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Abstract

Cucumber (Cucumis sativus L.) is one of the
important vegetable crop indigenous to India
grown for its immature fruits eaten raw as
salad and also can be cooked as vegetable or
processed. Demand of fresh market cucumber
is very high due to consumption preference as
compared to pickling cucumber. Monoecious
or gynoecious are dominant sex forms in
cucumber, whereas androecious, andromonoe-
cious hermaphroditic and tri-monoecious
forms are also found. Five of the cucumber’s
seven chromosomes arose from fusions of ten
ancestral chromosomes after divergence from
Cucumis melo. The morphological diversity is
mainly exhibits in fruit colour, sex type and
plant growth habit. Several new genes
(73) has been listed in new gene list includes
major-effect QTLs bringing total number of
genes to 199. Knowing the gene action of
qualitative and quantitative traits governed by
QTLs and single gene is very important for
the improvement of the cucumber. The pre-
sent article attempts to provide comprehensive
information on significance, origin, botany
and genetics of cucumber for further research.
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1.1 Introduction

Cucumber belongs to family Cucurbitaceae
family having 825 species of 118 genera. In total
production of vegetable in India, cucurbits con-
tribute about 5.6% and cultivated in 76.6 thou-
sand hectare area and production is about 9516
thousand tons (FAO 2018). Worldwide area
under cucumber and Gherkins is 198000 ha with
an annual production of 75,219,000 tons (FAO
2018). In India, total cultivated area under
cucumber and Gherkins is 31 thousand hectare
with an annual production of 195 thousand tons
(FAO 2018). Among the cucurbits, cucumber
(Cucumis sativus L.) is precious vegetable crop
grown for its immature fruits. It is commonly
grown under open field as well as protected
conditions and now available round the year for
fresh consumption as well as export. After
watermelon, cucumber is cultivated more widely
than any other cucurbit crops. Usually, cucumber
are eaten raw as salad, but it can also be eaten
cooked as vegetable. Pickling cucumber is used
as pickled. Cucumber is also beneficial in pre-
venting constipation, jaundice and indigestion.
Cucumber is a good source of valuable nutrients,
i.e. vitamin C (2 mg/100 g), iron (1.5 mg/100 g)
and also contains 0.4% protien and 2.5%
carbohydrate.
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1.2 Uses

Cucumber is highly useful in both high and low
blood pressure alleviation because of its high
content of potassium (50-80 mg/100 g) (Kashif
et al. 2008). This fruit is rich in polyphenolics
and cucurbitacins, which have multiple medici-
nal properties such as anti-carcinogenic, antioxi-
dant, anti-elastase, anti-hyaluronidase, anti-
inflammatory,  diuretic, anti-hyperglycemic,
amylolytic, antimicrobial and analgesic effects
(Uthapala et al. 2020). Besides, cucumber is
extensively used in the beauty products worldwide
which include soap, face cream, shampoo, etc.
Cucumber seeds are used in a variety of ways for
human consumption and also for oil extraction.

1.3 Cultivar Group Based on Market
Segment

Based on the market segment, cucumber is
classified into two groups, i.e. slicing cucumber
(for fresh consumption) and pickling cucumber
(for processing purpose). Pickling cucumber is
generally smaller in size in relation to length and
diameter, has a light green rind colour with
prominent tubercles at the immature stage. Slic-
ing cucumber is used mostly for fresh con-
sumption. The fruit colour of processing
cucumber is creamy, light green with white tinge
and dark green. The consumer preference for
colour of fruit varies from region to region.
Slicing as well as pickling cucumber has one
more segment called parthenocarpy primarily
grown under the protected structure. The devel-
opment of fruit with or without pollination but
without fertilization is called parthenocarpy. The
parthenocarpy cucumber lines also linked with
gynoecious gene, bears only female flowers.
Lietzow et al. (2016) detected seven QTLs rela-
ted to the parthenocarpy fruit set. The partheno-
carpic cucumber varieties/hybrids are now grown
commercially due to more yield and better
quality.
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1.4 Origin and Distribution

