proposed
(Korn, 2007) based on observational evidence. Tdmewar bundles running beneath the
dark green reticular stripes of 'Ruby Red' arehin game direction as stripes in a young (5-
mm long) fruit. This phenomenon shows the assariabietween the subsurface vascular
bundles and the stripes. This association is atsmd on watermelon pedicels. Korn
suggested that the vascular bundles are a preaspatetermining the stripes on the fruit
surface. The reticulations in the stripe composgadis of polygons give the basis of the
clonal mosaic model. This clonal mosaic model higpsizes that an initial cell gives rise to a
clone of various types of cells (the polygon) witéwrk green border, light green center, and
medium green region between the dark green and ggken. This model explains the
formation of the multiple-celled polygons that camsp the darker green stripes with
reticulations on the fruit of 'Ruby Red'.

Besides being striped or solid colored, there ssmene additional modifications to

watermelon rind pattern, such as the netted retilcuds within stripes or on the whole fruit
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surface, mottling (irregularly-shaped light colooph the otherwise solid dark colored
background, different colored ground spots, furrdvireiit surface, and explosive rind. The
reticulations are found on many cultivars, inclydisome light green cultivars such as
‘Charleston Gray' (the reticulations are more isitennear the surface of the vascular bundle
and less intensive on the areas between vascutallds). The reticulations are also found on
the medium green stripes of some striped cultivamsh as 'Ruby Red' (described as the
clonal mosaic model) (Korn, 2007), cultivar 'Chz@ (which is the type line for thegene)
(Weetman, 1937), cultivar 'Crimson Sweet' (whicthis medium wide striped cultivar in our
experiment), and in the surrounding area of thenggospot of the otherwise solid dark green
fruit such as 'Black Diamond'. It is possible thia¢ dark green cultivar '‘Black Diamond' is
actually reticulated, but the reticulations are visible due to the dark rind color.

The rind pattern of watermelon fruit is an impattanarketing factor since certain
consumer groups may have particular preferenceindf pattern. Striped rind pattern is
usually preferred over some other rind pattern$ sicgray. Fruit rind pattern appears to be
related to resistance to the pathogen and light colored cultivars are most susceptible and
dark rind color cultivars are less susceptibleip8tt rind cultivars appear to be intermediate
in their resistance (Wehner, 2008b). Rind toughness big consideration for postharvest
handling and shipping. Other external rind charactguch as furrowing and fruit shape, may
also to a certain extent affect the customer aacept of the fruit. Extensive research has
explored over 100 genes in watermelon and the georsolling watermelon external fruit

traits are reviewed here.
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Early studies by Porter (1937) and Weetman (192¥g identified a series tifiree
alleles at they locus that produce solid dark greds),(striped ¢°), or gray ¢) rind pattern.
Solid dark green@) is dominant to stripedg?) and gray ¢). Striped rind patterngp) is
recessive to solid dark gree)(but dominant to graygj. Here G is from 'California
Klondike', g is from 'Thurmond Gray', angf is from 'Golden Honey'. However, there is no
report of further investigations on the inheritarnéehe different stripe widths, stripe colors,
and background colors. Therefore, it is interestmgonduct more inheritance research on
such traits and provide more detailed genetic médron.

The genens from 'Navajo Sweetls from 'Crimson Sweet') produces an interesting
genotype having intermittent stripes, starting widrrow dark green stripes at the peduncle
end of the fruit and becoming irregular in the niéddnd nearly absent at the blossom end of
the fruit (Gusmini and Wehner, 2006).

Narrow (pencil-width) stripe on a light backgrouod the rind of 'Japan 6' is called
penciled p) phenotype. It was found to be recessive to thteedgmedium green colored
network) @) rind pattern of 'China 23' when disregarding tteek stripes on the light
background (Weetman, 1937).

Another rind gene described by Weetman isrthgene from 'Long lowa Belle' for
the particular randomly-distributed and irregulashyaped greenish-white mottling pattern.
The mottling pattern differs from the rest of thaitf not only in color but also in the
character in the epidermis. This special phenotyae called the 'lowa Belle' (IB) phenotype
by Weetman. It was recessive to the non-mottliragt tof 'Japan 4' and 'China 23' when

disregarding the stripes on 'China 23' (WeetmaB71%ince many of the type lines used by
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Weetman are not available, it is impossible to stigate thgo andm genes (Weetman, 1937;
Poole, 1944).

Cultivar 'Moon and Stars' has large yellow spotodns) and small yellow spots
(stars) over a dark green background, which ocoarghe fruit rind as well as the foliage
(cotyledons, true leaves). The trait is controllsdthe gene ) which is dominant to the
uniform green colorgp) of 'Allsweet' (Poole, 1944; Rhodes, 1986).

The geneYb, produces the yellow belly trait on the fruit Bfdck Diamond Yellow
Belly'. This cultivar has a dark yellow to orangdared ground spot on a solid dark green
fruit and is dominant to the usual creamy whiteugid spot yb) of 'Black Diamond'
(Gusmini and Wehner, 2006a).

The golden gengo, produces a golden yellow color of mature fruitaggl as on the
older leaves of 'Royal Golden'. This gene is rages® the normal green leaves and fruit
(Go) of 'NC 34-9-1' and 'NC 34-2-1' (Barham, 1956; Rebn et al., 1976).

The watermelon fruit with furrowed parallel indatibns ) was found to be
recessive to the smooth surfaced frii}. (Since type lines were not given in the original
reference, 'Stone Mountain' or 'Black Diamond' wesommend as the type line firand
'‘Mickylee' forF (Poole, 1944; Wehner, 2008a).

The geneeg, from 'California Klondike' produces an explosived that is tender and
bursting when cut. It is recessive to tough riBfiftom "Thurmond Gray' and '‘Golden Honey'
(Poole, 1944). The explosive character was founddonot correlated with fruit rind

thickness, but with rind cell wall thickness (Kereayd Porter, 1941).
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With regard to fruit shape, watermelon fruit cam ddassified as round, oblong, and
elongate, based on the length to width ratio. Waet{i937) investigated the inheritance of
fruit shape in the families of 'Long lowa Bellelqegate fruit) x 'Round lowa Belle' and
'‘China 23' (both had round fruit), and 'Long lowallB' x 'Japan 6' and 'Japan 4' (both had
near-round shape). He found that elongate fruipsh@O) was incompletely dominant to
round fruit shapeap) and the heterozygot®¢) was intermediate oblong shaped (semi long
shaped) (Weetman, 1937). Poole and Grimball (184Bjirmed this gene in the families of
'Peerless' x 'Baby Delight', and 'Northern Sweébove'.

The objectives of this experiment were to studyittheritance of exterior fruit traits
of watermelon that have not been investigated, siscétripe width, solid colored rind, stripe
color, rind reticulation, fruit shape, and blossend shape (concave vs. convex). We were
also interested in confirming some of the knownegersuch as the gene for fruit shape

(elongate vs. round), and thgene for fruit surface furrowing.

Materials and Methods

A total of 10 watermelon inbred cultivars or line®re used in the families. We
developed seven generations for each family: paker{P,), parent B (B), F, F' (F1
reciprocal), |, backcross to Parent A (BEs) and backcross to parent B (B%). Seeds of
the inbred lines used in these experiments werairedd from the gene mutant collection of

the Cucurbit Genetics Cooperative (Curators: T.€hwér and S.R. King).
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Listed below are the descriptions of the 10 wattom inbred lines used as parents
for the relevant families: breeding line 'PDS 8B85 medium wide medium green stripes
with unclear margins on a light green background.(E); 'Red-N-Sweet' has narrow dark
green stripes with clear margins on a light greackround, near-round fruit with concave
blossom end (Fig. 2); 'Crimson Sweet' has mediudewmnedium green stripes with unclear
margins on a light green background, near-round Wvith thick rind, smooth fruit surface
(Fig. 3); 'Allsweet' has wide medium green stripgth unclear margins on a light green
background, convex blossom end, elongate fruit, @ndoth fruit surface (Fig. 4); 'Black
Diamond' has solid dark rind, concave blossom emdl farrowed fruit surface. (Fig. 5);
‘Tendersweet Orange Flesh' has wide medium gregestvith unclear margins on a light
green background, and oblong fruit. (Fig. 6); 'G&ston Gray' has gray rind (light green with
reticulations), long seed, convex blossom end,gadtanfruit shape, smooth fruit surface (Fig.
7); 'King&Queen' has light green rind with incorgpmus light green stripe (it is considered
to be solid light green), round fruit (Fig. 8); &eck Shipper' has solid medium dark green,
concave blossom end, oblong fruit shape and fumofmeit surface (Fig. 9); 'Cream of

Saskatchewan' has narrow dark green stripes @htagieen background (Fig. 10).

Cultural Practices

Seeds of the seven generations for each familg wewn in 72-cell polyethylene
flats in the greenhouses at North Carolina Statevddsity. An artificial soilless growing
medium used for seed germination is composed ohdlan sphagnum peat moss, perlite,

vermiculite, and processed pine bark. The flatseweoistened to capacity after seeding and
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held in the greenhouse at constant temperatur@@2%:) until full emergence of seedlings
(Fig. 11). The transplants were moved to open @walches for acclimation one week before
transplanting. The seedlings were transplanteddnyl fat the two-true-leaf stage. Missing or
damaged transplants were replaced one week afténithal transplanting.

In the field, raised beds with drip irrigation &# were covered with black
polyethylene mulch. The experiment was conductedngushorticultural practices
recommended by the North Carolina Extension Seii@esaders, 2004). In order to keep
plants separate for data collection, each wasddaweekly into a spiral shape by turning all
the vines in a clockwise circle around the crowtildruit set (Fig. 12). The vine training
allowed easy tracing of the fruit to the plant thedduced it.

One fully mature fruit was harvested from eachpl&ruit were determined to be
ripe by looking for a dried tendril nearest theitfra light-colored ground spot, and a dull
sound of the fruit when thumped (hit with a flaindaon the side of the fruit) (Maynard,

2001). Fruit traits were evaluated and recordéatierfield.

Experiment Design and Data Analysis

Field experiments were performed in the summeR@d8 at two North Carolina
locations: Cunningham Research Station in Kinstahtdorticultural Crops Research Station
in Clinton. We used two sets (two locations) agecautionary measure in case of adverse
weather, environmental stress, or disease epidetmatanight destroy the crop. All six (or
seven if ' were available) generations of each family wedented at each location. For

each location, there were 10 plants ¢#P10 of RS, 10 of F, 10 of R', 30 of BGP;,, 30 of
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BC,Py, 100 of k. At Kinston each field was 0.4 ha with six rowsr83ong and each family
occupied three rows. At Clinton, each field was ldedwith eight rows 60 m long, and each
family occupied four rows. The fields had raised ahaped beds (rows) on 3.1-m centers
with single hills 1.2 m apart.

The data were analyzed by location for each testadl and then pooled over
locations. Segregation analysis and goodness-tédts were performed based yntesting
of the expected segregation ratios for a singleegaesing the SAS-STAT statistical package
(SAS Institute, Cary, North Carolina) and the SA8&&.2 statement (Liu et al., 1997). The
calculations were done manually for the familiesoining a heterozygote with a third
phenotype (incomplete dominance) other than the gam@nts, or when 2 gene loci were
involved. All x* tests were performed with a 95% confidence lelel. the generations;F
and F', when both had the same phenotypeartd F' were combined as a single generation.
When the - differed from the reciprocal, they are treatedesarate generations.

Gene nomenclature rules for the Cucurbitaceae lyar(Cucurbit Gene List

Committee, 1982) were applied for naming the predasew genes.

Results and Discussion

Fruit Stripe Width

Four families made up by crossing parents of ciffie stripe widths were studied for
the inheritance of stripe width, including 1) 'PB®8' x 'Red-N-Sweet' (medium wide stripe

versus narrow stripe); 2) 'Red-N-Sweet' x 'Crim8&weet’ (narrow stripe versus medium
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wide stripe); 3) 'Red-N-Sweet' x ‘'Allsweet' (narratripe versus wide stripe); and 4)
Tendersweet Orange Flesh' x 'Red-N-Sweet' (wid@estversus narrow stripe). Seven
families made up by crossing a striped parent ardlid parent were studied, including 1)
'Red-N-Sweet' x 'King&Queen' (narrow stripe versabd light green); 2) 'Red-N-Sweet' x
'‘Charleston Gray' (narrow stripe versus gray); Gimson Sweet' x 'Peacock Shipper'
(medium wide stripe versus solid medium green);RBd-N-Sweet' x 'Black Diamond'
(narrow stripe versus solid dark green); 5) 'CrimSweet' x 'King&Queen' (medium wide
stripe versus solid light green); 6) 'Allsweetking&Queen' (wide stripe versus solid light
green); and 7) 'Allsweet' x 'Black Diamond' (wideipe versus solid dark green). Three
families made up by crossing two solid green parevgre studied, including 1) 'Peacock
Shipper' x 'Charleston Gray' (solid medium greersu® gray); 2) 'King&Queen' x 'Peacock
Shipper' (solid light green versus solid mediumeg)jeand 3) 'Black Diamond' x ‘Charleston
Gray' (solid dark green versus gray) (Table 3-1).

In the family 'Red-N-Sweet' (narrow striped) x if@son Sweet' (medium wide
striped), all i fruit had medium width stripes, which indicateg tmedium width stripe is
dominant to narrow stripe.,Fprogenies segregated into medium width stripe @angow
stripe with a ratio 3:1. B{P, segregated into medium width stripe and narrovestwith a
ratio 1:1. And all BGP, were medium width stripe (table 3-2). The segiiegatatio in the i
showed that the medium wide stripe was controllgd [single gene dominant over narrow

stripe, and the B{P,, and BGP, data confirmed it.
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However, in the family of 'PDS 808' (medium wideped) x 'Red-N-Sweet' (narrow
striped), no Mendelian pattern of inheritance waseoved. All i, F', BCP;, BC,Py, F, fruit
had stripe width similar to 'Red-N-Sweet'.

In the family of 'Red-N-Sweet' (narrow striped)Asweet' (wide striped), all Hruit
were wide striped, indicating that wide stripe @mdnant over narrow stripe; progenies in
this family segregated into 3 wide stripe : 1 newsiripe and BgP, progenies had a 1:1 ratio
of wide stripe vs. narrow stripe. All B, were wide striped (Table 3-3). The 3:1
segregation ratio in the,lsuggests that the wide stripe of 'Allsweet’ iggkmgene dominant
over the narrow stripe of 'Red-N-Sweet'. The;BCand BGP, data further confirmed this
hypothesis.

In another family also made up by crossing a wsthgped parent with a narrow
striped parent, "Tendersweet Orange Flesh' (wigigest) X 'Red-N-Sweet' (narrow striped),
the above hypothesis that wide is single gene damiirover narrow was confirmed
again(Table 3-4). It is possible that the gene pecoty wide stripe in 'Allsweet' is the same
gene as in 'Tendersweet Orange Flesh'. Howevesllalism test would be necessary to
confirm it.

