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Introduction

 Tomato Is the second most produced and economically
Important vegetable crop in the U.S. In tropical and
subtropical regions, excess radiation and high
temperature are often limiting factors in tomato production.
In tomato, when day/night temperatures exceed 26°C and
20°C, fruit set Is Interrupted, which leads to reduction In
yield (Lohar and Peat, 1998). Therefore, breeding tomato
for heat tolerance has become urgent and crucial.
The objective of this study Is to elucidate the inheritance
and the genetic effects controlling the traits related to heat
tolerance In tomato by estimating heritability and gene
actions and their interactions.

Materials and Methods

Two populations involving the crosses ‘Freshmarket 9° x
‘Black Sea Man’ and T215VR x ‘Manyel’ were used. The
female parents (P,) are heat tolerant breeding lines and
the male parents (P,) are heat susceptible heirloom
cultivars. The F, hybrids were self-pollinated to produce
the F, and backcrossed with the parents to produce
BC,P, and BC,P, In spring, 2016. Six genetic generations
(P,, P,, F;, F,, BC,P,and BC,P,) were planted in two
locations, College Station and Waller, TX. Traits including
pollen viablility (PV), flower number per cluster (FLC), fruit
number per cluster (FRC) and fruit set (FS) were
iInvestigated.

Generation Mean Analysis (GMA):. Three parameter model
(Mather and Jinks, 1982) was used to estimate the gene
actions. Individual scaling test was used to determine the
absence or the presence of non-allelic interactions and
thus the adequacy of the model, using the following
formulas:

A=2BCiP1-Pi—-Fi Va= 4Vecip1 + Ve1 + VF

B=2BCiP2— P:- F; Ve= 4Vecier2 + Vez + VF1

C=4F:-2F1=-P1=-Pz2  Vc=16Vr2 + 4VF1+ Vp1 + Ve2

The standard error (SE) was determined by SE(A):(VA)”2 ,
the t values t , =A/ SE,,,were compared to the tabulated
values at 5% and 1% to determine the significance.

The gene actions were estimated with the three-
parameter model, using the following formulas:

(M)=05P1+05Pz2+4F2-2 BC1P1-2 BC1P2

(a) = 0.5 P1 — 0.5 P2

(d)=6 BC1P1+ 6 BCiP2-8F2-F1-15P1=-15P2
SEZmi= 0.25 SEZ(p1) + 0.25 SEZ (p2) + 16 SEZ F2) + 4 SE? (Bcir1) + 4 SEZ (Boipy)
SE?a) = 0.25 SE? (p1)+ 0.25 SE? p2)
SEZia)= 36 SE? Bcip1)+ 36 SEZ (Bcipz)+ 64 SEZ 2y + SEZ r1)+ 2.25 SEZ (p1) +

2.25 SEZ ey
The significance was tested with Student’s t test with t

values calculated as t,,= (m)/ SE, ; t 5 = (@)/ SE, and
t @ = (d) / SEg, the values were compared to the
tabulated values at 5% and 1% significance levels.
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« Board sense heritability (H?) was calculated as genotypic
variance (V) / phenotypic variance (Vp). The variance of
the F,is considered the V,. The variance of "'TAM Hot-Ty’
is the environmental variance (V). The H? was calculated
as H>= (Vo - Vi) / (Vp).

* Narrow sense heritability (h?) was calculated using the

variance of F, and the backcross generations (Warner,

1952): h? = [Vr2— (Vecir1+Vec1r2)/2)/VF:z
V (k%) = 2 { [ (Vecip1 + Vecir2)/dfr2] + (Veciri?/ df ecir1) + (Vecir2®/ df ecip2)} / VE2?

Significance was evaluated with the mean and standard
error at 5% and 1% significance levels.

Results

¥ ’ v& ( d) 4 ‘ 4

Figure 1. Flower abnormalities occurred in the field at College
Station, TX. (a) Abnormal flower; (b) Double ovaries; (c)
Flower abscission; and (d) Stigma extrusion.

At College Station, additive gene action was found
significant for all traits in T215VR x ‘Manyel’ (Table 2).
Significant dominance gene action was found higher than
additive gene action for pollen viabillity.

« At Waller, significant dominance gene action was found
for fruit number per cluster and fruit set in both crosses,
and for flower number per cluster for ‘Freshmarket 9° x
‘Black Sea Man’ (Table 3 and 4).

Table 1 Generation mean analysis of gene effects of ‘Freshmarket 9° x ‘Black Sea

Man’ for heat-tolerance traits at Enllege Station.

