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SUMMARY The purpose of this study was to determine the occurrence of congenital heart

disease (CHD), gender distribution and maternal age among individuals with Down syndrome
(DS). The medical records of 112 individuals with DS were reviewed. Out of the 112
individuals, 50.9% were male and 49.1% were female. Among them, 45 (40.2%) had CHD.
This study revealed that the frequency of DS was higher in younger mothers (<30 y) and found

no influence of gender or maternal age on the incidence of CHD in individuals with DS. The

association between CHD and DS is a common clinical feature with a high prevalence.

However, CHD was not found to be associated with the gender or maternal age of individuals

with DS. Males were found to be more likely to have DS than females and young mothers below

30y ofage were found to be at higher risk due to early marriage and multiparity in women.

Keywords: Down syndrome, congenital heart disease, maternal age.

INTRODUCTION

Aneuploidy refers to an abnormal number of
chromosomes due to an extra or missing chromo-
some in the diploid complement. Down syndrome
(DS) is the most common chromosomal aneu-
ploidy that occurs frequently. It is a genetic
disorder caused by the triplication of chromo-
some 21, resulting in a total of 47 chromosomes
instead of 46. The frequency of DS is estimated to
be 1 in every 650-1000 livebirths worldwide
(Hassold & Sherman 2000). In India, it is
estimated that there are 23000-29000 children
born with DS every year, which is the highest in

the world. India ranks twelfth in the rate of birth of
children with DS worldwide, based on 405
published studies on DS research between 1973
and 2012 (Siwach Anil 2015).

DS was first described by John Langdon
Down, a physician, in 1866 when he published an
article about children with common phenotypic
features and intellectual disability (Down 1866).
Different types of phenotypic characters are
displayed in individuals with DS, but the level of
features varies from person to person. The most
commonly observed phenotypic characters

include a flat nasal bridge, poor muscle tone,
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small head, upward slanting eyes, epicanthic
folds, small ears, small mouth, single palmar
crease, large tongue and large space between the
toes. Many internal complications can also be
present, such as intellectual disability, autistic
behaviour, Alzheimer's disease, malformed intes-
tines, congenital heart diseases (CHDs), Hirs-
chsprung disease, celiac disease, hypothyroi-

dism, diabetes, cataracts and glaucoma.

Among the medical complications, CHD is
the most common and frequently occurring
disease in individuals with DS. CHD refers to a
heart defect or problem in heart function that is
present at birth. The association between DS and
CHD is common (Freeman et al. 1998). The
prevalence of CHD is estimated to be 1-150/1000
livebirths worldwide, with a higher rate in India
of 2.2-50.89 per 1000 livebirths (Smitha et al.
2006). The frequency of CHD in individuals with
DS is estimated to be 40-60% (Khoury &
Erickson 1992). The life expectancy of indivi-
duals with DS depends on the related diseases,
such as CHD and respiratory problems, which can
have a significant impact during the early years of
life (Cua et al. 2017, Hoffman & Kaplan 2002).
The pattern of CHD varies globally and is
influenced by sociodemographic, genetic and
geographic factors. The most commonly occur-
ring heart defects in individuals with DS include
atrioventricular canal defects (AVCD), ventri-
cular septal defects (VSD), patent ductus arteri-
osus (PDA), atrial septal defects (ASD), and
tetralogy of Fallot. However, the mortality rate
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has decreased in recent times due to modern
medical treatments such as surgical interventions
for CHD, which can improve the quality of life.
Early diagnosis is key to improving the lives of
individuals with DS and CHD (Kabbani et al.
2005, Roussot etal. 2006).

Gender distribution in DS has been studied by
several researchers and it has been observed that
there is a male predominance as compared to
female. The male-to-female ratio is typically
distributed as 1.1:1 to 2.3:1. The genetics of male
predominance in DS have been studied and it was
shown that during spermatogenesis, the joint
segregation of chromosome 21 and Y and these
spermatozoa with Y chromosomes cause non-
disjunction in the second meiotic division of

oogenesis (Kovaleva 2002).

