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Abstract: To study the heredity of lettuceflowering time, the crossing of the selected lines of Shiraz lettuce local
mass, as the maternal parent, and the local masses of Zeereae lettuce and Black lettuce, as the paternal parent
(which varied in terms of flowering time), the BC,P,, BC,P,, F,, and F; generations were prepared through two
different crosses. The transplant of each generationwas obtained from each crossand was used for the
fallplanting, using two separate experiments, which were carried out in the form of the complete randomized
block design with three replications and the flowering time, head weight, and the number of leaves were
recorded in order to estimate the genetic parameters and the heredity of the flowering time using the generation
mean analyses method. The assessment of the planting time revealed that the number of days to the first
flowering was 164, 125.5, and 109 days in the late bolting,early bolting, and hybrid lines, respectively. This
finding reflects the over-dominance effect. The average head weight in the latebolting (572 gr) was more than
the early bolting (393 gr) line. The results of the generation mean analysis indicated the inadequacy of the
dominance in terms of the additive model traits and showed the involvement of other factors such as epistasis in
controlling the traits. The additive effect and dominance were significant, whereas the dominance effect was
more effective. In addition, the additive x additive epistasis effectsand the dominance x dominance effect also
affected the traits. To determine the number of factors influencing the planting time, the rule of segregationwas
applied to the F2 generation, and the involvement of two genes in the bolting time was confirmed. In general,
since the expected performance of the latebolting lines were not achieved unlike the early bolting time despite
the delayed bolting, it could be concluded that the late bolting genotypes should be cultivated during spring and
summer to secure the maximum performance. Since late bolting is highly correlated with important traits
including the number of leaves and head weight, the selected latebolting genotypes are expected to demonstrate
considerable potential for the expression of these traits in the segregating populations.
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. Introduction

Lettuce (Lactuca sativa L.) belongs to the Asteraceae family. It is a self-fertile annual plant with
2n=2x=18 chromosomes (Ryder, 1986). The global production of lettuce from an area of one million hectares
equals 22 million tons, and by producing 550,000 tons of lettuce, Iran has the fifth rank in this field in the world.
In most plants, the transition from the vegetative phase to the reproductive phase is controlled by the
environment and genetics (Corbesier&Coupland, 2005). Heat and daytime are among the factors invoking
bolting (untimely bolting) and bolting in lettuce. The lettuce stem, which grows after the onset of the
reproductive phase, carries capitols (panicle). In general, bolting of leaf vegetable is unwanted, because it not
only reduces the efficiency of the plant, but also reduces the product quality and its popularity in the market due
to the production of certain substances. When bolting occurs in lettuce, some secondary metabolites such as
Laktin and DeoxyLaktin (which are produced to protect the florets from pests) are secreted, cause the bitter taste
of the plant and reduce its marketability.
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The first research on the genetics of bolting in lettuce and its properties was conducted by Bremer
(1931) through the introduction of a gene that had dominance effects, which leads to daytime bolting. He used
the letter T to show this gene. In the regressive state this gene has neutral day phenotypes. In 1983,
anearlybolting control gene was introduced by Ryder (1983) and shortly after a second gene involved in the
earlybolting control was introduced (Ryder, 1988). These two genes were named Efjef; and Ef,ef,,
respectively. This trait is correlated with the photoperiod and all of the genotypes show a slower flowering
process under short day conditions as compared to the long day conditions.

Silva et al. (1999) selected two early and late bolting varieties as the parents. Their investigations
revealed that more than one gene location was involved in the controlling of bolting time. The analysis of the
dominance-additive model proved the adequacy of the model and reflected the lack of epistasis in connection
with bolting. The additive effect affected the bolting trait more than the dominance effect, and the mean
dominance degree, in the two crosses, was 0.58 and 0.38. Broad-sense heritability levels were 0.74% and 82%,
while narrow-sense heritability levels were 49% and 48%. The F1 results showed the mean value of the parents
in terms of the number of days to the first flower in both crosses. Transgressedsegregationwas observed with
regard to early and late bolting in both crosses. This finding suggests that more than one locus is involved in the
development of this trait. The generation mean analysis approved the dominance-additive model. The present
research was an attempt to conduct a genetic study on the bolting time and its relationship with the plant
performance. The ultimate goal of this research was to incorporate the results in the lettuce corrective programs.

