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Aroma trait imparts specialty to rice and enhances its
economic value in the market. Most aromatic geno-
types are known to possess a truncated version of
betaine aldehyde dehydrogenase gene, imparting aro-
ma. Temperate rice varieties of Kashmir, India, have
not been assessed for allelic variants of this fragrance-
imparting gene. Herein we report allelic variations
present in exon 7 of this gene in the popular scented
rice Mushk Budji. Unlike basmati-type genotypes,
Mushk Budji is a short and bold japonica rice which
grows at high altitudes and is cold-tolerant. Moreover,
aroma retention after cooking is better in Mushk Bud-
ji compared to Pusa Sugandh 3, a long and thin bas-
mati-type rice adapted to low-altitude areas of the
Kashmir valley. Analysis showed the presence of a
deletion of 8 bps ‘GATTATGG’ and three single nuc-
leotide polymorphism in exon 7 of aromatic rice geno-
types, including Mushk Budji. No such deletion was
found in non-aromatic rice varieties. Additionally, one
functional marker for badh2 allele was validated in
Mushk Budji. These findings can facilitate the devel-
opment of short and bold fragrant rice varieties
through marker assisted selection, especially for high-
altitude cold regions and the temperate valley condi-
tions of Kashmir and the rest of India.

Aromatic functional markers,

Keywords landrace,

sequencing.

GRAIN aroma is the single-most attractive character for
rice consumers. There is an increased global demand for
aromatic rice varieties because of their pleasant aroma
and superior nutritional quality, owing to better amino
acid profiles'. 2-Acetyl-1-pyrroline [2AP; ITUPAC name
S-acetyl-3,4-dihydro-2H-pyrrole] is a major chemical
compound responsible for the fragrance of aromatic rice.
Aroma characteristics are found within three of the dis-
tinguished genetic subpopulations of rice: Group V (Sadri
and Basmati), indica (Jasmine) and tropical japonica3.
Mushk Budji, a temperate japonica variety is the most
prominent aromatic indigenous rice cultivar of Kashmir,
India*’. However, this cultivar was mostly grown as
admixtures of Mushk Budji false dublicates by the far-
mers and there were complaints from consumers regard-
ing the aroma quality in local markets. Keeping this in
view, a massive genetic purification programme was con-
ducted over a period of four years (2008-12) at the

*For correspondence. (e-mail: amjadhusaini@skuastkashmir.ac.in)
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Mountain Research Centre for Field Crops, Khudwani,
Jammu and Kashmir, India by Amjad M. Husaini and col-
leagues at MRCFC. Three accessions were found to pos-
sess good-quality aroma and better yield (4.0—4.5 tonne/
ha). These accessions were bulked and the purified lan-
drace was multiplied under participatory mode and re-
leased by Sher-e-Kashmir University of Agricultural
Sciences and Technology of Kashmir (SKUAST-K) for
commercialization under public—private partnership mode
in 2014. Mushk Budji not only smells good but also
tastes better and therefore fetches good economic returns
for the farmers.

The major problem, however, with Mushk Budji is its
high susceptibility to rice blast (Magnaporthe grisea),
making it risky from the farmers’ perspective. A viable
alternative could be the introduction of aromatic rice va-
rieties from other regions of India. However, the aromatic
varieties which were introduced from subtropical regions
of the country either face maturity problems because of
cold temperate conditions in Kashmir, or problems re-
lated to milling facilities/properties®. As such, genetic
improvement of Mushk Budji has become imperative for
livelihood security of these rice farmers. A major bottle-
neck, however, is the lack of knowledge about the genetic
origin of fragrance in it. Genetic origin of aroma in rice is
a matter of interest among rice breeders. While some
have deciphered fragrance to be controlled by monogenic
inheritance’, others contend it to be a quantitative trait®.
Nevertheless, a significant major gene regulating aroma
production in almost all fragrant rice varieties is a single
recessive gene located on chromosome 8, and has been
identified by different techniques, viz. RFLP (ref. 9), and
SSR markers RM210 and RM515 (ref. 10). This gene
encodes an enzyme betaine aldehyde dehydrogenase
(BADH2) composed of 503 amino acids''. Bradbury et
al.'? on sequencing found an eight base-pair deletion and
3 single nucleotide polymorphism (SNPs) in exon 7 of
badh2 gene (badh2.l allele). They hypothesized that it
leads to the generation of a premature stop codon, which
blocks the function of badh2 and renders it non-
functional. In addition, different allelic variants that con-
tribute to fragrance have been identified by other work-
ers. For example, a 7-bp deletion in exon 2 (ref. 13), two
new SNPs in the central section of intron 8 (ref. 14), ab-
sence of MITE (miniature interspersed transposable ele-
ment) in the promoter'”, a TT deletion in intron 2 and a
repeated (AT)n insert in intron 4 of badh2 (ref. 16) have
been implicated for aroma production in different rice
varieties.