The first two families involving a striped pareartd a solid green parent are: 'Red-N-
Sweet' x 'King&Queen' (light green rind with incprgious light narrow stripes, appearing
solid light green) (Fig. 13) and 'Red-N-Sweet' ka@eston Gray' (narrow stripe versus gray).
In the first family, all i fruit had narrow stripes. That indicates narrompstwas dominant
over light green rind with inconspicuous light rarstripes. (Table 3-5). The 3:1 (narrow :

solid light green) segregation ratio in thestggests that the narrow stripe of 'Red-N-Sweet'
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is a single gene, dominant over solid light greerKing&Queen', and the BE, (all were
narrow), and B@P, (1 narrow : 1 solid light green) data confirmedMiany would consider
the rind pattern of 'King&Queen' to be solid ligiteen, since the narrow light stripes on the
fruit are inconspicuous and, on some individuats, tao faint to be seen. An allelism test
would be necessary to determine whether the gersofid medium green rind is an allele at
the same locus of the gene producing wide, medighmarrow stripes.

In the other family of 'Red-N-Sweet' (narrow stdp x 'Charleston Gray' (light green
with reticulations, also called gray), all Fuit had narrow stripes, which indicates narrow
stripe was dominant over gray. This is similarhte earlier family in which the narrow stripe
of 'Red-N-Sweet' is dominant over the solid lighten of 'King&Queen'. The segregation
ratios in the E (3 narrow : 1 light green) and BR, (1 narrow : 1 light green) further
confirmed that the narrow stripe of 'Red-N-Sweetiisingle dominant gene (Table 3-6). An
allelism test would be necessary to determine wdrdtie gene producing gray is an allele at
the same locus of the gene producing solid ligaegr and wide and narrow stripes.

In the family of 'Crimson Sweet' (medium wide g¢dl) and '‘Peacock Shipper' (solid
medium green), all Ffruit had solid medium green rind and kad 3 solid medium and 1
medium wide stripe. BP;had equal number of medium wide striped fruit asltdsmedium
green fruit and all B&, were solid medium green (Table 3-7). These setjmegaatios
indicate that the solid medium green rind of 'Pe&c®hipper' is a single gene dominant over
medium width stripe of 'Crimson Sweet'. An alleligest would also be necessary to
determine whether the gene producing solid mediterrgrind is an allele at the same locus

of the gene producing wide, medium, and narrovpesti
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For the other four families involving a striped@at and a solid green parent, the data
were more complicated. Intermediate phenotypes wiem present in the;Fand the green
shades of Fprogenies usually acted more like a quantitatraét &and classification was
impracticable.

In the family of 'Red-N-Sweet' (narrow striped)Btack Diamond' (solid dark green),
all F; fruit had an intermediate phenotype. The greewrcshade of Fwas lighter than
'‘Black Diamond' and darker than the light greenkgemund of 'Red-N-Sweet'. The fruit of
the R had inconspicuous stripes that were difficult bs@rve on some individuals (Fig. 14).
F, progenies also segregated into three classef,thbenotype, the Pphenotype and the
intermediate F phenotype. But the green shade of the(disregarding the stripes) were
difficult to classify and acted more like a quaatiie trait. The goodness-of-fit tests for the
F,, BCP,, and BGP, data were not significant and this may be causgd the
misclassification due to the difficulty of readitite inconspicuous stripes of the intermediate
phenotype. The intermediate phenotype also indicated that the color shadesamok are
controlled by different loci. Porter (1937) invegtied two similar families between solid
dark green cultivars and striped cultivars, 'Catifa Klondike' (solid dark green) x ‘Golden
Honey' (striped), and 'Golden Honey' (striped) rgéleno Black Seeded' (solid dark green).
In both of the I, fruit were intermediate with faint stripes diféett from both parents, and
the F, had a 1:2:1 segregation ratio. But no backcrossagaducted for the first family and
no F, or backcross was provided for the second familgdtermine whether a single gene

controlled the trait (Porter, 1937).
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The family 'Crimson Sweet' (medium width stripe King&Queen' (solid light green)
was conducted to investigate the inheritance ofiomedvidth stripe and solid light green
rind. All F; fruit had medium width stripes that were narrovtlean the striped parent
'‘Crimson Sweet'. The,Fand backcross had fruit with different widths. @@garding the
stripe width, there were two phenotypes indtriped and solid, and the ratio was close to 3:1
(Table 3-8). All BGP; fruit were striped. However, B€, fruit were also all striped, in
which a 1:1 ratio of striped and light green frutre expected for single gene dominance.

In the family of 'Allsweet' (wide striped) x 'Kigglueen' (light green), all Fwere
medium striped. The ;Fprogenies segregated into fruit with a mixtureddferent green
shades and different stripe widths. The stripead®d with the background and are difficult
to classify. All BGP; were wide striped and B&, segregated into multiple phenotypes same
as k, progenies. So, no Mendelian inheritance was fonnidis family.

In the last family, 'Allsweet' (wide striped) xld8k Diamond' (solid dark green), all
F1 fruit also had intermediate solid medium greerdrifhe kL progenies segregated into
striped and solid colored fruit with different slegdof green. However, the goodness-of-fit
tests were not significant (Table 3-9) when classg the progenies into striped and solid
classes.

As indicated earlier, 3 families were conductetiveen solid green parents. In the
first family, 'Peacock Shipper' (solid medium green'Charleston Gray' (light green; also
called gray), all Efruit had solid medium green rind, which indicatbdt the solid medium
green rind is dominant over light green rind. Bp#rents have reticulations on the rind, but

the reticulation was ignored for purposes of th@itt The E progeny segregated into
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medium green, light green, and a medium light greelor between the light green of

'‘Charleston Gray' and the medium green of 'PeaBbgbper'. The segregation ratio was 3:1
when combining medium and medium light green fam¢ comparing with light green color

(Table 3-10). The segregation ratios in th@fd BGP, suggest that the solid medium green
rind of 'Peacock Shipper' is a single gene, dontinaer the light green rind of 'Charleston
Gray'. An allelism test would be necessary to daeil@e whether the gene producing solid
medium green rind is an allele at the same locub@fgene producing wide, medium, and
narrow stripes.

Weetman (1937) conducted similar researches orrmaton rind by using two
families. One of the families was 'Long lowa Belleiedium dark green with a distinctive
greenish-white mottling) x '‘Japan 6' (light greealjed gray); and the other family was ‘'Long
lowa Belle' x'Japan 4' (light green; called gradgtually, 'Long lowa Belle' has a medium
dark green rind with a distinctive greenish-whitettiing, similar to '‘Peacock Shipper' when
disregarding the modifying pattern, which is a gisk-white mottling and some
reticulations. In Weetman's experiment, thewas medium dark green and progeny
segregated into medium dark, light and intermedia¢elium light green at a 3:1 ratio when
combining light and intermediate medium light grefemit together to compare with the
intermediate green. These families indicate thaingle gene controlling dark green is
completely dominant over light green. Weetman (398@posed that there were other genes
determining the variations in shade from light toedm green. This study also

demonstrated that the shade of fruit rind color #rel modifying characters (such as the
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greenish-white mottling on 'Long lowa Belle', am@ treticulation on 'Peacock Shipper' and
'‘Charleston Gray') are controlled by different loci

In the second family, 'King&Queen' (light green)Peacock Shipper' (solid medium
green), the Fhad medium green rind with inconspicuous dark avarstripes. The £
progenies segregated into 4 phenotypes: 31 liglgrgwith inconspicuous stripes (same as
'King&Queen'), 46 solid medium green (same as ‘®daShipper'), 45 medium green rind
with narrow medium green stripes, and 24 light gneed with narrow medium green stripes.
All BC 1P, were like 'King&Queen', while B{P, segregated into 32 solid medium green and
18 light green with narrow medium green stripesallfstriped fruit are combined, the data
suggest that the striped phenotype is a single geneinant over the solid. The [fata
(x?=2.19, P-value=0.14) approximately fit that hypsike

In the last family, 'Black Diamond' (solid darkegn) x '‘Charleston Gray' (light green
with reticulations), all Ffruit had an intermediate rind color that was beswthe dark green
of 'Black Diamond' and the light green of 'ChadestGray'. In the  many color shades
between dark green and light green were observeithwndicated that solid color shade is
controlled by several genes and behaves like atgatare trait. In an earlier study, Porter
(1937) investigated the inheritance of dark greed bBght green (or gray) in the family
‘California Klondike' (similar to 'Black Diamond@and 'Thurmond Gray' (similar to
‘Charleston Gray'), and found that Were intermediate green lighter than 'California
Klondike' but darker than 'Thurmond Gray'. Therefdris results are similar to ours, which
also showed an incomplete dominance of the darkngver light green. Another two

families investigated by porter, both involving alid dark green cultivar and a light color
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cultivar, were 'California Klondike' (solid darkegn) x 'Snow Ball' (yellowish-white), and
'Angeleno Black Seeded' (solid dark green, simtitacultivar 'Black Diamond' ) x 'Snow
Ball' (Porter, 1937). But the crossing showed déf¢ results. These two families showed
complete dominance of the dark green color ovdoygsh-white color in . The 3:1 (dark
green: yellowish-white) segregation ratio ia &so indicated a single gene dominance.
Unfortunately, there were no backcrosses conduttedonfirm the single gene for a
complete dominance of the dark green over yellowikite. As a result, no gene was
identified from the study (Porter, 1937).

From the above results we conclude that (1) smletlium green is a single gene,
dominant over medium wide stripes, (2) medium wsttges is single gene, dominant over
narrow stripes, and (3) narrow stripes is singleegelominant over gray. Such relationships
could be explained with a hypothetical multi-locusdel: AA BB CC (solid medium green),
aa BB CC (medium wide stripe)aa bb CC (narrow stripe) an@a bb cc (gray). However,
crossing experiments between solid medium greengaayl show simple 3:1 segregation in
F, progenies, instead of the more complicated 2R98BB:1 patterns suggested by the
hypothetical multi-locus model. Therefore, we suggihat solid medium green, medium
width stripes, narrow stripes and gray are cordblby the samg locus described by by
Porter (1937) and Weetman (193%:is from 'California Klondike'g® is from 'Golden
Honey', andj is from Thurmond Gray'. A more complete seriesltdles is proposeds is
from 'Peacock Shipper' as well as 'California Kirt g* is from 'Crimson Sweety" is

from 'Red-N-Sweet', anglis from 'Charleston Gray' as well as '‘Golden Haney
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In addition, we observed a single dominant genewmle stripe (‘Allsweet’ and
‘Tendersweet Orange Flesh') over narrow stripad{IR&weet’), and narrow stripe over solid
light green ('King&Queen'). A family between thedei striped parent and the solid light
green parent is a good allelism test for investigatvhether the wide stripe, narrow stripe,
and solid light green is in the same locus. Theilfamlisweet' (wide) x 'King&Queen'
(solid light green) did not show a clear 3:1 segtem in the i and suggested that it is not a
single gene difference between parent 'Allsweettiglvand 'King&Queen'. Although the
data did not show an excellent 9:3:3:1 segregadaitern in the § the observed complicated
segregations in both,land BGP, were still good enough to suggest that more thmengene
are responsible for producing the wide stripe,marstripe and solid light green phenotypes.
Therefore we propose an additional recessive geffier the narrow stripe of 'Red-N-Sweet'
controlling the phenotypes in these two familiesngl with theg locus. However, the allele
at theg locus of the wide striped parent and narrow stfiparent cannot be determined
based on this experiment. The following genotypes moposedNsNs GG (or g“g¥, or
gVg") is for wide stripe from 'Allsweet' and 'Tenderswe&range Flesh'nsns g'g" for
narrow stripe from 'Red-N-Sweet', amdns gg for solid light green from 'King&Queen'
(Table 3-22). Allelism tests between the wide smipAllsweet' and "Tendersweet Orange
Flesh' and the cultivars producing solid mediumegr@&G), medium wide stripegt'g™), and

narrow stripe @"g") would be necessary for further researches.
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Fruit Stripe Pattern and Color

Besides stripe width, the stripe pattern can &laee different characteristics. We
observed two types of stripe margins in our expents: one type has clear margin with well
defined boundary that separates the stripe fromb#ukground; the other type has blurred
margin and the stripe boundary is not well defifféid. 15). The stripe margin was measured
in four families, 'PDS 808'(blurred) x 'Red-N-Sweelkear), 'Red-N-Sweet'(clear) x 'Crimson
Sweet' (blurred), 'Red-N-Sweet'(clear) x 'Allswe@lurred), Tendersweet Orange Flesh’
(blurred) x 'Red-N-Sweet'. Only one of the famili&DS 808" x 'Red-N-Sweet', didnot show
the heterogeneity ratio (Table 3-11). In the ottieee families, we observed dominance of
clear-margined stripes in,and Mendelian segregation ip &d backcrosses, indicating that
the clear margin type was recessive to the blumadgin type. The goodness-of-fit tests for
the R, BC P, and BGP, data of the other three families were signific@rables 3-11, 3-12,
3-13). In addition, we found that the stripe widththese families correlated with the stripe
margin types. Blurred margins are observed onipadium-width and wide striped fruit and
the clear margins are only in the narrow-wide slifruit.

Previous study has suggested a recegsigene to describe the super narrow stripe
(penciled stripe) in ‘Japan 6', as opposed to meditripe in 'China 23" (Weetman, 1937).
Since penciled stripe type also has a clear matigenprevious study is consistent with our
results. Based on our experiments, we could expharstripe margins and width using two-
linked-gene model. However, it is also possibleeilain the data with one gene that
determines the stripe width and the margin typendy be that stripe width and margin type

are produced by the same process during fruit dpweént.
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Stripe color was evaluated in four families (TaBld), 'Red-N-Sweet' (dark green
stripe) x 'Crimson Sweet' (medium green stripegdfRI-Sweet' x 'Allsweet' (medium green
stripe), 'Crimson Sweet' x 'King&Queen' (solid lighgreen stripe), and 'Allsweet' x

'King&Queen'. No Mendelian inheritance was observed

Fruit Shape

Eight families were developed to evaluate the ritnece of oblong, round or near-
round, and elongate fruit shapes. These familiaewlg 'Tendersweet Orange Flesh' (oblong)
x 'Red-N-Sweet' (near-round), 2) '‘Crimson Sweeafrround) x 'Peacock Shipper' (oblong),
3) 'Peacock Shipper' (oblong) x 'Charleston Grelgngate), 4) 'Black Diamond' (near-round)
x 'Charleston Gray' (elongate), 5) '‘Crimson Sw@etar-round) x 'King&Queen' (round), 6)
'Red-N-Sweet' (near-round) x 'King&Queen' (roundj) ‘Allsweet' (elongate) x
'King&Queen' (round), 8) 'King&Queen' (round) x &eck Shipper' (oblong). Three other
families, which all involved an elongate parent andear-round parent, were investigated to
confirm the action of the gene. With that gene, elongat@d) was incompletely dominant
over round ¢o) or near-round shape and the heterozygote had (@@l or oblong fruit
shape. These three families are: 1) 'Red-N-Sweetr{round) x 'Allsweet' (elongate), 2)
'Red-N-Sweet' (near-round) x 'Charleston Gray'n@te), 3) 'Allsweet’ (elongate) x 'Black
Diamond' (near-round) (Table 3-1).

