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Abstract

Background and Objective: The Genotype by Trait (GT) biplot can be used to compare cultivars based on multiple traits to identify
parentsto be usedin plant breeding programs. The objective of this study was to evaluate the papaya lines based on GT biplot to examine
its usefulness in visualizing the papaya trait relationship and its application in line comparison. Materials and Methods: The experiment
was laid out as arandomized complete block design with three replications and 7 genotypes of papaya were studied. Data were collected
on nutritional composition. Results: The two axes explained 81.3 and 65.6% of the total variation among the genotypes for proximate
and mineral compositions respectively. There was a strong positive correlation between carbohydrate and dry matter content, ash,
moisture and crude fiber content in the proximate compositions biplot, while the GT biplot for mineral contents indicated a strong
positive correlationamong the minerals, but they were negatively correlated with vitamin C. However, iron had a positive correlation with
vitamin C. The study identified Cp002 and Cp007 as ideal genotypes based on the proximate composition, while for mineral composition
it was Cp001. Conclusion: A hybrid between Cp002 or Cp007 and Cp001 would yield maximum value for the mineral and proximate
contents in papaya.
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INTRODUCTION

The papaya (Carica papayal.) belongs to the small family
Caricaceae, which includes 35 species placed in six genera'.
Among all species, 32 are dioecious, two trioecious and one
monoecious?. The papaya is the only species of the genus
Carica, also being the best known and most economically
important within the family?, showing widespread cultivation
in tropical and subtropical regions around the world. It is
commonly known for its food and nutritional values
throughout the world*. Papaya is a major fruit crop worldwide
that is primarily consumed as fresh fruit. It is highly abundant
and is commonly known as pawpaw in Nigeria. It is an
invaluable plant that is prevalent throughout Tropical African
and Nigeriais the fourth largest producer globally®. Practically,
every part of papaya is of economic value and its use ranges
from nutritional to medicinal. Papaya is a tropical fruit crop
widely grown in Nigeria for food, ornamental and traditional
health care purposes®. The fruit is an excellent source of
essential nutrients such as iron, calcium, vitamins A, B, and C’.
Chewing the seeds of papaya helps to clear nasal congestion®
and is used in the treatment of intestinal worms?®.

The ultimate goal of most breeders is to improve the
productivity of crops as measured in terms of the yield
performance or in value addition which includes nutritional
quality. Plant breeding, in principle, involves the creation and
exploitation of the genetic variation for different traits of
economic importance’. Relationships among traits of
economic importance impact the breeding strategies along
with selection procedure. If all breeding objectives were
positively correlated, selection would not be difficult than
selecting for a single trait'™. If all breeding objectives were
either positively correlated or independently inherited,
selection would not be too difficult either'!, but breeding
becomes challenging when there is a strong negative genetic
correlation between traits which often exist'>'3,

The genotype-by-trait (GT) biplot is a statistical tool for
evaluating cultivars based on multiple traits and foridentifying
lines that are superior'®. Entries identified for a particular trait
or combination of several breeding traits could be candidates
for use as parents in a breeding programme'. The GT biplot
analysis allows visualization of genetic correlation among
traits’™'® and also helps in studying genotype by trait
relationships. Yan and Rajcan' reported that GT biplot can be
used to compare genotypes based on multiple traits and
identify genotypes that are particularly good in certain aspects
and therefore candidates for parents in papaya breeding.
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Analysis of papaya data with genotype and genotype by trait
biplot that has a high advantage of showing the best
performing genotype at the vertex of the polygon for a
particular trait is rare. The objective of this research was to
explain genotype evaluation on the basis of multiple traits
using the GT biplot in order to reveal the interrelationship
among papaya traits, to compare among different papaya
genotypes on the basis of multiple traits and to recommend
possible selection strategies for genetic improvement of

papaya.

MATERIALS AND METHODS

Experimental site: The experiment was conducted at the
Teaching and Research Farm of the Faculty of Agriculture,
University of Benin, Benin City, Edo State, Nigeria (Latitude:
6°33 N, Longitude: 5°37 E; 79 masl). Field evaluation of the
papaya genotypes was carried out from October 2014 - June
2015. The nutritional analysis was carried out in the Faculty of
Agriculture Main Laboratory from January-June, 2015.

