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Genetic analysis and identification of molecular marker linked to the gene
for fruit skin colour in eggplant (Solanum melongena L..)
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Abstract

Eggplant or brinjal is one of the most important
Solanaceous crop cultivated widely throughout the
country. The dark purple coloured fruit is preferred by
consumer due to high anthocyanin content. The degree
of pigmentation is unstable, possibly due to influence of
environment, growth stage of fruit, etc. The present
investigation was carried out to know the genetics of
fruit colour and also to identify SSR marker linked to
the trait. Cross was successfully attempted between Pusa
Safed Baingan 1 (white coloured fruit) x Pusa Uttam
(dark purple coloured fruit) to develop F . A single F,
plant was selfed to develop 168 F, plants and also
backcross (36 BC,P1, 33 BC,P,) progenies developed.
The skin colour of parents, F , backcross and F, plants
was evaluated at edible maturity stage and compared
with RHS colour chart. Bulk segregant analysis (BSA)
was carried out to identify SSR marker linked to the
gene for fruit skin colour. Segregation of fruit colour
was analyzed by Chi square (&) test for goodness of fit.
The fruit of F, plants was intermediate revealed
incomplete dominance. Out of 168 F, plants, 125 were
purple coloured, 31 green and 12 white which clearly
segregated into 12:3:1 (P:G:W) ratio suggesting dominant
epistasis with & value of 0.28 (P=0.80-0.90). The BC P,
(Pusa Safed Baingan 1 backcrossed with F ) showed
15 purple coloured, 11 green coloured and 10 white
coloured which segregated in 2:1:1 ratio. Among the 18
parental polymophic SSR markers, only one marker
(emg21117 ) was found to be polymorphic in BSA.
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This marker is segregated in 1:2:1 ratio suggesting co-
segregation and linked with the gene for fruit skin colour.
The result will be very useful in designing breeding
strategies for developing dark purple coloured variety in
eggplant and also the identified SSR marker will be useful
in marker assisted breeding.
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Introduction

Eggplant or brinjal (Solanum melongena L.; 2n = 2x =
24), an important member of Solanaceae family, is
cultivated globally and accompanied with divergent
shapes and colors of skin. It is herbaceous plant grown
as annual or biennial with erect, semi-spreading or
spreading habits. It is mainly self-pollinated, but due to
the presence of heterostyly and tip pore anther
dehiscence, cross pollination occur and known as often
cross pollinated crop. Wide variation is observed for
shape, size and skin colour in different parts of India
(Prasad et al. 2015, Chattopadhyay et al. 2009). It is
used in ancient medicine due to presence of various
desirable phenolic compounds. The main phenolic
compound is chlorogenic acid (CGA) which has
antioxidants, anti-carcinogenic, anti-inflammatory, anti-
obesity, anti-diabetic (type 2) effects (Plazas et al. 2013).
The purple skin colour in eggplant is due to polyphenolic
anthocyanin and present in the vacuoles of cell in the
fruit epicarp (skin) (Helmja et al. 2007; de Pascual Teresa
and Sanchez-Ballesta 2008). The most common
anthocyanin is nasunin which helps in neutralizing free
radicals (Chaudhary and Mukhopadhyay, 2012), fighting
cancer (Salemet al. 2013), and also has anti-aging activity
(Mai et al. 2012). Therefore, brinjal stands among the
top ten vegetables for oxygen radical absorbance capacity
(Hanson et al. 2006).

Fruit color is a component that was affected mostly
during eggplant domestication. It is very important
characteristic for consumer preference as well as
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breeders point of view which display wide range of
variations. As eggplant has gained an important
component in human daily diet and is being given
concern in research, the breeding of brinjal varieties
with high purple pigmentation is an effective method to
increase the daily intake of these antioxidants. In the
recent past, the genetics of fruit skin colour have been
reported and many QTLs, genes have been detected or
cloned in various crop species (Huang and Hsieh 2015
and Dou et al. 2018). In eggplant the information on
genetics of fruit colour is contradictory wherein
presence and absence of is under monogenic dominant
control (Daunay et al. 2004). Some QTLs for colour
development in eggplant fruit have been mapped
(Doganlar et al. 2002, Nunome et al. 2001). But,
understanding the genetics of skin colour in eggplant is
lagging behind than other Solanaceae crops (Paran and
Van der Knaap 2007). Molecular markers are powerful
tool for tagging and mapping of useful genes in different
crop species (Michelmore et al. 1991). The known
genetics of skin colour and identification of molecular
markers linked to the gene of fruit skin colour is a useful
strategy for breeding eggplant varieties with high
anthocyanin content. Therefore, the study was
undertaken to know the genetics of fruit skin colour
and association with SSR markers.