Two families, 'Tendersweet Orange Flesh' (oblongRed-N-Sweet' (near-round),
and 'Crimson Sweet' (near-round) x 'Peacock SHigpklong) were conducted to evaluate

the inheritance of oblong fruit shape. In both figesi all R fruit had near-round fruit shape
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which indicated that near-round fruit shape was idamt over oblong fruit shape., F
progenies had 3 near-round and 1 oblong. Backdms$ise oblong parent had equal near-
round fruit and oblong fruit. All backcross to thear-round parent were near-round (Table
3-14, 3-15). The data in both families suggested tine near-round shape of 'Red-N-Sweet'
and 'Crimson Sweet' was a single gene, dominamttbeeoblong fruit shape of 'Tendersweet
Orange Flesh' and 'Peacock Shipper'. The known Qasannot explain the observed data in
this family and gene namab is proposed here for the oblong fruit shape imdessweet
Orange Flesh' and 'Peacock Shipper'. dlingenes are recessive to the near-round st@pe (
of 'Red-N-Sweet' and 'Crimson Sweet'. An alleligst for further investigation is necessary
to determine whether the genes in these two fasrdire the same.

In the family 'Peacock Shipper' (oblong) x 'Chstida@ Gray' (elongate), all; Fruit
had elongate fruit. Although the Begregation ratio did not fit Mendelian inheritanc each
location, it fit well when the data was pooled.the pooled data, Hruit segregated into 3
elongate vs. 1 oblong. BB, had 1 elongate vs. 1 oblong and;B¢were elongate (Table 3-
16). The results suggest that the elongate fruiCbarleston Gray' is single gene dominant
over oblong fruit of '‘Peacock Shipper'. Gene nd&he proposed here for the elongate fruit
of 'Charleston GrayH]), dominant over the oblong fruit shape if 'Peac8bkpper' €).

In the family 'Black Diamond' (near-round) x 'Cleaton Gray' (elongate) alk Fruit
had intermediate oblong fruit shape ang gfogenies segregated into 3 classes, oblong,
elongate, and near-round with a ratio close to49:8C,P, segregated into nearly equal
number of oblong shape fruit and near-round frai 8CGP, segregated into nearly equal

number of oblong shape fruit and elongate fruite Goodness-of-fit tests for the, BC,P,,
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and BGP, data was significant (Table 3-17). The data suggethat two loci controlled fruit
shape in this family and geneb and O are able to explain the segregation ratios in this
family. Genotypes are proposed as follows: paflaick Diamond' has genoty@2bOb oo

and produces near-round fruit; parent '‘Charlestay'Gas genotypebob OO and produces
elongate fruit; - progeny has genotygabob Oo and produce oblong fruit. The genotygme

is epistatic andOb_ oo and obob oo both produce near-round fruit (Table 3-23). I F
segregation ratio is 9 oblon®lf O ) : 3 elongatedbob O ), and 4 near-rounddp_ 0o +
obaob 00).

Weetman (1937) investigated the inheritance ot 8hape in the families of 'Long
lowa Belle' (elongate fruit) x 'Round lowa Belleda’China 23" (both had round fruit), 'Long
lowa Belle' x 'Japan 6' and 'Japan 4' (both hadroesnd shape). He found that elongate fruit
shape QO) was incompletely dominant to round fruit shape) (@and the heterozygot©g)
were oblong (intermediate) shaped. This earlieeaesh showed that round fruit shape and
near-round fruit shape may be controlled by theesgeme. In our experiment, two families
involving round fruit or near-round fruit were irstggated to confirm the previous gene. The
two families are 'Crimson Sweet' (near-round) =ng&Queen’ (round) and 'Red-N-Sweet'
(near-round) x 'King&Queen'. No segregation wasitbin either of the families. The results
suggest that the round and near-round fruit shegeamtrolled by the same gene.

Theo gene was confirmed in three families, which aed™-Sweet' (near-round) x
‘Allsweet' (elongate), 'Red-N-Sweet' (near-round)'Gharleston Gray' (elongate), and
'‘Allsweet' (elongate) x 'Black Diamond' (near-rourdl F; fruit had oblong fruit shape and

the heterogeneity of all three families were sigatfit. (Table 3-18, 3-19, 3-20).
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Two other families involved 'King&Queen' (rounduifr shape). However, they did
not show the inheritance described above. In thelydAllsweet' (elongate) x 'King&Queen'
(round), k fruit had oblong fruit shape and progenies segregated into three fruit shapes
(elongate, oblong, and round). B% had oblong and elongate fruit; B& had oblong and
round fruit. However, the goodness-of-fit tests floe K, BC;P, were significant, but not
significant for BGPy (Table 3-21). In the family 'King&Queen' x 'Peakdshipper’, all
fruit were near-round but different from the rousbape of 'King&Queen'. There was
segregation in £ BC;P,, but the goodness-of-fit tests for thg BC,P, BC;P, generations

were not significant.

Fruit Blossom End and Furrowing

Three families were used to study the inheritasfdeuit blossom end shape: 'Red-N-
Sweet' (concave blossom end)Adsweet'(convex blossom end), 'Allsweet’ (condassom
end) x '‘Black Diamond' (concave blossom end), Bedcock Shipper' (concave blossom end)
x 'Charleston Gray' (convex blossom end). No Mendehaeritance was observed (Table 3-
1).

Furrowed fruit surfacef was found to be recessive to smooth surf&je(Poole,
1944, Wehner, 2008a). However, the type lines weregiven in the original reference.
Three families were investigated to confirm thisgeCrimson Sweet' (smooth fruit surface)
x 'Peacock Shipper' (furrowed fruit surface), "Aet’ (smooth fruit surface) x 'Black

Diamond' (furrowed fruit surface), and 'Peacock pghbr' (furrowed fruit surface) x
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'‘Charleston Gray' (smooth fruit surface) (Table)3-dnd no Mendelian inheritance was

observed.

Conclusions

From the crossing experiment, we have identifies rgenes or alleles that control
external fruit characters. Such information can used for breeding watermelons with

desired appearance. The results for these fritis tnee summarized below:

Fruit Stripe

A more complete series of allelesgalbcus is proposed to explain the inheritance of
solid medium green, medium wide stripe, narrowpstrigray fruit rind:G is from 'Peacock
Shipper' as well as 'California Klondikg is from ‘Crimson Sweety" is from 'Red-N-
Sweet', andy is from 'Charleston Gray' as well as 'Golden Har@yis dominant tay", g"
andg (Table 3-22)

In addition a new genas for the narrow stripe of 'Red-N-Sweet' is proposed
control the inheritance of wide stripe, narrowgsdtisolid light green along with thliglocus.
However, the allele at thgglocus of the wide striped parent and narrow striparent cannot
be determined based on our experiment. The follgwenotypes are proposédsNs GG (or
gg", or g"gM) is for wide stripe from 'Allsweet' and 'Tendersw&eange Fleshhsns gg"
for narrow stripe from 'Red-N-Sweet', anshs gg for solid light green from 'King&Queen’
(Table 3-22). Allelism tests between the wide sipAllsweet' and "Tendersweet Orange

Flesh' and the cultivars producing solid mediumegr@&G), medium wide stripegt'g™), and
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narrow stripe ¢"g") would be necessary for further researches. FugMperiments might
include the following: (1) 'Allsweet' (wide strippd '‘Peacock Shipper' (solid medium green),
(2) 'Allsweet' x 'Crimson Sweet' (medium stripedihd (3) 'King&Queen' (light green) x
'‘Charleston Gray' (gray).

The solid dark green rind in 'Black Diamond' waaleated in three families, 'Red-N-
Sweet' (narrow) x'Black Diamond' (solid dark greeAjisweet' (wide) x'Black Diamond’,
and 'Black Diamond' x'Charleston Gray' (gray). Titermediate rind pattern in;Fand the
continuous green shades in Hdicate that the background color shade and estape

controlled by different genes and solid color shadsontrolled by multiple genes

Fruit Stripe Pattern and Color

The blurred stripe pattern is found to be contbldy a single gene that is dominant
over clear stripe pattern. It is possibly the samehep gene described by Weetman (1937)
for producing the penciled stripe pattern. No iitaece pattern was found for the stripe

color in this experiment.

Fruit Shape

The incompletely dominant gemewas confirmed in three families: 'Red-N-Sweet'
(near-round) x ‘Allsweet' (elongate), 'Red-N-Swetear-round) x 'Charleston Gray'
(elongate), and 'Allsweet' (elongate) x 'Black Diandk' (near-round). Gerab was proposed
for the oblong fruit shape in 'Tendersweet Oranigst and 'Peacock Shipper'. Tdtegenes

are recessive to the near-round shape of 'Red-MetSaed 'Crimson SweelDb). Another
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gene namé&l is proposed here for the elongate fruit of 'Clstde Gray' El), dominant over
the oblong fruit shape if 'Peacock Shippel) (Table 3-23).

The results from the family 'Black Diamond' (neawmd) x 'Charleston Gray'
(elongate) showed that fruit shape is controlledviny genes. The genotypes are proposed as
follows: 'Black Diamond' (near-round) @bOb 00; 'Charleston Gray' (elongate)as ObOb;

F1 progeny (oblong) ar®bob Oo. The locusob is epistatic too, soobob O andobob oo

both result in near-round fruit (Table 3-23).

Fruit Blossom End and Furrowing

The inheritance of the two different kinds of Idom end, concave and convex, was
investigated in this experiment. However, a Merateinheritance pattern was not detected.
Although furrowed fruit surfacef) was found to be recessive to smooth surfageals
previously described for the gehdy Poole, this gene was not found in this expenime
Since type lines were not given in the originalerehce, 'Stone Mountain' or 'Black
Diamond' was recommend as the type lineff@and 'Mickylee' fof- (Poole, 1944; Wehner,

2008a).
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Table 3-1. Families and traits analyzed for gaéire inheritance of rind character in
watermelon fruit during summer 2008 in Clinton &idston, North Carolina.

Trait of interest

Families Phenotype Gene

Study of new genes
Stripe pattern

'Red-N-Sweet' x 'Crimson Sweet' Narrow stripe vadimm wide g.g"
'PDS 808" x 'Red-N-Sweet' Medium wide stripe vsrawa _a
'Red-N-Sweet' x 'Allsweet' Narrow stripe vs. wide ns
"Tendersweet OF' x 'Red-N-Sweet' Wide stripe veoma ns
'Red-N-Sweet' x 'King&Queen' Narrow stripe vs. @dight green ns
'Red-N-Sweet' x 'Charleston Gray' Narrow stripegvay Vg
'Crimson Sweet' x 'Peacock Shipper' Medium strpesolid medium green G, g"
'Red-N-Sweet' x 'Black Diamond' Solid dark greennagrow stripe a
'‘Crimson Sweet' x 'King&Queen' Solid light green medium stripe _a
‘Allsweet' x 'King&Queen' Wide stripe vs. solidHiggreen _a
‘Allsweet’ x 'Black Diamond' Wide stripe vs. sotidrk green _a
'Peacock Shipper' x 'Charleston Gray' Solid medjueen vs. gray G.g
'King&Queen' x 'Peacock Shipper' Solid light gresnsolid medium green _a

'‘Black Diamond' x 'Charleston Gray' Solid dark gres. Gray

Stripe pattern (clear, mottled)

'PDS 808" x 'Red-N-Sweet' Blurred stripe patterrciesar A
'Red-N-Sweet' x 'Crimson Sweet' Clear stripe pattst blurred p
'Red-N-Sweet' x 'Allsweet' Clear stripe patternblarred p
‘Tendersweet OF' x 'Red-N-Sweet' Blurred stripéepatvs. clear p
Stripe color
'Red-N-Sweet' x 'Crimson Sweet' Dark green strigeross. medium &
'Red-N-Sweet' x 'Allsweet' Dark green stripe calermedium 2
'‘Crimson Sweet' x 'King&Queen' Medium green stdpor vs. light 2
‘Allsweet' x 'King&Queen' Medium green stripe colsr light @

a No gene was found or verified.
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Table 3-1. Continued.

Trait of interest

Families Phenotype Gene

Study of new genes

Fruit shape
"Tendersweet OF' x 'Red-N-Sweet' Oblong vs. neando ob
'Crimson Sweet' x 'Peacock Shipper' Near roundbieng ob
'Peacock Shipper' x 'Charleston Gray' Oblong freitlongate El
'‘Black Diamond' x ‘Charleston Gray' Near roundelsngate ob, O
'‘Crimson Sweet' x 'King&Queen' Near round vs. round @
'Red-N-Sweet' x 'King&Queen' Near round vs. round &
‘Allsweet' x 'King&Queen' Elongate vs. round &
'King&Queen' x '‘Peacock Shipper’ Round vs. oblong &
Blossom end
'Red-N-Sweet' x 'Allsweet' Concave blossom endesyvex h
'‘Allsweet' x 'Black Diamond' Convex blossom endomncave a
'Peacock Shipper' x 'Charleston Gray' Concave disnd vs. convex &
Verification of known genes
Fruit shape
'Red-N-Sweet' x 'Allsweet' Near round vs. elongate (0]
'Red-N-Sweet' x 'Charleston Gray' Near round \engdte (0]
'‘Allsweet' x 'Black Diamond' Elongate vs. near rdun (0]
Furrow
'Crimson Sweet' x 'Peacock Shipper' Smooth vsofed @
'‘Allsweet' x 'Black Diamond' Smooth vs. furrowed &
a

'Peacock Shipper' x 'Charleston Gray' Furrowedwaoth

a No gene was found or verified.
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Table 3-2. Single locus goodness-of-fit-testdimipe width in watermelon in family 'Red-
N-Sweet' (Narrow) x 'Crimson Sweet' (Medium).