PV (%) FLC FRC FS (%)

Gene effect estimated form three-Earameter model

(m) 0.51+0.24 * 6.22 £ 2.49 ns 447 +188* 0.58+0.33ns
(a) -0.02+004ns 0412044 ns 056+033ns 0.09+0.06ns
d -008+069ns -7.56+6.99ns -642x+527ns -0.30x0.93ns
Scaling test
Pl -013+017ns -169+1.76ns -1.05%1.37ns -0.06x0.23 ns
B 0.55+0.16ns -1.38+165ns -009+1.25ns 0.09+0.22 ns

1.64+1.35ns 0.17+0.24 ns

C -0.31+£0.18 ns
ns, *, ™ Nonsignificant or significant at P = 0.05 and P = 0.01, respectively.

-0.69+1.79 ns

Table 2 Generation mean analysis of gene effects of T215VR x ‘Manyel’ for heat-

tolerance traits at Cnllege Station.

PV ("% FLC FRC FS (%
Gene effect estimated form three-Earameter model
(m) 01220.21ns 151x214ns -0.25+160ns -0.03x0.28nns
(a) 0.08+0.04 "7 069+0.38 " 0.55+029" 0.11+£0.05"
d 1.29+ 062" 430 +6.28 ns 415+ 4.71ns 1.12 £+ 0.83 ns
Scaling test
A 0192017 ns -049x1.71ns -004+1.29ns 0.07+£0.23 ns
B 022+0.15ns 0.35%+1.50ns 1.02+1.13 ns 0.34 £ 0.20 ns
C 001£014ns -189x146ns -047+1.10ns 0.07 £0.19ns

ns, *, ** Nonsignificant or significant at P = 0.05 and P = 0.01, respectively.
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Table 3 Generation mean analysis of gene effects of ‘Freshmarket 9' x ‘Black Sea
Man’ for heat-tolerance traits at Waller.

PV (%) FLC FRC FS (%)
Gene effect estimated form three-parameter model
(m) 077+014* -3792278ns -660+198ns -048+0.26ns
(a) 007+003ns 0632064ns 054+045ns 0.02+0.06ns
(d) -043+038ns 2154+790* 2287+562"™ 234+075"
Scaling test
A 002+011ns -054+229ns 050x163ns 013+022ns
B -0.14+010ns 042x211ns 1.54+1.50ns 0.19 £ 0.20
C -0.004+0.14ns -10.124285ns -768+203ns -0.66+0.27 ns

ns, *, ** Nonsignificant or significant at P = 0.05 and P = 0.01, respectively.

Table 4 Generation mean analysis of gene effects of T215VR x ‘Manyel’ for heat-
tolerance traits at Waller.

PV (%) FLC FRC FS (%)
Gene effect estimated form three-parameter model
(m) 084+012* 374+212% -084x1.72ns 008x0.21ns
(a) -0.005+0.03ns -009x057ns 017x040ns 0.05x0.05ns
(d) 044 +032ns 385x6.05ns B8.76x£4.61" 1.11+0.58 *
Scaling test
A 002+£009ns 133+£180ns 125%x128ns 0.10x0.17ns
B -015+008ns -085%x1.71ns -000x121ns 012x20.16ns
C 003£013ns -104+234ns -225x186ns -020x£0.23ns

ns, *, ** Nonsignificant or significant at P = 0.05 and P = 0.01, respectively.

* Broad-sense heritability estimates were higher at Waller
than at College Station (Table 5). Narrow-sense
heritability estimates were found significant for pollen
viability and fruit set in T215VR x ‘Manyel’ at College
Station and significant for fruit set in both crosses at
Waller. Narrow-sense heritability estimates were low for
pollen viability and moderate for fruit set in both crosses
at Waller. However, narrow-sense heritability estimate
was low In both crosses at College Station.

Table 5. Broad-sense and narrow-sense heritability for heat-tolerance traits of ‘Freshmarket 9’ x
‘Black Sea Man'and T215VR x 'Man}rel’ at Cnllege Station and Waller, TX.

Enlle-ge Station Waller

'‘Freshmarket 9' T215VR ‘Freshmarket 9' T215VR
X X X X

Cross

‘Black Sea Man’ ‘Manyel’ ‘Black Sea Man' Manyel’

HE h 2 HE. h 2 H 2. h 2 HE h 2
PV(%) 058 0392046 066 011+£005* 091 015+1.24 094 0.36+0.81
FLC 089 066+063 064 0.09x2052 096 0.60+044 0.78 014 +1.23
FRC 091 0622073 059 0.11+0.21 096 0.15+£0.74 091 045+0.52
FS(%) 060 028+117 044 0252003 093 072+005"™ 074 058=+0.14""

*, ** Significant at P = 0.05 and P = 0.01, respectively.

Conclusions

* Both additive and dominance gene effects are involved In
the expression of the heat-tolerance traits, with
dominance gene effects being the main contributor.

 The low narrow-sense heritability estimates suggest that
single plant selection for heat tolerance in the F, will not
be effective. Alternative approaches such as recurrent
selection should be considered in early generations.
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