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It has been established that the quantitative indices, flowering and fruit formation 

in tomato are determined by a single genetic system, when plants are grown in the 
greenhouse and when they are exposed to low temperatures at the stage of floral bud 
differentiation into flower. Cold exposure during the period of reproductive structure 
(RS) setting contributes to a more effective coordination of RS subsystem functioning 
and enhances the rate of flowering and fruit setting as compared with the variant 
when plants are grown under condition of greenhouse. Highly significant genotypic 
correlations are observed only after cold exposure, according to which reduction the 
time from emergence to flowering fruit formation. Hence, a conclusion concerning the 
genotype cold resistance is possible only in relation to a particular ontogenetic stage 
of tomato. The inheritance of the traits under study, ripening earliness and yielding 
capacity are in overwhelming majority, over dominant for the first cluster and it is mostly 
additional for the second one. Cold resistance is a complex property of the organism 
which can be assessed by the different system functioning of the plant as an integral 
whole during and after cold stress. Proceeding form these, it is important to take into 
consideration not only the display of individual quantitative traits (QT) reflecting the 
work of these systems at the exposure to cold, but also to reveal QT interrelations when 
environmental conditions are changed, to study the QT inheritance pattern under normal 
and stress medium with the aim (aiming to) of elucidating some peculiar features of the 
functioning of genes responsible for cold resistance. It is significant to trace the change 
of plant cold resistance during development and to solve the problem concerning the 
interrelation of resistance indices at different ontogenetic stages of tomato.

The studies undertaken by a number of investigators on the inheritance pattern of 
inter phase periods from sowing to ripening of tomato fruits, as well as the correlations 
between these periods have not resulted in unequivocal data [1, 2] (perhaps due to 
different conditions of growing). There are also no unequivocal data concerning the 
problem about the influence of cold on tomato producing capacity indices [3, 4]. 
Previously we have studied [5] interrelations between QT of tomato cold resistance at 
the stage of seed germination and early vegetative stage. In our work we have studied 
cold resistance of the same tomato genotypes at the stage of the reproductive structure 
functioning. Thereafter the data on the previous and recent studies were subject to a 
combined analysis.
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MATERIAL AND METHOD

 18 genotypes of tomato were studied. These included 9 cultivars and mutant 
lines (m/l) differing in cold resistance, as well as 9 hybrids (tab. 1). 

Table 1.Influence of different conditions of seedling growing on the ovary fall and 
duration of the period from setting to fruit ripening of the first cluster.

Row 
No. Genetic population of 

tomato

Time from setting to fruit 
ripening after:

% of ovary loss (of the flower 
number) after:

cold  
exposure greenhouse cold exposure greenhouse

1. Sever 25 41 16,7 33,3
2. Delta 41 39 44,3 27,9
3. Mo500 (La728) * 49 61 28,9 22,0
4. Mo304 (La633) 38 39 20,9 36,7
5. Mo776 (La1103) 45 33 18,3 26,9
6. Mo379 (La558) 45 29 30,7 30,8
7. Mo781 (La884) 34 35 40,9 26,5
8. Mo784 (1002) 42 42 77,8 75,1
9. Mo628 (La998) 36 39 42,8 76,0

10. Sever x Delta 48 39 15,9 5,3
11. Sever x Biruintsa 48 52 7,1 21,8
12. Mo500 x Sever 54 55 5,9 15,8
13. Mo500 x Delta 48 57 13,6 23,5
14. Mo781 x Delta 48 45 23,0 27,2
15. Mo781 x Sever 77 53 15,4 21,6
16. Mo628 x Sever 43 49 5,6 7,4
17. Mo628 x Delta 63 66 19,8 12,3
18. Michur. r. x Biruintsa 45 49 43,8 19,1

* Denominations of mutant lines corresponding to the international classification are 
given in parenthesis. 

The following quantitative traits (QT) were analyzed: (1) flowering index (FI); 
(2) number of days to 10% of flowering; (3) number of days to 50% of flowering; (4) 
total % of flowering; (5) mean number of flowers on the first plant; (6) mean number 
of ovaries on the first plant; (7) time from emergence to flowering; (8) time from fruit 
setting to their ripening; (9) % of plants having the first cluster retained; (10) % of 
ovary fall.