Location/ Total Medium  Narrow No. Expected Chi
Generation  no. strife  stripé  missind  rati®  squaré df Prob?
Kinston?®
P.S; 10 0 9 1
P.S; 10 7 0 3
Fr 20 17 0 3
F, 100 42 23 35 31 3.74 1 0.053
BC,P, 30 8 12 10 1:1 0.80 1 0.37
BC,P, 30 22 1 7 1:0 0.04 1 0.83
Clinton®
PS; 10 0 10 0
PuSt 10 8 0 2
F 20 17 0 3
F, 100 63 22 15 31 0.04 1 0.85
BC,P, 30 16 8 6 1:1 2.67 1 0.10
BC,P, 30 21 0 9 1:0 0.00 1 1.00
Pooled
P.S; 20 0 19 1
PuSt 20 15 0 5
F 40 34 0 6
F 200 105 45 50 31 2.00 1 0.15
BC,P, 60 24 20 16 1:1 0.36 1 0.54
BC,P, 60 43 1 16 1:0 0.02 1 0.88
a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.
b Medium wide stripe was dominant angvis the carrier.
¢ Narrow stripe was recessive andaRs the carrier.
d Some plants were missing or damaged.
e Expected was the hypothesized segregation @tiirigle gene inheritance for each segregatingrgéion
f  Heterogeneity? (0.05; 1)
g P-value (Probability) >.05 was accepted as Sihghaus.
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Table 3-3. Single locus goodness-of-fit-test toipe width in watermelon in family 'Red-N-
Sweet' (Narrow) x 'Allsweet' (Wide).

Location/ Total Wide Narrow No. Expected  Chi
Generation  no. strife  stripé  missind  rati®  squaré df Prob?
Kinston?®
P.S; 10 0 8 2
P.S; 10 4 0 6
Fr 20 17 1 2
F, 100 49 22 29 31 1.36 1 0.24
BC,P, 30 5 7 18 11 0.33 1 0.56
BC,P, 30 23 1 6 1:0 0.04 1 0.83
Clinton®
PS; 10 0 2 8
PuSt 10 4 0 6
F 20 14 0 6
F, 100 49 17 34 31 0.02 1 0.88
BC,P, 30 10 8 12 11 0.22 1 0.63
BC,P, 30 19 2 9 1:0 0.19 1 0.66
Pooled
P.S; 20 0 10 10
PuSt 20 8 0 12
F 40 31 1 8
F 200 98 39 63 31 0.88 1 0.34
BC,P, 60 15 15 30 1:1 0.00 1 1.00
BC,P, 60 42 3 15 1:0 0.20 1 0.65
a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.
b  Wide stripe was dominant angWas the carrier.
¢ Narrow stripe was recessive andaRs the carrier.
d Some plants were missing or damaged.
e Expected was the hypothesized segregation @tiirigle gene inheritance for each segregatingrgéion
f  Heterogeneity? (0.05; 1)
g P-value (Probability) >.05 was accepted as Sihghaus.
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Table 3-4. Single locus goodness-of-fit-test toipe width in watermelon in family
‘Tendersweet Orange Flesh' (Wide) x 'Red-N-Swhei'row).

Location/ Total Wide Narrow No. Expected  Chi

Generation  no. strife  stripé  missind  rati®  squaré df Prob?
Kinston®

P.S, 10 10 0 0

P.S, 10 0 5 5

F, 20 14 0 6

F 100 65 19 16 31 0.25 1 0.61
BC.P, 30 26 0 4 1.0 0.00 1 1.00
BC.P, 30 14 13 3 1:1 0.04 1 0.84
Clinton?®

PS; 10 10 0 0

PyS; 10 0 8 2

F. 20 20 0 0

F 100 60 15 25 31 1.00 1 0.31
BC,P, 30 28 0 2 1.0 0.00 1 1.00
BC,P, 30 13 16 1 1:1 0.31 1 0.57
Pooled

P.S, 20 20 0 0

PyS; 20 0 13 7

F. 40 34 0 6

F> 200 125 34 41 3:1 1.11 1 0.29
BC.P, 60 54 0 6 1.0 0.00 1 1.00
BC.P, 60 27 29 4 11 0.07 1 0.78

a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.

Wide stripe was dominant angdWas the carrier.

Narrow stripe was recessive angWRs the carrier.

Some plants were missing or damaged.

Expected was the hypothesized segregation katirigle gene inheritance for each segregatingrgéion
Heterogeneity? (0.05; 1)

P-value (Probability) >.05 was accepted as Sihgtaus.

Q S0 Q0T
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Table 3-5. Single locus goodness-of-fit-test toipe in watermelon in family 'Red-N-Sweet'
(Narrow) x 'King&Queen' (Solid light green).

Location/ Total Nrrow Solid No. Expected  Chi
Generation  no. strife ligh greefi missind  ratic®  squaré df Prob?
Kinston®
P.S, 10 10 0 0
P.S, 10 0 10 0
F, 20 20 0 0
F 100 70 25 5 3:1 0.09 1 0.76
BC.P, 30 29 0 1 1.0 0.00 1 1.00
BC.P, 30 19 11 0 1:1 2.13 1 0.14
Clinton?®
PS; 10 7 0 3
PyS; 10 0 5 5
F. 20 13 0 7
F 100 73 16 11 31 2.34 1 0.12
BC,P, 30 13 1 16 1.0 0.07 1 0.78
BC,P, 30 17 12 1 1:1 0.86 1 0.35
Pooled
P.S, 20 17 0 3
PyS; 20 0 15 5
F. 40 33 0 7
F 200 143 41 16 3:1 0.72 1 0.39
BC.P, 60 42 1 17 1.0 0.02 1 0.87
BC.P, 60 36 23 1 11 2.86 1 0.09

a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.

Narrow stripe was dominant angWas the carrier.

Solid light green was recessive anduvas the carrier.

Some plants were missing or damaged.

Expected was the hypothesized segregation katirigle gene inheritance for each segregatingrgéion
Heterogeneity? (0.05; 1)

P-value (Probability) >.05 was accepted as Sihgtaus.

Q S0 Q0T
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Table 3-6. Single locus goodness-of-fit-test toipe width in watermelon in family 'Red-N-
Sweet' (Narrow) x 'Charleston Gray' (Gray).

Location/ Total Narrow No. Expected  Chi

Generation  no. strife  Gray  missind  rati®  squaré df Prob?
Kinston®

P.S, 10 10 0 0

P.S, 10 0 2 8

F, 20 14 0 6

F 100 70 19 11 31 0.63 1 0.42
BC.P, 30 28 0 2 1.0 0.00 1 1.00
BC.P, 30 12 15 3 11 0.33 1 0.56
Clinton?®

PS; 10 9 0 1

PyS; 10 0 6 4

F. 20 16 0 4

F 100 58 20 22 31 0.02 1 0.89
BC,P, 30 26 0 4 1.0 0.00 1 1.00
BC,P, 30 14 15 1 1:1 0.03 1 0.85
Pooled

P.S, 20 19 0 1

PyS; 20 0 8 12

F. 40 30 0 10

F 200 128 39 33 3:1 0.24 1 0.62
BC.P, 60 54 0 6 1.0 0.00 1 1.00
BC.P, 60 26 30 4 11 0.29 1 0.59

a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.

Narrow stripe was dominant angWas the carrier.

Gray was recessive angWas the carrier.

Some plants were missing or damaged.

Expected was the hypothesized segregation katirigle gene inheritance for each segregatingrgéion
Heterogeneity? (0.05; 1)

P-value (Probability) >.05 was accepted as Sihgtaus.

Q S0 Q0T
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Table 3-7. Single locus goodness-of-fit-test toipe width in watermelon in family
'‘Crimson Sweet' (Medium wide striped) x 'Peacocip@r' (Solid light green).

Location/ Total Solid Medium No. Expected  Chi
Generation  no. medium grebstripé  missingd  rati®  squaré df Prob?
Kinston®
P.S, 10 0 8 2
P.S, 10 10 0 0
F, 20 19 0 1
F 100 65 17 18 31 0.80 1 0.37
BC.P, 30 13 15 2 1:1 0.14 1 0.70
BC.P, 30 27 0 3 1.0 0.00 1 1.00
Clinton?®
PS; 10 0 10 0
PyS; 10 10 0 0
F. 20 20 0 0
F 100 73 19 8 3:1 0.93 1 0.33
BC,P, 30 14 14 2 1:1 0.00 1 1.00
BC,P, 30 29 0 1 1.0 0.00 1 1.00
Pooled
P.S, 20 0 18 2
PyS; 20 20 0 0
F. 40 39 0 1
F 200 138 36 26 3:1 1.72 1 0.18
BC.P, 60 27 29 4 11 0.07 1 0.78
BC.P, 60 56 0 4 1.0 0.00 1 1.00

a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.

Solid medium green was dominant apdvas the carrier.

Medium wide stripe was recessive and Pa wasdtreec.

Some plants were missing or damaged.

Expected was the hypothesized segregation katirigle gene inheritance for each segregatingrgéion
Heterogeneity? (0.05; 1)

P-value (Probability) >.05 was accepted as Sihgtaus.

Q "0 Q0T
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Table 3-8. Single locus goodness-of-fit-test toipe width in watermelon in family
'‘Crimson Sweet' (Medium wide striped) x 'King&Quegnght green).

Location/ Total Medium Solid No. Expected  Chi
Generation  no. strife light greefi missind  ratic®  squaré df Prob?
Kinston®
P.S, 10 8 0 2
P.S, 10 0 7 3
F, 20 15 0 5
F 100 52 23 25 31 1.28 1 0.25
BC.P, 30 27 0 3 1.0 0.00 1 1.00
BC.P, 30 27 0 3 11 27.00 1 0.000
Clinton?®
PS; 10 9 0 1
PyS; 10 0 9 1
F. 20 18 0 2
F 100 60 19 21 31 0.04 1 0.84
BC,P, 30 27 0 3 1.0 0.00 1 1.00
BC,P, 30 28 0 2 1:1 28.00 1 0.000
Pooled
P.S, 20 17 0 3
PyS; 20 0 16 4
F. 40 33 0 7
F 200 112 42 46 3:1 0.42 1 0.51
BC.P, 60 54 0 6 1.0 0.00 1 1.00
BC.P, 60 55 0 5 11 55.00 1 0.000

a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.

Medium wide stripe was dominant angwRs the carrier.

Solid light green was recessive anduvas the carrier.

Some plants were missing or damaged.

Expected was the hypothesized segregation katirigle gene inheritance for each segregatingrgéion
Heterogeneity? (0.05; 1)

P-value (Probability) >.05 was accepted as Sihgtaus.

Q S0 Q0T
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Table 3-9. Single locus goodness-of-fit-test toipe width in watermelon in family
‘Allsweet' (Wide striped) x '‘Black Diamond' (Sotldrk green).

Location/ Total Solid Wide No. Expected  Chi
Generation no.  dark gréen stripé  missingd  rati®  squaré df Prob?
Kinston®
P.S, 10 0 9 1
P.S, 10 10 0 0
F, 20 20 0 0
F 100 75 21 4 3:1 0.50 1 0.47
BC.P, 30 18 12 0 11 1.20 1 0.27
BC.P, 30 22 3 5 1.0 0.36 1 0.54
Clinton?®
PS; 10 0 8 2
PyS; 10 10 0 0
F. 20 20 0 0
F 100 81 15 4 3:1 4.50 1 0.033
BC,P, 30 17 12 1 1:1 0.86 1 0.35
BC,P, 30 27 1 2 1.0 0.04 1 0.85
Pooled
P.S, 20 0 17 3
PyS; 20 20 0 0
F. 40 40 0 0
F 200 156 36 8 31 4.00 1 0.045
BC.P, 60 35 24 1 1:1 2.05 1 0.15
BC.P, 60 49 4 7 1.0 0.30 1 0.58

a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.

Solid dark green was dominant andaRs the carrier.

Wide striped was recessive andaRs the carrier.

Some plants were missing or damaged.

Expected was the hypothesized segregation katwirigle gene inheritance for each segregatingrgéion
Heterogeneity? (0.05; 1)

P-value (Probability) >.05 was accepted as Sihgtaus.

Q "0 Q0T
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Table 3-10. Single locus goodness-of-fit-testffait color in watermelon in family '‘Peacock
Shipper' (Solid medium green) x 'Charleston Grayag).

Location/ Total Solid Light No. Expected  Chi
Generation  no. medium gréegreefi  missingd  rati®  squaré df Prob?
Kinston?®
P.S; 10 7 0 3
P.S; 10 0 10 0
Fr 20 20 0 0
F, 100 71 23 6 31 0.01 1 0.90
BC,P, 30 30 0 0 1:0 0.00 1 1.00
BC,P, 30 9 9 12 11 0.00 1 1.00
Clinton®
PS; 10 7 0 3
PuSt 10 0 7 3
F 20 17 0 3
F, 100 61 18 21 31 0.21 1 0.64
BC,P, 30 23 0 7 1:0 0.00 1 1.00
BC,P, 30 8 8 14 1:1 0.00 1 1.00
Pooled
P.S; 20 14 0 6
PuSt 20 0 17 3
F 40 37 0 3
F 200 132 41 27 31 0.16 1 0.69
BC,P, 60 53 0 7 1:0 0.00 1 1.00
BC,P, 60 17 17 26 1:1 0.00 1 1.00
a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.
b  Solid medium green was dominant andv@s the carrier.
¢ Light green was recessive angwas the carrier.
d Some plants were missing or damaged.
e Expected was the hypothesized segregation @tiirigle gene inheritance for each segregatingrgéion
f  Heterogeneity? (0.05; 1)
g P-value (Probability) >.05 was accepted as Sihghaus.

81



Table 3-11. Single locus goodness-of-fit-testsmipe pattern in watermelon in family 'Red-
N-Sweet' (Clear) x 'Crimson Sweet' (Blurred).

Location/ Total No. Expected  Chi
Generation  no. Blurrédd Cleaf missind  ratic®  squaré df Prob?
Kinston?®
P.S; 10 0 9 1
P.S; 10 7 0 3
Fr 20 17 0 3
F, 100 41 24 35 31 4.93 1 0.026
BC,P, 30 7 13 10 1:1 1.80 1 0.17
BC,P, 30 22 1 7 1:0 0.04 1 0.83
Clinton®
PS; 10 0 10 0
PuSt 10 8 0 2
F 20 17 0 3
F, 100 65 20 15 31 0.10 1 0.75
BC,P, 30 16 9 5 1:1 1.96 1 0.16
BC,P, 30 21 0 9 1:0 0.00 1 1.00
Pooled
P.S; 20 0 19 1
PuSt 20 15 0 5
F 40 34 0 6
F 200 106 44 50 31 1.50 1 0.22
BC,P, 60 23 22 15 1:1 0.02 1 0.88
BC,P, 60 43 1 16 1:0 0.02 1 0.88
a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.
b  Blurred stripe pattern was dominant apdvas the carrier.
¢ Clear stripe was recessive anduvas the carrier.
d Some plants were missing or damaged.
e Expected was the hypothesized segregation @tiirigle gene inheritance for each segregatingrgéion
f  Heterogeneity? (0.05; 1)
g P-value (Probability) >.05 was accepted as Sihghaus.
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Table 3-12. Single locus goodness-of-fit-testsmipe pattern in watermelon in family 'Red-
N-Sweet (Clear) ' x 'Allsweet’ (Blurred).