The cucumber (Cucumis sativus L.) has been
domesticated from its progenitor Cucumis sativus
var. hardwickii (Qi et al. 2013) about 3,000 years
ago in India and spread quickly for cultivation in
south and east Himalayas. The primary centre of
origin of cucumber is India (Whitaker and Davis
1962; Jeffrey 1980; de Candolle 1886; Robinson
and Decker-Walters 1997). China is considered
as secondary diversity centre as it spread to
China ~2000 years ago and to European coun-
tries 700-1500 years ago (Keng 1974; Paris
et al. 2012). In the second century, Romans
brought cucumber to Greece and Italy. The
cucumber introduced to Haiti in 1494 by Span-
ish, and in Montreal, Canada by Cartier, in
Florida, U.S., by Desoto, and in Virginia, U.S.,
by Amidas and Barlow in 1535, 1539 and 1584,
respectively (Whitaker and Davis 1962; Robin-
son and Decker-Walters 1997). Swiader et al.
(1992) confirmed based on record that cucumber
cultivation in France and England started in the
ninth and fourteenth centuries, respectively.

1.5 Crossability and Domestication

The Cucumis sativus has four botanical varieties,
which are cross compatible, i.e. Cucumis sativus
var. hardwickii (wild cucumber), Cucumis sati-
vus var. xishuangbannesis (semi-wild
Xishuangbanna cucumber), Cucumis sativus
var. sikkimensis (Sikkim cucumber) and Cucu-
mis sativus var. sativus (cultivated cucumber).
Among these botanical varieties, C. sativus var.
hardwickii possesses a multiple branching and
fruiting habit (Horst and Lower 1978) and have
considerable variability in C. sativus germplasm
(Dijkhuizen et al. 1996), thus has better prospect
for generating genetic variation in cultivated
cucumber (Staub et al. 1992).

The genus Cucumis has about 66 species, and
only chromosome in cucumber is 2n = 2x = 14.
While its sister species, C. hystrix, have
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2n = 2x = 24 chromosomes. The wild species C.
hystrix is found only in the Yunnan Province of
Southern China which has distinctive genetic
attributes that make its taxonomic determination
complex (Chen et al. 1995; 1997a and b).
Through dysploid chromosome reduction,
cucumber evolved from its extinct 2n = 24
ancestor, in which several chromosome reorga-
nization process includes inversions, fusions and
translocations takes place with the exclusion of
cucumber chromosome 7, which remained lar-
gely uninterrupted during the evolution of
Cucumis species (Weng 2021). Other distinct
species of Cucumis is Cucumis melo which
include annual and perennial species with chro-
mosome number 2n = 24 (Kirkbride 1993).

The relationship among the Cucumis species
has been worked out based on morphology,
crossability and protein analysis (Deakin et al.
1971; Staub et al. 1987 and 1992; Perl-Treves
and Galun 1985) to know the biosystematics and
phylogeny which have been mainly established
by nuclear DNA analysis (Jobst et al. 1998;
Zhuang et al. 2004). Garcia-Mas et al. (2004)
demonstrated the phylogenetic relationships
among Cucumis species utilizing ribosomal
internal transcribed spacer sequences and SSR
markers. Earlier report obtained using isozyme
and restriction fragment markers (Staub et al.
1992; Perl-Treves and Galun 1985; Jobst et al.
1998) to study the genetic relationships did not
agree with the previous findings. It is believed
that wild species of Cucumis has originated from
Africa. On the other hand, Southern Asia was
primary sites of domestication for cucumber and
germplasm of same origin have been utilized for
transfer of several traits in breeding programme
(Dane et al. 1980; McCreight et al. 1993; Staub
et al. 1999).

1.6 Botany

(1) Habit: It is annual in nature and viny in
growth. Plants are climbing herb and can be
trail through support.

(2) Root: Plant has strong tap root system
penetrate in the soil up to 50-100 cm.
Secondary root system is profusely
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branched having superficial growth in the
upper 50 cm of the soil.

Stem: The stem is herbaceous, hairy, angled
and stout. Plant has primary as well as
secondary branches with simple tendril. The
internodal length depends upon the growth
habit of the plant. Some plant has small
internodal length due to compact growth
habit.

Leaf: Leaves are simple with deeply cordate
base and acuminate apex. The shape is tri-
angular, ovate has 7-20 cm length. The
petiole length is 5-15 cm and unbranched
tendril developed at every leaf axil.
Inflorescence: Solitary, female flowers born
in leaf axil and male with large peduncle.
Flower: Cucumber was originally monoe-
cious, subsequently gynoecious and
andromonoecious cultivar bred. Other sex
forms such as androecious, hermaphroditic
and tri-monoecious are also reported. In
monocious, male and female flowers are
born at different nodes on same plant. The
number of male flowers are much high as
compare to female flowers in monoecious
plant. The gynoecious plants beard only
pisttilate flowers at every node.