Advanced maternal age is a significant risk
factor for the occurrence of DS. Several re-
searchers have postulated various hypotheses to
explain the correlation between the birth of
children with DS and advanced maternal age.
Penrose (1933, 1934) postulated a hypothesis
linking birth of children with DS to advanced
maternal age through nondisjunction. Brook et al.
(1984) proposed a hypothesis that biological
aging, as the main factor, increases the rate of
meiotic error and aneuploid birth depending on
the biological age of the ovary rather than the
chronological age of women. Ghosh et al. (2010)
proposed a hypothesis of genetic aging, stating
that the genetic age of mothers with DS children is

J. CYTOL. GENET. VOL. 25 (NS) 1 & 2 (2024)



ASSESSMENT OF DOWN SYNDROME AND CONGENITAL HEART DISEASE

higher than the mothers of normal children. App-
roximately 90% of trisomy cases are due to chro-
mosomal nondisjunction during maternal meiotic
division, with a higher frequency of nondisjun-
ction occurring in the first meiotic division as
compared to the second meiotic division (Yoon et
al. 1996).

This study aimed to identify the frequency of
CHD, gender distribution and maternal age
among individuals with DS in the study area.
Additionally, the study aimed to determine the
influence of gender and maternal age on CHD in
individuals with DS.

MATERIALSAND METHODS

Data was collected from 112 individuals with DS
in the Malappuram district of Kerala, through a
structured questionnaire filled out by the patient’s
parents and medical records of DS. The presence
of DS was confirmed through phenotypic features
and karyotyping results and CHD was confir-
med through medical reports. This study was
conducted with the permission of the Directorate
of Women and Child Developmental Cell,
Thiruvananthapuram. Statistical analysis was
performed using Microsoft Excel and SPSS.
Tables and figures were created in Excel, and the
chi-square test was applied in SPSS to examine
the relationship between gender and maternal age
and the incidence of CHD in individuals with DS.
This study was conducted after obtaining ethical

approval from the Calicut University Human
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Ethics Committee. The information was collected
from the parents of the 112 individuals with DS
who participated in the study after obtaining
informed consent in their native language. The
information collected was published in a statis-
tical format and does not reveal individual
information, so further consent was not required

for this study.

OBSERVATIONS

The results of this study are presented in Tables 1
and 2 and depicted in figures 1 to 3. Out of the 112
individuals with DS, 45 were born with CHD and
67 were without CHD which means that 40.2%
DS individual were born with CHD (Tablel, Fig.
1). There were 57 males and 55 females born with
DS (Table 1, Fig. 2). In the present study, only a
slight change is seen in the gender distribution.
DS is found predominantly in male than in
female. We evaluate the mother age in 2 aspects,
one is the age less than or equal to 30 y and other is
more than 30 y. The majority of mothers with
frequency of 66 y were under the age of 30 y at the
time of birth of the individual with DS. 66% of
mother age is under the age less than or equal to 30
y when compared with the age of more than 30 y
with46% (Table 1, Fig.3).

Analysis of gender and maternal age on the
incidence of CHD using a chi-square test showed
that there was no significant relationship between
gender and CHD (p = 0.263) or maternal age and
CHD (p = 0.173) indicating that the incidence of
CHD among DS people is independent of the

gender and maternal age (Table 2).
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TABLE 1: Distribution of CHD, gender and maternal age

of DS.

Character Frequency Percentage
Without CHD 67 59.8
With CHD 45 40.2
Gender
Male 57 50.9
Female 55 49.1
Maternal age
<20 15 13.4
21-30 51 455
31-40 33 29.5
41-50 11 9.8
>50 2 1.8
TOTAL 112 100

B No

M Yes (1]

B Male
® Female [2]
455
40
20 13.4
, 1R

<=20

21-30
Figs 1-3: 1. Pie diagram showing the distribution of CHD among DS. 2. Pie Diagram showing gender distribution of DS.

TABLE 2: Gender and maternal age effect on CHD among DS.