Il.  Materials and Methods
The seeds of the BC;-P;, BC;-P,, F,, and F; generations obtained from the first cross (C,) including
line no. 3 (selected from the Zeereae lettuce mass), as the paternal parent, and line no. 9 (selected from the
Shirazi mass), as the maternal parents, were prepared with a 30-day bolting interval. The seeds of these
generations were also selected from the second cross (C,) including line no. 2 (selected from the Black lettuce
mass), as the paternal parent, and line no. 11 (selected from the Shirazi mass), as the maternal parent with a 29-
day bolting interval. The seeds were planted in a greenhouse with 16 hours of lighting and 8 hours of darkness at

the nighttime and daytime temperatures of 15 and 25 °C , respectively. The colors of the maternal parent seed
and paternal parent seed were white and black in both crosses, respectively, so that the seed resulted from self-
fertility and crossing could be distinguished. First, the seeds of the generations resulted from crossing were
transplanted along with the parents in the greenhouse. In the late August 2015, the transplants were planted
throughout two separate experiments in the form of a complete randomized block design through 3replications
in the 400-ha farm of the Seed and Plant Improvement Institute. The distance between the planting lines was 30
cm and the seeds were planted on 25-cm lines. In each replication, 2 five-meter lines of the parents and F;
generation, four lines of backcrosses, and ten lines of the F, generation were cultivated. Moreover, 100 kg/ha of
the urea fertilizer and 250 kg/ha of the ammonium phosphate fertilizer were used during cultivation, and the 3
twenty fertilizer was administered every week by spraying its solution. Upon opened the first flower, the stem
was removed and the head weight, the number ofleaves, and the bolting time (days to the first flower opening)
were recorded. The weighted analysis of variance of the generations was carried out and the generation means
analysis and the generation analysis of variance were performed by the use of the Excel functions. The adequacy
of the dominance-additive model was examined through a scaling test and the generation mean analysis was
conducted using Cavalli’s method (1952).

First, the m, [h], and [d] parameters of the traits of concern were estimated. Afterwards, the estimates
were used to calculate the expected mean values. In the end, the chisquare (X?) test method was utilized to
compare the observed and expected mean values. Given the inadequacy of the dominance-additive model, the
six-parameter [1], [j], [i], [h], [d], m Jinks and Jones (1958) model and Cavalli’s five-parameter model were used
to obtain the estimates. The t test method was also employed to examine the significance of the deviation of the
estimated parameters from zero. To determine the number of the effective factors, the segregation of the bolting
trait was analyzed in F,, and the expected number was calculated with the 1:3, 1:15, and 1:63 ratios for one, two,
and three genes, respectively. The results were compared to the observations using the chisquare test method.

I11.  Results and Discussion

The results of the weighted analysis of variance indicated that in both crosses there was a significant
difference between the generations of concern in terms of the traits. This significant difference between the
generations most probably reflects the existence of a genetic variation, and thus the genetic parameters
explaining these trait changes can be estimated using the generation mean analysis of the generations. Table (1)
presents the mean traits of the parents and the generations resulting from the 9x3 (C,) cross and the 11x2 (C,)
cross. As regards the bolting trait, the paternal parent (2 and 3) was more latebolting than the maternal parent (9
and 11) in both crosses and had a larger head weight mean. The mean days to the first flowering of the F;were
fewer than the early bolting parent, which indicates that early bolting has an over-dominance effect. Moreover,
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in the heterozygote, the expression of this gene increases and thus the F; are more early bolting than the parents
and they change phase more quickly. In addition, through the transition from the vegetative phase to the
reproductive phase, the production and growth of leaves as well as the increase in the head weight stopped.
These findings are not in line with the findings reported by Ryder and Miligan (2005), who stated that the genes
controlling the bolting time are controlled by the genes that have complete and incomplete dominance effects.
However, the present research findings comply with the findings by Kim and Ryder (2003) who stated that early
bolting is in an over-dominance state in relation to late bolting.

