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Abstract | Original Research Article

Papaya (Carica papaya Linn.) is an important crop with high pro-vitamin A carotenoids content. In Nigeria, the major
papaya fruit flesh colours observed is the yellow and red-fleshed varieties. To differentiate the yellow and red-fleshed
papaya varieties, a study carried out to genetically delineate the yellow and red-fleshed papaya varieties to establish their
phylogenetic relationship and varietal differences using molecular markers as a diagnostic tool. DNA was extracted from
the young leaves of the yellow- and red-fleshed varieties at the Regional Centre for Biotechnology and Bioresources
Research Centre, University of Port Harcourt with ZYMO Quick-DNA™ Plant/Seed Miniprep Kit. The gDNA quantity
and concentration were measured using the Nanodrop 2000c spectrophotometer and Agarose gel electrophoresis. The
gDNA samples were shipped to the International Institute of Tropical Agriculture (1ITA) Bioscience Center, Ibadan, for
amplification using the Ribulose-1, 5-biphosphate carboxylase (rbcL) primers and the amplicons were sequenced using
the ABI3500 capillary electrophoresis sequencer. The DNA sequence file was saved in the Bioedit file with extension
.ab1. The sequence was analyzed using the Molecular Evolutionary Genetics Analysis (MEGA) version 7.0.26 software,
and aligned using the Basic Local Alignment Search Tool for nucleotide (BLASTN) 2.8.0 version of the National Center
for Biotechnology Information (NCBI) database. The amplified DNA sequences of the two papaya varieties yielded 580
base pairs. The result of the taxonomy report generated from the sequences of the two papaya varieties matched 64
sequences of the members of the Caricaeae family, of which 21 sequences hits matched Carica papaya and 23 sequences
hits matched the Vasconcella genus. The BLAST phylogenetic tree indicated that both papaya species were grouped
together with Carica papaya cultivars in the NCBI database. Also, the sequences of the yellow-fleshed papaya
(NKECHI_RBCL_6) and red-fleshed papaya (NKECHI_RBCL_9) were 100% and 99.63% identical to Carica papaya
clone 14 accession humber KX951436 sequences deposited at the NCBI database. This finding indicates that Carica
papaya clone 14 was probably a yellow-fleshed papaya variety. Therefore, the Ribulose-1, 5-biphosphate carboxylase
(RBCI) molecular marker was able to detect this difference between the yellow and red-fleshed papaya varieties.
Consequently, these findings will provide information for the molecular database of papaya and will be useful for the
papaya conservation and crop improvement programs.

Keywords: Papaya, Rbcl marker, evolutionary relationship, BLAST.

Copyright © 2021 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original

author and source are credited.

INTRODUCTION

In Nigeria, Carica papaya Linn. Commonly
referred to as ‘pawpaw or papaya’ (English); Indu (ljo,
Nembe); Ojo (Ikwerre); Etihi-mbakara (Efik) [1], is the
most economically important species of the family
Caricaceae. Taxonomically, the Carica papaya plant is
usually described as a dioeciously, rarely herbaceous
tree in which hermaphrodite forms do occur [2].
According to Purselove [2], papaya attains a height
between 4-6m. The stem is straight, cylindrical with
prominent leaf scars, hollow, about 10-30cm in diameter
with spongy tissue core. The leaves are large, compound
palmate, clustered near the apex of the trunk. The

phyllotaxy is spiral and the petiole is 25-100cm long,
hollow and pale green or tinged purple. Papaya flowers
can be grouped into three basic forms that reflect the
whole plant gender: female, male or bisexual
(hermaphrodite). With controlled cross-pollinations
between flowers of each gender, the ratio of female,
hermaphrodite and male offspring are predictable. The
unisexual flowers are actinomorphic that are off-white in
colour. The fruit of C. papaya is a fleshy berry, about
7-30cm long and about 9 kg in weight; spherical to
ovoid-oblong when produced from pistillate flowers but
pyriform, grooved or cylindrical when produced from
hermaphrodite flowers. The skin of the fruit in all cases
is thin, smooth and green turning yellow or orange when
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ripe. Central cavity of the fruit is usually five (5) —
angled. Seeds are numerous, parietal and attached in five
rows to the interior wall of the ovary. Individual seeds
are spherical, black or grey wrinkled and about 5mm in
diameter.