Characters ~ Frequency and percentage of CHD p-value
Without CHD With CHD

Gender

Male 37 (55.2) 20 (44.4) 0.263

Female 30 (44.8) 25 (55.6)

Maternal age

<30 36 (53.7) 30 (66.7) 0.173

>30 31(46.3) 15 (33.3)

DISCUSSION

In this study, the frequency of CHD in individuals
with DS was found to be 40.2%, which is consis-
tent with previous data ranging from 30-65%
(Irving & Chaudhari 2012, Murthy et al. 2007).
CHD is a common occurrence in individuals with
DS, with reported frequencies ranging from
35-65%, and our results agree with these findings
(Ashraf et al. 2010, Venugopalan& Agarwal
2003). The study reported a higher number of
male participants (57) as compared to female
participants (55) with DS, which is in line with the
findings of other studies (Bianca et al. 2001, El-

295
9.8
1.8
]
31-40 41-50 50 L3

3. Column diagram showing distribution of maternal age at the time conception of DS.
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Gilany et al. 2011). Some researchers have pro-
posed different explanations for this prevalence
of male DS, including the segregation of chromo-
some 21 with Y chromosome during spermato-
genesis and paternal nondisjunction (Soares et al.
2001). Advanced maternal age is one of the risk
factors for DS. After 35y, the risk of incidence of
DS increases. However, in our study, DS was
found to be most frequent among mothers who
were younger than 30 y at the time of birth, which
is similar to some other studies (Bertelli et al.
2009, John & Gayathri 2022, Otaigbe et al. 2012).
The mean maternal age in our study was 29.68 y
and supports the findings of the study by Dey &
Sujay Ghosh (2005). The DS frequency is higher
in the younger mother due to the early-aged
marriage and multiparity among South Indian

population (Anuspandanaetal. 2017).

The relationship between gender, maternal
age and DS with CHD was analyzed using
statistical tools. The chi-square test was applied to
the data. The present study found no relationship
between gender and CHD in people with DS,
which is similar to the studies conducted by
Morsy et al. (2016) and Sharifi et al. (2018). The
CHD and maternal age also showed no relation-
ship, as found in the studies by Freeman et al.
(1998) and Khoury & Erickson (1992).

In conclusion, this study highlights the high
prevalence of CHD in individuals with Down
syndrome and the importance of early diagnosis

and treatment. Additionally, it confirms the
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predominant occurrence of male individuals with
DS, and that younger maternal age may increase
the risk of DS. However, there is no significant
relationship between gender and maternal age
and the incidence of CHD in individuals with DS.
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SUMMARYThe present study was undertaken to investigate the karyotypes of 4 species of

aphids, viz., Acyrthosiphon pisum, Brevicoryne brassicae, Lipaphis erysimi and

Metopolophium malvae infesting Pisum sativum, Raphanus sativus, Brassicae campestris and

Geranium sp. respectively. A. pisum and M. malvae have the diploid chromosome number of 8

and L. erysimi and B. brassicae show 2n = 10 and 16 respectively. Karyotypes were analysed

and idiograms were constructed with the help of actual length data and relative length. In all 4

species, there is a gradual decrease in the size of chromosomes in the diploid complement.

Keywords: Chromosomes number, aphids, karyotype, actual length, idiogram.

INTRODUCTION

Aphids are the most prominent pests of various
agricultural and horticultural crops and damage
them by sucking the plant sap as well as by
transmitting a number of viral diseases (Kennedy
et al. 1962). Most of the aphids are heteroecious,
exploiting both primary and secondary hosts.
Aphids can increase their population by polymor-
phism, viviparity and thelytokous reproduction
with a high rate in a very limited time; these are
exclusive phenomena in their life cycles (Dixon
1985). Aphids have peculiar cytological features
due to the presence of holocentric chromosomes.
Approximately 5000 aphid species have been
identified globally, of which 510 genera are
known to exist and infest about 300 plant
families. (Blackman & Eastop 2000, 2006, 2015,

