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Abstract

Bixa orellana.L is an important dye yielding tree. The bixin content in the seeds yields a red colour
pigment in varying colours which is used as dye. The variation in bixin content could be attributed to
both environmental and genetic changes. In this study a total of 24 genotypes of Bixa orellana.L. were
raised from FC&RI, Annatto gene bank of Mettupalayam, India and their genetic diversity were analysed
using ISSR markers. Out of 33 primers used, 23 primers were effectively screened for amplification and
their polymorphism ranged from 50—-100% indicating high genetic diversity among the genotypes. The
values of polymorphic information content (PIC) ranged from 0.50-0.60. The other marker traits viz.,
effective marker ratio, discriminating power and heterozygosity are in higher values revealing the
effectiveness of the ISSR markers. The total number of bands varied from 6 to 13. Among all the bands
generated, 22 unique bands were detected in eight genotypes, out of which TSMLGB18 produced
maximum number of unique bands. The UPGMA clustering pattern revealed that 24 genotypes were
divided into seven distinct clusters. The genetic relationship obtained through Jaccard'’s similarity co-
efficient ranged between 0.57 to 0.88. The result provided valid guidelines for collection, conservation
and characterization of Bixa orellana genetic resources.

Introduction

nou nou

Bixa orellana is a medicinal dye source plant. It is normally admitted as “annatto”, “sindhur”, “lipstick
tree”. Originally, it is a native of South American region and has its place in their culinary as a food
ingredient and the most important ingredient of beauty products (Alcazar-Alay et al., 2017). The seed
coat extract gives out red orange pigment dye known as bixin that industrially competes well in the food
and textile industries as a natural colorant and dye. It is the second most commercial non- toxic food
colorant as compared to all other natural food colorants (Lopa pattanaik et al., 2019). Other than the fact
that it is used in textile industries, it has medicinal values that escalates its demands. It is a small tree or
shrub that is perennially foliated and belongs to Bixaceae family. It is the only one in the Bixaceae family
that has well-known uses. It possesses wide adaptability and is well distributed all over India in the
following states Tamilnadu, Kerala, Karnataka, Chhattisgarh, Maharashtra, Madhya Pradesh, Gujarat and
Andhra Pradesh (Kumaran K,2014). It may flourish in the temperature between 24°C - 38°C with various
soils. A mean annual rainfall demand was 800-1500mm. It can even reach the height of 6 meters, if it will
be provided with good irrigation (Kumaran K,2014).

The leaf is simple, smooth when mature, long petioles and are arranged alternating the branches (Franco
et al., 2008; Leal and Clavijo, 2012).

The flowers are vibrant and big, color ranges from white through to shades of pink and violet. They are

bisexual and possess five sepals and they will usually see them flower right at the tips of the branches.
The fruit is dehiscent, ovoid capsule made up of two/three carpels; covered by soft spines when young.
It can be reddish, greenish or brownish and about 3—5 cm in length; it contains dark seeds covered in a
reddish waxy Aril (bixin) with an unsettling smell. The fruits are borne in clusters as every fruit can hold
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up to 17 pods (Dequigiovani et al., 2017). The seeds in a given fruit may vary from 50-60 seeds. It is
capable of adjusting itself to numerous ecological and edaphic conditions (Kumaran K et al,, 2014),
means that, there is enough genetic variability available which can be exploited for its appropriate
repercussions. Environmental factors have a dominant effect on the presence of bixin in seeds (Smith et
al., 2006). Due to environmental impact amount of bixin varies from place to place thereby suggesting
variation is on population basis and not on individual variation (Vilares et al., 1992).