C. papaya is not only cultivated for its delicious
and vitamin C-rich fruits, but also because it produces
the enzyme papain, which is used in food and
pharmaceutical industries [3] The leaves and unripe
fruits contain milky juice which is the protein-ferment,
papain, collected and used as digestive salt for
tenderizing meat [1]. Besides this economic value,
papaya fruit provides valuable amounts of
micronutrients, in particular several pro-vitamin-A
carotenoids. The colour of papaya fruit flesh is
determined largely by the presence of carotenoid
pigments with red and yellow being the two major
papaya fruit flesh colours [4]. Carotenoid pigments are
indispensable for photosynthesis in plants. In many
species, carotenoids can also accumulate as secondary
metabolites in chromoplasts of flowers, fruits, seeds or
roots to provide distinct coloration, ranging from yellow
to orange and red [5]. These flesh colours are controlled
by a single genetic locus with yellow being dominant
over red [6]. Besides, the yellow-fleshed fruit contains
B-carotene while the red-fleshed papaya fruit has high
levels of lycopene and the conversion of lycopene to
B-carotene is catalyzed by the lycopene pB-cyclase
hormone [4]. Red-fleshed papaya fruit contain lycopene,
whilst this pigment is absent from yellow-fleshed fruit.
The conversion of lycopene (red) to b-carotene (yellow)
is catalyzed by lycopene b-cyclase. Therefore, different
papaya fruit flesh colours observed could be due to
differences in the carotenoids content. In tropical
countries, papaya fruit represents an important
pro-vitamin A source, because vitamin A-rich animal
foods such as eggs and milk products are expensive for
the majority of the population [7]. Therefore, papaya
genotypes containing both lycopene and pro-vitamin A
carotenoids may represent a valuable nutritional
component of the human diet [7].

Various mechanisms have been reported for the
differential accumulation of carotenoids among different
varieties. There are several methods of differentiating
the yellow and red-fleshed papaya varieties [5, 4]. One
of such methods is the use of molecular markers. Papaya
species represents an important model in genetic and
genomic studies; because papaya is one of the first plant
species to have its genome sequenced [8] Knowledge of
the genetic diversity within this crop species is essential
to understand their origin, domestication and
evolutionary relationships, and to efficiently develop
strategies for the conservation of their genetic resources,
and effective crop improvement [9]. According to
Schweiggert et al. [7], carotenoid levels among a set of
hybrids and lines differed significantly which supports
the hypothesis of an exploitable genetic variability, and a

potential  heterotic effect regarding carotenoid
expression which may be instrumental in papaya
breeding programs. Also, the provitamin a carotenoids
and total lycopene were significantly of higher levels
particularly in red-fleshed hybrids. The breadth of
genetic variation readily available for papaya breeding
and improvement is difficult to estimate. Therefore, the
aim of this study was to genetically delineate the yellow
and red-fleshed papaya varieties to establish their
phylogenetic relationship and varietal differences using
molecular markers as a diagnostic tool.

MATERIALS AND METHODS
Source of plant materials

To extract the genomic DNA study, ripe fruits
of Carica papaya from the red and yellow varieties used
for the study were purchased from the daily market in
Choba town in Rivers State, Nigeria. The seeds were
extracted from the fruits, air-dried and then planted in
disposable cups at the Center for Ecological Studies,
University of Port Harcourt, Choba. Rivers state (4° 52
44” North, 6° 55° 20” East).

Molecular characterization using the Simple
Sequence Repeat (SSR) marker and identification

The young leaves of the yellow- and
red-fleshed Carica papaya were collected on ice moved
to the Regional Centre for Biotechnology and
Bioresources Research Centre, University of Port
Harcourt (coordinates). Extraction of genomic DNA
(yDNA) from Carica papaya was done using the ZYMO
Quick-DNA™  Plant/Seed Miniprep Kit (Zymo
Research Group, California, USA). The gDNA quantity
and concentration were measured using the Nanodrop
2000c spectrophotometer (Thermo fisher Scientific Inc.
Wilmington, Delaware, USA). The DNA purity was
measured as a ratio of absorbance at 280 nanometer (nm)
to that of 260 nanometer. The quality of the gDNA was
further quantified using the Agarose gel electrophoresis
performed according to the modified method of
Saghai-Maroof et al. [10] and diluted to 50 ng/ul. The
gDNA samples were shipped to the International
Institute of Tropical Agriculture (IITA) Bioscience
Center, Ibadan, Nigeria for amplification and
sequencing. The Ribulose-1, 5-biphosphate carboxylase
(rbcL) primers was used; rbcL-F as forward primers and
rbcL-R as reverse primers, rbcL-F
(5’-CCACAAACAGAGACTAAAGC -3”) and rbcL-R
(5’- GTAAAATCAAGTCCACCGCG -3”) were used to
amplify the fragments of nuclear ribosomal DNA
(rDNA). The amplicons were sequenced using the
ABI3500 capillary electrophoresis sequencer. The DNA
sequence file was saved in the Bioedit file with extension
.abl. The sequence was analyzed using the Molecular
Evolutionary Genetics Analysis (MEGA) version 7.0.26
software, and aligned using the Basic Local Alignment
Search Tool for nucleotide (BLASTN) 2.8.0 version of
the National Center for Biotechnology Information
(NCBI) database.
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RESULTS

