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Abstract

Lettuce is the main leafy vegetable, presenting the highest consumption and economic importance in the
world. In the recent decades, concerns about vitamin A deficiency have led Brazilian researchers to develop
cultivars with higher levels of carotenoids provitamin A. Therefore the experiment aimed to verify the genetic
dissimilarity of bioforfified lettfuce genotypes, investigating the correlation between agronomic characteristics
and the potential for use to increase the carotenoid content in future breeding programs. Ninety one genotypes
were evaluated, with 86 leftuce strains from hybridization between cultivars Pira 72 versus Uberléndia 10000 (rich
in carotenoids) followed by three successive self-fertilizations and 5 commercial cultivars (Grand Rapids; UFU MC
BIOFORT1; Pira 72; Uberlndia 10000 and Robusta).During the course of the frial, were evaluated characteristics
as chlorophyll content of the leaves, plant diameter, stem diameter and the number of leaves per plant were
counted. Genetic diversity was represented by a dendrogram that was obtained using the hierarchical method
of UPGMA and the optimization method of Tocher. There is genetic divergence between the lettuce genotypes
analyzed, and the carotenoid content character contributed most significantly to the divergence between the
evaluated genotypes. The UFU215#12 genotypes; UFU215#14; UFU215#2; UFU 215#1; UFU215#4; UFU199#3 and
UFU199#2 have good agronomic characteristics and high levels of carotenoids, being promising fo continue the

biofortified lettuce breeding program, aiming to obtain new cultivars rich in carotenoids pro vitamin A.
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Introduction

Lettuce (Lactuca sativa L.) is the main leafy
vegetable, presenting the highest consumption and
economic importance in the world. Its consumption is
mainly in the form of salads, being a food rich in vitamins
(A, B1, B2, B5), calcium, potassium, sodium, phosphorus,
iron, silicon, fluorine and magnesium, which may be
involved in pro-active activities, vitamins and anfioxidants,
in addition to being sources of insoluble fibers (Silva et al.,
2016). Lettuce is also a food that has a low caloric value,
being an important ally for people seeking a healthier
diet (Sala & Costa, 2012).

Currently, several studies have shown its potential
as a biofortified food, rich in carotenoids precursors
of vitamin A (Silva & Mura, 2010; Cassetari et al., 2015).
This vitamin is found in foods of animal origin, whereas
in vegetables, such as lettuce, precursor carotenoids of
vitamin A are provided, with B-carotene being the most

important and abundant (Silva & Mura, 2010). Deficiency
of this vitaminis a serious public health problem worldwide,
and may cause an increased risk of mortality, morbidity
and blindness in children (Wiseman et al., 2017).In the
recent decades, Brazlian researchers concerns about
vitamin A deficiency, especially in less developed regions,
have led to the development of cultivars with higher
carotenoid content. One such cultivar is
10,000, which has more than 10,000 international units
(IU) of vitamin A 'in 100 g of fresh leaves (equivalent to 36
mg of B-carotene per 100 g of fresh leaves) (Sousa et al.,
2007).

Food biofortification is linked to the development
of basic crop cultivars with high levels of micronutrients,
using conventional breeding practices alongside
modern biotechnology practices (Garg et al.,, 2018).
Also, the development of promising genotypes depends
on the genetic variability available in germplasm banks
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(Lebeda et al., 2014). In this context, when crossing
between divergent parents, it is possible to select higher
plants in new segregating populations and, thus, develop
new cultivars. The variability between these parents can
be estimated by using measures of genetfic dissimilarity
(Treuren & Hinton 2009; Azevedo et al., 2013). Despite
all qualitative and commercial requirements, there are
currently few lettuce cultivars rich in carotenoids.

The objective of this work was to verify the genetic
dissimilarity of biofortified lettuce genotypes, investigating
the correlation between agronomic characteristics and
the potential for use to increase the carotenoid content
in future breeding programs.