Marker-assisted breeding is one of the most viable
techniques for rice improvement. Kashmir genotypes,
especially Mushk Budji, need to be screened for the pres-
ence of badh2.1 allele. Different marker systems that tar-
get the above-mentioned deletions and provide insight
into the type of alleles regulating fragrance have been
already developed. Sakthivel et al.'” developed a marker
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BADEX7-5 for discriminating fragrant from non-fragrant
genotypes. It targets the InDel polymorphism in badh?2.1
gene and amplifies a 95 and 103 bp fragment in fragrant
and non-fragrant genotypes respectively. Since badh2.1 is
the abundant allele and has been found in maximum
genotypes studied'>"?, we chose to screen Kashmir geno-
types for its presence and sequence the region for assess-
ing allelic variations between them. Further, we chose
to validate the efficiency of the functional marker
BADEX7-5, so that it could be used in the breeding of
these fragrant rice varieties through marker assisted
selection (MAS). Herein we report allelic variations
present in exon 7 of badh2.1 gene in these rice genotypes,
including the famous high-altitude scented rice Mushk
Budji.

Five genotypes of rice were chosen for the study.
These comprised of japonica-type aromatic landrace
‘Mushk Budji’, basmati variety introduced in Kashmir
‘Pusa Sugandh-3’, japonica-type non-aromatic landrace
‘Kawa Kreed’, indica-type popular rice variety ‘Jehlum’
and a genotype with disputed identity ‘Kamad’. (This geno-
type was procured from a farmer who claimed it to be
Kamad, but our preliminary analysis showed it was non-
aromatic. Therefore, we included it in the present study to
ascertain its genetic nature. Due to its suspicious identity,
it has been referred as Kamad? in the present study; Fig-
ure 1.) The phenotypes of all these genotypes were classi-
fied as fragrant or non-fragrant by tasting dehulled seeds
according to the method of Berner and Hoff'®. Twelve
seeds from each genotype were chewed individually and
scoring for grain aroma was done on a 0-5 scale, with 5
as the ‘most’ aromatic and 0 with ‘no’ aroma.

For genetic study, the seeds of these five genotypes
were sown in clay soil in pots (triplicate) and kept in a
glass house maintained at 25° + 2°C. Young leaf samples
were collected from 18-day-old seedlings for the isolation
of genomic DNA. Harvested leaves were placed in glas-
sine bags and stored at —20°C.

Plant DNA was isolated from the young harvested
leaves using CTAB (cetyl trimethyl ammonium bromide)
method, as modified by Saghai-Maroof et al.'®. Quality
and quantity of DNA were determined by UV-visible
spectrophotometer (HITACHI U-2800, SKUAST-K).
Two primer pairs were used for PCR amplification of the
target sequences: (1) BADEX7-5 (F)STGTTTTCTGT-
TTAGGTTGCATT3" (R)5S’ATCCACAGAAATTTGGA-
AAC3" gene-specific marker that targets the InDel
polymorphism in exon 7 of badh2 (ref. 17) and (2) Os-
BADH2 (F)5ACATAGTGACTGGATTAGGTTCTG3’
(R)5’"CATCAACATCATCAAACACCACT3’ for ampli-
fication of exon 7 region of badh2 gene®®. Amplifications
with BADEX7-5 were performed in a 20 ul reaction mix-
ture containing 2.0 ul PCR buffer, 1.2 ul (25 mM)
MgCl,, 4 ul (I mM) dNTPs, 1 ul (10 mM) primer each
forward/reverse, 0.25 wWl Tag DNA polymerase and 1 ul
(25 ng) template DNA. PCR with OsBADH?2 was carried
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Figure 1.

103bp
o B>

Figure 2. PCR amplification using functional marker BADEX7-5.
Lane L, 50 bp ladder; lane MB, Mushk Budji F; lane KK, Kaw Kreed;
lane PS, Pusa Sughandh-3; lane J, Jehlum and lane L, 100 bp ladder.
Each aromatic genotype amplified a 95 bp fragment while the non-
aromatic genotype amplified 103 bp fragment.

out in 50 ul reaction mixture containing 5 ul PCR buffer,
5wl (25 mM) MgCl,, 10 ul (1 mM) dNTPs, 4 ul (10 mM)
primer each forward/reverse, 0.25 ul Tag DNA poly-
merase, 4 ul (25 ng) template DNA and 5 ul DMSO.
Temperature profile of the thermal cycler was identical
for both primers: initial denaturation for 5 min at 94°C
followed by 35 cycles of denaturation at 94°C for 15 sec,
30 sec annealing at 50°C for 15 sec, 30 sec extension at
72°C and a final extension of 72°C for 30 min. The PCR
products were resolved on 3.5% Electrophoresis Matrix
low EEO agarose 1 (G Biosciences, St. Louis, MO, USA)
gel stained with 0.5 ug/ml ethidium bromide and visua-
lized in a Gel Documentation System (BioRad,
SKUAST-K). The bands corresponding to fragrant and
non-fragrant genotypes were scored visually.