The result of the genomic DNA concentration
of the yellow-fleshed and red-fleshed are presented in
Table 1. The yellow-fleshed papaya
(NKECHI_RBCL_6a and (NKECHI_RBCL_6b)) were

(NKECHI_RBCL_9b) were 109ng/ul to 180.9ng/ul
respectively. This indicates that the concentration of the
DNA was good for sequencing. The purity ratio was
measured by the absorbance ratio A260/280nm which
ranged from 1.59nm to 1.83nm while the A260/230nm

46.7ng/ul and 48.5ng/ul  respectively, while the ratio ranged from 0.69nm to 1.05nm.
red-fleshed  variety = (NKECHI_RBCL 9a and
Table-1: Nanodrop reading of the extracted nucleic acid (DNA) from the yellow-fleshed and red-fleshed papaya
Sample ID* User name Date and Time Nucleic Acid | A260 | A280 | A260/2 | A260/2 | Fact
Conc. (ng/ul) 80 30 or
1 | NKECHI_RBCL | RCBBR-UN | 6/26/2018 1:02:37 PM 48.5 0.969 | 0.608 1.59 1.05 50
_6a | IPORT
2 | NKECHI_RBCL | RCBBR-UN | 6/26/2018 1:03:35 PM 46.7 0.933 | 0.567 1.65 1.03 50
_6b | IPORT
3 | NKECHI_RBCL | RCBBR-UN | 6/26/2018 1:09:04 PM 180.9 3.617 | 1.976 1.83 0.69 50
_9a | IPORT
4 | NKECHI_RBCL | RCBBR-UN | 6/26/2018 1:10:10 PM 109 2.181 1.26 1.73 0.71 50
_9b | IPORT

*NKECHI_RBCL_6 represents the yellow-fleshed papaya and NKECHI_RBCL _9 represents the red-fleshed papaya.

The result of the amplified PCR product
generated from the yellow-fleshed and red-fleshed
papaya is shown in Plate 2. The amplified DNA showed

a band on gel when observed under UV light. From the
result, the ladder used indicated that the DNA sequences
of the four papaya samples had over 580 base pairs.

0

HI_RBCL_6b

NKEC
NKECHI_RBCL_S9a

(1]

w

' 0
et o
s =
ek

E o

(5]

')

NE,

zZ

NKECHI_RBCL_Sa

Key

Ladder

Band size of 560base pair

Plate-2: Amplified DNA sequence of the yellow- [NKECHI_RBCL_6] and red-fleshed [NKECHI_RBCL_9] papaya

The result of taxonomy report generated from
the sequences of the yellow-fleshed and red-fleshed
papaya is shown in Figure 1. The two query sequences
matched 64 sequences of the members of the Caricaeae

