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ABSTRACT

The (Ss) of seven tomato cultivars i.e. Prichard, Cal Rock; Beto 98; Ace 55
V.F; Floradade; Super strain B and Money Maker and their hybrids without reciprocals
were used in this investigation to determine the heterotic performance on some
histological leaflets; electrophoretic, and agronomic traits. Most of the hybrids showed
positive and highly significant values for many histological leaflet traits i.e. thickness of
upper; lower epidermis; palisade; spongy tissues; blade leaflet; dimensions of both
upper epidermis cell and midvienal bundles as well as the diameters and thickness of
vessels. Producing hybrids, heterotic for some histological leaflets traits may increase
the mechanical resistance to stress conditions and some serious insects as white fly
as well as other dangerous diseases.

The electrophoretic studies showed that all hybrids were characterized by
the increase in band number and intensity as compared with their respective parents.

As for agronomic traits, most of the best heterotic combinations were
identified as the combinations of most parental cultivars with Money Maker as a
female parent. Total soluble solids traits showed positive and insignificant values over
mid and better parent. Meanwhile more negative and insignificant values were
detected for fruit pH.

Making use of protein electrophoretic studies the best hybrids that appeared
highly band number and intensities, showed also the highest positive and significant
heterosis values for agronomic traits, and the effective leaflets histological traits. The
combinations between Prichard; Cal Rock; Beto 98 and Floradade as a male parent
with Money Maker as a female, as well as, the hybrid Floradade x Super strain B,
expressed such situation.

The study of protein band number and intensity, for the hybrids confirms the
possibility of hybrids selection in labs before the field evaluation.

INTRODUCTION

Studying some histological traits in F, tomato hybrids may be of a
great aspect. Measuring the increase of thickness of some leaflets
histolcgical traits by the anatomical investigation was scored in F, compared
with their respective parents. Amer et al. (1999) found heterosis over mid and
better parents in some leaflet histological traits. These estimations in relation
with heterosis are of utmost importance in plant growth and may in plant
tolerance to some stress conditions. Any attempt, such making use of
hybridization, to increase some leaflet histological traits may also lead to
increase the self plant mechanical resistance to many serious insects such as
white fly and aphis and must occupy a great aspect in such investigation.
Reddy et al. (1995) studied some histological traits in pigeon pea and the
mechanism of resistance to Aceri cajani .
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Electrophoretic studies of protein banding patterns have been widely
used to screen the differences among populations. The development of
electrophoretic banding patterns provides a new source of polymorphic
biochemical genetic markers affecting quantitative traits and facilitates the
genetic improvement programs (Doebely 1989; Ford and Gardiner 1990 and
Eweda 1993); Ismail and Elghareeb 2000). Not only could qualitative
variabilities, presence/ absence, of bands be detected but also quantitative
variabilities in band intensities among the genotypes (Amet 1992). Best F,
hybrids are distinguished with higher number of protein bands and intrnsities
(El Maghawry et al. 1997; and Ismail and Elghareeb 2000).

Maximum yielding potential is the aime of tomato growers, for this
reason producing local hybrids is necessary in view of such situation.
Heterosis over mid and better parents was estimated in yield and some of its
components (Xue-By, 1994; Hegazi et al. 1995; Singh et al. 1995 Suresh-
Kumar et al., 1995; El-Maghawry, 1997 Vidyasagar et al. 1997; Shrivastava
1998 and Bhatt et al. 2001).

The present research is an attempt to increase the mechanical
resistance of tomato plants through some leaflet histological development by
heterosis methods. In relation with protein electrophoresis banding patterns
and heterosis of agronomic traits, selection of best hybrids must begin in labs
before any open filed evaluation.

MATERIALS AND METHODS

The present work was carried out at the Experimental Farm of El-
Kassasin Horticulture Research Station. Ismailia Governorate. The parental
tomato genotypes were the fourth selfed generation derived from the
cultivars, Prichard, Cal Rock; Beto 98; Ace 55 V.F; Floradade; Super strain B
and Money Maker. The cultivars were obtained from Vegetable Research
Department, Horticulture Research Institute, Agriculture Research Center,
Giza. Egypt. The seven parental genotypes and their Fys excluding
reciprocals were used in this investigation for anatomical investigation
electrophoretic; and some agronomic traits with relation to heterosis.

1- Histological traits: , )

For the anatomical investigation specimens of tomato leaflets were
taken. These specimens were from the third leaflet of the third associated
compound leaf near the top of the plant during fruit set stage.

Samples were killed and fixed for 72 hours in formalin acetic acid
alcohol solution; washed in 70% ethanol dehydrated in a series of alcohol
solutions and then on bedded in paraffin wax; 56-58 C: m.p. (O'Brien and Mc
Cully, 1981). Cross sectioned at 15 s thickness, stained in safranin and
mounted in canada bilsma (Gerlach, 1977). The preparations were
microscopically examined the traits were:

First part:

Thickness () i.e. upper epidermis, lower epidermis, palisade tissues,
spongy tissues and blade of leaf,
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Second part

1- Dimensions of upper epidermis cell () (length and width)

2- Dimensions midvienal bundles () (length and width)

3- Vessels/bundls(p) (diameters of vessels and thickness of vessels walls)

lI- Electrophoretic studies
Protein electrophoresis

This investigation was carried out at the laboratory of genetic
engineering. Department of genetics. Faculty of Agriculture. Ain Shams
University. Sodium dodocyl sulphate- polyacrylamide gel electrophoresis
(SDS-PAGE) was performed according to the method of Laemmii (1970) after
being modified by Studier (1973).