Calyx and Corolla: Sepals are five lobed
and five partite petals, yellow, round, 3—
4 cm in diameter fused at the base.
Staminate flower: Staminate flowers are
predominant (more numerous) in axillary
clusters and have three stamens. Anthers of
two stamens are bilocular and the third is
unilocular. Each stamen has stalk called
filaments and it is free to each other, while
all stamens are approximately united by
their anthers.

Pistillate flower: The arrangement of the
pistillate flowers on the plants is generally
solitary, axillary and borne on short thick
pedicels. Multi-pistillate flowers are also
reported in cucumber. The female flowers
are epigynous (other floral parts are above
the ovary) and hermaphrodite flowers are
perigynous (having the stamens and other
floral parts at the same level as the carpels).
The pistil consists of one to five (but usually



three) carpels which in turn, produce ovar-
ies with a corresponding number of locules.
The pistillate flowers contain up to five
stigmas. The ovary of pistillate flower has
vestiture either white or black on its surface.
Fruit: The fruit shape is generally oblong,
cylindrical, oval and elongated and called
many seeded pepo. The blossom end fruit
shape is acute, obtuse and round, whereas
peduncle end fruit shape is generally
obtuse. The fruit is many seeded pepo
having pale green flesh. The colour of fruit
skin at edible stage is varied from yellow,
mottled light green to dark green. At
immature fruit stage, suture (slightly
depressed in relation to the fruit surface) is
present on fruit surface. Undulation of the
surface of the fruit independently on the
position of the carpel is knows as creasing,
generally found in Japanese genotypes.
Small raised growth on fruit surface is
known as wart also present in few geno-
types. The colour of fruit skin at ripening
(seed harvest) stage is generally brown or
yellow.

Seed: The seeds are flat in shape, white in
colour, 810 cm X 3-5 mm in size and
approximately 1000 seeds are counted in
20-23 g. The number of seeds in a single
fruit varies from 75 to 250.
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1.7 Floral Biology

The floral biology of cucumber crop is very
important for the researchers and breeders.
Flowering starts after 20-30 days of sowing
depending upon the cultivars. The ratio of male
and female flower varies from 7:1 to 17:1 in
monoecious lines (Ekeke 2018). The anthesis of
flower takes place between 5.30 am and 7.00 am,
whereas the anthers dehisce from 4.30 am to 5.00
am. The temperature and other environmental
conditions influenced the anther dehiscence in
cucumber. The optimum temperature for anthers
dehiscence is 20.5-21.5 °C. Pollen remains
viable up to 2.00 pm after anther dehiscence and
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become unviable by the evening. Receptivity of
stigma starts 12 h before opening of flower and
continues to be till 67 h after that. Due to short
duration stigma receptivity, pollination should be
done within two hour after anthesis. Early drying
of stigmatic secretion occurs due to increase in
temperature. Lack of pollination is the major
causes of fruit abortion, deshaped fruit and poor
fruit setting particularly in monoecious lines.
Most important pollination agent is insects
(bees). It is advisable to have at least one bee-
hives per acre for getting better yield and quality
fruits. Under protected condition growing of
parthenocarpic  cultivars of cucumber are
suitable.

1.8 Genetic Resources
and Variability

Genetic diversity in the accessions of any crop
species is the key of improvement programmes.
Several thousand accessions of cucumber are
being maintained at different location worldwide
(Weng and Sun 2011). Assessment of diversity
based on morphological traits has limitations,
since most of them are influenced by the envi-
ronmental factors. Therefore, molecular approa-
ches are more important to assess of genetic
diversity. The morphological traits which have
major diversity are immature fruit skin colour
(creamy white, mottled light green, mottled dark
uniform green to dark green), fruit ribbing (rib-
bed and non-ribbed), ovary colour of vestiture
(white and black), spine size (large, intermediate,
small), fruit wart number (absent, few, many),
fruit glossiness (dull, glossy) and fruit strips
(absent, present). The information on the extent
and makeup of genetic variability of a crop is
important for framing the strategies to conserve
and utilize of biodiversity.