Favret 2015, Gavrilov-Zimin et al. 2015).
Cytologically, only 750 species are known
(Kuznetsova & Shaposhnikov 1973, Gut 1976,
Blackman 1980, Gautam & Sharma 1990,
Khuda-Buksh & Kar 1990, Dutta & Gautam
1993). Generally, in aphids, most genera show
remarkable constancy in their chromosome
numbers while some chromosome numbers have
been more liable to change in the course of
speciation (Blackman 1980). Aphids show
intraspecific variations in karyotypes because of
holocentric chromosomes. So if a holocentric
chromosome breaks into two or more parts, the
fragments can still move independently into
daughter cells while in chromosomes with
localized centromere, the fragments tend to be
eliminated at mitosis (Ris 1942). The aphid fauna
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of Himachal Pradesh have been taxonomically
described by Ghosh (1986). He reported the
occurrence of 186 species. Cytological studies on
the aphid fauna of Himachal were carried out by
several workers (Kulkarni & Kacker 1980, 1981,
Kurl & Chauhan 1986, Gautam & Sharma 1990,
Kapoor & Gautam1994, Gautam & Kumari 2003,
Samkaria et al. 2010, Khagta & Gautam 2016,
Sharma & Gautam 2019, Anupriya & Kumari
2021, Singh et al. 2021, Kumari et al. 2022,). As
karyotype variations have been reported to occur
frequently in several aphid species, it is desirable
to investigate the chromosomes of aphids
infesting different host plants. All 4 species of the
present study are reinvestigated. This effort helps
in understanding of the nature of holocentric
chromosomes and different cytogenetic processes
in aphids' life cycles. These studies may prove
useful in determining the adaptability of aphid
species to different geographical and environ-
mental conditions occurring in most common
plants as well as in ascertaining the evolution of
their karyotypes. The present paper deals with the
karyotypes of Acyrthosiphon pisum, Brevicoryne
brassicae, Lipaphis erysimi and Metopolophium

malvae.

MATERIALS AND METHODS

For the collection of material, the field survey
was carried out in different areas of Himachal
Pradesh. The infested arial parts like twigs,
leaves, stem and inflorescence of host plants
(Pisum sativum, Raphanus sativus, Brassicae
campestris and Geranium sp.) were cut out and
collected in small polythene bags for identi-
fication and cytological studies. Aphids along
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with their host plants were noted down along with
the place of collection of aphids.

For cytological studies, embryos were taken
out by puncturing the posterior end of parthe-
nogenetic aphids. Only young embryos in which
there was no eye colour pigment were taken.
These embryos were pretreated with 0.7% tri
sodium citrate solution for 30 min and were fixed
in 1:3 acetic-ethanol for 10—-15 min. The squa-
shing of embryos was done by putting them on a
glass slide with a drop of 50% acetic acid for 3—5
min and a cover slip was placed with a liable edge
extending outward. Then the slide was pressed
with the thumb. The cover slip was dislodged off
the slide with a sudden jerk. Slides and cover slips
were dried at room temperature in a dust-free
chamber. Staining was done with a 2% Giemsa
solution. After staining, slides and cover slips
were placed in a working solution for 30 min and
excess of stain was removed and dried again.
Permanent slides were observed and photo-
micrographs of the best plates were taken. The
actual lengths of chromosomes were measured
using an ocular micrometer. From the actual
lengths data, total complement lengths and
relative lengths were calculated and idiogram for
each species was constructed by using relative
length data.

OBSERVATIONS

A. pisum (Harris)

This species has a diploid chromosome number of
8 (Figs 1, 2). The actual lengths of the shortest and
longest chromosomes were 1.97 pm + 0.04 and
5.82 um + 0.30 respectively. The total comple-
ment length is 28.30 um + 0.79. Relative length

J. CYTOL. GENET. VOL. 25 (NS) 1 & 2 (2024)
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Figs 1-12: Cytology of of aphids. 1-3. 4. pisum. 1. Somatic metaphase. 2. Karyotype. 3. Idiogram. 4-6. B. brassicae.