All the traits named were estimated for the first cluster of tomato. For the second 
one only the first 6 traits were measured. It should be noted the first trait – flowering 
index, was introduced to estimate the rate of flowering. It was calculated similar to 
Jones and Scott’s U – statistic for seed germination [6]. The meaning of this index is 
as follows: for every plant of all the genotypes under study following the initiation of 
flowering (at least one plant) during approximately 2 months a number of appearing 
flowers is scored on the fixed days (there were 10 fixed days during 2 months). A table 
is compiled which shows the number of flowers appearing in every genotype on each 
of the fixed days scoring. The number of flowers of all other plants of genotypes under 
study which flowered before the given one was put into accordance to each flower. The 
number of flowers of all other plants of genotypes under study which flowered later 
than the given one was extracted from this value. This is U – statistic for the genotype is 
determined, on the whole, as a mean value of U – statistic of each flower of all the plants 
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forming the genotype. Thus, the higher, by module, the negative value of the flowering 
index, the higher the rate of flowering. We have established that F1 is related to the 
QT, time to 50% of flowering by a high genotypic correlation. Spearman’s correlation 
coefficient equalize to 0.98. However, the QT, time to 50% of flowering, characterizes 
the whole sampling, and F1 characterizes each individual flower. Therefore, the latter 
may be employed in the genetic analysis. 

The QT total percentage (%) flowering was estimated as follows: the genotype 
with a maximum number of flowers on the first (or second) cluster was registered and 
the total % of flowering for this genotype was supposed to be equal to 100%. Further, 
the portion of the total number of flowers for each genotype was calculated in relation 
to the maximum one registered (in %).

 The tomato indicated genotypes (replication making 20) were exposed to cold 
at the stage floral of bud differentiation into flowers in the 20 m3 artificial climatic 
chamber of the Institute of Genetic Biotron of Moldova Academy of Sciences. In the 
chamber the temperature was kept 3oC during the night/time and 7oC at the day/time for 
10 days with an illumination 16.000 lucks and 16-hour photoperiod. The temperature 
was reduced gradually during 24 hours. Simultaneously, plants of the same genotypes 
were grown in the greenhouse where the temperature ranged from 25oC to 35oC during 
the day-time, making 17-18oC at night. After the 10 days experiment the plant were 
planted in the field. It should be noted that the field of year 1993 conditions were 
unfavorable (drastic temperature fluctuations, storm rains).

 The estimated data of the QT, ripening earliness and yielding capacity, after 
the cold exposure were compared with the indices of adaptability to law temperatures 
at the stage of seed germination and the early vegetative stage. At the stage of seed 
germination Jones-Scott’s U-statistic [6] was determined which characterizes the rate 
of seed germination (RSG) as well as the number of days to the germination of 50% 
of seeds. The seed were grown in Petri dishes at the temperature of about 10º C for 
40 days. The portion of leaf surface damage, % of plant death and the index of plant 
damage with cold (IPD) introduced by us and determined based on Jones-Scott’s U/
statistic were estimated at the early vegetative stage [5]. The plants at the 2/3 leaf stage 
were kept in the artificial climatic chamber at the temperature of 2º C at night and 6º 
C at the day-time with an illumination of 16,000 lucks and 16-hour photoperiod for 12 
days. 40 plants were grown for each genotype. At the third stage all the traits named, 
ripening earliness and yielding capacity, were analyzed for the first and second clusters. 
Genotypic correlations were determined according to the method of Spearman’s rank 
correlations; the degree of dominance was estimated by the Brewbaker’s formula [7].

RESULTS AND DISCUSSION

 1. High genotypic correlations between the value of the traits, ripening earliness 
and yielding capacity, estimated after the cold exposure after the cold exposure and 
after growing in the greenhouse for both, the first and second clusters were estimated 
(tab. 2).