Reduction in genetic diversity is major bot-
tleneck in the populations of cultivated cucum-
ber. Previous studies suggested that cultivated
cucumber has a much narrower genetic base as
compared to wild cucumber (Weng et al. 2010;
Lietal. 2011; He et al. 2013). Qi et al. (2013) re-
sequenced the 115 accessions of cucumber and
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reported about 3.6 million nucleotide variants.
The targeted 115 cucumber accessions were
grouped in 4 clusters, i.e. the Indian, the XIS
(Xishuangbanna), the Eurasian and the East
Asian group. In compared to the other three
groups, Indian group had the significantly higher
nucleotide diversity and the large numbers of
private variants (Qi et al. 2013). The genetic
diversity of Indian collection using EST-SSR
was assessed by Pandey et al. (2018). Wang et al.
(2018) used SNP to assess the population struc-
ture of 1234 cucumber accession comprising
India, East Asia and Eurasia collection. The
Indian, south Asia and East Asia group had the
highest level of diversity, while collection of
North America, Turkey Europe, central/west
Asia and Africa have less diversity (Wang
et al. 2018).

In India, two cucumber lines IC 257296
(IGNR No. 18030) and IC 420405 (IGNR
No. 18029) have been identified for bearing two
female flower per node with small fruit size and
high caroteniod content with orange flesh colour,
respectively (Pragya et al. 2019). Several other
germplasm either indigenous or exotic con-
tributed to in the improvement of cucumber
(Tatlioglu 1993). Indian origin germplasm PI
183056 (large root size), PI 183967 (nematode
resistance, sequential fruiting, multiple lateral
branching) and PI 197087 (downy mildew and
gummy stem blight resistance) used widely for
cucumber improvement programme worldwide.
Other important introduced lines are PI 200815
(resistant to downy mildew and gummy stem
blight), PI 200818 (bacterial wilt), PI 212233
(powdery mildew resistance), PI 220860 (gy-
noecious), PI 418962, PI 419008, PI 419009 and
PI 419135 (multiple disease resistance) used for
specific breeding programme (Stoub et al. 2008).

1.9 Genetics and Gene Action

The whole genome of cucumber is first time
sequenced (Huang et al. 2009). This study indi-
cated that out of seven chromosomes, five chro-
mosome of cucumber is derived from merging of
ten ancestral chromosomes after speciation from

Cucumis melo. The sequenced cucumber genome
is useful in the study of traits, i.e. sex expression,
biosynthesis of cucurbitacin, disease resistance
and ‘fresh green’ odour. The genomic informa-
tion may be used for breeding better cultivar,
studying the function and development process
of the plant vascular system. After release of
genome draft of cucumber, significant develop-
ment has been made in improving genetic
resources of cucumber. Several mutants have
been reported and many genes or QTLs have
been identified, which offers an improved
understanding of the inheritance and genetic
basis of commercially important traits. The
mutant genes are related to cotyledon, hypocotyl,
stem, leaf, flower and fruit. Several single-gene
mutants affect sex expression in cucumber.
Cucumber gene catalog (2017 version) is an
updated form of cucumber gene list 2010 (Call
and Wehner 2010). In 2017 cucumber gene cat-
alog, major revisions have been made and only
cucumber mutations having distinct, noticeable
phenotypic variations or of horticultural signifi-
cance were included. Genes related to isoen-
zymes were eliminated from the list. QTL with
large effects and qualitatively inherited genes for
disease resistances and other agriculturally
important traits are included (Weng and Wehner
2017). In 2017 version, 73 new genes or major
QTLs were included, which brings overall
number of genes to 199. For a more compre-
hensive list of cucumber genes and sources, see
the Cucurbit Genetics Cooperative (CGC) 2016—
2017  (http://cuke.hort.ncsu.edu/cge). Newly
added gene/ major effect-QTL are briefly
described trait wise.