family, of which 21 sequences hits matched Carica
papaya and 23 sequences hits matched the Vasconcella
genus.
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Descriptions Graphic Summary Alignments
Reports ‘ Lineage | Organism
100 sequences selected (2]
Taxonomy Number of hits ~ Number of Organisms Description
ElMagnoliopsida 109 36
. ElPentapetalae 107 3
. . BlBrassicales 106 33
. . . BlCaricaceas [ 28
- . Carica papaya A ! Carica papaya hits
. . . . EVasconcellea 23 16
..... Vasconcellea cf_goud HCAR167 1 1 Vasconcellea cf. goudotiana HCAR167 hits
..... Vasconcellea crassipstala 1 1 Vasconcellea crassipetala hits
..... Vasconcellea monoica 2 1 Vasconcellea monoica hits
..... Vasconcellea sphaerocarpa 2 1 Vasconcellea sphaerocarpa hits
..... Vasconcellea cauliflora 2 1 Vasconcellea cauliflora hits
..... Vasconcellea chilensis 2 1 Vasconcellea chilensis hits
..... Vasconcellea quercifolia 2 1 Vasconcellea quercifolia hits
..... Vasconcellea paniflora 2 1 Vasconcellea parviflora hits
..... Vasconcellea microcarpa 1 1 Vasconcellea microcarpa hits
..... Vasconcellea cundinamarcensis 2 1 Vasconcellea cundinamarcensis hifs
..... Vasconcellea sprucei 1 1 Vasconcellea sprucei hits
..... Vasconcellea palandensis 1 1 Vasconcellea palandensis hits
..... Vasconcellea glandulosa 1 1 Vasconcellea glandulosa hits
..... Vasconcellea stipulata 1 1 Vasconcellea stipulata hits
..... Vasconcellea x heilborii 1 1 Vasconcellea x heilbomii hits
..... Vasconcellea candicans 1 1 Vasconcellea candicans hits

Fig-1: The taxonomy report of the sequences of the yellow-fleshed and red-fleshed papaya

The result of the BLAST phylogenetic tree together with ten Carica papaya cultivars, one Dianthus
view is presented in Figure 2. From the phylogenetic cryophyllus and five Vasconcella species in the NCBI
tree, both papaya species (in yellow) were grouped database.
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Fig-2: The BLAST phylogenetic tree view
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The result of the sequences producing
significant alignments are presented in Figure 3A and
3B. The yellow-fleshed papaya (NKECHI_RBCL_6)
and red-fleshed papaya (NKECHI_RBCL_9) had query

length of 570 and 569 base pairs respectively and was
100% and 99.63% identical to Carica papaya clone 14
accession number KX951436 sequences deposited at the
NCBI database.

NKECHI_RBCL_6 (red-fleshed) was 100% identical to Carica papaya clone P14

Query Length 569

Other reports Distance tree of results [MSA viewer, @

Descriptions Graphic Summary Alignments Taxonomy
Sequences producing significant alignments Download ¥ Manage Columns ' Show (2]
select all 100 sequences selected GenBank Graphics Distance tree of results
Max  Total Query E Per.
D A

S Score Score Cover value Ident | /oo
Carica papaya clone P14 ribulose-1. large subunit (rbcl) gene. partial cds: 992 992 94% 0.0 100.00% KX951436.1
Carica papaya chloroplast. complete genome 992 992 96% 0.0 99.27% EU4312231
Carica papaya voucher PS1078MT02 ribulose-1. large subunit (rbcl) gene. partial cds 990 990 94% 0.0 100.00% GU363795.1
Carica papaya ribulose-1.5 large subunit gene. partial cds 987 987 93% 0.0 100.00% MK309380.1
Carica papaya cultivar Taiwan Red Lady. 786 ribulose-1. large subunit (rbel) gene. partial cds: 987 987 4% 00 9981% KY2877601
Carica papaya voucher Trotta950387 ribulose-1 large subunit irbel) gene. partial cds: 985 985 94% 0.0  99.81% MH549763.1
of HCAR167 ribulose-1 Iarge subunit (tbcl ) gene, partial cds 981 981 94% 00  99.63% JX091944 1

Fig-3A: The sequence alignments of NKECH_RBCL_6 sequence with NCBI database sequence

NKECHI_RBCL_9 (yellow-fleshed) was 99.63% identical to Carica papaya clone P14

™ | [ || ™ |
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Other reports Distance tree of results MSA viewer @ m Reset
Descriptions Graphic Summary Alignments Taxonomy
Sequences producing significant alignments d ge Ct ¥ Show (2]
selectall 100 sequences selected GenBank Graphics Distance tree of results

- Max Total Query E Per.
D Ar
escription Score Score Cover wvalue Ident ceession

Carica papaya clone P14 ribulose-1 5-bisphosphate large_subunit (tbcl ) gene _partial cds:_chl 983 983 94% 0.0 99.63% KX951436.1
Carica papaya chloroplast. complete genome 983 983 94% 0.0 99.63% EU4312231
Carica papaya voucher PS1078MT02 ribulose-1.5-bisphosphate carboxylase/o large subunit (rbcL) gene. partial cds: 981 981 94% 0.0 99.63% GU3B3TI51
Carica papaya ribulose-1 ygenase large subunit gene._partial cds 977 977 93% 0.0 99.63% MK309380.1
Carica papaya cultivar Taiwan Red Lady, 786 ribulose-1 c 1ase large subunit (tbcl) gene. partial cds 977 977 94% 0.0 99.44% KY287760.1