Material and Methods

The experiment was carried out between
February and April 2016 in the city of Monte Carmelo
(18°42'43.19”S and 47°29'55.8"W, 873 m). The minimum
and maximum temperatures in the period in which the
experiment was carried out were 15.17 °C and 29.3 °C
respectively, with an average relative humidity of 77.8%
and an average precipitation of 127 mm. Ninety one
genotypes were evaluated with 86 lettuce strains from
hybridization between cultivars Pira 72 versus Uberlandia
10000 (rich in carotenoids) (Sousa et al., 2007) followed
by three successive self-fertilizations carried out between
2013 and 2017. The genealogical breeding method was
used. Five controls were used: the commercial culfivars
Grand Rapids, Pira 72, Robusta, cv. UFU-Biofort (low
carotenoid content) and the genotype Uberléndia 10000
(high content of carotenoids) (Sousa et al., 2007) totaling
91 freatments (Table 1).

The characterized genotypes are registered
in the UFU's Biofortified Leftuce Genetic Improvement
Program and the entire genealogy is stored in the "BG
a BIOFORT"” Software registered at INPI BR512019002403-6
(Maciel et al., 2019a) (Table 2).

Description and origin of the genotypes are
shown in Table 2.

Sowing was carried out in expanded polystyrene
frays of 200 cells, filled with commercial substrate based
on coconut fiber. After sowing, the trays were kept in an
arch type greenhouse, with dimensions of 5 m x 6 m and
3.5 m high ceiling, covered with 150-micron transparent
polyethylene film, additive against ultraviolet rays, and
side curtains white anti-aphid screen.

Twenty five days affer sowing, the seedlings
were transplanted to the field, in beds of 1.25 m wide,
previously prepared by a rotary harvester and fertilized,
according fo soil analysis that presented the following
characteristics: clay texture, containing more than 50%

clay in its composition; pH in CaCl, = 4.9; MO = 3.9 dag
kg'; Pmeh = 79.1 mg dm?3; K = 0.29 cmolc dm?; Ca = 3.3
cmolc dm?; Mg = 1.3 cmolc dm=; H + Al = 4.9 cmolc dm;
SB = 4.90 cmolc dm?; T = 9.80 cmolc dm3; V% = 50 and
recommendations as required by the culture (Filgueira,
2013). Each plot consisted of 20 plants at a spacing of 25
cm x 25 cm. The six central plants were evaluated.

After 45 days of transplanting, the following
evaluations were performed:

-Chlorophyll content: measured with the
chlorophyll meter SPAD (Minolta SPAD-502 CFL1030
model), with an accuracy of £ 1.0 SPAD unit, for values
between 0.0 and 50.0 at normal temperature/humidity,
on the median leaf of the plant, in the morning;

-Plant diameter (cm): using graduated ruler;

-Stem diameter (mm), using digital caliper and e

-Number of leaves per plant.

The statistical
blocks, with 91 freatments and three repetitions, using the
following statfistical model: Yij = y + bj + fi + eij, where:
Yij: observation of the i-th genotype in the j-th block;
u: fixed effect of the general average; ti: effect of the
i-th genotype; bj. effect of the j-th block; eij: average
experimental error.

design used was randomized

The data obtained were submitted to analysis
of variance by the F test (p = 0.05). The means were
compared using the Scott-Knott test (p = 0.05). Then,
multivariate analyzes were performed, with the objective
of deftermining the genetic dissimilarity between the
genotypes, obtaining the dissimilarity matrix by the
generalized Mahalanobis distance (Dﬁ').

The genefic divergence was represented by
a dendrogram, obtained by the hierarchical method
Unweighted Pair-Group Method Using Arithmetic
Averages (UPGMA) and by the method of tocher
optimization. The validation of the grouping by the UPGMA
method was determined by the cofenetic correlation
coefficient (CCC), calculated by the Mantel test (1967).
The relative conftribution of quantitative characters was
calculated according to Singh's criteria (1981).

To establish the cutoff point in the dendrogram,
points of sudden change inlevel were used as areference
(Sudré et al., 2005; Resende, 2015). The correlation network
procedure was done using the package “qgraph”
(Epskamp et al., 2012). All data obtained were analyzed
using the Genes v. 2015.5.0 (Cruz, 2013) and the Pearson’s
correlation network were performed using the software R
version 3.1.2 (R Core Team, 2015).
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Table 1. Codes of the 91 lettuce genotypes registered in the “BG a BIOFORT"” Software at the Federal
University of Uberl@ndia, Monte Carmelo, UFU, 2018.