1.9.1 Flower-Related

Many mutants have been isolated and several
genes/ QTLs have been identified to understand
the inheritance pattern and genetic mechanisms
of essential traits in cucumber. Although
monoecious or gynoecious are main sex type, but
androecious (only staminate flowers), andromo-
noecious (staminate and perfect flowers), her-
maphroditic (perfect flowers) and tri-monoecious
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(staminate, perfect and pistillate flowers) sex
types also found in cucumber. Due to this great
variation of sex types, cucumber serves as a
prototype for studies of sex determination. The
main mechanism of sex determination is pro-
posed to be controlled by three major genes F, M
and A (Kubicki 1969a and b; Li et al. 2008;
Yamasaki et al. 2001; Tan et al. 2015). The
degree of female flower expression is governed
by F/f gene, whereas the gene -controlling
bisexual flower expression is M/m. Dominant
F allele, suppresses A/a gene; however, the
recessive a allele produces staminate flowers
(Kubicki 1969b). Another male flower promoting
gene CsACO2 (a-1), encoding ACC oxidase
gene is identified by Chen et al. (2016). Subgy-
noecious (with exclusively female flowers at later
stage) is a type of monoecious cucumber. Two
subgynoecious gene, i.e. Mod-FI and Mod-F2,
independent of F and M loci, enhances the
intensity of femaleness in cucumber by produc-
ing high proportion of female to male flowers
were identified by Chen et al. (2011). Time of
flowering is an important trait, it plays critical
role in the environmental adaptation of most
crops during domestication. The Xishuangbanna
cucumber (XIS), a semi-wild cucumber is a
useful resource of novel genes that could be used
in cucumber improvement. Four QTLs, i.e.
qFtl. 1, qFt5.1, qFt6.1 and gFt6.2 for flowering
time are identified using a Xishuangbanna
(XIS) cucumber (Qu et al. 2014; Pan et al
unpublished data; Bo et al. 2015). A major effect
QTL, gEfi.1 for early flowering was tagged by
Lu et al. (2014) in a population derived by
crossing early flowering genotype, Muromskij
and late flowering genotype 9930.

1.9.2 Leaf-Related

Hair-like structure present all over the above
ground parts of the plant is called trichome.
Plants trichomes may play a significant part to
tolerate from biotic and abiotic stresses like high
and low temperature, high UV rays and also from
insects and herbivorous animals (Wagner 1991).
Three new glabrous mutants, i.e. Glabrous 1
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(gl-1, csgll), Glabrous-2 (gl-2, csgl-2) and
Glabrous-3 (gl-3, csgl-3) are identified by dif-
ferent workers and were added to the new gene
list (Weng and Wehner 2017). The three mutants
were morphologically different and controlled by
dissimilar genetic mechanisms. Cucumber
mutant, csgl// exhibited trichomes only on
hypocotyls and emerging leaves, present on
chromosome 3 (Cao et al. 2001; Li et al. 2015b).
Mutant csgl-2 is showing trichomes on the flower
sepals, fruits and fruit peduncle, however, leaf,
petiole and stem were mostly glabrous, mapped
on chromosome 2 (Yang et al. 2011).While csgl3
was located on chromosome 6 and having
trichome-free plant morphology (Cui et al
2016). CsGL3 was epistatic to CsGLI and
encode a class IV and I HDZIP transcription
factor, respectively; however, function of CsGL2
is unknown. Another glabrous mutant identified
as trichome-less (¢ril), CGN19839 derived from
European greenhouse cucumber, showing com-
pletely glabrous phenotype, inherited by single
recessive gene (Wang et al. 2016). Most of the
cucurbits are having bitter foliage due to the
presence of cucurbitacin. Shang et al. (2014)
identified a gene for bitter leaf (BI), located in
chromosome 5, which regulates biosynthesis of
bitterness in leaves of cucumber by triggering
transcription of Bi that regulates cucurbitacin
biosynthesis. Leaf colour mutants are commonly
used to understand the chlorophyll biosynthesis
pathways and chloroplast development mecha-
nism. A cucumber virescent leaf mutant 9110Gt
conferred by the v-/ gene, was identified and
mapped in chromosome 6 showing yellowish
green leaves at seedling stage and turned into
normal green at later stage of plant growth.
CsaCNGCs encoding channel protein is identi-
fied as putative candidate gene for v-I gene
(Miao et al. 2011 and 2016). Yellow plant (yp)
mutant is identified by Abul-Hayja and Williams
(1976), mutant plant is having light yellow-green
leaves and showing slow growth habit. A similar
golden leaf mutant C528, having chlorophyll
deficiency is isolated by EMS-induced mutage-
nesis (Li et al. 2015a; Gao et al. 2016). Photo-
synthesis efficiency is critically affected by leaf
area and it is a major trait affecting crop yield.
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A major QTL, /12 (littleleaf-2) is mapped in
wild cucumbers (Cucumis sativus var. hard-
wickii) for bearing little leaves, located in chro-
mosome 7 (Shi et al. 2014).