The study of variation by the help of morphometric techniques was the dominating one earlier, and now,
it is refined by the help of molecular techniques to evaluate the genetic variation which is less made in
Bixa orellana. Environmental influences have a minimal impact on molecular markers and one can carry
out analysis from DNA at any stage of development of the organism. PCR-assisted molecular markers -
like random amplified polymorphic DNA (RAPD; Methods, such as, inter-simple sequence repeat (ISSR;
Zietkiewicz et al., 1994), amplified fragment length polymorphism (AFLP; Vos et al., 1995), sequence-
related amplified polymorphism (SRAP; Li & Quiros 2001)—have emerged However, little work is known
of the diversity and genetic structure of this species (Diquigiovanni et al.,2017). Until recently the genetic
diversity analysis on that of DNA markers viz. microsatellites, SRAP and RAPD (Sequence Related
Amplified product and Randomly Amplified Polymorphic DNA) were used to evaluate genetic diversity in
bixa. The current research attempts to evaluate the reliability of ISSR markers in the task of studying
genetic variability of Bixa orellana which wasn't realized earlier. ISSR comes to the dominant marker
class; they are emerged as an alternative system, with reliability and benefits of SSR markers and
therefore it is reliable, fast and very informative system for studying the diversity (Zhang et al., 2017).
The present study made an attempt to study genetic diversity in the studied genotypes of Bixa orellana.

Materials and Methodology

Plant material;

To assess the genetic variation, seeds of Bixa were brought from field germplasm bank of Forest college
& Research Institute(FCRI), (latitude 11 9’N and longitude 76 56'E) TNAU, Mettupalayam. The seeds were
the individual collections from the progenies which are initially raised from the seeds of plus trees
obtained from different parts of Southern India. For the purpose of this study, seeds from 24 such
progenies (genotypes) were used to raise the seedlings & assembled at FCRI, Mulugu (17°.728544 N to
78°.63296 E), Telangana and were given accession codes (Table 1). Genomic DNA was extracted from
young leaves following the standard method of CTAB, based on the procedure given by Doyle and Doyle
(1991) with some minor changes.
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Table 1

Details of accession number
and genotypes of Bixa
orellana.L

Accession No. Genotypes
TSMLGB1 G1
TSMLGB2 G2
TSMLGB3 G3
TSMLGB4 G4
TSMLGBS G5
TSMLGB6 G6
TSMLGB7 G7
TSMLGBS8 G8
TSMLGB9 G9
TSMLGB10 G10
TSMLGB11 G11
TSMLGB12 G12
TSMLGB13 G13
TSMLGB14 G14
TSMLGB15 G15
TSMLGB16 G16
TSMLGB17 G17
TSMLGB18 G18
TSMLGB19 G19
TSMLGB20 G20
TSMLGB21 G21
TSMLGB22 G22
TSMLGB23 G23
TSMLGB24 G24

The leaf tissues of Bixa orellana (400mg) were grinded into to fine powder in liquid nitrogen and
homogenized it with extraction buffer by adding 3ml of CTAB buffer,1%PVP, 250 pl of beta-mercapto-
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ethanol and incubated for 30min at By using the ratio of 24:1 v/v of chloroform and isoamyl-alcohol
solution supernant was extracted twice. 25 pl of RNase A was introduced in the extract which was then
kept for incubation at room temperature. With the chilled iso-propanol, the DNA was pelleted and
washed 2 times with 70% ethanol. Then air dried pellet added with 200 pl of nuclease free grade water
and stored at -20°C. The quality of DNA was tested in nanodrop (ND1000, Thermo Scientific, US)
spectrophotometer at 260 and 280 nm and quantity was measured in ng/ul. Portions that had between
200 pl to 600 pl DNA were best suited for PCR process.

ISSR amplification

Total of 33 random UBC primers were screened initially to assess genetic diversity among 24 genotypes
of B.orellana. The 10 pl volume of ISSR PCR reaction mixture composed of 5 yl PCR emerald master mix,
2 ul water, 1.5 pl selected primer, 1.5 pyl DNA sample. PCR reactions were performed as, i) denaturation
was done at 94° for 4 minutes followed by ii) Annealing of primer at which temperature was specific to
each primer and run for 1 minute then iii) Extension was done at 72°C for 2minutes.The reaction was
repeated for 30 cycles. The amplified product was run for 1 hour at 100 V in 1.2% agarose gel (Himedia)
immersed in 1X TBE buffer by placing the Tkb DNA ladder as reference. After running, the gel was
scanned under UV Gel scanner and photographed in the system (Biorad).