Table (1): The mean and standard deviation of the traits of the parents and the generations resulting
from the 9x3 (C,) and 11x2 (C,) crosses

Trait Cross Py P, Fy F, BC,P1 BC,P2

3 % Cl 586.38+7.37 385.52+7.02 365.18+6.90 401.58+10.38 436.59+8.75 340.85+8.73
< g C2 559.35+7.33 399.84+7.17 367.85+7.70 439.76+10.57 501.23+8.63 415.56+9.16
= g C1 37.45+1.15 30.12+1.29 25.96+1.14 32.79+0.97 34.75+1.30 .73+1.06
=2 Cc2 37.85+1.20 28.35+1.24 25.46+1.01 28.94+0.84 34.87+1.20 27.54+0.92
2.5 C1l 169.85+0.97 129.46+0.87 108.60+0.82 132.45+1.01 129.54+1.56 107.65+1.41
%E g Cc2 159.95+0.92 122.32+0.82 110.28+0.78 139.87+0.97 129.45+1.51 108.57+1.30
e} -

The results of the scaling test carried out to test the adequacy of the dominance-additive model are
listed in Table (2). As seen, the dominance-additive model lacks adequacy in all of the traits and other factors
such as epistasis contribute to the control of the studied traits. As indicated in Table (3), for a more precise
analysis of the adequacy of the dominance-additive model, a generation mean analysis was carried out using
Cavalli’s (1952) three-parameter model and the adequacy of the model was tested using the chi square test
method. As seen, the fitness of the model was not confirmed using the three-parameter model and the three-
parameter fitness of the traits was rejected. In addition, the inadequacy of the dominance-additive model and the
existence of epistasis were confirmed.

Table (2): The results of the scaling test on the traits of concern in both crosses of lettuce

Trait | cros A B Cc
S
S E C 78.3815.64" -68.99+5.45™ -95.93+7.89"
T3
> C 75.26+1.31" 63.43+4.95™ 64.15+6.93"
3 £ C 6.09+0.49" 7.38£0.537 11.67+0.81"
c
C 6.43+2.17 1.27+2.19™ -1.36+3.07™
|3 § C -19.37+1.65" 22762159 13.29+2.54™
=3
IS
73 Cy -11.33+2.07” -15.46+2.12™ 56.65+3.12"
1]
=]

* A, B, C are the test functions

Table (3): The mean values and the genetic components estimated for the traits of concern in both of the lettuce
crosses — the three parameter model

Trait Ccross [m] [d] [h] X?
2882, Cy | 47655+1.45~ 99.43+1.46” -128.44+2.66™ 25.28"
Wwefz— C, | 487.07+054" 80.79+0.55 -101.57+0.91" 20.33"
EgsE Ci 35.1540.55 3.28+055" -6.97+1.01" 1172
22 C, 33.46+0.54™ 5.22+0.0.55™ -7.39+0.98" 7.98"
oB 2, C, 148.79+0.49™ 20.43+0.47" -41.63+0.93" 106.98"
S=& 8 C, 142.22+0.53" 19.27+0.53" -30.26+0.96" 249.53"

o

m: mean; [d]: ad
insignificant)

In Table (4), the [1], [i1, [, [h], [d], and m parameters were estimated using Jinks and Jones (1958) six-
parameter model. All of the parameters of the six-parameter model, except for the dominance x additive effect
[j] are significant. Since six generations were used to estimate the parameters, only five parameters can be fit by
the chi square test with a single degree of freedom (SDOF). Hence, the [j] parameter was ruled out and five
parameters were re-estimated using Cavalli’s method (Table 5). A chi square test was also carried out and
revealed that the estimates obtained using the five-parameter model fitted the observed data, and the hypothesis
about the existence of epistasis was approved in addition to the dominance and additive effects. A significant
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additive effect was observed on the head weight, the number of leaves, and the number of days to the first
flower, but the dominance effect had a larger effect than the additive effect. Considering the resulting degree of
dominance it could be concluded that the dominance effects contributed to the controlling of the traits extremely
more than the additive effects.

The examination of the number of days to the first flower, the number of leaves and head weight (Table
4) revealed that the factors influencing the phenotypes were the same and followed the same pattern. Seemingly,
the terminal meristem stops the leaf generation upon the change of phase, and thereby a bolting stem grows.
Hence, through the change of phase, which eventually leads to bolting, the number of the head leaves and the
head weight are affected. The difference between the directions of [h] and [I] reflects a dual epistasis, which
often reduces the variance of the segregating families (Malhorta et al., 2003).