Location/ Total No. Expected  Chi
Generation  no. Blurrédd Cleaf missind  ratic®  squaré df Prob?
Kinston?®
P.S; 10 0 8 2
P.S; 10 4 0 6
Fr 20 18 0 2
F, 100 52 18 30 31 0.02 1 0.89
BC,P, 30 5 7 18 11 0.33 1 0.56
BC,P, 30 24 0 6 1:0 0.00 1 1.00
Clinton®
PS; 10 0 2 8
PuSt 10 4 0 6
F 20 14 0 6
F, 100 49 17 34 31 0.02 1 0.88
BC,P, 30 10 8 12 11 0.22 1 0.63
BC,P, 30 21 0 9 1:0 0.00 1 1.00
Pooled
P.S; 20 0 10 10
PuSt 20 8 0 12
F 40 32 0 8
F 200 101 35 64 31 0.04 1 0.84
BC,P, 60 15 15 30 1:1 0.00 1 1.00
BC,P, 60 45 0 15 1:0 0.00 1 1.00
a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.
b  Blurred stripe pattern was dominant apdvas the carrier.
¢ Clear stripe was recessive anduvas the carrier.
d Some plants were missing or damaged.
e Expected was the hypothesized segregation @tiirigle gene inheritance for each segregatingrgéion
f  Heterogeneity? (0.05; 1)
g P-value (Probability) >.05 was accepted as Sihghaus.
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Table 3-13. Single locus goodness-of-fit-testsfinipe pattern in watermelon in family
‘Tendersweet OF' (Blurred) x 'Red-N-Sweet' (Clear).

Location/ Total No. Expected  Chi

Generation  no. Blurrédd Cleaf missind  ratic®  squaré df Prob?
Kinston®

P.S, 10 10 0 0

P.S, 10 0 5 5

F, 20 14 0 6

F 100 64 20 16 31 0.06 1 0.80
BC.P, 30 26 0 4 1.0 0.00 1 1.00
BC.P, 30 14 13 3 1:1 0.04 1 0.84
Clinton?®

PS; 10 10 0 0

PyS; 10 0 8 2

F. 20 20 0 0

F 100 56 19 25 31 0.00 1 0.94
BC,P, 30 28 0 2 1.0 0.00 1 1.00
BC,P, 30 17 12 1 1:1 0.86 1 0.35
Pooled

P.S, 20 20 0 0

PyS; 20 0 13 7

F. 40 34 0 6

F 200 120 39 41 3:1 0.02 1 0.89
BC.P, 60 54 0 6 1.0 0.00 1 1.00
BC.P, 60 31 25 4 1:1 0.64 1 0.42

a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.

Blurred stripe pattern was dominant andhvs the carrier.

Clear stripe was recessive andiRs the carrier.

Some plants were missing or damaged.

Expected was the hypothesized segregation katirigle gene inheritance for each segregatingrgéion
Heterogeneity? (0.05; 1)

P-value (Probability) >.05 was accepted as Sihgtaus.

Q "0 Q0T
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Table 3-14. Single locus goodness-of-fit-testffait shape in watermelon in family
‘Tendersweet Orange Flesh' (Oblong) x 'Red-N-Swietr round).

Location/ Total Near No. Expected  Chi

Generation  no. rould Oblong missind  ratic®  squaré df Prob?
Kinston®

P.S, 10 2 8 0

P.S, 10 5 0 5

F, 20 14 0 6

F 100 67 18 15 31 0.66 1 0.41
BC.P, 30 15 11 4 1:1 0.62 1 0.43
BC.P, 30 27 0 3 1.0 0.00 1 1.00
Clinton?®

PS; 10 0 10 0

PyS; 10 8 0 2

F. 20 20 0 0

F 100 62 13 25 31 2.35 1 0.12
BC,P, 30 15 13 2 1:1 0.14 1 0.70
BC,P, 30 29 0 1 1.0 0.00 1 1.00
Pooled

P.S, 20 2 18 0

PyS; 20 13 0 7

F. 40 34 0 6

F 200 129 31 40 3:1 2.70 1 0.10
BC.P, 60 30 24 6 11 0.67 1 0.41
BC.P, 60 56 0 4 1.0 0.00 1 1.00

a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.

Near round fruit shape was dominant apav&s the carrier.

Oblong fruit shape was recessive apev&s the carrier.

Some plants were missing or damaged.

Expected was the hypothesized segregation katirigle gene inheritance for each segregatingrgéion
Heterogeneity? (0.05; 1)

P-value (Probability) >.05 was accepted as Sihgtaus.

Q "0 Q0T
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Table 3-15. Single locus goodness-of-fit-testffait shape in watermelon in family
‘Crimson Sweet' (Near round) x 'Peacock Shippdildi@).

Location/ Total Near No. Expected  Chi

Generation  no. rould Oblong missind  ratic®  squaré df Prob?
Kinston®

P.S, 10 8 0 2

P.S, 10 1 9 0

F, 20 16 3 1

F 100 60 22 18 31 0.15 1 0.70
BC.P, 30 27 1 2 1.0 0.04 1 0.85
BC.P, 30 13 14 3 1:1 0.04 1 0.84
Clinton?®

PS; 10 10 0 0

PyS; 10 0 10 0

F. 20 19 1 0

F 100 68 24 8 3:1 0.06 1 0.80
BC,P, 30 28 0 2 1.0 0.00 1 1.00
BC,P, 30 17 12 1 1:1 0.86 1 0.35
Pooled

P.S, 20 18 0 2

PyS; 20 1 19 0

Fy 40 35 4 1

F 200 128 46 26 3:1 0.19 1 0.66
BC.P, 60 55 1 4 1.0 0.02 1 0.89
BC.P, 60 30 26 4 11 0.29 1 0.59

a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.

Near round fruit shape was dominant apav&s the carrier.

Oblong was recessive angl#as the carrier.

Some plants were missing or damaged.

Expected was the hypothesized segregation katirigle gene inheritance for each segregatingrgéion
Heterogeneity? (0.05; 1)

P-value (Probability) >.05 was accepted as Sihgtaus.

Q "0 Q0T
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Table 3-16. Single locus goodness-of-fit-testffait shape in watermelon in family
'Peacock Shipper' (Oblong) x 'Charleston Grayngdbe).

Location/ Total No. Expected  Chi
Generation  no. Elongdte Oblond missind  rati®  squaré df Prob?
Kinston?®
P.S; 10 0 7 3
P.S; 10 10 0 0
Fr 20 20 0 0
F, 100 61 33 6 31 4.78 1 0.03
BC,P, 30 10 20 0 1:1 3.33 1 0.07
BC,P, 30 15 2 13 1:0 0.24 1 0.63
Clinton®
PS; 10 0 5 5
PuSt 10 5 1 4
F 20 17 0 3
F, 100 67 11 22 31 4.45 1 0.03
BC,P, 30 11 11 8 11 0.00 1 1.00
BC,P, 30 16 0 13 1:0 0.00 1 1.00
Pooled
P.S; 20 0 12 8
PuSt 20 15 1 4
F 40 37 0 3
F 200 128 44 28 31 0.03 1 0.86
BC,P, 60 21 31 8 1:1 1.92 1 0.17
BC,P, 60 31 2 26 1:0 0.12 1 0.73
a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.
b Elongate fruit shape was dominant agdvBs the carrier.
¢ Oblong fruit shape was recessive apav&s the carrier.
d Some plants were missing or damaged.
e Expected was the hypothesized segregation @tiirigle gene inheritance for each segregatingrgéion
f  Heterogeneity? (0.05; 1)
g P-value (Probability) >.05 was accepted as Sihghaus.
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Table 3-17. Two loci goodness-of-fit-test for frahape in watermelon in family 'Black
Diamond' (Near round) x 'Charleston Gray' (Elongate

Location/ Total Near Expected  Chi
Generation no. ObloAg sround Elongate Missing  ratid  squar@ df  Prob'

Kinston?

PS; 10 0 9 0 1

PuSt 10 1 0 7 2

Fy 20 15 4 0 1

F 100 52 27 13 8 9:4:3.0 1.64 2 0.44

BC,P, 30 15 15 0 0 1:1:0:0 0.00 1 1.00

BC,P, 30 17 0 13 0 1:0:1:0 0.53 1 0.47
Clinton®

P.S; 10 0 9 0 1

P.S; 10 0 1 7 2

Fr 20 12 7 0 1

F, 100 41 29 13 17 9:4:3.0 4.08 2 0.13

BC,P, 30 12 17 0 1 1:1:0:0 0.53 1 0.47

BC,P, 30 13 2 12 3 1:0:1:0 0.15 1 0.70
Pooled

PSS, 20 0 18 0 2

PuSt 20 1 1 14 4

Fr 40 27 11 0 2

F, 200 93 56 26 25 9:4:3:.0 4.49 2 0.11

BC,P, 60 27 32 0 1 1:1:0:0 0.27 1 0.60

BC,P, 60 30 2 25 3 1:0:1:0 0.17 1 0.68
a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext

locations.

The double dominant genotypeB has oblong fruit shap@&B: Oblong

GenotypéA bb has near round fruit shape and Pa is the carrier.

GenotypeaB_ andaabb both have Elongate fruit shape.

Some plants were missing or damaged.

Expected was the hypothesized segregation ratisifigle gene inheritance for each segregatingrg¢ion
Heterogeneity? (0.05; 1)

P-value (Probability) >.05 was accepted as Sihgtaus.

SKQ DO Q0T
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Table 3-18. Single locus goodness-of-fit-testffait shape in watermelon in family 'Red-N-
Sweet' (Near round) x 'Allsweet' (Elongate).

Location/ Total Near No. Expected Chi
Generation  no. roufid Elongaté Oblond missing ratid squaré df Prob"
Kinston®

P.S, 10 8 0 0 2

P.S, 10 0 4 0 6

F, 20 0 2 16 2

F 100 17 16 32 35 1:1:2 0.09 2 0.96
BC.P, 30 7 1 4 18 1.0:1 0.83 1 0.36
BC.P, 30 0 11 13 6 0:1:1 0.17 1 0.68
Clinton?®

PS; 10 2 0 0 8

PyS; 10 0 4 0 6

F. 20 0 0 14 6

F 100 17 14 35 34 1:1:2 0.56 2 0.76
BC,P, 30 9 0 9 12 1:.0:1 0.00 1 1.00
BC,P, 30 0 10 11 9 0:1:1 0.00 1 1.00
Pooled

P.S, 20 10 0 0 10

PyS; 20 0 8 0 12

F. 40 0 2 30 8

F 200 34 30 67 69 1:1:2 0.36 2 0.84
BC.P, 60 16 1 13 30 1:0:1 0.33 1 0.57
BC.P, 60 0 21 24 15 0:1:1 0.09 1 0.76

a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.

P, has near round fruit shape.

R, has elongate fruit shape.

The heterozygote has intermediate oblong frupsh

Some plants were missing or damaged.

Expected was the hypothesized segregation ratisifigle gene inheritance for each segregatingrg¢ion
Heterogeneitx? (0.05; 1)

P-value (Probability) >.05 was accepted as Sihgtaus.

oKQ "o Q0T
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Table 3-19. Single locus goodness-of-fit-testffait shape in watermelon in family 'Red-N-
Sweet' (Near round) x 'Charleston Gray' (Elongate).

Location/ Total Near No. Expected Chi
Generation  no. roufid Elongaté Oblond missing ratid squaré df Prob"
Kinston®

P.S, 10 10 0 0 0

P.S, 10 0 2 0 8

F, 20 1 0 13 6

F 100 25 18 46 11 1:1:2 1.16 2 0.56
BC.P, 30 13 0 15 2 1:0:1 0.14 1 0.71
BC.P, 30 0 14 13 3 0:1:1 0.00 1 1.00
Clinton?®

PS; 10 9 0 0 1

PyS; 10 0 6 0 4

F. 20 0 0 16 4

F 100 19 18 40 23 1:1:2 0.08 2 0.96
BC,P, 30 12 0 14 4 1:.0:1 0.15 1 0.70
BC,P, 30 0 11 18 1 0:1:1 1.42 1 0.23
Pooled

P.S, 20 19 0 0 1

PyS; 20 0 8 0 12

F. 40 1 0 29 10

F 200 44 36 86 34 1:1:2 0.58 2 0.75
BC.P, 60 25 0 29 6 1:.0:1 0.30 1 0.58
BC.P, 60 0 25 31 4 0:1:1 0.64 1 0.42

a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.

P, has near round fruit shape.

R, has elongate fruit shape.

The heterozygote has intermediate oblong frupsh

Some plants were missing or damaged.

Expected was the hypothesized segregation ratisifigle gene inheritance for each segregatingrg¢ion
Heterogeneitx? (0.05; 1)

P-value (Probability) >.05 was accepted as Sihgtaus.

oKQ "o Q0T
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Table 3-20. Single locus goodness-of-fit-testdioape in watermelon in family 'Allsweet'
(Elongate) x 'Black Diamond' (Near round).

Location/ Total Near No. Expected Chi
Generation  no. Elongdte round  Oblond missing ratid squaré df Prob"
Kinston?
P.S; 10 9 0 0 1
P.S; 10 0 10 0 0
Fr 20 0 0 20 0
F, 100 18 24 54 4 1:1:2 2.25 2 0.32
BC,P, 30 15 1 14 0 1:0:1 0.07 1 0.79
BC,P, 30 2 11 12 5 0:1:1 0.17 1 0.68
Clinton®
PS; 10 8 0 0 2
PuSt 10 0 10 0 0
F 20 0 0 20 0
F, 100 19 30 46 5 1:1:2 2.25 2 0.32
BC,P, 30 13 0 16 1 1:0:1 0.14 1 0.71
BC,P, 30 0 11 17 2 0:1:1 1.29 1 0.26
Pooled
P.S; 20 17 0 0 3
PuSt 20 0 20 0 0
F 40 0 2 40 0
F 200 37 54 100 9 1:1:2 3.00 2 0.22
BC,P, 60 28 1 30 1 1:0:1 0.07 1 0.79
BC,P, 60 2 22 29 7 0:1:1 0.74 1 0.39
a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.
b P, has elongate fruit shape.
¢ B has near round fruit shape.
d The heterozygote has intermediate oblong frupsh
e Some plants were missing or damaged.
f  Expected was the hypothesized segregation ratisifigle gene inheritance for each segregatingrgéinon
g Heterogeneity? (0.05; 1)
h  P-value (Probability) >.05 was accepted as Sihghaus.
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Table 3-21. Single locus goodness-of-fit-testffait shape in watermelon in family

‘Allsweet' (Elongate) x 'King&Queen' (round).