 The high levels of significance (P-values) presented in the tables allow us to 
believe that the QT studied after the cold exposure and after growing in the greenhouse 
are determined, chiefly, by a single genetic system.
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Table 2. Genotypic correlations between traits values after cold exposure and after 
growing in the greenhouse.

 No.

1st  cluster 2nd  cluster

Coefficient of 
correlation

P – 
value

Coefficient 
of 

correlation

P – 
value

1. Flowering index 0,77 0,0015 0,91 0,0002
2. % of flowering 0,63 0,01 0,78 0,0012
3. Mean number of flower per plant 0,71 0,0001 0,72 0,0020
4. Number of days to 10% of flowering 0,76 0,002 0,90 0,0002
5. Number of days to 50% of flowering 0,75 0,002 0,96 0,0001
6. % of plants having the 1st cluster retained 0,82 0,0007 - -
7. Time from emergence to flowering 0,82 0,0008 - -
8. Time from setting to ripening 0,69 0,004 - -
9. Mean number of ovaries per plant 0,68 0,005 0,83 0,0006
10 % of ovary fall 0,59 0,015 - -

2. In 89% of all the genotypic correlations between ripening and yielding 
capacity of the first cluster (in total, 45 values of the coefficients of correlation have 
been analyzed) the level of significance is considerably lower after plant growing in 
the greenhouse than after the cold exposure. The effects of decrease in the coefficients 
of the correlation to insignificant ones (in 31% of cases) during the transition from the 
conditions of the chamber to those of the greenhouse (tab. 3) occur exclusively in the 
cases when the QT, such as time from emergence to flowering, time from fruit setting to 
their ripening and time to 10% of flowering are introduced into the correlations studied. 
It could be supposed that the genetic organization of these traits varies with the change 
of the environment at the stage of RS setting.

3. For all (except one) QT of yielding capacity and ripening earliness estimated 
for the first and second clusters the following fact is observed: the genotypic correlations 
between the first and second clusters for the QT studied, being highly significant after 
the cold exposure, become less significant for the plant grown in the greenhouse (tab. 
4).          

4. High significant correlation occurs only after the cold exposure. It means that 
the shorter is the time from emergence to flowering, the longer is the time from fruit 
setting to ripening, and the higher is the rate of flowering and mean number of flowers 
and ovaries on the first cluster (tab. 3). The correlation indicated is not observed after 
growing in the greenhouse with the single exception when the negative meaning of the 
coefficient of correlation between the duration of the emergence-flowering and setting-
ripening periods is maintained in the both variants of environment conditions and even 
increases in plants grown in the greenhouse (r = -0,5 after the cold exposure; r = -0,77 
after growing in the greenhouse).

 It should be noted that the range of genotype variation for the QT, time from 
setting to ripening, exceeds twice that for the QT, time from emergence to flowering 
after the cold exposure, and by 1,4 time after growing in the greenhouse. Hence, it may 
be supposed that the variation in the ripening earliness of genotype is determined, to 
a larger extent, by the time from fruit setting to ripening; hence, it is the trait which is 
more preferable for selection.
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Table 3. Cases of significant decrease in the values of coefficient of correlations from 
significant to insignificant at the change of conditions of seedling growing (1st cluster)

No. Quantitative traits

Coeff.  of 
corel. 

after cold 
exposure

P - value

Coeff.
of corel. 