The variation of the [d] and [i] directions reflects the contradictory nature of the mutual effect on the
trait, which adds to the complexity of the genetic analysis and selection. Table (6) presents the variation and the
corresponding dominance degree. As seen, all of the traits of concern (except for the number of leafs) the
variance of dominance accounts for the maximum variance. The average dominance also suggests that the
highest effect on the variation resulted from the over-dominance effect.

Table (4): The estimated mean values and genetic components of the traits under study in the two crosses
of lettuce — The six-parameter model

Trait cross [m] [dl [h] [il 1] [
£ £ (of} 537.39+8.76 100441647 | 401 05105 o5~ | 5144286 -9.39£7.22"™ | -198.81+13.19
ES3
Z T2 " - . 7454 + s o
8 C, | 405.06%9.60 79.76 £0.56™ | 176.03 +24.64 950" 11.83+ 6.96 -213.23 +15.39
2 E C 31.99+3.39” 3.67+0.62” | 9.25+0.0.9" 1.8+0.8" -1.29+0.98" -15.2740.97™
€ c
& Es C, 24.04+3.56™ 4.75+0.61" 18.18+3.45"™ 9.06+3.51" -5.16+2.88" -16.76+2.05"
g - Nl Nl - *x - - ns el
= C: 205.08+2.42 20.19+0.58 194.036.28” | oo 494034 3.39+2.02 97.55+4.19
> 2 - - - _ N -
ko Cx 224.58+3.52 18.82+0.59 -224.5389.107 | oy in gy | 4132075 110.2315.86

M:mean; [d]: additive effects; [h]: dominance effects; [i]: additive x additive effect; [j]: additive x dominance

effect; [I]: dominance x dominance effect; [h/d]: mean dominance (significant at the 1%cr and 5%c¢ levels and
ns insignificant)

Table (5): The estimated mean values and genetic components of the traits under study in the two crosses
of lettuce — The five-parameter model

Trait | cross [m] [d] [h] [i] m o =
= 3
b o 5
] 3 = ; g
: 5l 2 8
-
- c1 i . . i . N iz- 17
g 537.3927.76 99.7524.72 371.89219.25 51422611 -198.73213.19
3 ¢ 40444212707 30762057 17788 =21.54° 7514278987 2144621219 015 =
, C1 99330 - 04" 178
g 367062 9.2520.0.9" 182057 15.272097°
23 c2 . . - 508351 ~ T ]
= F 24,0423 56 4752061 181823 45 -16.7622.05
. c1 . N . N . 00z 959
5 E S 2054123 58 20,3420 62 -195.04215.07 557423 82 98229 52
2=k
= - c2 N . . R . 355" 11.89
225,035 61 18.99:0 59 225.89214.43 §3.8723 57 111.14:9.12

M:mean; [d]: additive effects; [h]: dominance effecté;'[i]: additive x additive effect; [j]: additive x dominance
effect; [I]: dominance x dominance effect; [h/d]: mean dominance (significant at the 1%cr and 5%c¢ levels and
ns insignificant)
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Table (6): Components of the variance and dominance degree of the genes controlling the traits of
concern in both of the lettuce crosses

Trait cros D H E F h% h?, [H/D]*0.5
s

@ - C; 102586. -82898.9 4090.31 31.38 88.2 54.1 0.89
T T < 68
EED
7T % C, 106564. | -87181.12 4499.71 -1099.82 87.5 53.8 0.91
w 16

jé ws E C; 54453 -332.09 112.32 66.44 88.6 55.1 0.78
E = 2 C, 366.5 -273.41 110.91 70.81 85.23 48.81 0.86
o - C; 270.54 523.18 62.43 54.19 92.7 31.6 1.39
@ g‘ % C, 247.64 487.26 56.11 54.90 92.91 31.31 1.40
@ %= =
e} Y-

D: additive variance; H: dominance variance; E: environmental variance; F: epistasis variance; h2: broad-sense
heritability; h2: narrow-sense heritability; [H/D]*0.5 degree of dominance

The narrow-sense heritability is expected to decrease with an increase in the dominance variance and a
decrease in the additive variation. As seen, in the case of the traits with a larger share of the variation of the
additive variance, the narrow-sense heritability of the trait is higher than the case in which the variance of
dominance has a larger share of the variation.