Data analysis

DNA fingerprint patterns received were transformed into binary data matrices consisting of arrays of 0
and 1 s. The bands were awarded points based on their presence (1) or lack (0) of bands of different
molecular weight sizes. Polymorphic and reproducible bands were the only ones taken into account for
the analysis. Data were analysed with SIMQUAL route for creating Jaccard'’s similarity coefficient in
NTSYS-pc version 2.02i (Numerical Taxonomy System) (Rohlf 1998). Dendrograms were done with using
similarity matrices UPGMA (Unweighted Pair Group Method with Arithmetic Average) algorithm. The
percentage polymorphism was done in Microsoft-excel. Some of the important measures which states
the informativeness of marker was calculated using an online tool i.e.,marker efficiency calculator (
Amiryousefi et al ,2018;https://irscope.shinyapps.io/iMEC/). Polymorphic Information Content (PIC) and
Heterozygosity(H) were calculated using Botstein et al. (1980) and Liu (1998).

PIC =1-(3 pi2 - X pi2 pj2)

When pi and pj are population frequency of the ith and jth allele.

H =1 - X pi2, in this pi is the frequency of the allele for the ith allele.

Effective Multiplex Ratio (EMR) and Marker Index (MI) was calculated according to Powell et al. (1996).
EMR=n B, B=np/ (np+nnp), p and np represent polymorphic and nonpolymorphic fraction of the

markers, hence np and nnp refer to the counting numbers of the same.
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MI = EMR*Havp,

Havp refers to an average heterozygosity for the polymorphic makers. It is equal to £ Hn/np, where, Hn
represents the markers’ polymorphic fraction’s heterozygosity, and the summation is done over all the
polymorphic loci np.

The discriminating power of a marker was determined by D = 1-C (Tessier et al., 1999 ).
Where, C =% pi (Npi-1)/(N-1),

N - Individuals, C — Totality of loci for all the patterns formed by the primer.

Results

Among the 33 ISSR primers used, 23 primers that yielded distinct,reproducible and polymorphic banding
profiles were screened for subsequent molecular charachterization (Table 2). The total number of bands
generated is 249 and per primer it is 10.8. Maximum number of bands were generated by UBC 826(9)
while minimum was reported by ISSR-04(6) with an average band size varied from 100bp to 3500bp. The
polymorphism ranged from 50—-100% among all genotypes. Of the 23 primers used in the study, 15
primers have shown 100% polymorphism viz., UBC841, UBC857, UBC826, UBC815, UBC888, UBC891,
UBC810, UBC845, UBC847, UBC864, UBC880, ISSR-03, ISSR-04, ISSR-06, ISSR-F2 (Fig. 1). Minimum
polymorphism was reported in UBC823 (50%) followed by UBC 864(62.5%) (Fig. 2). The extent of
polymorphism by all primers was presented in Table 3. Among all the bands generated, twenty-two
bands were detected as unique among eight genotypes (Table 4), out of which TSMLGB18 was recorded
for maximum number of unique bands (Fig. 3&Figure 4). Molecular markers particular to 24 genotypes
were identified; this can be transformed into SCAR primers, to increase accuracy and reliability of the
marker assisted selection. Table 5 were presented to show the molecular marker characters. The highest
PIC was showed by UBC 809(0.60) followed by ISSR 06(0.59) and the minimum was reported for the
UBC 857(0.505). All the 23 markers had > 0.50 PIC reporting the informative nature of the marker. The
heterozygosity ranged from 0.2 to 0.6. In UBC 864 the highest values for PIC was 0.60 and that of
heterozygosity was 0.66. The estimates of marker properties for ISSRs had wide range. The effective MP
ratio is 1 for all the primers. Marker index (MI) was 0.66(UBC 864) to 0.24(ISSR 06). The maximum
discriminating value was found in the case of UBC811 (0.86) and minimal in UBC 809(0.31).