Sample preparation:

Seed samples from the fourth selfed generation (S4) derived from the
seven tomato varieties and their Fy,s excluding reciprocal were used. Seeds
were pressured by a drill to repture the cells and release their contents.
Samples of 0.5 gram of each genotype with 5 ml of sample buffer was
homogenized, then they were centrifuged for 15 minutes at 15000 rpm.
Supernatants containing water soluble protein were used for SDS-PAGE.

Gel preparation:

Polyacrylamide standard gel at pH 8.9 consists of 150 mi monomer
solution (8.55 Acrylamide; 0.45 Bisacrylamide in 0.150 M Tris-borate buffer).
Then the following were added without delay: 300 mgs sodium sulphate
(dissolve completely); 0.40 ml TEMED (Tetramethlenediamine), and 40 mi
ammonium Presulphate (2%) freshly prepared 200 .l extract of each sample
was mixed with 50 .| glecrol and 50 ! bromophenol blue.

Gel incubation and agitation were carried out at room temperature
until the bands appear in clear background. Then the gel was washed with
distilled water (Yamamoto et al. 1982) and photographed.

lll- Agronomic Traits:
Data were recorded on the following:
1- Number of flowers per cluster
2- Number of flowers per plant
3- Fruit weight (gms)
4- Total yield per plant (gms)
5- Total soluble solids (T.s.s.), measured by
refractomter,
6- Fruit pH, measured by pH instrument.

Heterosis expression:

Heterosis values were estimated in 21 F, hybrids derived from seven
parental genotypes excluding reciprocals. Heterosis values over mid and
better parent for the studied traits were calculated according the following
formulae adapted by Bhatt (1971 )-
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Heterosis over mid parent and over better parent

The significance of heterosis was tested by the comparison of the
difference between F, value and each of M.P and B.P values with concermned
L.S.D. values at 0.05 and 0.01.

RESULTS AND DISSECTION
I- Histological traits
First parts
Mean values of some leaflet histological traits thickness of upper and
lower epidermis; palisade and spongy tissues, are presented in Table (1),
and expressed in Fig (1-3).
Table (1): Means values of the thickness () of the upper, lower epidermis
and palisade; spongy tissues for 21 tomato hybrids leaves

Upper Lower Palisade Spongy - *Blade

Epidermis | Epidermis | Tissues Tissues Leaf
1 18.20 26.52 85.80 96.2 345.28
2 18.72 20.28 59.80 65.0 235.04
3 20.28 17.16 80.60 80.6 27248
4 18.72 19.24 83.20 78.0 309.92
5 16.12 19.24 41.60 72.8 251.68
6 20.28 22.36 98.80 72.8 297.44
I 26.52 26.52 85.80 109.2 405.60
1x2 24.44 27.56 93.60 101.4 378.56
1x3 28.08 27.56 93.60 114.4 443.04
1x4 20.64 32.24 106.60 150.8 532.48
1x5 27.04 27.56 137.80 98.8 409.76
1x6 29.12 25.48 114.40 122.2 540.80
1x7 47.45 36.40 111.40 130.0 544.96
2x3 27.56 19.24 96.20 124.8 490.88
2x4 28.60 22.88 101.40 111.8 368.16
2x5 26.52 26.00 91.00 114.4 422.24
2x6 30.16 24.96 87.36 119.9 486.72
2x7 34.84 31.72 135.20 1992 617.76
3x4 25.48 15.60 46.80 119.6 316.16
3x5 26.52 21.84 57.20 109.2 380.64
3x6 28.08 27.04 98.80 137.8 459.68
3x7 32.24 26.00 119.60 117.0 468.02
4x5 30.16 27.56 106.60 117.0 524.16
4x6 29.64 26.52 64.48 122.2 416.00
4x7 31.20 27.04 135.20 117.0 600.60
5x6 26.52 19.76 122.20 132.2 447.20
5x7 30.16 39.52 78.00 117.0 417.04
L 6x7 31.20 27.04 75.40 119.6 509.60

1=Prichard 2=CalRock 3= Beto98 4=Ace55V.F 5= Floradade 6= Super strain
B 7=Money Maker.

* These results were reckoned from the median and marginal regions of leaflet.
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Results in Table (2) showed positive and highly significant heterosis
values over mid parent. For upper epidermis trait the best hybrid had the
highest positive significant value (73.42%) was Ace 55 V.F x Floradade. Six
out of the hybrids exceeded 50% heterosis value. Concerning lower
epidermis trait, most hybrids showed highly significant heterosis values. The
combination between the cultivar Prichard and Beto 98 with the cultivar Super
strain B as a female parent showed lowest insignificant heterosis values.

Palisad tissues trait showed highly significant and positive heterosis
values except, four hybrids only Beto 98xAce 55 V.F; Beto 98xFloradade:
Ace 55 V.FxSuper strain B and Super strain Bx Money Maker showed
negative heterosis. The hybrids PrichardxFloradade and Cal RockxBeto 98
were the best having the highest values (116.3 and 270 %) respectively. On
the other hand the hybrids Beto 98xFloradade and Beto 98xSuper strain B
showed the lowest values. With regard to spongy tissues trait, it was found
that the female parent Super strain B increased it where as the combinations
between on of the male parents Cal Rock; Beto 98, Ace 55 VF.; Floradade,
and the femal parent, Super strain B showed highly positive significant
heterosis values (73.85; 79.66; 62.07 and 82.44 %) respectively. Results
assumed positive highly significant heterosis over mid parent for blade leaf
trait Table (2). Heterosis values ranged from 8.57% for the hybrid Beto 98 x
Ace 55 V.F to 99.45% for the hybrid Ace 55 V.FxFloradade.