1.9.3 Fruit-Related

Bitterness in cucumber fruit occurs due to
cucurbitacin, which is a cucumber beetle attrac-
tants and an undesirable property for consump-
tion purpose but it act as protectants against most
of the pests. However, cucumber cultivar having
low cucurbitacin content in the fruit is preferred
by the breeders. Several genes have been iden-
tified which control the bitterness/non-bitterness
in cucumber, such as recessive gene bi (bi-1)
producing bitter-free fruit and foliage and dom-
inant gene Bt (Bt-1) making highly bitter fruit.
Zhang et al. (2013) identified recessive bi-3 gene
and bi-1 gene is recessive and epistatic to the bi-3
gene, which produce cucumber plants having
non- bitter fruit and foliage. Fruit length is an
important agronomic trait in cucumber that
affects yield as well as consumer preference.
Cucumber exhibits tremendous variation in fruit
size, from 5 to 60 cm in length (Yang et al.
2012). Commercially, there are different standard
for fruit length of cucumber, for example, pick-
ling cucumbers of the U.S. have short and blocky
fruits, while slicing cucumbers have relatively
long fruits. Longer cucumber are preferred by
Chinese fresh market, while Beit Alpha types
popular in the Mediterranean region are thin and
shorter ((Robinson and Decker-Walters 1997).
To understand the underling genetic mechanism
of fruit length, several investigations has been
made. Jiang et al. (2015) identified gene fi-1(fruit
length-1) governing fruit length by using two
near-isogenic lines, 408 and 409 having differ-
ence in fruit length. Two EMS-induced mutant,
long fruit (Ifr) and short fruit (sfr) were isolated
by Wang et al (2014) from cucumber line
“Shannong No. 5”. The appearance of fruits of
cucumber is one of the essential aspects of
cucumber breeding due to the processing purpose
and consumer acceptance. Thick tough skin in
cucumber is dominant to thin tender skin

(Strong, 1931) small spine size (ss) is linked with
tender fruit (fe) (Fanourakis and Simon 1987).
Fruit ribbing in cucumber is studied by Miao
etal. (2011) and they revealed that fruit ribbing is
controlled by single, dominant gene Fr and four
fruit epidermal trait associated genes, u (fruit
colour), d (glossiness), H (fruit netting) and fr
(no ribbing) were found to be strongly linked loci
in chromosome 5. Spine density in cucumber
fruit is a major quality attribute for marketing.
Zhang et al. (2016) isolated recessive mutant, few
spines 1 (fsI) from CNS2 cucumber line. Spon-
taneous mutant line, 06—2 named as micro-
trichome (mict), is derived from the North China
inbred line 06—1, is having spineless fruit (Zhao
et al., 2015a). The colour of cucumber fruit also
largely influences consumers’ preference. Colour
of cucumber fruit is determined by the content of
chlorophylls. Two mutants, light green fruit (Igf,
CsYcf54) and light green peel (lgp) for fruit
colour in cucumber were isolated by different
researchers using EMS-induced mutation from
cucumber line 406. Lun et al. (2016) identified a
recessively inherited mutant, CsYcf54 having
light green fruits and foliage. Mutation in
CsaARCS5 gene results into the recessive mutant,
lgp exhibiting light green exocarp (Zhou et al.
2015b). Orange endocap in ripe fruits of
Xishuangbanna (XIS) cucumber is due to the
presence of high level of -carotene, a metabolic
precursor of vitamin A, which is recessive to
white endocarp (no f-carotene); the ore locus
governing orange endocarp, encodes B-carotene
hydroxylase gene is located on chromosome 3
(Bo et al. 2011). The presence of fragrance is a
value added trait in many food crops like rice,
soybean and sorghum. A few cucumber cultivars
with pandan-like fragrance in their fruits and
leaves were found in Thailand. Pramnoi et al.
(2013) identified a single recessive gene, fgr
responsible for pandan-like fragrance in the fruits
and leaves of PK2011T202. fgr is located on
chromosome 1 and encodes betaine aldehyde
dehydrogenase 2 (BADH2) (Yundaeng et al.
2015). Cucumber is a highly perishable crop and
postharvest losses of crop are of great concern to
farmers. Improved shelf life of cucumber helps to
reduces postharvest deterioration susceptibility.



Chemically induced mutant identified by Dirks
et al. (2013), controlled by single recessive gene
(res), showing less sensitive ethylene mutant,
which maintains fruit firmness consequently
resulting in longer shelf life after fruit harvest.