after 
greenhouse

P - value

1. Time from emergence to 
flowering, F1. 0,63 0,009 0,25 0,310

2.
Time from emergence to 
flowering, number of flowers 
per plant.

-0,47 0,050 -0,06 0,800

3. Time from emergence to 
flowering, % of flowering. -0,53 0,030 0,06 0,810

4.
Time from emergence to 
flowering, time to 50 % of 
flowering.

0,61 0,010 0,13 0,590

5.
Time from emergence to 
flowering, mean number of 
ovaries per plant.

-0,69 0,005 -0,34 0,160

6.
Time from setting to ripening,
mean number of ovaries per 
plant.

0,51 0,030 0,37 0,110

7. Time from setting to ripening,
flowering index. -0,65 0,008 -0,37 0,130

8. Time from setting to ripening,
% of flowering. 0,59 0,010 0,13 0,590

9.
Time from setting to ripening,
% of plants having the 1st 
cluster retained.

0,46 0,060 0,13 0,590

10.
Time from setting to ripening, 
mean number of flowers per 
plant.

0,52 0,030 0,15 0,520

11. Time from setting to ripening,
time to 50% of flowering. -0,65 0,007 -0,29 0,230

12. Time to 10% of flowering,
% of flowering. -0,81 0,001 -0,32 0,180

13.
Time to 10% of flowering, 
mean number of flowers per 
plant.

-0,69 0,004 -0,24 0,320

14.
Time to 10% of flowering, % 
of plants having the 1st cluster 
retained.

-0,47 0,050 -0,17 0,480
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Table 4. Genotypic correlations between traits values on the 1st and 2nd clusters.

No. Quantitative traits

Coeff. 
of corel. 

after cold 
exposure

P - 
value 

Coeff. of 
corel. after 
greenhouse

P - 
value

1. Flowering index 0.67 0.009 0.55 0.030
2. Number of days to 10% of flowering 0.71 0.006 0.90 0.000
3. Number of days to 50% of flowering 0.64 0.030 0.27 0.360
4. Total percent of flowering 0.76 0.003 0.37 0.150
5. Mean number of flowers per plant 0.65 0.010 0.56 0.030
6. Mean number of ovaries per plant 0.82 0.007 0.75 0.010

It should be also mentioned that the correlation between the % of ovary fall on 
the first cluster and the % of plants having the first cluster retained, as well as between 
time of emergence/flowering and the % of plants having the first cluster retained is 
absent for the both variants of the environment.

5. The genotypic correlations between the QT of ripening earliness and yielding 
capacity exceed the respective ones after growing under greenhouse conditions by an 
approximately of 2-3 times for the first cluster in 86% of the cases.

For the second cluster the mean ratio of the coefficient of correlation for the 
first and the second variants of ambient medium does not exceed 1,4, the value of the 
coefficients of correlation after the cold exposure remaining higher.

6. The facts established allow us to come to the following conclusion: the 
genotypes exposed to cold at the stage of RS setting show more effective coordination 
of the functioning of RS subsystems than those grown in the greenhouse.

It should be mentioned that the positive effect of low temperatures on the indices 
of ripening earliness and yielding capacity was observed by many investigators. In 
particular, Powers and Wittwer, Tuebner [8] established that growing seedlings during 
the period of cotyledon opening to the appearance of the first cluster at the temperature 
of 10 º-14 º C led to an increase in number of flowers, ovaries and earlier initiation of 
flowering as compared with the plants grown in the greenhouses at the 25 º-30 º C. 
We received similar evidence. The number of days to 10% and 50% of flowering on 
the first cluster is lower after the cold exposure than after growing in the greenhouse 
nearly in the all genotypes. However, the result is inversed for the second cluster. Thus, 
low air temperatures (3 º-7 º C) stimulated flowering of the first cluster, and vice versa, 
inhibited it on the second one.

The mean number of ovaries per plant was higher after the cold treatment than 
in the greenhouse condition of the growing for the majority of genotypes (61% of 
genotypes for the first cluster and 83% for the second one).

The time from setting to fruit ripening on the first cluster and the % of ovary loss 
were also lower after the cold exposure (for 67% and 61% of genotypes, respectively). 
An analysis of % of plants having the first cluster retained showed that the plant display 
a higher ability to retain the first cluster after 10-days’ growing under conditions of 
low temperatures than after growing in the greenhouse. Thus, cold played the role of 
hardening factor for the overwhelming majority of the genotypes.
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7. The studies of the indices of adaptability to low temperatures at the stage 
of seed germination, early vegetation and flowering/fruit ripening on the first and 
second clusters allow us do the following conclusion: genotypic correlations between 
the traits of cold resistance (in total, 75 values of the coefficients of correlation have 
been analyzed) at different ontogenetic stages are equal to 0 with P-values more than 
0,1 in 915 of the cases, and make 0 with P-values more than 0,06 in the remaining 
9% of cases. For example, some values of the coefficients of correlation between QT 
measured at three different ontogenetic stages (according Jones-Scott’s technique): 
r(RSG,IPD)=-0,05, r(RSG, F1)=0,09 for the first cluster and 0,38 for the second one, 
r(RSG,F1)=/0,22 for the first cluster and 0,18 for the second one.