Code Genotype Code Genotype
1 UFU 117#1 47 UFU 66#7
2 UFU 120#1 48 UFU 66#2
3 UFU 155#1 49 UFU 202#1
4 UFU 71#1 50 UFU 75#3
5 UFU 122#1 51 UFU 75#2
6 UFU 197#3 52 UFU 75#1
7 UFU 197#2 53 UFU 07#2
8 UFU 197#1 54 UFU 07#1
9 UFU 143#1 55 UFU 114#2
10 UFU 140#1 56 UFU 114#1
11 UFU 217#6 57 UFU 215#4
12 UFU 217#3 58 UFU 215#3
13 UFU 09#4 59 UFU 215#2
14 UFU 09#3 60 UFU 215#1
15 UFU 09#2 61 UFU 217#5
16 UFU 09#1 62 UFU 217#4
17 UFU 66#1 63 UFU 217#2
18 UFU 66#5 64 UFU 217#1
19 UFU 66#6 65 Robusta
20 UFU 66#4 66 UFU 189#3
21 UFU 86#2 67 UFU 189#2
22 UFU 86#1 68 UFU a189#1
23 UFU 104#6 69 UFU 160#2
24 UFU 104#5 70 UFU 160#1
25 UFU 190#1 71 UFU 199#6
26 UFU 107#1 72 UFU 199#5
27 UFU 124#2 73 UFU 199#4
28 UFU 124#1 74 UFU 199#3
29 Grand Rapids 75 UFU 199#1
30 UFU MC BIOFORTI1 76 UFU 199#2
31 Pira 72 77 UFU 1694#1
32 Uberl@ndia 10000 (Sousa et al., 2007) 78 UFU 206#3
33 UFU 215#12 79 UFU 206#2
34 UFU 215#11 80 UFU 206#1
35 UFU 215#10 81 UFU 215#8
36 UFU 215#9 82 UFU 215#7
37 UFU 104#4 83 UFU 215#6
38 UFU 104#3 84 UFU 215#5
39 UFU 104#2 85 UFU 106#2
40 UFU 104#1 86 UFU 106#1
4] UFU 184#2 87 UFU 210#2
42 UFU 184#1 88 UFU 210#1
43 UFU 215#14 89 UFU 125#1
44 UFU 215#13 90 UFU 125#2
45 UFU 66#3 91 UFU 09#5
46 UFU 66#8
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Table 2. Origin and description of 91 letfuce genotypes registered in the "BG a BIOFORT” Software at the Federal University

of Uberl@ndia, Monte Carmelo, UFU, 2018.

Code Description Source
11028 Obtained after hybridization followed by three self-fertilizations. F1 (Pira 72 x Uberl@ndia 10000)
29 Commercial cultivar of curly type and green leaves. It has resistance to M. incognita and Adristar
M. javanica (Gomes et al., 2000, 2002) and susceptibility to early flowering. 9
30 Commercial cultivar of curly type and green leaves. UFU
31 Male parent (commercial curly-type cultivar, purple leaves, tolerant to early bolting, TSV Sementes
tropicalized, resistance to mildew (Bremia lactucae) and LMV patotype ).
30 Female parent (Commercial cultivar of the smooth type, green leaves, rich in carotenoids, UFU
tolerant to early bolting, susceptible to nematodes, to B. lactucae and LMV).
33 to 64 Obtained after hybridization followed by three self-fertilizations. F1 (Pira 72 x Uberldndia 10000)
65 Commercial cultivar of curly type opd green Ieove_s. I?orly cycle plant, tolerant to early TSV Sementes
bolfing and bacteriosis.
66 to 91 Obtained after hybridization followed by three self-fertilizations. F1 (Pira 72 x Uberl&ndia 10000)

Results and Discussion

There was a significant effect for all variables
analyzed (SPAD index, plant diameter, stem diameterand
number of leaves), indicating the existence of genetic
variability between genotypes (F test, 5% probability).
The genotypes UFU 215#12; UFU 215#14; UFU 215#2; UFU

215#1; UFU 215#4; UFU 199#3 and UFU 199#2 stood out
in terms of chlorophyll content in the leaves, presenting,
respectively, 259.27%; 269.95%; 267.12%; 268.32%; 248.08%,;
261.34%; 261.34%; 249.96% more total chlorophyll than the
cultivar Uberl@ndia 10,000, a cultivar considered rich in
beta-carotene (Sousa et al., 2007) (Table 3).