1.9.4 Growth Habit

Breeding cucumber plant with compact (short)
structure is an important trait. As the dwarf plant
architecture needs less labour intensive cultiva-
tion while providing more fruits per plant. Reg-
ulatory molecular mechanisms of plant growth
and development can be interpreted by dwarf
plant mutants. Genes underlying dwarf mutations
in a number of plant species have been studied
by several researchers. In cucumber, gene catalog
2017, Weng and Wehner added four new
mutants having dwarf or compact plant height
including Compact-3 (cp-3) (Crienen et al.
2009), Super compact-1 (scp-1) ( Wang et al.
2017), Super compact-2 (Scp-2) (Li Zheng
unpublished data) and Short internode (Si) (Lin
et al. 2016). The cp-3, scp-1 and scp-2 have
extremely reduced plant height. Mutant, scp-1
and scp-2 are produce by mutation in genes of
brassinosteroid (BR) biosynthesis pathway.
Dwarfism in mutant, si is associated with trun-
cated F-Box protein, exhibiting short internode
(si), smaller fruit and more wrinkled leaves.
Hypocotyl elongation is affected by environ-
mental conditions in commercial cucumber cul-
tivars. Sometimes high temperature or low light
intensity may cause increased hypocotyl length,
causing poor quality seedling for transplanting.
Short hypocotyl in semi wild Xishuangbanna
(XIS) cucumber is controlled by a recessive
allele, shl, which is insensitive to UVB-free light
and temperature fluctuation. sh/ encodes a
human SMARCA3-like chromatin remodelling
factor (Bo et al. 2016). The tendrilless (ten)
mutation that forms branches instead of ten-
drils is  isolated from a cucumber lan-
drace, CG9192. The affected gene TEN encodes
a TCP (TBI, CYC, and PCF) transcription factor
(Wang et al. 2015). Another mutant, fendrilless-1
(td-1) has been tagged on chromosome 6,
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exhibits tendril less, dwarf trichome-free plant
BMO0O07 (Li YH personal communication). Strong
association was observed among branches per
plant and yield in cucumber (Carmer and Wehner
2000). However the development of many lateral
branches escalates the compactness of the plants,
which decreases ventilation and can causes dis-
eases. Non-lateral branch (nlb) gene, was map-
ped on the chromosome 1 of cucumber in F,
population derived from the crossing of non-
lateral branch line 419 and branch line SB-2
(Jiang et al. 2008; Ren et al. 2013). Darker green
colour in cucumber is an indicator of extended
shelf life. Haaring (2014) invented new cucum-
ber plant having dark green stem (Gs) in the
seedling stage, which is indicator of a darker
green fruits. Dark green stem (Gs) is simply
inherited trait and dominant or incomplete dom-
inant over regular green stem.

1.9.5 Disease Resistance

Major diseases of cucumber include powdery
mildew (PM), downy mildew (DM), target leaf
spot (TLS), angular leaf spot (ALS), Fusarium
wilt (FOC), anthracnose (AR), scab and various
viral diseases like cucumber mosaic virus
(CMYV), zucchini yellow mosaic virus (ZYMV),
papaya ringspot virus (PRSV) and watermelon
mosaic virus (WMYV). Several investigations
have been done for resistances to these economic
important diseases of cucumber.

1.9.5.1 Simply Inherited Disease
Resistance Genes

Three recessive gene, cca-1, caa-2 and caa-3
governing resistance to Corynespora cassiicola
causing target leaf spot (TLS) in cucumber have
been tagged on Chromosome 6. A molecular
marker, CSFR33 linked with cca-1 locus has
been identified in TLS-resistant cucumber line,
Q5 by Wang et al. (2010). Yang et al. (2012)
found a single recessive gene cca-2, governing
TLS resistance in PI 183967. Resistance in D31
cucumber line for TLS is governed by cca-3
gene, CsabM375730, a CC-NB-ARC type
resistance gene analog is identified as putative
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candidate gene for cca-3 (Wen et al. 2015).
Earlier investigations suggested that in cucumber
there is strong linkage between resistances genes
of three potyviruses including PRSV, WMV and
ZYMYV, as all these resistance genes are located
on chromosome 6. Resistance in Chinese inbred
line, ‘02245’ for papaya ring spot virus (PRSV)
and watermelon mosaic virus (WMYV) are gov-
erned by a single recessive gene prsv’?** and
w224 , respectively (Tian et al. 2015, 2016).
Zucchini yellow mosaic virus (ZYMV) resis-
tance in cucumber inbred lines ‘A192-18° is
controlled by a single recessive gene zym™' %>,
VPS4-like protein encoding gene is putative
candidate for the zym™**'® (Amano et al. 2013).
Resistance to Zucchini yellow fleck virus
(ZYFV), was found in inbred lines developed
from cucumber genotype, Taichung Mou Gua’
(TMG). Resistance to ZYFV was determined to
be governed by a single recessive gene,
2yf (Gilbert-Albertini et al. 1995; Kabelka and
Grumet 1997).