In Table (7), the correlations between the traits suggest that the trend of changes in the number of leaves, the
number of the days to the first flower, and the head weight are very similar and strongly correlated.

Table (7): Coefficients of correlation of the generations in terms of the traits of concern in both crosses

trait Head Leaf num. days to first
Cross Weight flower

b= C 1
T !
f %’ Cz 1
“ g C; 0.78 1
32 C. 0.98 1
2.5 C; 0.96 0.85 1
223 C 085 0.82 1
e} Y

Cy: (3x9); Cy(2x11)

To determine the number of factor (genes) contributing to the expression of the number of the days to
the first flower (the bolting time) the segregation of the F, generation was studied and the expected frequencies
of 1, 2, and 3 involved genes were calculated and compared to the observed frequencies of the highly late-
bolting genotypes and other genotypes of the F, population. The best fit was also selected using the chi square
test. The results of both crosses in terms the frequency of the genotypes and transgressed segregation on both
sides (more early bolting than an early bolting parent and more late bolting than a late bolding parent) support
the hypothesis about the role of two genes in controlling bolting in the genotypes of concern (Fig. 1 and 2).

F2(3*9)

50
40
30
20
10

Frequency

55 65 75 85 95 105 115 125 135 145 155 165 175 185

days to first flower
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Figure (1): The frequency of the genotypes in the F, population in cross one (C,): 63:1 ratio: for three genes
with X2=106.52 and p<0.001; 15:1 ratio: for two genes with X2=3.29 and p=0.04-0.1; and 3:1 ratio: for one
gene with X2=45.65 and p=<0.001

F2(2*11)

50
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Frequency

55 65 75 85 95 105 115 125 135 145 155 165

days to first flower

Figure (2): The frequency of the genotypes in the F, population in cross one (C,): 63:1 ratio: for three genes
with X2=58.14 and p<0.001; 15:1 ratio: for two genes with X2=0.19 and p=0.04-0.10; and 3:1 ratio: for one
gene with X2=56.68 and p=<0.001

IV.  Conclusions
Early bolting is one of the problems caused by the global warming and climatic changes. On one hand,
the latebolting varieties show less reaction to heat as compared to the early bolting varieties and their bolting
time is less affected by higher temperatures. Therefore, the latebolting varieties are recommended for planting.
On the other hand, the highly latebolting phenotypes of segregating populations contain the latebolting pure
genotype, and therefore the selection of these phenotypes most probably leads to the transfer of the latebolting
trait to the next generation. Moreover, since late bolting is highly correlated with the number of leaves and head
weight, selection of the latebolting genotypes leads to the selection of genotypes with larger qualitative and
quantitative potentials than the other genotypes of the population.

Reference

[1]. Bremer AH (1931) Effect of daylength on the growth stages of lettuce. Geneticlnvestigations. |. Gartenbauwissenschaft, 4:479-483.

[2]. Cavalli L L (1952) An analysis of linkage in quantitative inheritance. In Quantitative inheritance. Papers read at a colloquium held
at the Institute of Animal Genetics Edinburgh University under the auspices of the Agricultural Research Council April
4th to 6th, 1950, 135-44, HM Stationery Office.

[3]- Corbesier La, Coupland G (2005) Photoperiodic flowering of Arabidopsis: Integratinggenetic and physiological approaches to
characterization of the floral stimulus. Plant, Cell& Environment, 28(1):54-66.

[4]. FAO (2013) FAOSTAT. Food and agricultural commodities production, FAO, Rome, Italy.
fromhttp:..faostat.fao.org.site.339.default.aspx.

[5] Jinks J L, Jones R M (1958) Estimation of the components of heterosis. Genetics,43:223-234.

[6]. Kim Z H, Ryder E J (2003) Inheritance of days to flowering in Lettuce. Journal- Korean

[7]. Society for Horticultural Science, 44(1):40-43.