Table 3. Mean of carotenoid content (SPAD index), plant diameter (cm), stem diameter (mm) and number of leaves

per plant Monte Carmelo, UFU, 2018.

Treatments SPAD index Plant diameter (cm) Stem diameter (mm) Number os leaves
UFU 117#1 17.43 f 28.40 c* 23.78 c* 39.30 c*
UFU 120#1 18.41 f 21.60 f* 10.20 26.10 e™
UFU 155#1 17.79 f 27.10 d* 14.96 € 28.30 d™*
UFU 71#1 28.19 d™ 26.60 d* 18.04 d* 30.10 d*
UFU 122#1 12.54 g 21.80 f* 18.92 d* 25.10e™
UFU 197#3 23.54 e™ 21.55f* 19.67 d* 22.40 e
UFU 197#2 19.62 f 19.70 g™ 14.12¢€" 27.60 d™*
UFU 197#1 27.67 d™* 22.25f* 16.47 €' 29.90 d*
UFU 143#1 23.39 e™ 24.20 e* 12.51 f 23.60 e™
UFU 140#1 22.36e™ 22.90 f* 19.02 d* 40.70 c*
UFU 217#6 25.47 d™* 27.90 c* 17.69 d 40.70 c*
UFU 217#3 27.06 d™* 25.28 d* 16.89 €’ 38.00 c*
UFU 09#4 23.01 e™ 28.15¢c* 20.34 d* 38.30 c*
UFU 09#3 22.01 e* 21.65f* 21.87 c* 32.90 d*
UFU 09#2 23.69 ™ 21.30 f* 16.79 e 3590 c*
UFU 09#1 21.97 e* 24.70 e* 24.78 c* 44.40 b*
UFU 66#1 23.72 e™ 30.45c™ 22.30 c* 46.30 b*
UFU 66#5 2181 e 28.10 c* 22.96 c* 40.00 c*
UFU 66#6 26.72 d™ 21.70 f* 20.80 d* 43.90 b*
UFU 66#4 28.34 d™ 22.30 f* 21.02 d* 34.90 c*
UFU 86#2 23.10e™ 39.85a™ 19.63 d* 35.80 c*
UFU 86#1 20.69 f 30.10 c* 17.41 o 26.50 e™
UFU 104#6 24.54 ™ 21.55 f* 23.78 c* 41.50 c*
UFU 104#5 27.01 d™ 22.30 f* 24.08 c* 36.00 c*
UFU 190#1 22.92e™ 29.00 c* 21.77 c* 33.80 d*
UFU 107#1 25.60 d™ 24.20 e* 23.24 c* 32.50 d*
UFU 124#2 23.50 e™ 23.30 e* 22.29 c* 36.00 c*
UFU 124#1 23.32e™ 23.80 e* 23.61 c* 33.90 d*
Grand Rapids 25.57 d™* 28.75c* 26.09 b* 39.40 c*
UFU MC BIOFORTI 2414 e™ 29.70 c* 27.97 b* 31.70 d*
Pira 72 15.76 g 14.80 h* 11.89 f 13.90 f*
Uberléndia 10000 15919 25.45 d* 2401 c* 37.90 c*
UFU 215#12 41.25 o™ 24.90 e* 20.95 d* 38.60 c*
UFU 215#11 38.05 b™ 22.80 f* 19.32d* 35.60 c*
UFU 215#10 35.48 b™* 18.60 g 18.94 d* 28.80 d*
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Continue...

UFU 215#9 30.41 c™ 23.40 e* 19.96 d* 34.50 c*
UFU 104#4 28.96 d™* 25.95d* 28.90 b* 31.80d*
UFU 104#3 2621 d™ 23.55 e* 2430 c* 46.80 b*
UFU 104#2 31.14c™ 22.85f* 29.22 b* 35.90 c*
UFU 104#1 30.56 ¢ 21.75f 21.60 c* 32.90 d*
UFU 184#2 26.32d™ 34.10 b™ 2428 c* 36.40 c*
UFU 184#1 29.82c™ 35.80 b™ 26.73 b* 38.50 c*
UFU 215#14 4295a™ 23.50 e* 19.65 d* 29.60 d*
UFU 215#13 33.75¢c™ 18.45 g 1771 d 30.30 d*