Materials and research tools: Seven pawpaw genotypes were
used in this study viz: Cp001, Cp002, Cp005, Cp006, Cp007,
Cp008,and Cp011.They were obtained from the Uselu market
and home gardens in Benin City metropolis. The collection
was undertaken in October 2013. The seeds of each papaya
accessions were sown in October 2013 in drill rows of 4 m by
broadcasting and gradually thinned to three plants per row,
spaced at 2X2 m. The experiment was laid out as a
randomized complete block design with three replications.

Research procedure: At flowering, about 9 months after
planting, NPK 15:15:15 was applied at the rate of 0.6 kg/plant.
Each papaya stand received an additional 0.6 kg of NPK
15:15:15 at 18 months after planting. Weeds were controlled
manually throughout the period of the study. The fruits were
harvested at about one year after planting when the first fruit
was matured and ripe for harvesting. The fruits used for
nutritional analysis were cleansed and peeled. The seeds were
removed and the flesh sliced into pieces and carefully
wrapped in aluminum foil and oven-dried at 68°C to constant
weight, milled and stored in clean plastic containers.

Data collection: Proximate analysis of moisture, crude protein,
lipid, crude fiber, dry matter and ash was done as described by
the standard method of AOAC". Crude protein (N X 6.25) was
determined by the Kjeldahl method. Crude lipid was done by
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the Soxhlet extraction method'. The mineral analysis was
determined by the dry ash extraction method as described by
AOAC". Vitamin C analysis was determined by titrimetric
method'®. All the determinants were done in triplicates.

Experimental design: The laboratory analysis was carried out
following the field plan of a randomized complete block
design with three replications.

Parameters measured: Proximate analysis of Moisture
Content (MC), Crude Protein (CP), Lipid Content (LP), Crude
Fiber (CF), Dry Matter (DM), carbohydrate (CHO) and ash
content (ASH) of the fruit pulp of papaya were determined on
a dry weight basis and expressed in percentage. Vitamin C
(Vit C) and mineral composition of phosphorus (P), iron (Fe),
calcium (Ca) and magnesium (Mg) were determined on a dry
weight basis and expressed in grams.

Statistical analysis: The Genotype by Trait (GT) biplot
approach™ was used to display the genotype by trait data in
a biplot based on the formula reported by Neyhart et a/'°.
Because n=2in abiplot, only (principal components 1 and 2)
PC1 and PC2 were retained in the model and such a model
tends to be best for extracting patterns and rejecting noise
fromthe data. A Genotype by Trait (GT) biplot was constructed
by plotting PC1 scores against PC2 scores for each genotype

1.6 A

pC2

PE1 = 55.4%, PC2,=25.9%, Sum = 81.3%
“Transform = 0,.8€aling = 1, Centering = 2, SVP = 2

and each trait™. The biplot analysis was according to Model 2
(Transform = 0) within-trait standard deviation standardized
(Scale = 1), and trait-centred (Centering = 2). The polygon
views were based on genotype-focused Singular Value
Partitioning (SVP = 2), while the vector views were based on
the trait-focused singular value partitioning and were
therefore appropriate for visualizing the relationships among
traits and genotypes.

RESULTS

Total variation: The GT biplot for the papaya dataset,
explained 81.3% of the total variation of the standardized data
(Fig. 1). The first two principal components (PC 1 and PC 2)
explained 55.4 and 25.9%, respectively.

Characters association and identification of winning
genotypes: A strong positive association among CHO and DM,
CF and MC, ASH and MC, ASH and LP, a moderate positive
association between DM and LP, between CP and CHO, and
CF with ASH were observed (Fig. 1). There was a negative
correlation between CP with LP, CF with LP, CF and CHO, CF
and DM, MC with DM, MC with CHO as indicated by the near
an angle of approximately 180 degrees (r = cos180 = -1). For
mineral compositions, a strong positive correlations existed
among the minerals but however, they were negatively

PC1

Fig. 1: Vector view of genotype by trait biplot, showing the interrelationship among all measured traits for the genotypes
PC: Principal component, MC: Moisture content, ASH: Ash content, LP: Lipid content, DM: Dry matter, CHO: Carbohydrate, CP: Crude protein, CF: Crude fiber
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Fig. 2: Polygon view of genotype-by-trait biplot showing which genotype had the highest values for which traits
PC: Principal component, MC: Moisture content, ASH: Ash content, LP: Lipid content, DM: Dry matter, CHO: Carbohydrate, CP: Crude protein, CF: Crude fiber
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Fig.3: “Which is worst for what “ genotype x trait biplot of proximate composition of 7 papaya cultivars evaluated in Benin City,