Materials and Methods

Plant materials: The cross was attempted between
Pusa Safed Baingan 1 (white skin colur) x Pusa Uttam
(dark purple skin colour). The F, fruit was light purple
(intermediate) in colour. Both the parents were
backcrossed with F to develop BC P, [(Pusa Safed
Baingan 1 x Pusa Uttam) % Pusa Safed Baingan 1)] and
BC, P, population [(Pusa Safed Baingan 1 x Pusa Uttam)
x Pusa Uttam)]. A single F, plant was selfed to develop
F, progeny. The line Pusa Safed Baingan 1 was derived
from an indigenous material collected from West Garo
Hills, Meghalaya, India. Pusa Uttam was progeny
selection of cross GR x 91-2. In the Kharif season of
2017, both the parental lines (20 plants each), BC P,
(36 plants), BC P, (33 plants) and F, (168 plants) were
transplanted in July at the research farm of the Division
of Vegetable Science, ICAR-Indian Agricultural Research
Institute, New Delhi.

Phenotypic observation of fruit skin colour:
Observations were recorded from five randomly
selected plants from parents, each from BC P, BC P,
and F, generations at edible maturity stage for fruit skin
colour. The colour of skin were visually observed and
compared with RHS colour chart (6" Edition) and

scoring was done as White: 1, Greenish white: 2, Whitish

green: 3, Very pale purple: 4; Pale purple: 5, Very light
purple: 6, Light purple: 7, Purple: 8, Dark purple: 9 (Fig.
1). Segregation of fruit colour analyzed by Chi-square
(+2) test for goodness of fit (Panse and Sukhatme,
1967).
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Fig. 1: Scoring of F, fruits according to colour where, 1:
Dark purple; 2: Pale purple; 3: Light purple; 4: Very light
purple; 5: Pale purple; 6: Very pale purple; 7: Whitish green;
8: Greenish white; 9: White

DNA extraction and genotyping of F, plants: For the
markers analysis only parents and 168 F, plants were
taken into consideration. DNA was extracted from both
the parents and all F, plants using CTAB method with
modification (Murray and Thompson, 1988). A total of
241 SSR markers were selected from linkage group of
Nunome et al. (2009) and used for parental
polymorphism between Pusa Safed baingan 1 and Pusa
Uttam. DNA bulk was prepared by pooling DNA of ten
white fruited plants (B1) and ten dark purple fruited
plants (B2) to identify the molecular markers which are
putatively linked to the gene for fruit skin colour as per
Michelmore et al. (1991). Standard protocol for PCR
was followed. The white and dark purple bulks along
with parents were screened with polymorphic SSR
markers found during parental polymorphism survey.
In the gel, different band sizes were present in both the
parent and scoring was done accordingly.

Results and Discussion

Genetic analysis of fruit skin colour: The phenotyping
of fruit skin colour of parents, F , BC P, BCP, and F,
plants is presented in Table 1. Among the parents all the
fruits of Pusa Safed Baingan 1 were white in colour
whereas fruits of Pusa Uttam were dark purple in colour
(Fig. 2). The colour of F, fruit was light purple in colour
which was intermediate in expression of the parents
and this result indicates co-dominance nature of this
trait. Similar study was observed by Nunome et al.
(2001). A total of 36 BC P , 33 BC P, and 168 F, plants

were phenotyped according to the colour score as
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Table 1: Segregation of fruit colour in BC P

I

BC P, and F, and inheritance study

Parents/ Phenotype of fruit skin colour Observed plants  Expected Chi square probability
Progenies DP P ILP VIP PP VPP WG GW W P G W ratio  (x2)