UFU 66#3 27.49 d™* 19.75g™ 22.52 ct 45.60 b*

UFU 66#8 2487 e™ 21.45f 23.47 c* 40.40 c*

UFU 66#7 27.26 d™ 21.40 f* 25.84 b* 44.20 b*

UFU 66#2 27.12d™ 22.35f* 19.99 d* 3520 c*
UFU 202#1 25.06 d™* 23.55 e* 20.07 d* 29.00 d*
UFU 75#3 30.46 c™ 25.70 d* 14.35 €’ 21.50 €
UFU 75#2 3227 c™ 23.85¢e* 16.02 €’ 25.60 €™
UFU 75#1 26.29 d™ 26.75d" 23.13 c* 30.00 d*
UFU 07#2 25.01 d™ 25.00 e* 23.41 ct 35.50 c*
UFU 07#1 23.84 e™ 2471 e* 24.50 c* 29.20 d*
UFU 114#2 2694 d™ 24.80 e* 19.98 d* 23.60 €™
UFU 114#1 25.38 d™ 25.70 d* 22.10c* 2490 e™
UFU 215#4 39.47 o™ 29.05c* 24.56 c* 36.80 c*
UFU 215#3 30.25c™ 22.40 f+ 26.49 b* 37.50 c*
UFU 215#2 42.50 a™ 24.55 e* 25.97 b* 37.70 c*
UFU 215#1 42.69 a™ 25.70 d* 23.01 c* 37.30 c*
UFU 217#5 32.70c™ 26.40 d* 28.18 b* 52.10 o™
UFU 217#4 35.35b™ 26.30 d* 24.63 c* 40.20 c*
UFU 217#2 30.45c™ 23.40 e* 18.43 d* 34.80 c*
UFU 217#1 33.86 c™ 25.30 d* 26.32 b* 52.00 a™

Robusta 18.84 f 29.40 c* 22.80 c* 29.80 d*
UFU 189#3 27.85d™ 2225 f* 21.30 c* 3520 c*
UFU 189#2 31.77 c™ 24.15 e* 24.62 c* 36.50 c*
UFU 189#1 27.87 d™ 26.60 d* 26.31 b* 46.90 b*
UFU 160#2 24.02e™ 26.55d" 23.45c* 32.00 d*
UFU 160#1 23.95e™ 24.00 e* 18.13 d* 3520 c*
UFU 199#6 37.95b™ 30.05 c* 21.04 d* 39.60 c*
UFU 199#5 37.57 b™ 30.50 c™ 16.60 " 3520 c*
UFU 199#4 30.19 c™ 25.80 d* 15.10 €’ 26.60 e™
UFU 199#3 41.58 a™ 26.70 d* 17.85d" 33.50 d*
UFU 1994#1 35.84b™ 27.90 c* 19.64 d* 28.10d™
UFU 199#2 39.77 a™ 27.95c* 18.94 d* 30.20 d*
UFU 169#1 21.45e 28.75c* 27.72 b* 36.40 c*
UFU 206#3 25.59 d™ 23.70 e* 19.07 d* 29.60 d*
UFU 206#2 22.04 e™ 29.60 c* 21.32c* 26.50 €™
UFU 206#1 23.16 e™ 25.65 d* 21.11d" 24.80 e™
UFU 215#8 38.49 b™ 1730 g 21.92c* 39.70 c*
UFU 215#7 3591 b™ 21.05 f* 22.44 c* 32.00 d*
UFU 215#6 36.57 b™ 14.55h 18.97 d* 2320 €’
UFU 215#5 36.09 b™ 18.50 g° 19.53 d* 31.70 d*
UFU 106#2 33.41 c™ 22.45 f* 24.25c* 34.90 c*
UFU 106#1 27.54 d™ 32.75b™ 25.72 b* 53.20 a™
UFU 210#2 27.04 d™ 21.75f 2437 c* 43.30 b*
UFU 210#1 23.06 e™ 28.45 c* 33.30a™ 4410 b*
UFU 125#1 26.42d™ 18.90 g 24.03 c* 26.40 e™
UFU 125#2 22.07 e™ 15.50 h* 22.19 c* 28.10d™
UFU 09#5 26.85d™ 19.95g™ 23.04 c* 33.00 d*