Page 6/19



Table 2

Primers selected for amplification and their specific annealing temperatures

S.NO
1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

Primer
UBC 811
UBC 841
UBC 857
UBC 826
UBC 815
UBC 888
UBC 889
UBC 891
UBC 813
ISSR M5
ISSR-03
ISSR-04
ISSR-06
ISLA(CT)8TG
ISSR F2
UBC-809
UBC-810
UBC-823
UBC-840
UBC-845
UBC-847
UBC-864
UBC-880

Sequence
GAGAGAGAGAGAGAGC
GAGAGAGAGAGAGAYC
ACACACACACACACACG
ACACACACACACACACC
CTCTCTCTTCTCTCTG
BDBCACACACACACACA
DBDACACACACACACAC
HVHTGTGTGTGTGTGTG
CTCTCTCTCTCTCTCTT
(GA)9-C

(CT)8-GC

(CA)6-AC

(CT)6-AG

(CT)8-TG

(AG)8-CG
AGAGAGAGAGAGAGAG
GAGAGAGAGAGAGAGT
TCTCTCTCTCTCTCTCC
GAGAGAGAGAGAGAGT
CTCTCTCTCTCTCTCTRG
CACACACACACACACC
ATGATGATGATGATGTG
GGAGAGGAGAGGAGA

Annealing Temperature
43°C
40°C
59°C
54°C
41°C
44°C
39°C
52°C
41°C
43°C
51°C
34°C
34°C
43°C
54°C
40°C
44°C
43°C
51°C
43°C
44°C
49°C
49°C
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Table 3

Percentage polymorphism of selected primers

S.NO

O 00 N o o b~ 0 DN

10
11
12
13
14
15
16
17
18
19
20
21
22
23

Primer
UBC 811
UBC 841
UBC 857
UBC 826
UBC 815
UBC 888
UBC 889
UBC 891
UBC 813
ISSR M5
ISSR-03
ISSR-04
ISSR-06
ISLA(CT)8TG
ISSR F2
UBC-809
UBC-810
UBC-823
UBC-840
UBC-845
UBC-847
UBC-864
UBC-880

Sequence 5-3’
GAGAGAGAGAGAGAGC
GAGAGAGAGAGAGAYC
ACACACACACACACACG
ACACACACACACACACC
CTCTCTCTTCTCTCTG
BDBCACACACACACACA
DBDACACACACACACAC
HVHTGTGTGTGTGTGTG
CTCTCTCTCTCTCTCTT
(GA)9-C

(CT)8-GC

(CA)6-AC

(CT)6-AG

(CT)8-TG

(AG)8-CG
AGAGAGAGAGAGAGAG
GAGAGAGAGAGAGAGT
TCTCTCTCTCTCTCTCC
GAGAGAGAGAGAGAGT
CTCTCTCTCTCTCTCTRG
CACACACACACACACC
ATGATGATGATGATGTG
GGAGAGGAGAGGAGA

Per cent polymorphism
87.5%
100%
100%
100%
100%
100%
66.6%
100%
77.7%
75%
100%
100%
100%
83.3%
100%
66.6%
100%
50%
62.5%
100%
100%
87.5%
100%
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Table 4

Details of unique bands displayed by different primers

SL.NO

O 00 N o o o W N =

)4 4O a4 a4 a4 a4 a4
O 00 N o o » W N = O©O

PRIMER
ISSR-03
ISSR-04
UBC-810
UBC-823
ISLA(CT)gTG

UBC-864
ISSR-06

UBC-811
UBC-841
UBC-889
UBC-826
UBC-880
ISSR M5
UBC-813
UBC-891
UBC-840
UBC-809
UBC-815
UBC-847

GENOTYPE
TSMLGB18
TSMLGB19
TSMLGB18
TSMLGB18
TSMLGB19
TSMLGB18
TSMLGB24
TSMLGB17
TSMLGB18
TSMLGB1

TSMLGB18
TSMLGB18
TSMLGB17
TSMLGB18
TSMLGB18
TSMLGB24
TSMLGB18
TSMLGB1

TSMLGB2

TSMLGB17
TSMLGB18
TSMLGB6

TSMLGB18
TSMLGB16
TSMLGB18
TSMLGB18
TSMLGB2

TSMLGB13
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UNIQUE BAND (base pairs)
1000