Pusa Safed 20

Baingan 1

Pusa Uttam 20

F 40

F> 18 29 28 18 14 18 17 14 12 125 31 12 12:3:1 0.280 0.80-0.90
BCI1P1 0 1 2 1 11 0 9 2 10 15 1110  2:1:1 1.056 0.50-0.70
BC1P2 7 15 9 2 0 0 0 0 0 33 0 0 - - -

DP: Dark purple; P: Purple; LP: Light purple; VLP: Very light purple; PP: Pale purple; VPP: very pale purple; WG: Whitish green; GW:

Greenish white; W: White

described in Fig 1. Out of 168 F plants, 125 were purple
coloured (dark purple 18, purple 29, light purple 28,
very light purple 18, pale purple 14, very pale purple
18), 31 were green coloured (whitish green 17 and
greenish white 14) and 12 were white. The segregation
of purple: green: white followed 12:3:1 ratio with chi
square (+2) value of 0.28 with probability value of 0.80-
0.90 suggesting that the fruit skin colour is governed
by dominant epistasis gene action (Table 1). This result
is also supported by discrete distribution of fruit colour
(data not shown). Our study contradicts the previous
report where anthocyanin presence (v/s its absence) is
under monogenic dominant control (gene provisionally
symbolized A) (Daunay et al. 2004). The observation in
BC P, (Pusa Safed Baingan 1 was backcrossed with
F)) showed 15 purple skinned fruit, 11 green coloured
fruit and 10 white coloured fruit which segregated in
2:1:1 ratio with chi square value of 1.056 (P=0.5-0.7).
Among BC P, (Pusa Uttam backcrossed with F ) plants
all the fruits were purple in colour (dark purple 7, purple
15, light purple 9, very light purple 2) and no green or
white fruit observed. Our study clearly depicts that
purple is dominant over green and white. As in the parental

Fig. 2: Variability for fruit skin colour in parents, F,, BC P,
BC P, and F, population; P : Pusa Safed Baingan 1; P,
Pusa Uttam; BC P : [(Pusa Safed Baingan 1 x Pusa Uttam) x
Pusa Safed Baingan 1]; BC P, : [(Pusa Safed Baingan 1 x
Pusa Uttam) x Pusa Uttam]

Table 2: Amplification result of the SSR marker emg21117
50 i0 168 F plants
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Fruit colour No of No of No of No of plants
plants  plants with plants without
target band  without amplification
target band product
Deep purple 18 14 0 4
Purple 29 23 5 1
Light purple 28 23 5 0
Very light 18 10 7 1
purple
Pale purple 14 13 1
Very pale 18 14 4
purple
Whitish green 17 10 7 0
Greenish 14 5 9 0
white
White 12 8 0 4

lines green colour fruit was not there but in F, and BC P,
progenies green colour fruit observed which suggest
that there is another gene giving green colour fruit and
denoted as G. The purple colour gene is denoted as P.
Both P and G in recessive form give white fruit coloured
fruit (ppgg). The green colour fruit is produced when
P in recessive and G is in homozygous or heterozygous
dominant form (ppG_). The gene dosage effect cannot
be over-ruled which give variation in purple/green
pigmentation in F, and backcross progenies. This is the
first study where we clearly demonstrate and symbolize
the gene responsible for fruit skin colour in eggplant.

SSR marker linkage analysis: During parental
polymorphism survey with SSR markers, 18 were found
to be polymorphic. These polymorphic markers were
run in BSA (white pool and dark purple pool DNA) along
with the parents. Out of 18 markers, only one SSR
marker (emg21117 ) was found to be polymorphic
in bulk segregant analysis and selected for genotyping
of 168 F, plants. The results of single plant analysis and
the segregation of marker are presented in Table 2 and
Fig. 3. The SSR marker emg21117 amplified a
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fragment of 165 bp size in Pusa Safed Baingan 1 and
200 bp size in Pusa Uttam. The specific band of 200 bp
was present in the purple pool and dark purple parent
(Pusa Uttam), each 10 plants of purple pool and absent
in white pool, white parent (Pusa Safed Baingan 1),
each 10 plants of white pool. Among 125 purple coloured
plants, 22 plants could not amplify the target band
specific to Pusa Uttam parent. In 31 green coloured
plants, 16 plants were unable to amplify target band.
Amongl2 white fruited plants 8 plants were abled to
amplify target band specific to Pusa Safed Baingan 1
whereas 4 plants could not able to amplify any band.
The representative gel photograph of F, genotyping is
presented in Fig. 3. Total 38 plants were not able to
amplify target band. The marker was segregated in 1:
2: 1 ratio (165 bp in 37 plants with allele resembles to
Pusa Safed Baingan 1 i.e. P , 62 plants with heterozygous
band and 200 bp in 33 plants with allele resembles to
Pusa Uttam i.e. P,). This study clearly showed that the
SSR marker is co-segregating with the gene of interest.
Yi et al. (2009) identified six AFLP markers to be