Nigeria. PC1 and PC2 explained 81.3% of the variation among cultivars
PC: Principal component, MC: Moisture content, ASH: Ash content, LP: Lipid content, DM: Dry matter, CHO: Carbohydrate, CP: Crude protein, CF: Crude fiber

correlated with Vit C content except iron that has positive ~ composition based on principal component axes (PC1 and

correlation with Vit C. Figure 2 is biplots showing the polygon PC2). Figure 2 shows which cultivar(s) were best at what trait.
view of the genotype x traits analysis on the nutritional  The cultivar(s) at each vertex (vertex cultivar) of the polygon
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Fig.4: Anentry/testergenotypex trait biplot of proximate composition from 7 papaya genotypes evaluated at Benin City, Nigeria
PC: Principal component, MC: Moisture content, ASH: Ash content, LP: Lipid content, DM: Dry matter, CHO: Carbohydrate, CP: Crude protein, CF: Crude fiber
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Fig. 5: Polygon view of genotype by trait biplot showing which genotype had the highest values for which traits . PC1 and PC

2 explained 65.6% of the variation among cultivars
PC: Principal component, CA: Calcium, FE: Iron, P: Phosphorus, MG: Magnesium

in the biplot were the best in terms of the trait(s) found within CHO, DM and CP. The biplot in Fig. 3 was generated by
the sector demarcated by any two lines that meet at the origin choosing ‘Reverse Sign of All Traits’ function of the GGE
of the polygon. From Fig. 2, Cp007 was the best in terms of ~ (genotype main effect plus genotype-by-environment
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Fig.6: Anentry/tester genotype x trait biplot of mineral composition from 7 papaya genotypes evaluated at Benin City, Nigeria.

PC1 and PC 2 explained 65.6% of the variation among cultivars
PC: Principal component, e: Environment (Only one environment used)

interaction) biplot software to show the exact opposite of the
biplot in Fig. 3. Cp001 was worst for LP, DM and CHO. Cp001
was worst for CP, while Cp005 was worst for CF. On the other
hand, Cp007 was worst for ash and MC.

In the biplot displayed in Fig. 4, the single-arrow line that
passes through the biplot originis referred to as ATC (average-
tester coordinate), and on this line is ranked the cultivars in
terms of their nutritional performance. For mineral
composition, Cp005, Cp001 and Cp007 were the winning
genotypesand populations that are outstanding in these traits
explained 65.6% of the total variation among the genotypes
in the biplot (Fig. 5). Cp002 and Cp007 were closest to the
position of an ideal cultivar based on the proximate
compositions, while Cp001 was the ideal genotype for mineral
compositions as shown in Fig. 6.

DISCUSSION

The relatively high percentage of variation observed
reflects the complexity of the relationships among the
measured traits of papaya. The two axes (PC1 and PC2)
explained 81.3% of the total variation among the cultivars due
to the nutritional traits measured. Cp007 was the bestin terms
of CHO, DM and CP, indicating that it could be used as parent
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in the development of varieties, hybrids and populations that
are outstanding in these traits'. A strong positive association
between CHO and DM and other traits suggested that the
higher the CHO, the higher the DM, although Oyeleke et a/*
reported that low protein content in papaya samples studied
could be as a result of increased sugar. The negative
correlation between CP with LP, indicated that an increasing
CP causes LP to decrease. The GT biplot for the papaya dataset
was based on Model 2 of Yan and Rajcan' method. The traits
were considered as the tester and the cultivars as entries?.
Based on Otieno and Owuor??, Rubio et a/* and Sabaghnia
and Janmohammadi?, the basic structure among the traits
should be captured by the biplots for better interpretations.