Results in Table (3) as shown in Fig (2 and 3) expressed heterosis
values over better parent for leaflet thickness of upper and lower epidermis.
Palisade and spongy tissues, as well as blade leaf. Positive and highly
significant heterosis values were recorded for upper epidermis trait. Heterosis
values ranged from 17.65% for hybrid, Super strain BxMoney Maker to 78.92
% for the hybrid, PrichardxMoney Maker that had the highest positive
significant value. As for lower epidermis traits, three out of the hybrids
showed insignificant heterosis values. The other remaine hybrids recorded
highly significant values. Moreover negative heterosis was recorded for five
hybrids PrichardxSuper strain B, Cal RockxBeto 98; Beto 98xAce 55 V.F;
Beto 98xMoney Maker and FloradadexSuper strain B. the highest value
49.02% was recorded by hybrid FloradadexMoney Maker. Most hybrids in
palisade tissues trait recorded positive and highly significant heterosis values.
The hybrid PrichardxFloradade showed the highest heterosis value (60.61)%.
Six out of the hybrids recorded negative significant heterosis. Highly positive
and significant values were recorded for spongy tissues trait. The hybrid
FloradadexSuper strain B gave the highest heterosis value (81.59%) followed
by (70.97%) for the hybrid Beto 98xSuper strain B. Blade leaf trait showed
positive and highly significant heterosis values, where the best hybrid Ace 55
V.FxFloradade recorded (69.13 %) followed by (67.77%) heterosis value for
the hybrid Cal RockxFloradade. The lowest values were (2.01-2.21%) for
Beto 98xAce 55 V.F and FloradadexMoney Maker hybrids.
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Second part

More histological traits were being done. Mean values of both
dimensions of the upper epidermis cell and midvienal bundles as well as
diameters and thickness of vessels are listed in Table (4) and expressed in
Fig (1 to 3). Different expressions heterotic effects were recorded over mid
parent in the dimensions of upper epidermis cell. Whereas the length of
dimensions of the upper epidermis cell showed positive highly significant
value. Mean while nearly half out of the hybrids appeared negative significant
value, in the width of dimensions of the upper epidermis traits. Heterosis
values over mid parents ranged from (3.92-137.33)% for FloradadexSuper
strain B and Cal RockxFloradade hybrids and from —-29.59 to 111.43% for
Ace 55 V.FxMoney Maker and Cal RockxFloradade for both length and width
of dimensions of upper epidermis cell respectively as shown in Fig (2 and 3)
and Table (5). As for dimensions of midvienal bundles (length and width),
trait. It could be noticed that such trait gave positive and highly significant
heterosis values, except the hybrid Beto 98xAce 55 V.F showed negative
heterotic effect. (312.98%) was the best heterosis value for the hybrid
PrichardxCal Rock in length of dimension midvienal bundle, while (210.14 %)
was the highest value for the hybrid Cal RockxSuper strain B in width of the
same trait over mid parents. Concerning the diameters of vessels trait, most
hybrids showed positive highly significant heterosis values over mid parent.

Table (3): Heterosis% over better parents for thickness of leaf epidermis;
palisade and spongy tissues for 21 tomato hybrids.

Upper Lower Palisade Spongy Blade
Epidermis Epidermis Tissues Tissues Leaf
Fi-M.P| H% [Fi-MP| H% |[F+-M.P| H% |F-M.P| H% |Fs-M.P| H%
1x2 572 [30.56| 1.04 [ 392 | 7.80 | 9.09 5.2 5.41 | 33.28 | 964
1%x3 7.80 |3846| 104 | 392 | 7.80 | 9.09 18.2 |18.92| 97.76 | 28.31
1x4 10.92 | 58.33| 572 | 2157 | 20.80 | 24.24 | 546 |[56.76|187.20 |54.22
1x5 8.84 [4857| 1.04 | 3.92 | 52.00 | 60.61 2.6 2.71 | 64.48 | 18.67
1x6 8.84 |4359] -1.04 [ -392 | 1560 | 1579 | 26.0 |27.03 | 195.52 | 56.63
1x7 20.93 [78.92| 9.88 | 37.25| 26.00 | 30.30 | 20.8 |19.05|139.36(34.36
2x3 7.28 13590 -1.04 | -513 | 15.60 [ 19.35 | 44.2 |54.84 [ 218.40[49.30
2x4 9.88 |5278]| 260 |12.82 | 18.20 | 21.88 | 33.8 |43.00| 58.24 | 18.79
2x5 7.80 [4167| 572 |28.21| 31.20 | 52.17 | 416 |57.14(170.56(67.77
2x6 988 |48.72( 260 | 1163 |-11.44 |-11.58| 46.8 [64.29189.28(63.64
2x7 8.32 [31.38] 520 | 19.61| 49.40 | 57.58 | 13.0 [11.90]212.16]52.31
3x4 520 |2564| -3.64 | 18.92 | -36.40 [ 43.75 | 39.0 |48.39| 6.24 | 2.01
3x5 6.24 |30.77| 260 [ 13.51]-23.40|-29.03| 28.6 |35.48|108.17]39.70
3x6 7.80 |38.46| 4.68 | 20.93( 0.05 | 0.05 [ 57.2 |70.97 | 162.24 | 54.55
3x7 572 |21.57| -0.52 | -0.02 | 33.80 | 39.39| 7.8 7.16 | 62.42 [15.40
4x5 11.44 |61.00| 8.32 | 43.24 [ 23.40 | 28.13 | 39.0 [50.00|214.24]69.13
4x6 9.36 |64.15| 4.16 | 18.61 | -13.52 | -13.68| 44.2 |56.67 | 106.08|43.23
4x7 4.68 |17.65| 0.52 1.96 | 4940 (5758 | 7.8 7.14 [194.40(47.93
5x6 6.24 |30.80| -2.60 |-11.63| 36.40 [ 36.84 | 59.4 [81.59|149.7650.35
5x6 3.64 [13.73| 13.00 | 49.02 | -20.80 [-21.05| 7.8 7.14 | 11.44 | 2.21
6x7 468 [1765| 0.52 | 1.96 | -23.40|-27.27| 10.4 | 9.52 [ 104.0025.64