=
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Fig. 3: Genotyping of 168 F, plants with SSR emg21117
marker segregating for fruit colour; M: 100 bp ladder, P1:
Pusa Safed Baingan 1; P2: Pusa Uttam; B1: White fruited
bulk; B2: Purple fruited bulk; Lane 1-42: 42 F2 plants

associated with peel color of brinjal through bulked line
analysis (BLA). Anthocyanin accumulation was found
to be determined by a major locus on linkage group 10
which explained as much as 93% (fap10.1 and pal0.1)
of the phenotypic variation (Daunay et al. 2004).
Nunome et al. (2003) found association of fruit colour
with some markers in linkage group 7. They also
reported that anthocyanin presence and accumulation
are controlled by several different genetic factors in
eggplant. In our study we could not find QTLs due to
availability of only one polymorphic marker in BSA. The
markers developed in this study may be utilized in
markers assisted breeding of eggplant improvement. The
population will be useful in studying genetics of various
traits and trangressive segregants may be identified to
develop varieties in future.

HIRTIT

Qe BT @ HAel § T R A F A19P w9 F A
B S aTell Ag@yul B & | TeX FT T & Bl Bl
SISt gRT 31fere usie foar irar ® &R 98 e
ARl | W BT 7 | It @ et silRerr B, A1 Hvaa:
YITGROT & WG, Hedl & e & aRoT e & HROT 8rar
21 WA B T AIERD B ST B B forg MR Feqor |
e TATHIAR AIGR @ Ugd &1 & oy aeA oeror
faan | el (7)) B BRI B=A B forg dawon A
T §HE -1 (Fhg T B Hel) x TAT a9 (TeR S
T T Wel) BT YART BT AT | Ueb Uehel Th, Ul I 168
T Uil @l faeli b ek wefiu wepvor (36 R
dr, 33 d=f ) wESl 1 Refia fear ) ag-fi,
UH, YU ROl SR, el bl @ B I W
IR TR W Hedid a1 AT 3R IRTITE [T A1
@ A1 JAT DI T | Bl DI @A B [T N S A I
TOUHIR HATBY P U8 BT b folU o 3T T—fel T
fageryr (roxTe) fhar T | Sraer @ JBTE & ford wuRaEr
IR &R TRIE0T §RT Hedl & FT & g &7 fageryor faar
TAT| T, Uil BT ol Hegdel o fRaH uef "ot b s
Wi HIS[E © | @l 168 U, UEh # ¥, 125 S AT B, 31
B 3R 12 T I I W H H 12:3:1 U H 025 (T
0.80—-0.90) & BIs Hed & WY YT YRR BT GId
4 &1 RN A (qEr A -1 BT, D AR A
AHxoT fhar T o) # 15 S T B B, 11 B [T BT
B AR 10 FHE [T BT Bl gl AT RRY 21114 & gurd
# ur AT | 18 Uge dieiHIhel THUHRIR ATal # A ]
T AN (SUAST 21,/17165,/200) S1dT # dgwd amy
TAT| $H AR DI 1:2:1 AFUT H I3 FE—IId
BT GSIa {31 S 7 IR Well B @R B [T S forg oA
& A1 ST A & | I uRemd F i H ey F T @
fafqurar el o= & foy yo=+ oFifoat & SwaEr
IR &} ¥ 9gd SWART 81 SR Arer € fafted gagHsR
HIHR, AT AIRRES Uo=- § SYArf gnfY |
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