[8]. Lee J, Lee | (2010) Regulation and function of SOC;, a flowering pathwayintegrator. Journal of Experimental Botany, 61(9):2247-
2254.

[9]. Mather K (1943) Polygenic inheritance and natural selection. Biol. Rev.,18:32-64

[10]. Mather K, Jinks J L (1977) Introduction to biometrical genetics (No. QH430. M37 1977.). London: Chapman and Hall.

[11]. Mather K, Jinks J L (1982) Biometrical genetics: The study of continuous variation. Chapman and Hall: London.

[12]. Rousos P, Ryder E J (1987) October. Effect of photoperiod on lettuce growth and flower times. In Hortscience, 22(5):1113-1113).
701 NORTH SAINT ASAPH STREET,ALEXANDRIA, VA 22314-1998: AmerSoc Horticultural Science.

[13]. Rousos P (1988) Effects of photoperiod and heat on lettuce growth and flowering times. In HortScience, 23(3): 811-811, 701
NORTH SAINT ASAPH STREET, ALEXANDRIA, VA 22314-1998: AmerSoc Horticultural Science.

[14]. Ryder E J, Johnson A S (1974) Mist depollination of lettuce flowers. HortScience, 9, 584

[15]. Ryder EJ (1971) Genetic studies in lettuce (Lactuca sativa L.). AmerSocHortSci J.

[16]. Ryder EJ (1983) Inheritance, linkage, and gene interaction studies in lettuce. Journal American Society for Horticultural
Science.108 (6):985-999

[17]. Ryder EJ (1985) Use of early flowering genes to reduce generation time in backcrossing, with specific application to lettuce
breeding. Journal of the American Society for Horticultural Science 110(4):570-573.

[18].  Ryder EJ (1986) Lettuce breeding. In breeding vegetable crops: AVI publishing Co. Westport, conn.

[19]. Ryder EJ (1988) Early flowering in lettuce as influenced by a second flowering time gene and seasonal variation. Journal of the
American Society for Horticultural Science 113:456-460.

[20]. Ryder EJ (1996) Ten Lettuce genetic stocks with early flowering genes Ef-1lef-1 and Ef-2ef-2. HortScience: a publication of the
American Society for Horticultural Science 31:473-475

[21].  Ryder EJ (1999) Lettuce, endive and chicory. Cab International.

[22]. Ryder EJ, Milligan D C (2005) Additional genes controlling flowering time in Lactucasativa L. and L. serriolaL. Journal of the
American Society for Horticultural Science,130(3): 448-453.

DOI: 10.9790/2380-1012022733 www.iosrjournals.org 32 | Page



A Survey of Lettuce (Lactuca sativa L.) floweringtimeduringfallcultivationby the use of Generation ..

[23].  Ryder EJ, Whitaker TW (1985) Lactuca sativa L., In CRC Handbook of Flowering. Vol. 3. Edited by A.H. Halevy. CRC Press, Fla:
241-245.

[24]. Silva EC, Maluf WR, Leal NR, Gomes L A A (1999) Inheritance of bolting tendency in lettuce Lactuca sativa L. Euphytica,
109(1):1-7.

[25]. Thompson H C, Knott J E (1933) The effect of temperature and photoperiod on the growth of lettuce, In Proc. Amer. Soc. Hort.
Sci (30): 507-509.

[26]. Waycott W, Ford S B, Ryder E J (1995) Inheritance of dwarfing genes in Lactuca sativa L. Journal of Heredity, 86(1): 39-44.

[27].  Zeevaart J A (1985) Perilla. CRC handbook of flowering, 5: 89-100.

[28].  ZhaoF, Cloud E, Cheng F (2000) Variety and lettuce early autumn sowing time on the shoot pumping rate and yield of sowing date
and varieties comparison of autumn lettuce. China vegetables, 1, 14.16.

i Mohammad Reza Imani "A Survey of Lettuce (Lactuca sativa L.) flowering time during fall |
' cultivation by the use of Generation Mean Analysis Method.” IOSR Journal of Agriculture and |
' Veterinary Science (IOSR-JAVS) 10.12 (2017): 27-33. |
| |

o = = = = -

DOI: 10.9790/2380-1012022733 www.iosrjournals.org 33| Page