Location/ Total Near No. Expected Chi
Generation  no. Elongdte round  Oblond missing ratid squaré df Prob"
Kinston?
P.S; 10 10 0 0 0
P.S1 10 0 10 0 0
Fy 20 1 1 18 0
F, 100 27 27 42 4 1:1:2 15 2 0.47
BC,P, 30 15 1 12 2 1:0:1 0.36 1 0.55
BC:P, 30 0 6 24 0 0:1:1 108 1 0Mo
Clinton?®
P.S; 10 9 0 1 0
PoS1 10 0 9 0 1
Fy 20 0 0 16 4
F, 100 17 14 54 15 1:1:2 5.91 2 0.05
BC,P, 30 12 1 14 3 1:0:1 0.15 1 0.70
BC,P, 30 0 7 22 1 0:1:1 6.53 1 01
Pooled
P.S; 20 19 0 1 0
PoS1 20 0 19 0 1
Fy 40 1 1 34 4
F, 200 44 41 96 19 1:1:2 0.65 2 0.72
BC,P, 60 27 2 26 5 1:0:1 0.01 1 0.92
BCP, 60 0 13 46 1 0:1:1 174 1 0o
a Data are ratings from two locations: Kinston &tidton; data are presented by location and poolext
locations.
b P, has elongate fruit shape.
¢ B has round fruit shape.
d The heterozygote has intermediate oblong frupsh
e Some plants were missing or damaged.
f  Expected was the hypothesized segregation ratisifigle gene inheritance for each segregatingrgéion
g Heterogeneity? (0.05; 1)
h  P-value (Probability) >.05 was accepted as Sihghaus.
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Table 3-22. Suggested genotypes and correspontemgppypes for the genes controlling

stripe pattern in watermelon.

Genotype suggested

Phenotype

Type line

GG ?7
g“g" ??
g'g" ??
g9

GG (org"g" or g"gNor 7?)  NsNs
gg" nsns
g9 nsns
ag NsNs

Solid medium green
Medium wide stripe
Narrow stripe

Gray

Wide stripe

Narrow stripe

Solid light green

??

California Klondike; Peacoclkppbr
Crimson Sweet

Red-N-Sweet
Thurmond Gray; Charleston Gray
Allsweet; Tendersweet OF
Red-N-Sweet

King&Queen
??

a Unknown genotype or type line.
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Table 3-23. Suggested genotypes and correspontdemgppypes for the genes controlling
fruit shape in watermelon.

Genotype suggested Phenotype Type line

o0 ??7 ” Elongate Long lowa Belle; Allsweet; Charlestoragr

00 ” ” Round Round lowa Belle; China 23; Japan 4; J&pan
Red-N-Sweet; Black Diamond

00 ObOb €€ Near-round Black Diamond

OO ohob €ed Elongate Charleston Gray

?? obob  EIEI Elongate Peacock Shipper

OO ohob € Oblong Charleston Gray

00 ObOb 7?7 Near-round Red-N-Sweet; Crimson Sweet

?? obob  EIEI Oblong Tendersweet OF; Peacock Shipper

00 obob  ?? Near-round ??

a Unknown genotype or type line.
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CHAPTER FOUR

QUANTITATIVE INHERITANCE OF FRUIT WEIGHT AND THET OTAL
SOLUBLE SOLIDS CONTENT IN WATERMELON

Lingli Lou and Todd C. Wehner

Department of Horticultural Science, North Caroltate University, Raleigh, NC 27695-

7609
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Introduction

Watermelon Citrullus lanatus (Thunb.) Matsumura & Nakai] is native to southern
and tropical Africa and probably Asia. Watermelgnan important vegetable cultivated in
warm regions world wide. The top five of watermelproduction countries are China
(accounts for 73% of the world watermelon productio 2004), Turkey, Iran, the United
States, Egypt, and Mexicavfyw.fao.org. In the U. S., the Agricultural Marketing Resoeirc
Center recorded watermelon production at 4.29dnilpounds in 2007. In 2008, watermelon
production totaled 4.3 billion pounds with a $49lion value for the fresh market. The top
five states in U.S. watermelon production, accawnfor more than 75 percent of the total

production, were Georgia, Florida, Texas, Califarand Arizonayww.agmrc.org.

Extensive genetic studies and breeding experimgnte the 1930s have identified
more than one hundred genes are related to pheswtgpseed and seedling, vine, flower,
frduit, and resistance (Wehner, 2008a). A comprsivenlist of these genes can be found in
recent reviews (Guner and Wehner, 2004; Wehnei8&00

Cultivated watermelon has a large variation intfreeight, from less than 0.5 kg to
more than 100 kg (Gusmini and Wehner, 2007). Thrgation in fruit weight has been used
to satisfy different commercial interests. In thaitdd States, the weight of commercial
watermelon fruit can be classified into five categs: icebox (<5.5 kg), small or pee wee
(5.5 to 8.0 kg), medium (8.1 to 11.0 kg), large.l11o 14.5 kg) and giant (> 14.5 kg)

(Maynard, 2001). In 2003, a new fruit size categamni watermelon, was introduced for
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cultivars that produce round fruit, have a thindrirand weighing between 1.5 to 4 kg
(Schultheis et al., 2005).

Besides environmental factors, fruit weight alsmies among cultivars. The cultivars
'‘Cobbs Gem', 'Carolina Cross #183', 'Florida Giaantd 'Weeks NC Giant' are popular
cultivars that can produce giant fruit. For examfilarolina Cross #183' can produce fruit of
about 100 kg (Gusmini and Wehner, 2007). One ofsthallest fruited watermelon cultivar
is 'New Hampshire Midget', released by the Unitgrsf New Hampshire in 1951. This
cultivar produces mini-sized fruit of about 1 kg iglg (Wehner, 2002). Some wild
watermelon accessions, suchCagolocynthis, have fruit weight of less than 0.5 kg (Gusmini
and Wehner, 2007).

Over 100 genes have been reported that affeatuaqualitative traits in watermelon,
but none controlling fruit weight (Gusmini and Weihn2007; Wehner, 2008a). Two studies
on the inheritance of fruit weight have reporteghdicant additive, dominance, and epistatic
effects, with dominance and dominance-by-domindmgieg the largest gene effects (Brar
and Nandpuri, 1974; Sharma and Choudhury, 1988)sntBu and Wehner (2007)
investigated the inheritance of six cultivars witry large and very small fruit and indicated
that large-fruited parents had higher phenotypidange than small-fruited parents, and
narrow- and broad-sense heritability estimates weoslerate (mean = 0.59 and 0.41,
respectively) with a small number of effective tac{5.4) (the number of effective factor is
an estimate of the number of genes controllinga#)irThe authors suggested that, although
watermelon fruit weight can be improved rapidlyngsia high selection intensity (5%),

progeny testing was recommended (Gusmini and WeR0877).
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The total soluble solids content is another quaine trait of great interest. The total
soluble solids content is measured as degree af &ing a refractometer and is translated
into sugar content. The total soluble solids contesncorrelated to the sweetness of
watermelon flesh. The flavor of watermelon was fbtm be acceptably correlated with total
soluble solids content, but less correlated witleetwess (Pardo et al., 1997). The total
soluble solids content can be classified as low.58%), medium (6.50-9.99%) or high
(>9.99%) (Sharma and Choudhury, 1988). High sugartent cultivars are selected by
breeders. Some cultivars have Brix as high as M&haer, 2008b).

The total soluble solids content in unit amountvaitermelon flesh is dependent on
cultivar and environmental factors (Porter, 1948howalter (1961) reported a positive
correlation between fruit weight and the total ®tdusolids content during fruit maturation.
Total soluble solids content in watermelon increaaethe fruit grows and matures. However,
no correlation between fruit weight and the totaluble solids content was found for
watermelons of the same ripeness. The total solgblels content was found to be
determined by three incompletely dominant geneshen cross 'Crimson Sweet' x 'New
Hampshire Midget' (Suzuki and Hall, 1971). This dasion was confirmed by a later study
that found the total soluble solids content wastradied by 3 genes in the families 'Kaho' x
'‘Leeby' and 'Leeby' x 'Kaho' and 1 to 3 genes enféimilies '‘Congo’ x 'Leeby' (El-Hafez et
al., 1985). The authors also found that watermelih orange flesh color had a higher total
soluble solids content than ones that were whiteariother study, the high total soluble
solids content was found to be partial dominantl #gre@ narrow-sense heritability was 0.68

(Brar and Nandpuri, 1977). On the other hand, damse gene effects and dominance by

98



dominance epistasis were found be to be importantotal soluble solids content (Sharma
and Choudhury, 1988).

The objective of this experiment was to measuedrtheritance of single fruit weight
and the total soluble solids content in watermelds.part of the study, we measured the
genetic, additive, and environmental variances,romasense heritability, broad-sense

heritability, and numbers of effective factors coiling these two traits.

Materials and Methods

Traits and Families

A total of 15 families were developed using 10 ewmatelon inbred cultivars or lines
(Table 4-1). We developed six generationsS(PP,S;, F1, 2, BCiPa, BCiPy) for each family
by making controlled crosses in the greenhouseBlaath Carolina State University in
Raleigh, North Carolina. Seeds of the inbred linsed in these experiments were obtained
from the gene mutant collection of the Cucurbit &&s Cooperative (Curators: T.C.
Wehner and S.R. King).

Ten watermelon cultivars were used as parentsS 'B@8', 'Red-N-Sweet', '‘Crimson
Sweet', 'Allsweet’, 'Black Diamond', 'Tendersweetar@@e Flesh', 'Charleston Gray’,
'King&Queen', 'Peacock Shipper, and 'Cream of &ablewan'. Fifteen families were
developed using those parents for fruit weighttdrdirable 4-1.), and 4 families were

developed to study the total soluble solids conf€able 4-5).
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Cultural Practices

Seeds of the six generations for each family veesen in 72-cell polyethylene flats
in the greenhouses at North Carolina State Unityer&n artificial soilless growing medium
was used, consisting of Canadian sphagnum peat, rpedge, vermiculite, and processed
pine bark. The flats were moistened to capacitgrafeeding and kept in a greenhouse (25-30
°C) until full emergence (Fig. 11). The transplam®&re moved to cold frames for
acclimation one week before transplanting. The lsggsl were transplanted by hand at the
two-true-leaf stage. Missing or damaged transplargee replaced a week after the initial
transplanting.

In the field, raised beds were made up with drifgation tubes and covered with
black polyethylene mulch. The experiment was cotetlausing horticultural practices
recommended by the North Carolina Extension Ser¢&anders, 2004). In order to keep
plants separate for data collection, they weraéghieach week into a spiral shape until fruit
began to set (Fig. 12). The vine training allowedyetracing of the fruit to the plant that
produced it.

One fully mature fruit was harvested from eachpl&ruit were determined to be
ripe by looking for a dried tendril nearest theitfra light-colored ground spot, and a dull
sound of the fruit when thumped (Maynard, 2001)itRweight was recorded, and fruit were
cut in half to measure the total soluble solidstenohin degree of Brix using a portable
digital refractometer. Distilled water was usedctdibrate the refractometer. Samples were

taken from the center of each fruit.
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Experiment Design and Data Analysis.

Field experiments were performed in the summe@¥8 at two North Carolina
locations: Cunningham Research Station in Kinstorg the Horticultural Crops Research
Station in Clinton. All six generations of each fgnwere planted at each location. For each
location, there were 10 plants ofSg, 10 of BS;, 10 of R, 10 of R’, 30 of BGP,, 30 of
BC,Py, and 100 of i At Kinston families were planted in three rowsr@3ong. At Clinton,
each family was planted in 0.2 ha of field spacthvfour rows 60 m long. The fields had
raised and shaped beds (rows) on 3.1-m centerssugie hills 1.2 m apart.

SASQuant 1.3 statement was used to analyze tlae Ta¢ heritability and predicted
selection response can be estimated by partitiotieg total variance into genetic and
environmental variances, and the genetic varianteadditive and dominance components
and inter-allelic interaction effects (Holland &t 2003; Nyquist, 1991). The variance of the
F, provides an estimate of phenotypic variance, wiile mean variance of the non-
segregating generationsy(®,, and k) gives an estimate of environmental effects (Wrigh
1968). The additive variance is derived by subingcthe variances of the backcrosses from
twice the phenotypic @F variance, as an extension of the single locusahodder the
hypothesis of absence of linkage and genotype byamment interactions (Warner, 1952).
The broad- and narrow-sense heritability and theglipted gain from selection can then be

calculated from the available estimates of genatidjtive, and phenotypic variances:
az(P)z JZ(FZ) UZ(E)z 02(P3)+02(|3*’3+[2x Uz(Fl)]

a’(6)=0"(P)- o’ (E) o’ (a)=[2x 0" (R,)]-[o" (BC,R) + o (BCR))]
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The number of effective factors is an estimate gehetic factors affecting a
guantitative trait and is determined using 5 mesh@dtdande, 1981; Mather and Jinks, 1982;

Wright, 1968):

[u(F’b)-uz(Fl)]z 2
o {Jz(FZ)_ o(P)+o (sz+ [2x0 (Fl)]}

[(R)- u(R)]
8x{[2xo*(F)]-[(8cp)+ o (BcR)]}
[4(R) - u(P) 2 2
{8 x [cf2 (scp)+o’(BCP)- 0 (Fl)]} - [a (Pa); i (FL)]
[u(R)-u(RIT

2
[2xo*(F)]-[¢*(Bc.P)+ 0% (BC,P)]

[«(R)- u(R)T {1-5-[2 M (1MH}

o) aZ(e)w—z(ar[zxaf(e)]}

In the study by Gusmini and Wehner (2007), Wrgghtethod and Lande’s method |

Lande's method I:

Lande's method Il:

Lande's method IlI:

Mather's method:

Wright's method:

both provided good estimates for the genetic affectactors of watermelon fruit weight.

The estimated gain from selection per cycle wasutaled by the equatidii ™ * V7 (P)
where K is the selection differential in standaggtidtion units for selection intensities of 5%,
10%, or 20% (Hallauer and Miranda, 1988). The stigil analysis was performed using the

SAS-STAT statistical package (SAS Institute, Catgrth Carolina).

Results and Discussion
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Fifteen families were evaluated for the fruit waigTable 4-1), and four families for
the total soluble solids content: 1) 'Red-N-SweetKing&Queen', 2) 'Crimson Sweet' X
'King&Queen', 3) 'Allsweet' x 'King&Queen', 4) 'Kj&Queen' x 'Peacock Shipper' (Table 4-

5).