L.S.D.oos 0.709 0.637 0.593 0.622 0.563
L.S.D.on 0.912 0.805 0.819 0.704 0.704

1=Prichard 2 =Cal Rock 3 = Beto 98 4=Ace 55 V.F 5=Floradade 6= Super strain B
7= Money Maker.
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Fig (2): Tomato leaves structure in 11 out of 21 tomato hybrids (x40).
1- Prichard 2- Cal Rock 3-Beto 98 4-AccS5YF
5-Floradade 6~ Super strain B 7- Money Maker
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4x7 5x6 5x7

Fig (3): Tomato leaves structure in 10 out of 21 tomato hybrids (x40).
1- Prichard 2- Cal Rock 3-Beto 98 4-Acc S5VF
5-Floradade  6- Super strain B 7- Money Maker
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The best heterotic value was identified as the combination between
Cal RockxMoney Maker with (116.67%), however, nine out of the hybrids
showed negative heterosis values. Same trend was observed for thickness of
vessels walls over mid parent, where the hybrid Cal RockxSuper strain B with
(116.67%) heterosis value was the best.

Table (4): Means values of both dimensions of upper epidermis cell and
midvienal bundles as well as the diameters and thickness (s) of
vessels / bundles for 21 tomato leaflets hybrids and their parents

Dimensions of upper Dimensions of Vessels/
" epidermis cell midvienal bundles bundles
Rl Diameters of| Thickness (L) of
Wi
Length Width Length dth vessols Vaanels walls
1 18.20 32.76 312.00 384.80 31.20 4.16
2 18.72 37.96 59.43 218.40 17.16 3.12
3 20.28 31.72 214.86 273.83 20.28 2.60
4 18.20 33.28 412.46 526.86 27.30 5.20
§ 20.28 16.12 276.64 416.64 28.60 6.40
[ 32.76 20.28 235.04 304.72 21.32 3.12
7 26.52 35.88 395.20 572.00 22.88 312
1%2 45.24 3224 973.44 §95.92 19.76 5.20
1X3 43.16 28.08 582.40 713.44 23.92 5.20
1%4 42.12 29.12 676.00 998.40 24.44 2.60
1%5 29.64 31.72 502.32 738.40 19.76 3.64
1%6 44.20 29.12 668.72 970.32 22.88 3.12
1%7 55.25 50.70 603.20 816.40 21.32 5.20
2%3 34.84 27.10 624.00 738.40 23.92 468
2%4 31.20 30.68 398.32 443.04 28.08 2.60
2X%5 46.28 25.48 343.20 478.40 26.52 6.76
2%§ 48.36 30.18 478.40 811.20 23.40 5.20
2%7 43.68 34.84 676.00 1098.20 2964 6.76
3x4 30.16 24.96 280.80 374.40 18.20 3.25
3x%5 38.00 2496 443.04 744 64 24 .44 5.20
3%6 35.88 28.08 536.64 554,32 22.88 4.16
3x7 28.02 32.24 640.64 744,64 27.04 3.64
4%5 40.04 30.16 588.64 863.20 24.95 4.68
4%8 39.52 30.16 443.04 682.24 28.08 572
4x%7 50.96 31.20 536.64 904.80 22.36 4,68
5%6 27.56 38.48 294,863 474,86 23.14 3.64
5%7 30.68 24.96 422.24 619.84 20.28 6.24
6%7 34.84 31.20 723.84 842.40 26.00 5.20
1=Prichard 2 = Cal Rock 3 = Beto 98 4=Ace 55 V.F

5= Floradade 6= Super strainB 7= Money Maker.

Fig (2 and 3) and Table (6) showed heterosis values % over better
parent for both dimensions of upper epidermis cell and midvienal bundles as
well as diameters and thickness of vessels. Results proved that the
expression of the heterotic effects for either length or width of dimensions of
the upper epidermis cell is different. Whereas all hybrids showed positive and
highly significant values for length in dimensions of upper epidermis cell
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except one hybrid FloradadexSuper strain B recorded negative value. At the
contrary, width of the same trait recorded highly negative significant heterosis
values for all hybrids except three out of the hybrids (PrichardxMoney Maker:
Beto 98xSuper strain B and FloradadexSuper strain B) showed positive and
highly significant values. With regard to the dimensions of midvienal bundles
(length and width), it could be noticed that most hybrids recorded positive and
highly significant values over better parent.(212%) and (169.66 %) were the
best heterotic values for the hybrids PrichardxCal Rock and Cal RockxBeto
98 for length and width of dimensions of midvienal bundles respectively. On
the other hand, the diameter of vessels showed negative and highly
significant heterosis values over better parents for most studied hybrids.
Mean while, the heterosis values either positive or negative were low except
the hybrid (Cal RockxMoney Maker) that gave the highest positive significant
heterotic effect (116.67%) for thickness of vessels walls. Generally most of
the best heterotic combinations were identified as the combinations of male
parental cultivars, Prichard; Cal Rock; and Floradade with

Money Maker as a female parent. Most hybrids exceeded their
respective parents and scored highly significant heterosis values for all
studied histological traits Amer et al. (1999) found heterosis for same
histological traits in peas over mid and better parent. Such increasment in
any histological traits such as thickness of leaflet traits in tomato may be of a
great aspect. Any development in leaflet thickness using hybridization
methods in the hybrids may also increase and develop of the mechanical
resistance to some serious insects such as white fly and aphis. Reddy et al.
(1995) study the histology traits and the mechanical resistance of the plant,
thus in our point of view, further investigations must be carried out to detect
higher values for the leaflet thickness in tomato either by double hybrid
method or a gene pool development to make more studies on the mechanical
resistance to white fly and aphis as well as their effects on the infection for
many serious diseases and produce hybrids heterotic for more self
mechanical resistance to stress conditions. Same trend was observed by El-
Shenawy et al. (1987) who mentioned that there was a correlation between
cucumber susceptibility to downy mildew and cuticle thickness (upper surface
and lower surface) where as the resistant c.v. possessed more thicker upper
and lower epidermis. . :

ll- Electrophoretic traits:

Electrophortic banding patterns (SDS-PAGE) of extracted protein
from dry seeds of seven tomato parents, (Ss), and their F, hybrids are
presented in Fig (4) for the parents and Fig (5a+b) for the Fis.

a- The parents:

Large differences were observed for the major protein banding
patterns of the seven parental parents Fig (4). The appearance of the four
major bands for each cultivar is completely differed compared with other
parents. Even the degree of appearance or density also differs for each
parent. The first region (1) contains either very faint or disappeared bands.
The band density increases in Region (2) to reach the maximum appearance

with higher intensity in Region (3). Moreover band density decreased in
Region (4).
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Fig (4) clearly shows how protein banding patters are completely
differed in size and density. Thus, it could be concluded according to the
arrangement in descending order that the two parents of, Pritchard and Mony
Maker, were the best, followed by Ace 55 V.F., Nearly the three parents, Beto
98; Floradade and Super strain B are equal in band intensities.

The previous conclusions indicated that the variations in banding
patterns between the six parents tomato parents are genotypically and
evolutionary different. This was substantiated by the facts that some of the
sub fractions of a particular protein either slightly disappeared or were
reduced in size and mobility. Such quantitative and qualitative variations in
the parent banding patterns could be found if one assumes that the genes
responsible for these metabolic phenomena are different in their action. A
reasonable explanation that could be forwarded, is that these parents are of
different origins and they have gone through completely different pathes
during evolutionary processes. Same results were obtained by Cooke (1990);
Charkabatri et al. (1992); Fahym, Eman and Okasha (1992); El-Maghawry et
al. (1997), Matsumoto et al. (1997); Ismail and El-Ghareeb (2000)

b- F; hybrids

Fig (5a+b)), showed the great appearance in the F, either in size of
protein banding patterns or in intensity as well as the increase in band
number. All F;,s were characterized by increasing band number and intensity,
inspite of having the same number four regions, of major genes as in the
parents

Comparing the major bands of the F,,s with their respective parents,
it could be concluded that, Region (1) that had slightly appearance (very faint)
or was absent in the parents showed an increase in density in the F,s (faint).
The comparison of the other 3 major bands in all genotypes clear that, the
major bands in Region (2) and (3) contained very dark and high intensities as
well as some faint bands that were absent in the parents.

All hybrids recorded dark stained bands, “heavy molecular weight”,.
Such intensities are equal in both, Region (2) and (3). Being less in intensity,
the region (1) and (4) were different from the others. Moreover some hybrids
showed an equality distribution of heavy density for all four regions. On the
other hand, many hybrids showed equality intensities for Region 2, 3 and 4.

The de novo appearance of these darkly stained “ heavy molecular
weight” bands in the Fy,s reflected over dominance action frame for the
genes that control a particular protein fraction.

Heterosis estimates over mid and better parents for some agronomic
traits, Table (7 and 8), were positive and highly significant values. Comparing
electrophoretic banding patterns of protein with such heterosis values, some
interesting results were observed. The increase in band number with higher
size and intensities in Fys bands. Moreover the slight appearance or the
absence of the major bands in Region (1) of the parents lead to conclude that
such situation may play a role of heterotic performance in tomato plants.

From the previous results, it could be concluded that qualitative and
quantitative differences expressed a considerable amount of heterotic effects
among the studied tomato populations. Thus some sorts of association
between percent of heterosis and the kind of electrophortic, must be
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mentioned. These results were very near to those reported by Charkabarti et
al. (1992) who suggested that the Indian tomato varieties and the hybrids
derived from them could be distinguished on the basis of protein pattern
bands and their intensities, and Amet (1992) who detected not only
qQualitative variability, presence/ absence, of bands but also quantitative
variability, variation in band number and intensities among the genotypes.
Same results were obtained by Bush et al. (1989); Doebely (1989); Ozbek et
al. (1991); Rashed et al. (1991); Abd El-Salam (1991); Abdel Tawab (1993),
Amer et al. (1999) and Ismail and El-Ghareeb (2000).

(Fig 5a + b) showed that the appearance of very distinctive; darkly
stained protein bands were identified as the combinations between parents
i.e. Prichard; Cal Rock; Beto 98; Ace 55. VF and Flordadade as male parents
with Mony Maker as a female parent. On other hand, the crosses, which,
Super strain B was a female parent and Prichard; Cal Rock and Floradade as
a male appeared also darkly stained protein band. Same crosses were the
best having highly significant and positive heterosis values for agronomic
traits as well as most effective histological traits.

These conclusions clearly suggest that protein SDS-PAG would be of
great aspect in producing F, tomato hybrids. Moreover, selection of the best

Fy,s among many tested hybrids must begin in lab before open filed
evaluation.

lll- Agronomic traits

Estimates of heterosis percent over mid parent for some agronomic
traits are presented in Table (7). Positive and significant heterosis
percentages for number of flowers per cluster and per plant; fruit weight (gm),
and total yield (gm) per plants were observed for 21 hybrids (without
reciprocals) derived from seven parental tomato parents.