4. Somatic metaphase. 5. Karyotype. 6. Idiogram. 7-9. L. erysimi. 7. Somatic metaphase. 8. Karyotype.

9. Idiogram. 10-12. M. malvae. 10. Somatic metaphase. 11. Karyotype. 12. Idiogram. (Scale = 5 pm)

ranges from 7.02 + 0.32 to 20.45 £+ 0.78. An
Idiogram of this aphid revealed that one pair of
chromosomes is long, 2 pairs are medium and one
pairis short (Fig. 3).

B. brassicae (L.)

The diploid chromosome number in B. brassicae
is 16 (Figs 4, 5). The length of chromosomes
varies from 1.00 um £ 0.07t0 5.26 um=£0.08. The
total complement length was 46.02 pm +0.17 and
relative length ranges from 2.17+0.16to 11.43 +
0.17. Idiogram of this species showed one pair of
long, 4 pairs of medium and 3 pairs of short
chromosomes (Fig. 6).

J. CYTOL. GENET. VOL. 25 (NS) 1 & 2 (2024)

L. erysimi (Kaltenbach)

This species has a diploid chromosome number of
8 (Figs 7, 8). The length of chromosomes ranges
from 1.82 um + 0.12 to 4.76 um = 0.26 and the
total complement length is 32.16 pym + 1.76. The
relative lengths of chromosomes vary from 5.70 +
0.18t0 14.82+0.30. The idiogram shows one pair
of long chromosomes, 2 pairs of medium and 2
pairs of short chromosomes (Fig. 9).

M. malvae (Mosley)

In this species, the diploid chromosome number
was 8 (Figs 10, 11). The actual lengths of the
shortest and longest chromosomes were 1.52 um

11
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+0.13 and 5.02 pm + 0.15 respectively. The total
complement length was 25.25 pm £ 0.50. The
relative lengths of chromosomes ranges from 5.9
+ 0.43 to 19.69 + 0.50. The idiogram shows one
pair of long chromosomes, one pair of medium

size and 2 pairs of short chromosomes (Fig. 12).

DISCUSSION

Four species studied here have 3 different
chromosome numbers. Whereas A. pisum and M.
malvae have 2n = 8. The other 2 species L. erysimi
and B. brassicae have 2n=10and 16 resprctively.

The diploid chromosome number of 4. pisum
is in conformity with the earlier reports (Pagliai
1965, Robinson & Chen 1969a, Blackman 1980,
1986, Khuda-Bukhsh & Kar 1990). However, in
A. kondi, A. loti, A. peialrgonii, Blackman (1980)
reported 2n = 10. Robinson & Chen (1969a) also

reported 2n=101n 4. caragenae.

In B. brassicae, the diploid chromosome
number was16, as reported by Robinson & Chen
(1969D), Colling (1955), Cognetti (1961), Dutta
& Gautam (1993) and Kapoor & Gautam (1994).
However, Kulkarni (1984) reported 2n= 14 in this
species.

L. erysimi has a diploid chromosome number
of 10 which is in conformity with the reports of
earlier workers (Gut 1976, Kulkarni & Kacker
1979). However, Blackman (1980) while
reporting 2n = 9 in this species attributed these
variations to the fusion and fragmentation of
chromosomes. Kar & Khuda-Bukhsh (1991)
reported 2n = § in this species and according to
them, dissociation of 1 or 2 fragments might have
led to the origin of 2n=9 or 10 in this species.

12

M. malvae has a diploid chromosome number
of 8. The other species of the genus Metapolo-
phium are reported to have variable chromo-
some numbers such as 2n = 16 in M. frisicum
(Blackman 1980) and 2n = 18 in M. dirhodum
(Robinson & Chen 1969a).
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SUMMARY Diverse genotypes in leaf orientation were crossed with diverse CMS lines. Erect

and drooping orientations were dominant over semi-erect type. Erect X Drooping interacted to

give semi-erect type. There is no correlation between leaf type and yield in onion as the latter is

dependent on other selection factors. Care is needed while handling white genotypes as white x

white will not always give white progenies.

Keywords: Onion, A//ium cepa, heredity, leaf orientation.