Fruit Weight

Normal distributions for fruit weight were obtadhéor the F, generation in all 15
families. In this experiment, the parents in soaraifies differed for fruit weight, and some
did not (Table 4-1). Families are often developedaiplant breeding program where the
parents do not differ for the weight per fruit, and wanted to determine the differences in
heritability for situations where there were ladjferences vs. no differences between the
parents for that trait. We checked the consistasfcthe data by comparing the mean fruit
weight for the same cultivars in different expenmse Several cultivars, including 'Red-N-
Sweet', 'Crimson Sweet', 'Charleston Gray', andclBBDiamond' were involved in multiple
families, and the measured mean weights are censigtithin the experiments (Table 4-1).
Exceptions were found for the Clinton location amilies 'Allsweet’ x 'Black Diamond',
'Peacock Shipper' x 'Charleston Gray', 'Black Diathox ‘'‘Charleston Gray', and
'King&Queen' x 'Peacock Shipper'. The problem waa plants in these families were
eliminated by disease that destroyed the vinebebarvested fruit were not fully developed.
Therefore, data from these families were not arelyz

For each family, we examined the deviation of me&arght in the - generation from

the average of their parent cultivars. Interesyingte deviation depended on the difference

103



in the parent weight. For families where the measgit difference between parents was
large (>2 kg), the mean weight in the eneration was close to the parent mean. Such
families included 'Red-N-Sweet' x 'Black Diamontrimson sweet' x 'King&Queen',
'‘Crimson sweet' x 'Peacock Shipper’, 'Cream of &askwan’' x'Red-N-Sweet', 'Allsweet' x
'King&Queen', and 'Red-N-Sweet' x 'King&Queen'. léver, for families where the mean
weight difference in the parents was small (<2 kapge deviations were found in Fhean
weight from the parents’ mean. This was the casePDS 808' x 'Red-N-Sweet', 'Red-N-
Sweet' x 'Crimson Sweet', 'Red-N-Sweet' x 'AllswyéB¢ndersweet Orange Flesh' x 'Red-N-
Sweet', 'Red-N-Sweet' x 'Charleston Gray', 'AlldveeBlack Diamond', 'Allsweet' x 'Black
Diamond’, 'Peacock Shipper' x 'Charleston Gray, 'Black Diamond' x 'Charleston Gray'.
In other words, the additive effects were prominenty for the families that involved
parents with large mean weight differences. In taoldli we found that the mean weight in the
F, generation was correlated with that in thegéneration. The Rvalues were 0.7179 at
Kinston and 0.6658 at Clinton.

In two of the families (Red-N-Sweet x Crimson Stveed Red-N-Sweet x Allsweet),
the mean weight in the; F§enerations was significantly higher than the agerof the mean
weights of the parents. The enhancements wereddserved in the fand backcrossing
generations, where the mean weights were higherttfeparents’ means, but lower than the
F1 mean. The above observations suggest that therbederosis in these two families. The
F1 generation had the highest mean weight becausgehetypes were all heterozygous,
while the enhancements were slightly weaker draid backcross generations because only

half of genotypes were heterozygous. Interestirfglyboth families where the heterosis was
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found, the mean weights of the two parents arelainin contrast, we did not find heterosis
in families where the mean weight differences argdr than 2 kg. One possible explanation
is that the genotype differences might be smatiethe families where parents have similar
mean weight so that the heterosis in very few lvdi cause significant phenotypic
difference. While in families where more loci arevoelved, the effect in one locus will be
masked by the additive effects in other loci, dmelghenotype are more similar.

As is the case for most traits, there was a caticel between the mean and variance
for fruit weight for the parents (Table 4-2). Howeeythe correlation was not high (R2=
0.3584 at Kinston). In fact, for parents with loveams, the variances were the lowest. On the
other hand, for parents with large weight means,#riances were not necessarily larger.
For the k generation, there was no correlation between th@nmveight and the variance of
the weight. Strong correlation between the meanthadariance for fruit weight was found
in the K generation (= 0.8038 at Kinston). Environmental variance wagdathan genetic
variance for the majority of the families (Tabl&}-The heritability for fruit weight was low
to medium. The broad-sense heritability was 0.4XKiaiston and 0.36 at Clinton. The
narrow-sense heritability was 0.49 at Kinston and60at Clinton. The narrow-sense
heritability was larger than the broad-sense Haititg (theoretically impossible, but not
uncommon with estimates), indicating that additwagiance was important and dominance
variance was not important in fruit weight.

The number of effective factors, an estimate efiamber of genes controlling fruit
weight, was estimated for each family and locatilost of the estimates for number of

effective factors were zero, except in the fanflgd-N-Sweet' x ' King&Queen' at Kinston,
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where the estimated number of effective factors ®sand in 'Allsweet’ x 'King&Queen'

where the estimated number of effective factors 2végable 4-4).

Total Soluble Solids Content

The total soluble solids content of the fruit wasasured in four families in the two
locations. Two families at Clinton did not develpmperly because of disease, so the data
were not analyzed. One of the cultivars (‘King&Quigevas used as a parent in all families
and the total soluble solids content measuredHhigr dultivar in different experiments were
consistent, indicating good repeatability overddst the total soluble solids content.

For each of the families, the mean for the totdlilsle solids content in both thg F
and K, were between the mean values of their parentd€#ab). This observation indicates
that additive effects are large for the trait. Agected, the narrow-sense heritability was
high (Table 4-7). The trend was also observederbidickcrosses.

The additive effect observed from the mean vaigesonsistent with the variance
analysis results (Table 4-7). The variance in thegéneration is larger than the parental
variance in most of the families (Table 4-6). Th&al soluble solids content had a narrow-
sense heritability of 0.48 at Kinston and 0.94 tGn. Broad-sense heritability is 0.53 at
Kinston and 0.63 at Clinton (Table 4-7).

The number of effective factors was estimated dach family and location. The
majority of the estimated numbers of effective dastwas zero, except the family 'Red-N-

Sweet' x ' King&Queen' in Kinston with the meannasted number of effective factors of 5
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(Table 4-8.). Due to the high narrow-sense hellitgpthe estimated gains from selection are

also relatively high (Table 4-8).

Conclusion

The inheritance of the quantitative traits of wireght and total soluble solids content
of watermelons fruits were studied. The resultsehamplication in breeding watermelon
cultivars with either heavy or light fruits, or ftsl with higher total soluble solids content.
For fruit weight, we found that the environmentariance was larger than the genetic
variance and narrow-sense and broad-sense hetytabére low to medium. This result
indicates that the environmental effect is an ingoutr factor affecting the fruit weight and
the low to medium heritability, which is consisteatthe earlier research, indicates selection
for fruit weight is only effective when a high sefien intensity (5%) is used. For total
soluble solids content, the variance indéneration is larger than the parental variancke an
narrow-sense and broad-sense heritability were umedio high. The higher heritability
indicates selection for total soluble solids cohtenould be more effective using a same

selection intensity.
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Table 4-1. Generation Means by Set Family for fweight (kg) for the watermelon families
tested for fruit weight in 2008 at Clinton and Kims, North Carolina

Mean

Pedigree/

location R P, F F, BC,P; BCPy,

Kinston
PDS 808 x Red-N-Sweet 11.6 10.7 7.8 9.6 7.7 115
Red-N-Sweet x Crimson Sweet 10.6 104 14.8 134 113. 11.6
Red-N-Sweet x Allsweet 9.8 10.2 13.0 11.3 115 11.0
Red-N-Sweet x Black Diamond 10.7 151 124 9.6 8.6 11.2
Tendersweet OF x Red-N-Sweet 10.2 10.3 8.7 8.8 94 8.7
Red-N-Sweet x Charleston Gray 9.4 7.9 10.3 9.8 114 11.1
Crimson sweet x King&Queen 8.7 5.0 7.1 6.1 8.2 7.3
Crimson sweet x Peacock Shipper 11.2 7.0 9.7 8.4 8 9. 7.0
Cream of Sask. x Red-N-Sweet 4.7 10.0 7.4 9.1 6.2 5 9
Allsweet x King&Queen 10.3 4.4 7.0 6.1 7.1 5.4
Allsweet x Black Diamond 10.0 9.5 8.9 9.7 8.2 10.0
Peacock Shipper x Charleston Gray 8.1 9.6 10.6 9.1 8.6 9.6
Black Diamond x Charleston Gray 9.9 9.5 10.7 10.8 0.01 10.4
King&Queen x Peacock shipper 5.7 7.8 7.2 6.7 5.6 7 7.
Red-N-Sweet x King&Queen 11.5 5.4 8.4 8.3 9.9 7.7

Clinton
PDS 808 x Red-N-Sweet 11.0 9.4 7.8 7.2 4.6 5.8
Red-N-Sweet x Crimson Sweet 9.8 10.0 11.6 8.8 7.6 .0 8
Red-N-Sweet x Allsweet 10.9 104 131 9.8 6.7 10.5
Red-N-Sweet x Black Diamond 10.1 12.0 114 115 412. 105
Tendersweet OF x Red-N-Sweet 12.1 11.0 11.3 11.8 .1 12 125
Red-N-Sweet x Charleston Gray 7.0 8.6 10.4 10.0 9.5 105
Crimson sweet x King&Queen 10.2 5.2 8.1 7.2 8.6 9.0
Crimson sweet x Peacock Shipper 10.2 5.4 9.0 8.4 2 9. 6.6
Cream of Sask. x Red-N-Sweet 5.7 7.9 7.5 8.5 7.7 5 8.
Allsweet x King&Queen 6.1 4.1 5.6 5.3 5.8 5.3
Allsweet x Black Diamond 7.2 7.4 9.7 8.6 7.8 10.0
Peacock Shipper x Charleston Gray 7.0 10.3 8.1 6.4 9.1 8.7
Black Diamond x Charleston Gfay 7.8 7.6 8.8 9.3 8.1 10.0
King&Queen x Peacock shipper 4.9 7.2 5.8 3.9 4.4 5.3
Red-N-Sweet x King&Queén 7.8 4.0 6.8 5.7 6.1 4.1

a Data are single-fruit weights (kg).
b Data in families Peacock Shipper x Charlestory@éack Diamond x Charleston Gray, King&Queen x

Peacock shipper, and Red-N-Sweet x King&Queeniatd@i are not comparable due to disease that
destroyed the vines.
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Table 4-2. Phenotypic variances by generationHentatermelon families tested for fruit
weight in 2008 at Clinton and Kinston, North Canafi

Variance

Pedigree/

location o?(P,) 0?(Py) o?(Fy) 0%(F,) o*(BC,P.) o*BC:Py)

Kinston
PDS 808 x Red-N-Sweet 6.12 4.13 5.58 8.22 4.62 7.75
Red-N-Sweet x Crimson Sweet 6.09 10.34 12.16 16.2810.92 7.42
Red-N-Sweet x Allsweet 4.18 3.92 7.27 12.37 7.31 698.
Red-N-Sweet x Black Diamond 2.58 23.88 17.58 10.38 4.47 8.85
Tendersweet OF x Red-N-Sweet 10.73 3.77 3.92 759 .58 4 7.26
Red-N-Sweet x Charleston Gray 8.89 5.05 5.76 10.0510.28 13.96
Crimson sweet x King&Queen 6.46 1.10 9.15 4.60 498 6.26
Crimson sweet x Peacock Shipper 13.47 2.62 11.04 97 6. 12.86 1.28
Cream of Sask. x Red-N-Sweet 1.01 4.28 10.06 548 801 5.02
Allsweet x King&Queen 4.59 0.88 3.24 2.66 5.02 1.98
Allsweet x Black Diamond 3.01 19.70 11.44 8.01 3.66 30.81
Peacock Shipper x Charleston Gray 1.75 6.63 196 345  3.70 6.26
Black Diamond x Charleston Gray 18.78 3.65 7.82 87.3 10.02 4.91
King&Queen x Peacock shipper 2.35 1.39 1.10 3.84 451. 5.26
Red-N-Sweet x King&Queen 5.41 2.24 2.40 5.46 8.18 .392

Clinton
PDS 808 x Red-N-Sweet 8.16 2.01 2.78 451 2.42 2.79
Red-N-Sweet x Crimson Sweet 7.48 6.27 5.28 5.62 383 559
Red-N-Sweet x Allsweet 14.84 11.95 3.55 7.34 3.35 .257
Red-N-Sweet x Black Diamond 5.81 9.03 6.48 1529 438. 15.32
Tendersweet OF x Red-N-Sweet 9.38 5.46 481 12.94 0.151 9.83
Red-N-Sweet x Charleston Gray 5.52 3.96 5.25 6.86 .285 6.67
Crimson sweet x King&Queen 11.34 0.47 3.04 3.34 243 3.65
Crimson sweet x Peacock Shipper 9.91 1.64 5.00 4.21 6.61 3.19
Cream of Sask. x Red-N-Sweet 0.79 2.52 2.75 445 35 3. 3.63
Allsweet x King&Queen 3.08 1.13 2.50 2.71 1.65 3.10
Allsweet x Black Diamond 2.85 2.39 441 2.94 2.07 .853
Peacock Shipper x Charleston Gray.32 17.23 5.50 5.13 7.24 4.67
Black Diamond x Charleston Gray 4.82 4.58 6.42 7.28 6.79 8.40
King&Queen x Peacock shipper 2.68 1.61 2.48 14.22 1.79 2.66
Red-N-Sweet x King&Queén 14.53 1.48 1.39 2.98 4.18 1.91

a Data are single-fruit weights (kg).

a Data in families Peacock Shipper x Charlestory@tack Diamond x Charleston Gray, King&Queen x
Peacock shipper, and Red-N-Sweet x King&Queeniatdli are not comparable due to disease that
destroyed the vines.
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Table 4-3. Variance and heritability estimatestfar watermelon families tested for fruit
weight in 2008 at Clinton and Kinston, North Canali

Variance Heritability

Pedigree/

location o’Pf  OXEP  oXG)S  cXA) He 2

Kinston
PDS 808 x Red-N-Sweet 8.22 5.35 2.86 4.05 0.35 0.49
Red-N-Sweet x Crimson Sweet 16.28 10.19 6.10 14.23 0.37 0.87
Red-N-Sweet x Allsweet 12.37 5.66 6.71 8.73 0.54 710.
Red-N-Sweet x Black Diamond 10.38 15.41 -5.03 7.43 -0.48 0.72
Tendersweet OF x Red-N-Sweet 7.59 5.58 2.00 334 260. 044
Red-N-Sweet x Charleston Gray 10.05 6.36 3.69 -4.13 0.37 -0.41
Crimson sweet x King&Queen 4.60 6.47 -1.86 -2.03  .400 -0.44
Crimson sweet x Peacock Shipper 6.97 9.54 -2.57 21-0. -0.37 -0.03
Cream of Sask. x Red-N-Sweet 5.48 6.35 -0.87 4.15 0.16- 0.76
Allsweet x King&Queen 2.66 2.99 -0.33 -1.69 -0.13 0.64
Allsweet x Black Diamond 8.01 11.40 -3.39 -18.46 A0 -2.31
Peacock Shipper x Charleston Gray 5.34 3.08 226 710. 042 0.13
Black Diamond x Charleston Gray  7.38 9.52 -2.14 170. -0.29 -0.02
King&Queen x Peacock shipper 3.84 1.48 2.36 0.97 610. 0.25
Red-N-Sweet x King&Queen 5.46 3.11 2.35 0.35 0.43 .060

Mean 0.42 0.49°

a o (P) = phenotypic variance 92 (Fz)

o’ (R)+ o' (R)+[2xo*(F)]
b ¢ (E) = environmental variance = 4
2

¢ 0% (G) = genetic variance 2’ (P)-o’(€)

d o?(A) = additive variance Jox o (R)]-[o*(scp)+ o* (Bcp)]

e H = broad-sense heritability

f  h’n = narrow-sense heritability

g The negative heritability was eliminated for cdddion of the mean. Families Peacock Shipper x

Charleston Gray, Black Diamond x Charleston Grapg&Queen x Peacock shipper, and Red-N-Sweet x

King&Queen are not included.
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Table 4-3. Continued.