For number of flower traits, the hybrids PrichardxBeto 98 and Beto
98xMoney Maker were the best having the highest positive heterosis values
(104.42-102.65%). These values were followed by (91.25-92.98-97.5) % for
the hybrids Cal RockxMoney Maker; PrichardxSuper strain B and
PrichardxMoney Maker respectively. Generally any hybridesation consists of
Money Maker as female parent increases number of flowers per cluster in
their hybrids. Such situation reflects the same trend that was observed in
number of flowers per cluster with those were reported by El-Maghawry ef a/
(1997). The best hybrids that showed the positive and highly number of
flowers per cluster showed also the highest values of heterosis in the same
trait per plant.

The present study assumed heterosis over mid parent for fruit weight
(Table 7) whereas the increase of fruit weight ranged from (2.81%) for Cal
RockxBeto 98 hybrid to (123.96%) for the hybrid Beto 98xMoney Maker. The
highly positive heterosis values were (109.60-119.47-115.44, 123.19, 123.96)
for the hybrids PrichardxMoney Maker, Cal RockxMoney Maker, Beto
98xMoney Maker, Ace 55 V.FxMoney Maker, Super strain BxMoney Maker.
Cencerning total yield trait, Large amounts of heterosis were obtained. The
values ranged from 35.56% for Ace 55 V.FxSuper strain B to (101.68%) for
PrichardxMoney Maker. These results are in agreement with Bhuiyan et al.
(1986); Pujari and Kale (1994) Uppal et al. (1997) and Surjan et al. (1999).
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Fig (4) Sodium dodocyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)
for (S,) seed protein extracts of seven tomato parents

- - wi - i ~ -r o - [
B » » x » B - * x x
_ w - - g ~

Fig (5b)

Fig (5. atb) Sodium dodocyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE) for (S,) seed protein extracts of 21 tomato hybrids
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Table (7): Heterosis values over mid parents for some agronomic traits
in Fy tomato hybrids

No. of No. of Fruit weight Total yield/plant
5 flowers/cluster flowers/plant (gm)s (gm)s
F" FI‘ F]'
Fy mp| H% | Fi mp | H% Fy mp | H% Fi |[F-M.P| H%

1X2 110.88| 4.79 | 78.65 | 72.58 | 26.89 | 58.85 | 96.67 [17.76] 22.51 5284.20 | 2243.33 | 73.77
1%3  [11.55]| 5.90 {104.42|72.26 | 32.07 | 79.80 | 98.31 [17.20] 21.21 5204.33 | 2184.63 | 72.51
1X4 1147|538 | 88.34 |77.91( 31.72 | 68.67 | 99.55 |25.97| 35.41 5591.33 | 2585.08 | 86.61
1X5  110.76| 4.51 | 7216 [72.26 ( 24.96 | 52.77 | 98.11 [24.34] 32.99 5074.67 | 1944.60 | 62.13
1%6  111.27| 543 | 92.98 | 81.82| 37.87 | 86.17 | 97.01 | 37.60| 63.29 5723.40 | 2554.36 | 80.60
17 |13.43| 6,63 | 97.50 (89.18 | 39.19 | 78.40 | 99.69 |56.94 | 133.19 6590.43  3322.68 | 101.68
2%3 8.87 | 3.16 | 55.34 | 61.31| 18.04 | 41.69 | 98.01 | 2.68 | 2.81 4475.67 | 1381.27 | 44.64
2%4 | 9.86 | 3.52 | 57.33 | 62.10 | 16.15 | 35.15 | 99.23 |15.72| 9.34 4478.83 | 1407.88 | 45.85
2X5 1934 | 3.03 | 48.02 |62.71| 15.33 | 32.36 | 97.81 | 7.80 | B.67 4624.77 | 1420.00 | 44.31
2%6 9.78 | 3.88 | 65.76 | 66.99 | 22.96 | 52.15 | 96.71 | 9.94 | 11.46 4887.49 | 1643.75 | 50.67
2X7 113.12| 6.26 | 91.25 | 80.27 | 30.29 | 60.60 | 100.89 | 54.06 | 115.44 5860.01 [ 2517.56 | 75.32
3%4 9.09 | 3.38 | 50.12 |59.84 | 16.39 | 37.72 [ 100.89| 5.94 | 6.25 4601.77 | 1559.19 | 51.25
3X5 9.21 | 3.34 | 56.90 | 62.27 [ 17.39 | 38.75 | 99.45 | 3.99 | 4.18 4393.63 | 1210.03 | 38.00
3X6 1888|294 | 4966 |59.82| 18.29 | 44.04 | 98.35 |12.50| 14.56 4389.16 | 1166.51 | 36.20
3X7 [13.01] 6.59 | 102.65|85.30 | 37.77 | 79.47 [ 102.53|56.75 123.96 | 6195.50 | 2874.22 | 86.67
45 8.39 | 2.08 | 32.96 | 50.50 | 12.94 | 27.21 | 100.62 [12.33] 13.97 | 4351 88 |1191.74 | 37.71
4%g 8.99 | 3.00 | 50.08 |60.18 | 15.97 | 36.12 | 100.68 | 13.88] 15.99 4373.13 | 1179.02 | 35.56
4%7 (1137|451 | 65.74 | 77.75| 27.50 | 54.73 | 103.77 | 54.28 109.68 | 5953.78 | 2657.45 | 80.09
5X6 110.60| 4.54 | 74.92 | 64.70 | 19.06 | 41.76 | 98.14 | 18.55 23.31 | 4868.50 | 1535.57 | 46.07
5X7 112.20| 5.18 | 73.79 | 69.35  17.67 | 35.88 | 102.33 | 43.32 73.41 |5842.11 | 241046 | 70.24
6X7 [11.47| 4.86 | 73.52 | 78.31 | 30.03 | 62.20 | 101.23[54.03 114.47 | 5475.85 | 2005.23 | 57.78

L.SD, 0.612 0.518 1.638 0.997

L.S.D.gor 0.830 0.786 2.811 1.236
1=Prichard 2 = Cal Rock 3 = Beto 98 4=Ace 55 V.F
5= Floradade 6= Super strain B 7= Money Maker.