2500

800,750,600
1200,800

2100
1200,900,800,500
1300

1100,800

1400

1500

400
1300,1250,1000,900
650,300

1500,900
2000,1000,100

300
1250,800,550,400
250

1100

350
2300,1600,1250,180
1400

350

1400,900

1750,500
1500,1400,1000,750
800

1750




SL.NO PRIMER

GENOTYPE
TSMLGB2

TSMLGB18
TSMLGBS
TSMLGB18

UNIQUE BAND (base pairs)
650

1200
3100,500
2000,500,300
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Table 5
List of ISSR primers and their molecular characters

Primer H PIC EMR MI D

UBC 811 0.46 0.51T 1 0.46 0.86
UBC 841 0.48 0.51 1 0.48 0.67
UBC 857 0.49 0.50 1 0.49 0.70
UBC 826 042 054 1 0.42 0.51
UBC 815 042 053 1 0.42 0.52
UBC 888 045 0.52 1 0.44 0.56
UBC 889 032 057 1 0.31 0.35
UBC 891 034 057 1 0.34 0.38
UBC 813 0.38 0.55 1 0.37 043
ISSR M5 0.29 0.58 1 0.29 0.32
ISSR-03 0.34 0.56 1 0.34 0.39
ISSR-04 033 057 1 0.33 0.38
ISSR-06 024 059 1 0.24 0.26
ISLA(CT)8TG 0.34 0.57 1 034 0.34
ISSR F2 0.37 0.58 1 0.37 0.38
UBC-809 0.30 0.60 1 0.30 0.31
UBC-810 0.53 0.55 1 0.53 0.53
UBC-823 0.53 0.57 1 0.53 0.54
UBC-840 0.56 0.56 1 0.56 0.57
UBC-845 0.60 0.55 1 0.60 0.61
UBC-847 0.60 0.55 1 0.60 0.62
UBC-864 0.66 0.55 1 0.66 0.66
UBC-880 0.60 0.54 1 0.60 0.62

The Jaccard’s co-efficient of similarity varied from 0.57(between TSMLGB18 and TSMLGB1) to 0.88
(between TSMLGB10 and TSMLGB11) (Fig. 5). A dendrogram based UPGMA analysis with ISSR data was
shown in Fig. 5.The dendrogram divided the 24 genotypes into 7 clusters based on Jaccard'’s coefficient
similarity matrix at 0.75 similarity. Cluster | consisted of TSMLGB1, TSMLGB13 and cluster Il includes
maximum number (15) of genotypes viz., TSMLGB3, TSMLGB4, TSMLGB6, TSMLGB8, TSMLGBS5,
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TSMLGB7, TSMLGB9, TSMLGB10, TSMLGB11, TSMLGB12, TSMLGB14, TSMLGB15, TSMLGB17,
TSMLGB19 and TSMLGB20.Cluster Il includes TSMLGB16, cluster IV has TSMLGB21, TSMLGB22,
TSMLGB24.Cluster V, VI, VIl consisted of single genotype each namely TSMLGB23, TSMLGB2,
TSMLGB18 respectively.

Discussion

In the present investigation, ISSR markers were successfully employed in molecular diversity analysis
uto assess the phylogenetic relationships at the intraspecific level amongst 24 genotypes of B.orellana
collected from the germplasm of TNAU, Mettupalayam, India. The 23 ISSR primers generated 249 bands
among 24 genotypes, the molecular band size covered from 100 bp to 3500bp.The amplified fragment
ranged from 6(ISSR-04) to 13(UBC 826) with an average of 10.8 bands per primer. Similar results were
reported in Elaeocarpus serratus (Raji R et al,, 2021), Ricinus communis (Gajera et al., 2010), Pistacia
khinjuk (Karimi et al., 2012) and Citrullus colocynthis (Verma et al., 2017) for the number of bands in
ISSR markers. The primers have recorded high to moderate polymorphism indicating wider genetic
diversity in the species. Similar results for ISSR markers have been reported in various woody species
viz., Jatropha curcas (Singh et al.2010), Pinus roxburghii (Rawat ,2014), Pongamia pinnata (Pradeep et
al., 2010), Simarouba glauca (Sekar et al., 2003), Albizia lebbeck (Radhakrishnan et al,. 2001), Tectona
grandis (Parthibhan 2001).