Thus, it may be supposed that the traits of adaptability to low temperatures 
at different ontogenetic stages are determined by different ontogenetic stages, are 
determined by different genetic systems, so it is nonsense to make a conclusion about 
the genotype cold resistance without relating it to a particular ontogenetic stage.

8. The studies of seven F1 hybrids and their parents by the first six traits of 
ripening earliness and yielding capacity allowed evaluating the inheritance pattern of 
these traits for the first and second clusters.

After exposure to cold a powerful effect of predominance occurs for 89% of the 
QT on the first cluster. In addition, true heterosis is observed for all the QT except time 
to fruit setting. For the second cluster, intermediate dominance is marked in 45% of 
cases. For example, we show degrees of dominance in the QT, time to 50% of flowering 
(tab. 5). 

Table 5. The degree of dominance for time trait to 50% of flowering

No. F1

1st cluster  after: 2nd cluster after:
cold  exposure greenhouse cold exposure greenhouse

1. Sever   ♦ Delta -1.1 -2.37 -0.33 -1.53
2. Mo781 ♦ Delta -2.35 -1.67 -1.07 -0.47
3. Mo628 ♦ Sever -131 -127 -0.95 0.49
4. Mo500 ♦ Sever -2 0.89 -0.30 -0.04
5. Mo500 ♦ Delta -6 -2 -0.61 1.25
6. Mo781 ♦ Sever -113 -55 -0.61 -0.23
7. Mo628 ♦ Delta -2.28 -1.97 -1.48 -1.19

On the whole, the degrees of dominance for the first cluster exceed those for the 
second one by an average of 16 times. 

Thus, the true heterosis for the first cluster is displayed by a higher adaptability 
of F1 hybrid reproductive structure to exposure to cold. The inheritance of the traits 
of ripening earliness and yielding is over dominant, while for the second cluster it is 
additive in a half of the cases. 

In addition, the over dominance of a shorter period from emergence to flowering 
and a longer one from fruit setting to ripening is observed.

After exposure to cold in 100% of cases over dominance of low % of ovaries fall 
is observed for the trait, % of ovary fall (relative to the number of flowers) both for the 
first and second clusters (tab. 6). Cases of predominance in the variant of growing in 
the greenhouse are observed. 
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Table 6. The degree of dominance for the % trait of fallen ovaries

No. F1

1st cluster  after: 2nd cluster after:

cold  exposure greenhouse cold exposure greenhouse

1. Sever   ♦ Delta -1.06 -9.37 -1.46 -17.44
2. Mo781 ♦ Delta -11.5 0.00 -76.57 -19.76
3. Mo628 ♦ Sever -2.4 -2.21 -1.45 -20.83
4. Mo500 ♦ Sever -2.77 -2.10 -1.54 -211
5. Mo500 ♦ Delta -2.99 -0.49 -4.05 -11
6. Mo781 ♦ Sever -1.11 -2.44 -1.04 5.33
7. Mo628 ♦ Delta -6.90 -1.65 -3.19 19.53
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EXPRESIA GENELOR cslFY şi bar LA NIVEL DE TRANSCRIPŢI
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Expresia transgenelor la majoritatea plantelor modificate genetic este controlată 
de promotorul 35S CaMV, care induce transcripţia constitutivă a acestora [1, 5, 19]. 
Reieşind din faptul că produsele expresiei alogenelor sub activitatea acestui promotor 
se atestată în toate organele şi ţesuturile, acesta este prezent în majoritatea construcţiilor 
destinate pentru procesul de transformare şi obţinere a organismelor modificate genetic 
[2]. 