Heterosis values over better parent, for some agronomic traits are
presented in Tabie (8). Results clear positive significant heterosis percentage
for flower number per cluster and per plant; fruit weight and total yield per
plant. For number of flowers per cluster traits, results showed that heterosis
ranged from (29.68%) to (91.54 %) for Ace 55 V.FxFloradade and
PrichardxBeto 98. The best hybrids having also highest values heterosis
were PrichardxSuper strain B and PrichardxAce 55 V.F. As for number of
flowers per plant, it was found that, heterosis percentage ranged from
(12.1%) for the hybrid Ace 55 V.FxFloradade to 102.38% for Beto 98xMoney
Maker. The best hybrids that gave the highly positive heterosis were the
combinations between Prichard as a male parent with each of Super strain B
and Ace 55. V.F as female.

With regard to fruit weight most hybrids showed positive and highly
significant except the hybrid Cal RockxBeto 98 showed no significant values.
The combination that the female parent was Money Maker increases fruit
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weight heterosis values. Heterosis increases to 51.11% for Beto 98xMoney
Maker hybrid.

Heterosis values for total yield per plant, Table (8), ranged from
(30.17%) for the hybrid Beto 98xSuper strain B to (84.64%) for
PrichardxMoney Maker hybrid. The highest values for heterosis were
obtained from the combinations of the studied parents with Money Maker as
a female parent. These results are in harmony with those reported by many
investigators, Mochizuki and Kamimura (1986); Martinez (1989); Araujo et al.
(1991); Kordus (1991); Danailov et al. (1997); Wang et al. (1998); Mageswari
and Natrajan (1999); Zenner and Polania (1999) Bhatt et al. (2001) and
Kurian et al. (2001).

Generally, most of the best combinations were identified as the
combination of most parents with Money Maker as a female parent.

Table (8): Heterosis values over better parents for some agronomic trails
in F, tomato hybrids

Genotypes|No of flowers/ clusters| No. of Flowers/plant | Fruit weight (gms Total yield /plant (gms)
F, [FFHPIH%| F) TF-BP| H% | F, [FiBP H% | F, | FeBP | H%

1%2 11088 | 4.74 |77.2(72.58| 26.81 | 58.58 |114.43 [17.46(18.01| 5284.2 | 2168.63 |69.61

1%3 11.55 | 5.52 91.54/75.26| 26.86 | 58.46 | 115.51 |15.86(15.92]5204.33 2131.10 |69.34
1%4 11.47 | 533 186.81{77.91| 31.78 | 68.15 | 125.42 [23.33|22.85/5591.33 2565.01 |84.76
1%5 10.76 | 4.29 |68,31 72.26] 2327 | 475 |122.45|23.21/|23.39(5074.67| 1780.71 | 54.06
1%6 11.27 | 5.24 (86.90|81.82] 35.22 79.43 | 134.61 |37.57|38.72| 5723.4 | 2351.50 |60.74
1%7 13.43 | 5.86 [77.41/89.18| 34.81 | 64.02 | 156.63 |51.22|48.59(6590.43 3021.10 |84.64
2%3 8.87 | 2.73 [44.46/61.31| 1554 | 3355 | 100.69 | 1.04 | 1.04 4475.67| 1360.10 |43.65
2%4 9.66 | 3.52 |57.33|62.10( 15.96 | 34.62 | 114.97 (12.8512.58|4478.83 1363.26 |43.76
2%5 9.34 | 287 [44.43|62.71| 13.72 | 28.01 | 105.61 | 6.37 | 6.42 4624.77| 1330.81 |40.40
2Xg 9.78 | 3.64 |59.28/66.99| 21.22 | 46.36 | 106.65 | 9.61 | 9.90 |4887.49 1515.59 |44.95
257 13.12 | 555 [73.32|180.27| 259 | 47.64 | 154.95 |49.52]46.98]5860.01 2290.68 |64.18
34 9.09 | 295 |48.05[59.84| 13.71 | 29.72 | 106.83 | 4.59 | 4.50 4601.97| 1528.74 |149.74
3%5 9.21 | 2.74 |42.35/62.24| 16.14 | 32.95 | 103.44 | 3.79 | 3.80 4393.63| 1099.67 |33.38
3%6 8.86 | 3.21 [56.81|59.82| 10.28 | 24.31 | 110.85 | 11.2 [11.23]4389.16 1017.26 |30.17
3x7 13.01 | 544 [71.86|85.30| 43.01 | 102.38 | 159.28 |53.87|51.11|6195.50 2626.17 |73.58
4%5 8.39 | 1.92 [29.68/60.50| 5.93 | 12.10 | 112.95 |10.83]10.61]4351.88 1057.92 |32.12
4%6 8.09 | 285 [46.42|60.18| 11.51 | 24.9 |114.56 |12.44]12.17[4378.13 1084.17 |32.15
4x7 11.37 | 3.8 |50.20{77.75| 14.35 | 26.39 | 158.05 (52.64|49.94]|5953.75 23B4.45 |66.80
5%g 10.6 | 4.13 [63.83|64.70| 23.38 | 47.72 | 116.69 |17.45/17.58] 48685 14966 |44.38
5%7 12.20 | 4.63 |61.16/79.65| 15.71 | 28.90 | 145.65 |40.24/38.17[5842.11 2272.78 |63.68
6%7 1147 | 3.9 [51.52|78.36| 23.99 | 44.12 | 155.26 |49.85|47.29|5475.85 1906.52 | 54.41