INTRODUCTION
Onion is a difficult crop to handle by the breeders

because of its biannual nature, big genome and
breeding behaviour (cross pollination). Many
aspects of its genetics are not precisely known
yet. In view of its economic importance to India
and being cultivated on large scale and consumed
by household every day, due importance towards
thorough investigation is needed on all aspects of
onion. Upright leaf orientation in corn (Duncan
1971), rice (Erik et al. 1999) and wheat (Joshi &
Chand 2002) populations have given higher
yields. Should we consider it as universal
phenomena as an index of selection is a question
mark! On working with onion breeding and
handling with population of vast variation, we
wanted to verify the hypothesis of erect leaves

related to yield in case of onion and this

hypothesis does not hold good for onion as
correlations did not establish the relationship.
There is no study in onion concerning leaf
orientation and its influence on bulb yield. Our
study aimed at finding out heredity of leaf
orientation in onion and its impact on bulb yield
using diverse genotypes with different leaf
orientations and how it is inherited to offsprings
and whether we can make use of it in breeding
programme to enhance the yield and quality of

onion.

MATERIALAND METHODS

Three male sterile lines (CMS) having different
colours and leaf orientation were crossed to 9
male lines (Table 1, Figs 1-3). The seeds of 27
hybrids thus obtained and of the parents were
sown in the polyhouse nursery using protrays

filled with sterile coco-peat. Fortyfive d old
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TABLE 1: Inheritance of leaf orientation in onion.

CMS line (A lines)

16/17 DBT A 16/2 A 16/15F4Y A
(Red) (White) (Yellow)
Genotypes (R lines) SE E D
F1 Progeny

Red
1. 16/77 GR2 OOH-1 E SE
2.16/25 GR3 OOH MASS E E E SE
3.16/26-1-1C GEN OOH E E E SE

White
4.16/47 TSS18 SPS SE SE E D
5. 17/R41-1W SE SE E D
6.16/16 F4 W TSS17 SE SE E SE

Yellow
7.16/7Y G1 T1 MASS D D SE D
8.16/7Y G1 T4 GP2 D D SE D
9. 16/7Y GR3 OOH D D SE D

E, Erect; SE, Semi-erect; D, Drooping.
TABLE 2: Inheritance of bulb colour in onion.
CMS line (A lines)
16/17 DBT A 16/2 A 16/15F4Y A
Genotypes (R lines) (Red) (White) (Yellow)
Fi Progeny

Red
1.16/77 GR2 OOH-1 R LR R
2. 16/25 GR3 OOH MASS R LR R
3. 16/26-1-1C GEN OOH R LR R

White
4.16/47 TSS18 SPS LR LR LR
5. 17/R41-1W Y w w
6.16/16 F4 W TSS17 LR w LR

Yellow
7.16/7Y G1 T1 MASS R LR Y
8.16/7Y G1 T4 GP2 R LR Y
9.16/7Y GR3 OOH R LR Y

R, Red; LR, Light red; W, White; Y, Yellow; R lines, Restorer lines.
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TABLE 3: Yield (g/bulb) and heterosis (%) over mid parent.

CMS line (A lines)

16/17 DBT A 16/2 A 16/15F4Y A
(Red) (White) (Yellow)
Genotypes (R lines) YPB YPB H YPB H YPB H
128.6 1115 186.8
Fi Progeny
Red
1.16/77 GR2 OOH-1 129.6 1349 44 1343 113 130.8  -17.3
2.16/25 GR3 OOH MASS 157.7 149.7 45 1588  17.9 1822 57
3.16/26-1-1C GEN OOH 144.2 123.9 9.1 1273 0.4 170.0 2.7
Mean 143.9 136.4 140.2 161.0
White
4.16/47 TSS18 SPS 120.4 1233 -0.9 1089  —6.1 121.9 206
5. 17/R41-1W 176.8 1082  —29.1 156.1 82 1715 756
6.16/16 F4 W TSS17 137.0 139.7 5.1 1162 6.4 1942 199
144.8 123.8 127.1 165.2
Yellow
7.16/7Y G1 T1 MASS 123.1 1283 1.9 1485 26.6 136.0  -122
8.16/7Y G1 T4 GP2 134.8 136.9 3.9 1369 112 1375 -145
9.16/7Y GR3 OOH 105.7 97.0 -172 120.1  10.6 1200  —18.0
Mean 121.2 120.7 135.2 131.2

YPB, Yield per bulb; H, % Heterosis; R lines, Restorer lines. # Correlation co efficient (r) between yield and leaf orientation
=0.139 NS.