Means followed by distinct letters in the column differ from each other by the Scott-Knott test at 5% probability..*Differ statistically by the Dunnet test at 0.05 significance of the cultivar
Uberlandia 10000..*Differ statistically by the Dunnet test at 0.05 significance of the cultivar Pira 72.
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Sousa et al. (2019) evaluating SPAD index in 49
lettuce genotypes, from the same breeding program
(generation Fé), found six superior genotypes than the
cultivar Uberl@ndia 10.000, presenting 209.29%; 224.74%,
223.42%; 234.37%; 209.15% and 226.54% more in terms os
chlorophyll content. It is an advance of two generations
in relation to the present work, which shows an increase
in the content of carotenoids. Thus, it can be said that the
genotypes in question have high values of caroftenoids
(SPAD index), which can be selected to continue the
lettuce genetic improvement program aiming the
biofortification with carotenoids, enabling the obtaining
of promising cultivars for this characteristic.

Several studies show the efficiency of the SPAD
index as an alternative to measure levels of chlorophyllin
leaves (Klooster et al., 2012). In addition, the chlorophyll
content is highly related to the concentrafion of
carotenoids in lettuce, suggesting that the SPAD index
can be used as an indirect indicator of the confent of
these pigments in these plants (Cassetari et al., 2015).

Consumers tend to purchase large heads of
lettuce, that is, with the largest possible plant diameter,
making this characteristic of great value for the breeding
program (Sousa et al., 2019).In the present work, regarding
the plant diameter (cm), UFU 86 # 2 genotype stood out
with an average value of 39.85 cm, being statistically
superior to the cultivars UFU MC Biofort1, Robusta, Grand
Rapids, Uberl@ndia 10000 and Pira 72 that presented an
average diameter of 29.70 cm; 29.40 cm; 28.75 cm; 25.45
cm and 14.80 cm, respectively (Table 3).

Sousa et al. (2019) found high values of plant
diameter (cm) for the genotypes Crespa 117#1#3-E
(39.46 cm), Crespa 75#1#1-E (35.71 cm) and Crespa
86#2#1-E (36.92 cm), being also statistically superior to
the cultivars Pira 72 (Belissima), Uberl@ndia 10.000 and
Robusta. Maciel et al. (2019b), evaluating 31 genotypes
of lettuce, from the same breeding program (generation
F7) found 22 lines with plant diameter, stafistically superior
to cultivating Pira 72 (Belissima).

Regarding the stem diameter, the genotype
UFU210#1 was statistically superior to the five commercial
cultivarsevaluated, withan average diameterof 33.30mm
(Table 3). In a study by Sousa et al. (2019) the genotypes
that showed the largest stem diametersranged from 22.62
mm to 31.37 mm, not differing statistically from the cultivar
Uberl@ndia 10000 and differing from the cultivar Robusta.
However, Maciel et al. (2019b), found no statistical
difference for this characteristic in the evaluated lettuce
genotypes.

It is important to point out that stem diameter is

correlated with leaf areq, i.e., with the transpiration rate,
because the greater stem diameter is correlated with a
greater vascularization of the plant and, consequently,
larger leaf area as well and this correlation can be
observed in the study of Monteiro Filho et al. (2017), in
which the mineral solutions that promoted greater stem
diameter also promoted larger leaf area. Other factors
can afect the stem diameter such as the growing season,
the lettuce cultivar, salinity stress (Ekinci et al., 2012; Sublet
et al., 2018).

Besides that, stem diameteris of majorimportance
in lettuce, especially for fast food industry, because, as
leaves are manually separated for later slicing, the thicker
the stem the faster it is separated, increasing industrial
output (Targino et al., 2019).

In the characteristic number of leaves, the
genotypes  UFU217#5, UFU217#1 UFUT06#1
presented, respectively, an average of 52.1; 52.0 and 53.2
leaves, being superior to the others, including commercial
cultivars, which presented 39.4 (Grand Rapids), 37.9
(Uberlandia 10000), 31.7 (UFU MC Biofort 1), 29.8 (Robusta)
and 13.9 (Pira 72) (Table 3). Sousa et al. (2019) for the
same frait found seven superior genotypes in relation to
the Robusta cultivar, however they did not differ from
the control Uberl@ndia 10000. Maciel et al. (2019b) found
thirfeen genotypes that have more leaves in relation to

and

cultivar Pira 72 (Belissima). Diamante et al. (2013) reported
the importance of the characteristic number of leaves in
growing lettuce, being relevant for the producer, both
for indicating adaptation of the genetic material to the
environment, as for the commercialization.