In the GT biplot, a vector is drawn from the biplot origin
to each marker of the genotype tofacilitate visualization of the
relationships between and among the traits as well as
genotypes. The polygon view of the GT biplot is useful for
identification of genotypes with the highest values for one or
more traits (which wins where or which is best for what
genotypes). It normally involves connecting the genotypes
with straight lines so that a polygon is formed with all other
traits contained within the polygon. To find the relationship
between two traits, the cosine of the angles between two
traits is approximated with a negative value indicating a
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negative genotypic correlation and a positive value indicating
a positive genotypic correlation, while a value of zero (angle
90°) shows independently inherited traits provided the biplot
described a sufficient amount of the total variation which was
81.3% in this case. Badu-Apraku et a/*? reported that the
biplot generally accounted for small variation under stress
environments, especially where the genotypes used were not
specifically bred for tolerance to such stress. However, no
studies have been carried out to specify when the proportion
of variation explained by a biplot becomes too small to make
a valid conclusion. However, it is generally assumed that any
proportion below 40% is too small.

Cp011 was good for CF and MC. Cp001 was the best for
ash content while Cp005 was the best for lipid content. Some
cultivars did not win for any trait. However, Cp005, Cp001 and
Cp007 were the winning genotypes, and it indicated that
these genotypes could be used as parents in the
development of hybrid. Some cultivars, though at the vertex
did notwin forany traitin their respective sector, an indication
that they are not outstanding for any of the measured trait.
Oladejo et a/?’, working on cowpea cultivars also reported
some cultivars with no trait in their respective sector. In the
context of genotype-by- trait analysis, an ideal cultivar has
been defined as the cultivar that combines several good traits
in its genetic composition?. An ideal cultivar should possess
the highest mean performance across traits (i.e., longest
projection onto the average-tester coordinate or ATCabscissa
and shortest entry-vector). Thus, it should be close to the ideal
genotype represented by the innermost concentric circle with
an arrow pointing to it?*. Such ideal cultivar can, therefore, be
used as areference check in subsequent trials where the set of
nutritional traits would be measured.

Oladejo et al? reported that the double-arrow line,
Average-Tester Coordinate (ATC) divides the ATCabscissainto
two at the middle. The portion of the ATC towards the right
displays the above average cultivars and towards the left
shows those cultivars below average. Based on this biplot, the
genotypes that performed above average were Cp002 and
Cp007, while the remaining cultivars performed below
averageinterms of nutritional composition. Cp002 and Cp007
were closest to the position of an ideal cultivar based on the
proximate compositions, while Cp001 was the ideal genotype
for mineral composition, because they combine several good
traits in their genetic composition and desirable in terms of
most of the traits and thus could serve as a good genetic raw
material from which better cultivars, synthetic varieties and
pure lines could be developed and a hybrid between Cp002 or
Cp007 and Cp001 would yield maximum value for the mineral
and proximate contents in papaya.
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Thus, genotype-by-trait biplotis very useful in trait profile
analysis and in identification of traits that are reliable for
indirect selection of a target primary trait. However, the major
limitation of this tool is lack of serious statistical tests for most
of its graphical displays. However, its results have been found
to be consistent with that of ANOVA, correlation, regression
and multivariate statistical methods®®*". It is recommended
that future research should combine the nutritional traits with
yieldin order to produce a genotype x yield x trait (GYT) biplot.
The GYT biplot can help the visual identification of the best
genotype; it is better than the GT biplot method.

CONCLUSION

The genotype-by-trait (GT) biplot is a statistical tool for
evaluating cultivars based on multiple traits and for
identifying ideal genotypes. It allows visualization of genetic
correlation among traits. The GT biplot has been used in this
study to compare papaya genotypes on the basis of multiple
traits and identify genotypes to be used as parents in papaya
breeding program. Thus, the GT biplot is not only an excellent
tool in genotype-by-trait data analysis, but is also useful in
evaluating genotype x genetic marker data, multienvironment
trial data and other two-way data.

SIGNIFICANCE STATEMENT

This study discovered that the genotype-by-trait (GT)
analysis biplot is quite beneficial for plant breeders and
agronomists to identify genotypes that are outstanding for
certain traits, which could be used in crop improvement
programme provided the biplot described a sufficientamount
of the total variation. This study will help the researcher to
uncover the critical areas of the full potential and weaknesses
of this powerful tool that many researchers were not able to
explore. However, the results of a GT biplot can be deficient if
PC1 and PC2 account for only a small proportion of the total
variation. Thus a new theory on GT biplot may be arrived at.
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