Figs 1-3: Leaf orientation in onion. 1. Erect leaves. 2. Semi-erect leaves. 3. Drooping leaves.
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seedlings were transplanted in the open field
having red soil. The leaf orientation was recorded
on 60 d old crop and bulbs were harvested after
the crop was 90 d old. Bulb weight was recorded
from 10 competitive bulbs and averaged to
indicate yield/bulb in grams. Correlation between
leaf orientation to bulb yield was worked out
using weighted ranks to leaf orientation as E =3,
SE=2andD=1.

OBSERVATIONS

When semi-erect (SE) type A line was crossed
with erect (E) type restorer (R) line, this gave rise
to E type offspring indicating that erectness is
dominant over semi-erectness (Table 1). E x E
parents resulted in E type offspring which is
expected but when E type R lines were crossed
with droopiness (D) type A line, this resulted in
SE type offsprings indicating gene interaction.
When D type R line was crossed with SE type A
line, offsprings produced were of D type
indicating dominance of D over SE. There is only
one exception to these observations where in D
type yellow line crossed with SE type white line,
16/16 F4 W TSS17 resulting in SE type offspring.

When red R lines were crossed to red A line the
offsprings produced were red as expected but
when crossed to white A line, the offsprings were
light red (LR), but when crossed to yellow A line,
the offsprings were red. Thus red is completely
dominant over yellow. Interesting things were
noticed when white R lines are crossed across
different coloured A lines. With red A line, 2 of
them gave rise to LR type of offsprings as
expected but the genotype 17/R41-1W was

18

exceptional. It gave white offsprings across
different coloured A lines indicating that it has
colour inhibiting dominant gene /. Combination
of yellow R lines gave rise to red offsprings with
red Alineand LR offsprings with white A line and
yellow offspring with yellow A line (Table 2).

There was only one hybrid (16/15 F4 Y A x
16/16 F4 W TSS17) that has out yielded (194.25
g/bulb) and crossed the parental limits (highest
being 186.85 g/bulb) of yellow A line. The mean
performance of hybrids in most of the cases were
less than mean performance of their parents
except with yellow A line which contributed good
hybrid performance. In several cases there was
negative heterosis over mid parent or low positive
heterosis indicating that parents are not good
combiners (Table 3). The correlation between
yield and leaf orientation was not significant (r =
0.139) suggesting that in onion, leaf orientation
cannot be taken as a selection index for yield.

DISCUSSION

Onions have different types of leaf orientation. A
yellow genotype with drooping leaves had the
highest bulb weight as compared to any other
genotype. We found that both erect and droo-
piness are dominant over semi-erect stature and
this is a valuable guide to the breeder to select
proper genotype via his breeding programme.
Regarding bulb colour, one has to be careful about
handling white genotype as it is a hidden
character governed by dominant inhibiter gene in
many cases. White was a colour diluter of red
pigment resulting in light red-coloured bulbs in
the progeny. Therefore, breeder aiming at dark

J. CYTOL. GENET. VOL. 25 (NS) 1 & 2 (2024)



red colour progeny has to select both red-coloured
parents (both A and R lines have to be red in a
hybrid programme). The high yield advantage in
onion was possible when both parents were in F,
generations indicating that certain amount of
heterozygosity in the parents is essential to get
hybrid vigour.

In onion, erect and drooping leaf types are
inherited as dominant factors. The interaction of
these factors results in semi-erect leaf type. There
was no relation between leaf orientation and the
yield and hence, the former cannot be taken as a

selection index.
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