Among the evaluated genotypes, 12 did
not differ by the Dunnet test (P = 0.05) of the cultivar
Uberl@ndia 10000 for carotenoid content, among them,
the cultivar Pira 72; seventy-three genotypes did not
differ for plant diameter and stem diameter. The cultivars
Grand Rapids, UFU MC Biofort1 and Robusta did not differ
from Uberl@ndia 10000 for plant diameter, stem diameter
and number of leaves (Table 3).

Regarding the cultivar Pira 72, 10 genotypes
did not differ for carotenoid confent, among them the
cultivars Robusta and UberlGndia 10000; seven for plant
diameter, fifteen for stem diameter and two for number
of leaves (Table 3). It can be inferred that the genotypes
are promising, as
performance or in most cases superior to the commercial
cultivars evaluated.

they present similar agronomic

The groups formed by the UPGMA hierarchical
method (Figure 1) had a cofenetic correlation coefficient
of 63%. Eleven groups were formed and the groups were
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separated by delimiting a 32% cut-off line, established at
the site of the abrupt change in the branches present in
the dendrogram (Cruz et al., 2012).

The formation of these groups demonstrates wide
genetic variability. Group |, with 43 genotypes; group I,
with 13 genotypes including the cultivars: Grand Rapids,
UFU MC Biofort, Uberl&ndia 10000 and Robusta; group

Skur&ss2an

“E2BEBERAFEES

Il with two genotypes; group IV with three genotypes;
group V with the genotype UFU2010 # 1 (88); group VI
with 11 genotypes; group VIl with three genotypes, group
VIl with seven genotypes, group IX with three genotypes,
group X with four genotypes and group Xl with the cultivar
Pira 72 (31) (Figure 1).
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c divergence between 91 lettuce

genotypes by the Hierarchical Method of medium link betwqen “UPGMA”
group obtained by the generalized Mahalanobis distance (D:).

Maciel et al. (2019b) evaluating thirty-one red
lettuce genotypes, aiming to determine the genetic
dissimilarity by the UPGMA method, found seven groups
(20% cut-off line), and the cultivar Pira 72 (Belissima)
formed a group of just two genotypes. Sousa et al.
(2019), evaluating 49 genotypes of biofortified lettuce
with resistance to root-knot nematodes (Meloidogyne
spp.) found by the UPGMA method (30% cut-off line) four
distinct groups, being the cultivars Pira 72 and UberlGndia
10,000 belonged to the same group formed by 21
genotypes; the Robusta cultivar was grouped in another

group with ten genotypes.

By Tocher's opfimization method,
groups were obtained, with emphasis on group (I),
with 49 genotypes including the cultivar Grand Rapids
(29); followed by group (lll), with eleven genotypes;
group (ll), with ten genotypes; group (IV) with seven
genotypes, including the cultivar Robusta; group (V)
with five genotypes including the cultivars UFU MC
Biofort-1 (30) and Uberléndia 10000 (32); group (VI) with
three genotypes; group VII with two genotypes; and

eleven

groups (VIII, IX, X and XI) each with only one genotype.
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As observed in the UPGMA clustering method, the UFU
210#1 (88) genotype and the cultivar Pira 72 (31) formed

distinct groups with only one genotype each (Table 4).

Table 4. Representation of the cluster generated by the Tocher Optimization Method based on Mahalanobis
distance, estimated from four agronomic characteristics, analyzed in 91 letftuce genotypes.