LS.D.gos 0.703 1.733 511 0.621
LSD.on 0.853 1.907 2717 0.815
1=Prichard 2 = Cal Rock 3= Beto 98 4=Ace 55V F
5= Floradade 6= Super strain B 7= Money Maker.
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Total soluble solids and fruit pH

Heterosis values over mid parents for total soluble solids (T.S.S.) and
fruit pH are presented in Table (9), most hybrids showed positive and
insignificant heterosis effects for T.S.S. trait except two hybrids
PrichardxBeto 98 Cal and RockxBeto 98 showed highly positive significant
values (9.02; 8.22)% respectively. The best hybrid was PrichardxFloradade
having the highest insignificant values (12.81). Insignificant values of T.S.S.
were obtained by Zhou and Xu (1984), Chan and Zhao (1990) EI- Maghawry
et al. (1997). As for fruit pH trait nearly half out of the hybrids showed positive
insignificant values, meanwhile the remaining hybrids showed negative
insignificant values. Two out only of the hybrids showed positive and
significant values i.e. Beto 98xSuper strain B; and Beto 98xMoney Maker
with 7.94 and 11.73% respectively. Less than 4.5 fruit pH value was obtained
by Shoba and Arumugam (1991).

Table (9): Heterosis values over mid parents for total soluble solids
T.S.S. and fruit pH in tomato hybrids

Crosses Total soluble solids (T.S.S) Fruit pH
Fy Fy-M.P H% Fi Fy-M.P H%

1X2 5.50 0.37 7.21 5.51 -0.21 -2.10
1X3 5.56 0.46 9.02 5.78 0.320 5.860
1%4 5.30 0.30 6.00 5.86 0.070 1.210
1X5 5.90 0.67 12.81 5.35 0.23 4.12
1X6 5.36 0.10 1.90 5.79 0.230 4.140
1X7 5.40 0.15 2.83 5.46 -0.19 -3.360
2%3 5.66 0.43 8.22 5.60 0.160 2.940
2%4 5.20 0.07 1.36 5.54 -0.30 -5.14
2X5 5.26 0.03 0.56 5.54 -0.08 -1.42
2%8 5.73 0.24 4.36 5.41 -0.21 -3,740
2%7 5.40 0.02 0.37 5.52 -0.18 -3.16
3%4 5.13 0.03 0.59 5.22 -0.29 -5.26
3X5 5.50 0.27 5.16 5.41 0.120 2.270
36 5.60 0.14 2.56 5.71 0.420 7.940
3X7 5.45 0.10 1.80 6.00 0.630 11.73
4%5 5.40 0.17 3.25 5.80 0.120 2.110
4Xg 5.46 0.30 5.60 5.36 -0.33 -5.80
4X7 5.36 0.11 2.10 5.43 .33 -5.73
5%6 5.76 0.17 3.04 5.59 0.120 2.190
5X7 5.66 0.18 5.48 5.40 0.15 -2.16
6X7 5.80 0.20 3.57 5.72 0.180 3.250

L.SD.ocs. 0.429 0.305

L.S.D.q01 0.599 0.496

1=Prichard 2 = Cal Rock 3= Beto 98 4=Ace 55 V.F

5= Floradade 6=SuperstrainB 7=Money Maker.
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Heterosis values over better parents for total soluble solids (T.S.S.)
and fruit pH Table (10) showed that, nearly half of the hybrids showed
positive and insignificant heterosis values for (T.S.S.) trait. One hybrid only,
PrichardxFloradade showed 8.06 % as a positive and significant value. As for
fruit pH trait, most hybrids showed negative heterosis values even the three
hybrids that had significant values. Six out of the hybrids showed positive
insignificant heterosis values. These results are in agreement with those
reported by Uppal et al. (1997); Shrivastava (1998); Wang et al. (1998)and
Rego et al. (1999) Alice Kurian ef al. (2001) and Bhatt et al. (2001) .

Table (10): Heterosis values over better parents for total soluble solids
(T.S.S.) and fruit pH in tomato hybrids

Crosses Total soluble solids (T.S.S) _ Fruit pH
Fy Fi-M.P H% Fy F,-M.P H%
1%2 5.50 0.24 4.56 5.51 0.20 -3.47
1%3 558 0.36 6.92 5.78 0.10 1.78
1%4 5.30 0.30 6.00 5.88 -0.02 -0.34
1X5 5.90 0.44 8.06 5.35 0.12 -2.11
1%6 5.38 0.34 -5.98 5.79 0.11 1.94
1x7 5.40 0.10 1.82 5.46 0.20 -3.52
2%3 5.66 0.40 7.60 5.60 0.17 -2.95
2%4 5.20 -0.08 1.14 5.54 -0.36 -6.10
2%5 5.38 0.10 1.83 5.54 0.23 -3.99
2%6 573 0.03 0.55 541 -0.36 £.24
2x7 5.40 0.10 1.89 5.52 0.25 -4.33
x4 513 0.07 0.77 522 -0.68 -11.53
x5 5.50 0.04 0.73 541 0.07 -1.28
3%8 5.60 0.10 1.75 5.71 0.36 6.58
7 5.45 0.05 0.91 6.00 0.38 6.76
4x5 4.40 0.06 -1.10 5.80 -0.10 -1.70
4%5 5.66 0.04 £0.70 5.36 0.54 9.15
4x7 5.38 0.14 -2.55 543 0.47 -7.97
5%§ 5.76 0.06 1.05 5.59 0.12 2.19
5x7 5.66 0.16 291 5.40 0.22 =3.91
6x7 5.70 0.20 3.51 572 0.20 358
L.S.D.g08 0.433 0.398
L.SD.qn 0.671 0.603
1=Prichard 2 = Cal Rock 3= Beto 98 4=Ace 55 V.F

5= Floradade 6= Super strain B 7= Money Maker.
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