Variance Heritability

Pedigree/

location oPY  o¥EP  oXG)  o¥A) He he,f

Clington
PDS 808 x Red-N-Sweet 451 3.93 0.58 3.81 0.13 0.84
Red-N-Sweet x Crimson Sweet 5.62 6.08 -0.46 -2.67 0.08 -0.48
Red-N-Sweet x Allsweet 7.34 8.47 -1.13 4.07 -0.15 .550
Red-N-Sweet x Black Diamond 15.29 6.95 8.35 6.83 550. 0.45
Tendersweet OF x Red-N-Sweet 12.94 6.12 6.83 590 530 0.46
Red-N-Sweet x Charleston Gray 6.86 4.99 1.87 177 270 0.26
Crimson sweet x King&Queen 3.34 4.47 -1.14 -1.31  .340 -0.39
Crimson sweet x Peacock Shipper 4.21 5.38 -1.17  38-1. -0.28 -0.33
Cream of Sask. x Red-N-Sweet 4.45 2.20 2.24 1.90 50 0. 0.43
Allsweet x King&Queen 2.71 2.30 0.41 0.67 0.15 0.25
Allsweet x Black Diamond 2.94 3.51 -0.57 -0.04 0.1 -0.01
Peacock Shipper x Charleston Gray 5.13 8.14 -3.01 1.65- -0.59 -0.32
Black Diamond x Charleston Gray  7.28 5.56 1.72 30.6 0.24 -0.09
King&Queen x Peacock shipper 14.22 2.31 11.91 24.00 0.84 1.69
Red-N-Sweet x King&Queen 2.98 4.70 -1.72 -0.13 80.5 -0.04

Mean 0.36 0.4¢

a o (P) = phenotypic variance gz (Fz)

o’ (R)+o*(R)+[2x*(R)]

b o (E) = environmental variance = 4

¢ ¢ (G) = genetic variance g (P)-o"(E)

d o2 (A) = additive variance o< (R)]-[o*(scp)+ o* (Bcp)]

e H = broad-sense heritability

f  h’n = narrow-sense heritability

g The negative heritability was eliminated for cddtion of the mean. Families Peacock Shipper x

Charleston Gray, Black Diamond x Charleston Grapgi&Queen x Peacock shipper, and Red-N-Sweet x
King&Queen are not included.
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Table 4-4. Estimates of number of effective factond predicted gain from selection under
different selection intensities for the watermelamilies tested for fruit weight in 2008 at
Clinton and Kinston, North Carolina.

Effective numbéer Gain from selectich
Pedigree/
location Lande | Lande Il Lande Il Mather  Wight Mean 5% 10% 20%
Kinston
PDS 808 x Red-N-Sweet 1.0 0.1 0.0 0.0 0.1 0.2 29 5 2 20
Red-N-Sweet x Crimson Sweet 0.7 0.0 0.0 0.0 00 10 73 6.2 4.9
Red-N-Sweet x Allsweet 0.3 0.0 0.0 0.0 0.0 0.1 51 44 35
Red-N-Sweet x Black Diamond -0.5 13 -0.5 0.3 -0.1 0.1 4.8 4.1 3.2
Tendersweet OF x Red-N-Sweet 0.3 0.0 0.0 0.0 00 1 0. 25 21 17
Red-N-Sweet x Charleston Gray 0.2 -0.3 0.1 -0.1 0.0 0.0 -2.7 -2.3 -1.8
Crimson sweet x King&Queen -0.9 -3.4 -0.9 -0.9 -1.0 -1.4 -2.0 -1.7 -1.3
Crimson sweet x Peacock Shipper -0.9 -42.9 -09 .7-10 -05 -11.2 -0.2 -0.1 -0.1
Cream of Sask. x Red-N-Sweet 4.1 35 4.1 0.9 -0.6 -0.9 3.6 31 25
Allsweet x King&Queen -13.2 -10.3 -13.1 -2.6 4.2 .07 -2.1 -1.8 -1.5
Allsweet x Black Diamond -0.1 -0.0 -0.0 -0.0 0.0 .00 -134 -11.5 9.1
Peacock Shipper x Charleston Gray 0.5 16 0.1 04 1 0 05 0.6 0.5 04
Black Diamond x Charleston Gray -0.1 -0.5 -0.0 -0.1 -0.0 -0.1 -0.1 -0.1 -0.1
King&Queen x Peacock shipper 0.2 2.2 0.2 0.5 01 7 0. 10 0.9 0.7
Red-N-Sweet x King&Queen 2.0 54.2 2.0 13.6 1.1 146 0.3 0.3 0.2
Clinton
PDS 808 x Red-N-Sweet 31 0.4 0.6 0.1 -0.1 0.8 3.7 3.2 25
Red-N-Sweet x Crimson Sweet -1.6 -0.0 -0.0 -0.0 0.0 -0.3 -2.3 -2.0 -1.6
Red-N-Sweet x Allsweet -1.3 0.0 -0.0 0.0 -0.0 -0.3 31 2.6 21
Red-N-Sweet x Black Diamond 0.1 0.3 0.1 0.1 0.0 0.1 3.6 3.1 24
Tendersweet OF x Red-N-Sweet 0.0 0.1 0.0 0.0 00 O 0. 34 2.9 2.3
Red-N-Sweet x Charleston Gray 11 0.7 0.2 0.2 02 50 14 1.2 0.9
Crimson sweet x King&Queen -2.8 -9.7 -2.8 -2.4 -3.3 4.2 -1.5 -1.3 -1.0
Crimson sweet x Peacock Shipper -2.8 -8.5 -2.5 -2.1-3.0 -3.8 -1.4 -1.2 -0.9
Cream of Sask. x Red-N-Sweet 0.3 1.2 0.3 0.3 02 5 0. 19 1.6 1.3
Allsweet x King&Queen 14 3.0 1.2 0.7 34 19 08 .70 06
Allsweet x Black Diamond -2.4 -0.7 -0.0 -0.2 -0.0 0.7 -0.0 -0.0 -0.0
Peacock Shipper x Charleston Gray -0.5 -3.3 -05 8-0 -03 -1.1 -1.5 -1.3 -1.0
Black Diamond x Charleston Gray 0.2 -0.0 0.0 00 00O 0.0 -0.5 -0.4 -0.3
King&Queen x Peacock shipper 0.1 0.1 0.1 0.0 -3.5 0.7 - 13.1 11.2 8.9
Red-N-Sweet x King&Queen -1.2 -54.5 -1.0 -13.6 -0.5-14.2 -0.2 -0.1 -0.1

a The number of effect factor are estimated byfferdint methods: Lande I, Lande II, Lande Ill, Math
Wight.
b  The gain from selection was calculated for 3edéht selection intensities: 5%, 15%, 20%.

Gain=k X h"z N o (P) .
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Table 4-5. Generation Means by Set Family for Bakue in Watermelon.

Mean
Pedigree/
location R P, = F BC,P, BC,P,
Kinston
Crimson sweet x King&Queen 9.6 8.1 9.2 8.8 9.6 8.7
Allsweet x King&Queen 10.2 8.9 10.0 9.2 9.7 9.2
King&Queen x Peacock shipper 9.2 11.2 9.5 9.9 94 101
Red-N-Sweet x King&Queen 12.4 8.8 10.1 10.8 10.9 111
Clinton
Crimson sweet x King&Queen 9.6 8.0 9.2 9.6 9.6 9.1
Allsweet x King&Queen 8.7 8.1 8.1 8.0 8.2 6.8
King&Queen x Peacock shipper 6.6 8.7 5.5 6.5 5.9 4 6.
Red-N-Sweet x King&Queen 9.1 9.0 11.1 7.5 9.3 9.2
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Table 4-6. Phenotypic variances by generation faevmelon Brix value in 2008 at Clinton
and Kinston, North Carolina.

Variance
Pedigree/
location o?(P,) 0?(Py) o?(Fy) 0%(F,) o*(BC,P.) o*BC:Py)
Kinston
Crimson sweet x King&Queen 1.41 3.81 1.31 1.29 1.18 0.85
Allsweet x King&Queen 0.62 1.88 0.68 1.30 1.54 1.20
King&Queen x Peacock shipper 0.84 0.62 0.47 275 941. 1.32
Red-N-Sweet x King&Queen 0.93 1.73 0.47 2.05 3.27 410
Clinton
Crimson sweet x King&Queen 0.78 1.00 0.77 1.87 1.09 0.91
Allsweet x King&Queen 0.75 0.86 1.50 3.82 1.26 2.79
King&Queen x Peacock shipper 0.93 1.90 1.41 297 112. 3.08
Red-N-Sweet x King&Queen 8.14 0.50 0.91 2.78 8.37 461
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Table 4-7. Variance and heritability estimatestha watermelon Brix value in 2008 at

Clinton and Kinston, North Carolina.

Variance Heritability

Pedigree/
location o’Pf  OXEP  oXG)S  cXA) He 2
Kinston

Crimson sweet x King&Queen 1.29 1.96 -0.68 0.55 -0.53 0.42

Allsweet x King&Queen 1.30 0.97 0.33 -0.15 0.26 -0.11

King&Queen x Peacock shipper 2.75 0.60 2.14 2.23 0.78 0.81

Red-N-Sweet x King&Queen 2.05 0.90 1.14 0.42 0.56 0.20
Mean 0.53 0.48
Clinton

Crimson sweet x King&Queen 1.87 0.83 1.04 1.73 0.56 0.93

Allsweet x King&Queen 3.82 1.15 2.67 3.59 0.70 0.94

King&Queen x Peacock shipper 2.97 1.41 1.56 0.77 0.52 0.26

Red-N-Sweet x King&Queen 2.78 2.62 0.16 -4.28 0.06 -1.54
Mean 0.63 0.94

2
a o%P) = phenotypic variance < (Fz)

2
o? (P) = phenotypic variance g (Fz)

' (R)+ o' (R)+[2x o’ ()]

o? (A) = additive variance :[2 xo (F2 )] - [02 (BClPa) to (BClPa)]

a
b  ¢?(E) = environmental variance = 4
2 ic variance 2 (P)= " (E)
¢ 0 (G) = genetic variance =
d
e H = broad-sense heritability
f  h?n = narrow-sense heritability
g The negative heritability was eliminated for cddtion of the mean.
h

The families King&Queen x Peacock shipper and-Re8iweet x King&Queen are excluded.
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Table 4-8. Estimates of number of effective factond predicted gain from selection under
different selection intensities for the watermelamilies tested for Brix value in 2008 at

Clinton and Kinston, North Carolina.

Effective numbéer Gain from selectich
Pedigree/
location Lande | Lande Il Lande Il Mather  Wight Mean 5% 10% 20%
Kinston
Crimson sweet x King&Queen -0.4 2.0 0.4 0.5 0.1 30 1.0 0.8 0.7
Allsweet x King&Queen 0.8 -5.8 0.6 1.5 0.3 -1.1 .30 0.2 0.2
King&Queen x Peacock shipper 0.3 0.9 0.2 0.2 02 40 28 2.4 1.9
Red-N-Sweet x King&Queen 15 155 1.4 3.9 0.9 46 6 0 05 0.4
Clinton
Crimson sweet x King&Queen 0.3 0.7 0.3 0.2 0.9 05 2.6 2.2 1.8
Allsweet x King&Queen 0.0 0.0 0.0 0.0 0.0 0.0 38 23 26
King&Queen x Peacock shipper 11 2.9 04 0.7 02 1 1. 09 0.8 0.6
Red-N-Sweet x King&Queen 6.3 -0.0 0.0 -0.0 0.0 1.3 -53 -4.5 -3.6

a The number of effect factor are estimated byfferdint methods: Lande I, Lande II, Lande Ill, Math

Wight.
b  The gain from selection was calculated for 3edéht selection intensities: 5%, 15%, 20%.

Gain:k>< h: X VJZ(P)
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Figure 1. 'PDS 808’ has rose flesh color, mediudthamedium green stripes with unclear margins tight
green background.
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Figure 2. 'Red-N-Sweet' has scarlet flesh colarmaw width dark green stripes with clear marginsadight
green background, long length and dotted seed,roead fruit shape, concave blossom end.
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Figure 3. 'Crimson Sweet' has coral red flesh cafmdium width medium green stripes with uncleargies
on a light green background, medium length sees] sizar round fruit shape, thick rind, smooth sodace.
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Figure 4. 'All Sweet' has coral red flesh colordevividth medium green stripes with unclear margims: light
green background, convex blossom end, elongateafindi smooth fruit surface.
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Figure 5. 'Black Diamond' has coral red flesh cadotid dark rind, concave blossom end, furroweit.fr
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Figure 6. 'Tendersweet Orange Flesh' has orangie di@lor, wide width medium green color stripeshwit
unclear margins on a light green background, ritaedseed, and oblong fruit.
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Figure 7. 'Charleston Gray' has coral flesh cajaay (light green with reticulations), long seedneex blossom
end, elongate fruit shape, smooth fruit surfacd, laillow hearted endocarp.
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Figure 8. 'King&Queen' has coral flesh color, sdilight green (light green stripe on a light greanitf, medium
seed length, round fruit weight.
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Figure 9. 'Peacock Shipper' has coral red fledid seedium dark green, medium length black seedcawe
blossom end and oblong and furrowed fruit.
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Figure 10. 'Cream of Saskatchewan' has white ftetdr, narrow width narrow dark green stripes diglat
green background, medium size and black seed.
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Figure 11. Seedlings were held in the greenhouserattant temperature (25-30 °C) until full emexgehefore
transplanting.
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Figure 12. In the field, raised beds were made itip avip irrigation tubes and covered with blackymthylene
mulch. In order to keep families, generations, plathts separate for data collection, each plastmwanually
trained each week into a spiral shape by turnihthelvines in a clockwise circle around the cravmtil about
70% of the plants in the field set fruit. The vinaining allowed easy tracing of the fruit to {plant that
produced it, giving high accuracy to the system.
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Figure 13. kfruit of 'Cream of Saskatchewan' and 'Red-N-Sweest'a red center with yellow margin.

132



Figure 14. a: Narrow stripe on a 'Red-N-Sweettfitui The dark solid green rind on a 'Black Diamidndit. c:
F, fruit of 'Red-N-Sweet' and 'Black Diamond' hagintediate medium green rind with inconspicuoupsti
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Figure 15. Two different stripe patterns: Blurredialear.
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