Group Code
| 20; 66; 48; 36; 40; 63; 24; 26; 91, 53; 27, 78; 49; 28; 70; 14; 46; 8; 15; 23; 69; 54; 52; 10; 12; 4; 19, 87; 67; 58;
13; 56; 55; 80; 25; 18; 11; 29; 16; 38; 47; 85; 37; 45; 39; 68; 89; 77; 6
I 35; 84; 44; 82; 34; 81, 83; 43; 51; 33
Il 61; 64; 62; 57;71; 60; 59; 74, 76; 75; 72
[\ 50; 73; 9;22;79; 3; 65
\Y 1;32; 17; 30; 41
VI 2:7:5
VI 42; 86
VI 88
IX 21
X 90
Xl 31

Sousa et al. (2019) evaluating the characteristics
of SPAD, leaf temperature, plant diameter, stem diameter,
number of leaves and fresh mass in 49 letftuce genotypes
from the same breeding program (Fé6 generation), using
the method of grouping of Tocher, found the cultivars
Robusta and Uberléndia 10000 belonging fo the same
group; the cultivar Pira 72 was also grouped individually.
In a study by Jacinto et al. (2019), evaluating the same
characteristics evaluated in the present work in 19 mini-
lettuce genotypes, from the same breeding program, two
groups were formed by the Tocher method, in which the
cultivar Uberl@ndia 10000 was grouped with 16 genotypes
in the group (I) and the cultivar Pira 72 in group (ll) which
had only two genotypes.

Although the number of clusters by the Tocher
optimization method and the UPGMA hierarchical
method are the same (eleven groups), there are visible
differences in the number of genotypes per group (Figure
1 and Table 4). This disagreement between multivariate
methods was also observed by authors who worked with
the same species (Sousa et al., 2019; Jacinto et al., 2019).

The use of multivariate analysis for yield variables
allows a more explicit visualization of genetic dissimilarity of
cultivars and helps the crosses in breeding programs. The
use of different methods allows for greater discriminating
power, eliminating those difficult to measure variables
and those that contribute
Among these methods,
optimization methods are employed on a large scale by

litfle towards explaining

variation. hierarchical and
plant breeders (Bertan et al., 2006; Araujo et al., 2016).
The greatest relative contribution was related
to the SAPD index in the discrimination of the evaluated
genotypes (39.91%), followed by the characteristics plant
diameter (26.54%), number of leaves (19.45%) and stem

diameter (14.08%) (Table 5). This demonstrates the great

importance of the evaluation of the SPAD index, in the
field, for future improvement programs of biofortified
lettuces. Corroborating this fact, Sousa et al. (2019) and
Maciel et al. (2019b), found values of 24.84% and 60.31%,
respectively, for the same index, being the largest relative
contribution among the characteristics evaluated.

Table 5. Relative contribution of the quantitative characteristics

in the genetic diversity of the 91 evaluated lettuce genotypes,
according to Singh (1981).

Characteristics S.j S.j (%)
SPAD 20816.63 39.91

Plant diameter 13842.58 26.54
Stem diameter 7344.20 14.08
Number of leaves 10144.75 19.45

The network constructed with correlations of the
evaluated characteristics is shown in Figure 2.

)

O

Figure 2. Network of Pearson’s correlations of lettuce genotype
characteristics. Sl: SPAD index; PD: Plant diameter; SD: Stem
diameter; NL: Number of leaves. The red lines represent negative
correlations and the green positive ones. The line thickness is
proportional fo the magnitude of the correlation.
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Positive correlations were found between most of
the agronomic characteristics, a circumstance favorable
to the improvement of lettuce (Azevedo et al., 2014).
The number of leaves showed a positive correlation with
stem diameter (0.59), plant diameter (0.24) and SPAD
index (0.15). Plant diameter showed a positive correlation
with stem diameter (0.24) and a negative one with SPAD
index (-0.05). SPAD index showed a positive correlation
with stem diameter (0.08). Thus, it is noticed that the
levels of carotenoid (highly correlated with the SPAD
index) (Cassetari et al., 2015), are little influenced by the
characteristics of leaf number, stem diameter and plant
diameter. Azevedo et al. (2014) evaluating 11 lettuce
cultivars also found a positive genotypic correlation
between number of leaves and head diameter (0.66).

Conclusions

There is genetfic divergence between the
lettfuce genotypes
content character contributed most significantly to
the divergence between the evaluated genotypes.
The UFU215#12 genotypes; UFU215#14; UFU215#2; UFU
215#1; UFU215#4; UFU199#3 and UFU199#2 have good
agronomic characteristics and high levels of carotenoids,
being promising to confinue the biofortified lettuce
breeding program, aiming to obtain new cultivars rich in
carotenoids pro vitamin A.

analyzed, and the carotenoid
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