The presence of unique bands facilitates the discrimination of the unknown genotypes, indicating that
TSMLGB18 can be reliably identified based on its unique bands. The size of the amplified products
varied from 100bp-3000bp and the PIC ranged between 0.6 - 0.5 (Table 3), signifying ISSR as an
informative molecular marker. The high heterozygosity, multiplex ratio and discriminating power of
markers revealed by the study exhibited the proficiency of ISSR markers for genetic diversity studies of
Bixa orellana. The results were in line with the other species for marker values viz., Elaeocarpus serratus
(Raji R et al.,2021), Acacia senegal (Josiah et al.2008),and Populus cathayana (Z lu et al.,2006).

The Jaccard’s co-efficient of similarity varied from 0.57(between TSMLGB18 and TSMLGB1) to 0.88
(between TSMLGB10 and TSMLGB11) which indicated moderate level of genetic variation among the
genotypes in the study. The highest JC value between TSMLGB10 and TSMLGB11 indicate their genetic
similarity, whereas low JC between TSMLGB1 and TSMLGB18 denotes significant genetic differences.
UPGMA cluster placed TSMLGB18 distantly from all other genotypes in the study possibly due to its
distinctiveness whereas TSMLGB10 and TSMLGB11 placed closely at 0.88 similarity could rendered to
its similarity in genetic structure. Generally, the individuals from different geographic origins have
different genetic constitution due to its natural selection for different traits (Raji et al,, 2021) and fall in
same cluster based on their origin. The present study is a novel attempt to evaluate genetic diversity
using ISSR markers in Bixa orellana.

The molecular analysis grouped the genotypes into 7 clusters. The wide divergence and a broad genetic
base allow for identification and selection of divergent parents for any hybridization or improvement
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plans and contribute significantly to the future breeding and conservation initiatives in the species. The
study also revealed considerable variation in banding patterns, high heterozygosity and wide range of
polymorphism among the genotypes, which demonstrated the suitability of ISSR markers as powerful
tools for genetic characterization, diversity assessment and population structure analysis of Bixa
orellana genetic resources. Previous studies on genetic diversity analysis using ISSR markers were
reported on many species with similar results including Santalum album (Sandeep et al., 2020),
Eucalyptus cladocalyx (Ballesta et al,2015), Elaeocarpus serratus (Raji et al.2021), Morus spp (Tikadar
et al,, 2003), Tectona grandis (Ansari et al., 2012), Bamboo spp (Amom et al., 2020) elucidating the
effectiveness of ISSR markers in analysing the diversity.

Conclusion

This study presents a novel application of ISSR markers for assessing genetic diversity in Bixa orellana.
The analysis revealed high levels of polymorphism, demonstrating the reliability and informativeness of
ISSR markers for genetic characterization in this species. The substantial genetic variability observed
highlights the heterogeneous nature of B. orellana, indicating considerable potential for heterosis in
future breeding efforts. A well-designed breeding strategy could facilitate the development of superior
progenies with enhanced bixin content and associated agronomic traits. These findings provide a
valuable genetic framework for the selection of diverse and promising genotypes for future genetic
advancement programs targeting bixin yield improvement.
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Figure 1

ISSR profile deciphering 100% polymorphism for primers a) ISSR F2 and b)UBC 845; Lane L is the 1kb
DNA ladder; Lane 1 to 24 indicates the DNA of genotypes under study.
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Figure 2

ISSR profile deciphering minimum polymorphism for primers a) UBC 823 and b) UBC 864 with
50%&62.5% respectively; Lane L is the Tkb DNA ladder; Lane 1 to 24 displayed the DNA of genotypes
under study.
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Figure 3

ISSR profile produced with unique bands in TSMLGB18 for a)1750bps for UBC 813 and b) ISSR-04 at 800
bps; where lane L is Tkb ladder; numbers from 1 to 24 are genotypes DNA under study
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Figure 4

ISSR profile produced with unique bands in TSMLGB2 for a) 1100 bps for UBC 826 and b) UBC 840 at
800 bps; where lane L is Tkb ladder; numbers from 1 to 24 are genotypes DNA under study
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Figure 5

UPGMA dendrogram computed using genetic distance matrix based on ISSR data
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