1.9.5.2 QTLs Providing Resistance
to Following Diseases
and Abiotic Stress

Powdery mildew resistance in cucumber line,
Jin5-508 is governed by major QTL Pml.1,
mapped in chromosome 1 by Xu et al. (2015).
Pml.1 is dominantly inherited QTL. However,
Nie et al. (2015) identified a recessively inherited
QTL, pm5.1, for PM resistance on chromosome
5. de Ruiter et al. (2008) identified resistance in
PI 250,147 for cucurbit yellow stunting disorder
virus (CYSDV) and mapped three QTL.
Major QTL, gCYSDV5.1 for CYSDV resistance
was located in chromosome 5; this QTL is near
to the QTL conferring resistance to powdery
mildew (de Ruiter et al. 2008). Zhang et al.
(2014) identified one major QTL Foc2.1 gov-
erning resistance from fusarium wilt on chro-
mosome 2. Resistance to fusarium stem and root
rot was identified in cucumber line URS 189 by
de Milliano et al. (2012). Two linked QTLs for
FW resistance is mapped on chromosome 6.
Weng and Wehner 2017 designated these two
QTLs as gFoc6.1 and gFoc6.2. A cross between
C. hystrix and C. sativus produced three gummy

stem blight (GSB) resistant introgression lines
(ILs), i.e. HH1-8-1-2, HH1-8-5 and HH1-8-1-
16. Three QTLs, qGsbl.1, qGsb4.1 and qGsb6.1
were identified for GBS resistance (Lou et al.,
2013). QTLs conferring resistance to MYSV
(melon yellow spot virus) were identified in F,
population developed by crossing 27,028,930
(resistant) and Tokiwa (susceptible) genotypes.
Resistant parent 27,028,930 contributes two
major QTLs, ¢gMYSVI.I (gSwfl.lI) and
gMYSV3.1 (gSwf3.1) and one minor QTL,
gMYSV7.1 (gSwf7.1) present on 1, 3 and 7
chromosome, respectively, while susceptible
parent Tokiwa also contribute one minor QTL
gMYSV4.1 (gSwf4.1) present on chromosome 4
(Sugiyama et al. 2015). One abiotic stress resis-
tance (waterlogging tolerance) QTLs was also
included in 2017 gene list (Weng and Wehner
2017). More hypocotyl-derived adventitious
roots (AR) were produced by Zaoer-N, a water-
logging tolerant cucumber cultivar under water-
logging condition. QTL analysis revealed that
AR number (ARN) is controlled by a major
QTL, ARN6.I and two minor effect QTLs
ARN3.1 and ARN 5.1 (Xu et al. 2016).

1.10 Conclusion

The biotic and abiotic factors are the major
environmental stresses constantly reducing the
crop yield and fruit quality of cucumber. The
white fly, aphid, thrips and mites are becoming
new challenges for growing of cucumber under
protected conditions. Among biotic stress, vector
borne viral diseases such as Tomato Leaf Curl
New Delhi Virus (ToLCNDV) and Zucchini
yellow mosaic virus (ZYMV) are becoming the
challenges for the researchers. Other important
diseases are gummy stem blight, powdery mil-
dew, downy mildew, wilt and root knot nema-
tode. There is need to develop the cucumber lines
for better adoptability, which has capacity to set
the fruit under high temperature (heat set) and
can tolerate wet condition. There are two major
segments in cucumber for consumer point of
view. First is for fresh market and second one is
for processing. Cucumber is grown under open-
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field conditions and under protected conditions
(glass house). Partehnocarpy cucumber is only
varieties which can be grown under glass house
production as it does not requires pollination for
fruit setting and have very high yield potential.
Development of stable parthenocarpy cucumber
variety in different segment (based on skin col-
our) is very important because liking of colour
varies from one region to other region.

Screening of germplasms for various abiotic
and biotic stress and using those identified
resistance lines in a breeding programme is one
of the way to combat the new challenges par-
ticularly climate change. For developing multiple
disease resistant lines, available molecular
markers needs to be validated to check the fea-
sibility. Conventional breeding as well as
molecular approaches are used for development
of new varieties/lines. CRISPR-Cas9 and gene
editing new technology are being used for
development of new lines with targeted gene
particularly for complex traits.
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