Fig-3B: The sequence alignments of NKECH_RBCL_9 sequence with NCBI database sequence

The result of the pairwise with dots for
identities using the alignment view is presented in
Figures 4 and 5. In Fig.4 A and B, it was observed that all
nucleotides of NKECHI_RBCL_6 sequence aligned
perfectly with the sequence Carica papaya clone 14

while all nucleotides accept the nucleotides on position 8
and 9 of Carica papaya clone 14 which is [TT] (red
colour) was replaced with [AA] in NKECHI_RBCL_9
sequence. This finding indicates that Carica papaya
clone 14 was probably a yellow-fleshed papaya variety.
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S done P14 ribalese. 1,5 10 (rbcL) gene, partial cds; chiaroplast & lowmicad ] vaot oo
Soqoence 0 KEYSIEI] Lamgre 1383 umber of Maeche: § I dolose

Vot & IMIOM] g 531 S o b §

B

Fig-4: The alignment view of the pairwise with dots for identities of Carica papaya clone 14 sequence to the sequences of A. NKECHI_RBCL_6,
and B. NKECHI_RBCL_9.
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DISCUSSION

Genetic diversity within crop species is
essential to understand their origin, domestication and
evolutionary relationships, and to efficiently develop
strategies for the conservation of their genetic resources,
and effective crop improvement [9]. The use of
molecular markers in characterization of organisms
allows the comparison of DNA sequence information
between known and unknown species is very much
reliable than traditional methods of identification in
diversity studies. According to Kumar et al., [11]
assessing the diversity of plants at their molecular level
will provide information for the molecular database that
will be useful for conservation, and crop improvement
programs.

The main objective of this study was to
genetically delineate the yellow and red-fleshed papaya
varieties to establish their phylogenetic relationship and
varietal differences using molecular markers. From this
study, the taxonomy report confirmed the evolutionary
relationship of the yellow- and red-fleshed papaya as
belonging to the Caricaecae family and the order
Brassicales. Traditionally, the position of Caricaceae
within the dicotyledons has been in the order of Violales
[12]. Recently however, the use of molecular techniques
[13] suggest Caricaceae should be placed within the
order Brassicales (Scheldeman [14]. This is confirmed in
this study. Also, the use of molecular markers has been
useful in determining the variability amongpapaya
varieties and the degree of relatedness of some of these
cultivars [15]. To authenticate this, the taxonomy report
generated from the sequence alignment of the two
yellow and red-fleshed papaya varieties, matched Carica
papaya and Vasconcella genus. According to
Scheldeman [14], Vasconcella species also known as
highland papayas, are evergreen pachycaul shrubs or
small trees growing 5metres tall, native to South
America and have edible fruit similar to papaya. Most
species of this genus were treated as Carica sp.

From the result of the alignment view, it was
observed that all nucleotides of NKECHI_RBCL_6
sequence aligned perfectly (100%) with the sequence
Carica papaya clone 14 while all nucleotides accept the
nucleotides on position 8 and 9 of Carica papaya clone
14 which is [TT] was replaced with [AA] in
NKECHI_RBCL_9 sequence. This finding indicates that
Carica papaya clone 14 was probably a yellow-fleshed
papaya variety. Also observed there was difference in
the percentage of identity between the two papaya
varieties of 0.47%. The most common explanations for
this percentage difference maybe as a result of mutation
in the structural gene sequences. According to a study
reported by Lu et al. [16], it was observed that
carotenogenic gene mutation occurred in six tomatoes
varieties, watermelon, and loquat resulting in
segregation of flesh colour.

However in this study, it was interesting that the
Ribulose-1,  5-biphosphate  carboxylase  (RBCI)
molecular marker was able to detect this difference
between the yellow and red-fleshed papaya varieties.

CONCLUSION

Papaya (Carica papaya Linn.) is an important
crop with high pro-vitamin A carotenoids content. In
Nigeria, the major papaya fruit flesh colours observed is
the yellow and red-fleshed varieties. Ribulose-1,
5-biphosphate carboxylase (RBCI) molecular marker
was able to detect this difference between the yellow and
red-fleshed papaya varieties. These findings provide
information that will contribute to the molecular
database of papaya and will be useful for the papaya
conservation and crop improvement programs.
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