The 30 ul PCR product (200 ng/ul) of each sample
amplified using OsBADH2 primer pair was cut from the
gel and sent for sequencing (SciGenomics labs, Cochin).
Primers OsBADH2 R/F (60 ng/ul) 20 ul were sent along
with the PCR products. In silico analysis was done using
freely available software tools on portal of the National
Centre for Biotechnology Information (NCBI), USA
(http://www.ncbi.nlm.nih.gov). ClustalW (www.genome.
jp/tools/clustalw) was used for creating multiple sequence
alignment in the region of interest. After annotation, the
sequences were submitted to NCBI.

Results of Berner and Hoff test showed that Mushk
Budji had good aroma with a score of 5. Pusa Sugandh-3
was found to be equally fragrant (score 5). Kamad?,

CURRENT SCIENCE, VOL. 118, NO. 4, 25 FEBRUARY 2020

Grain of rice genotypes. a, Mushk Budji; b, Kawa Kreed; ¢, Pusa Sughandh-3; d, Jehlum; e, Kamad.

Kawa Kreed and Jehlum were found to be non-fragrant
with a score of 0.

Functional marker BADEX7-5 developed by Sakthivel
et al.'” was validated in the genotypes of Kashmir as well
as Pusa Sugandh 3. The Basmati varieties tested so far
were Basmati 217, Basmati 370, Basmati 386, Type-3,
Taroari Basmati, Ranbir Basmati, Kasturi, Super Basma-
ti, Haryana Basmati, Punjab Basmati, Mahi Sugandha,
Pusa Basmati-1 and Pusa 1121. The short-grain aromatic
varieties tested were Pankhari 203, Seetabhog, Tilak-
chandan, Tulasi Amrit, Tulsimanjari, Amritsari, Ambe-
mohar, Badshah, Badshah bhog, Badshahbhog joha,
Baspatri, Bansphool A, Chini kamini, Dubraj, Dhusara
Badshah bhog, Govinda bhog, Jeeraga Samba, Kala
namak, Kanak jeer, Katari bhog, Kola joha and Kunikuni
joha'”. In the present study, BADEX7-5 generated a
fragment of approximately 96 bp in both fragrant rice
varieties. This indicates the presence of the ‘fragrant’
allele badh2.1 (which possesses a 7 bp deletion and three
SNPs in exon 7). On the contrary, BADEX7-5 marker
generated a 103-bp PCR product for non-fragrant geno-
types Jehlum and Kawa Kreed, predicting the absence of
badh2.1 allele in these genotypes (Figure 2). These re-
sults confirm that the marker targets this functional InDel
polymorphism and can therefore be used for genotyping
fragrance trait in these rice genotypes. Hence the valida-
tion of this important functional marker for badh?2 allele
in Mushk Budji and Pusa Sugandh-3 (aromatic varieties)
opens the possibility of using it in marker-assisted breeding
for the development of fragrant rice varieties for tempe-
rate and high-altitude regions of Kashmir valley.

Although molecular marker BADEX7-5 differentiated
aromatic and non-aromatic genotypes in the present study
by generating products of two different sizes, viz. 96 bp
in aromatic and 103 bp in non-aromatic varieties, and vi-
sualized by the difference in position of bands obtained
after electrophoresing the two products on a 3.5% agarose
gel, in order to confirm that it is the same deletion of 8 bp
as observed by Bradbury et al.'?, the target region was
amplified using another set of primers (OsBADH2) and
subsequently sequenced using the Sanger method. Mushk
Budji represented aromatic japonica group, Pusa Sugandh
3 represented Sadri and Basmati (indica group), Kawa
Kreed represented non-aromatic japonica group, and Jeh-
lum represented non-aromatic indica group. Kamad? was
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Figure 3.

PCR amplification using OsBADH?2: a, Lane L, 100 bp ladder; lane MB, Mushk Budji F; lane K, Kamad?; lane PS, Pusa Sug-

handh-3, lane KK, Kawa Kreed and lane J, Jehlum. Approximately 463 bp amplicons of exon 7 of rice genotypes were generated for se-
quencing. b, Multiple sequence alignment of selected rice genotypes for exon7 of badh2 gene (8 bp mutation and 3 SNPS are highlighted

by arrows.

also selected due to its disputed nature. OsBADH2 primer
pair resulted in the amplification of a 463 bp region
covering the target deletion in exon 7 (Figure 3 a). PCR-
amplified products were sequenced and later analysed
using on-line software programmes. BLAST, an algo-
rithm for comparing primary biological sequence infor-
mation was used to find regions of similarity between the
five query sequences and the NCBI database of the bio-
logical sequences. Nucleotide BLAST analysis was car-
ried out using algorithms BLASTN (version 2.5.0) and
MEGABLAST?'*?. After annotation the sequences were
submitted to NCBI. The accession numbers for the se-
quences are KT971372.1 (Jehlum), KT971371.1 (Kaw
Kreed), KT971370.1 (Pusa Sugandh-3) and KT971369.1
(Mushk Budji).

Multiple sequence alignment using ClustalW clearly
shows differences in the region of interest for the five
varieties studied (Figure 3 b). The expected 8-bp deletion
GATTATGG and three SNPs, viz. T and T in place of A
and A before 8-bp deletion and T in place of C following
8-bp deletion in exon 7 of aromatic rice genotypes Mushk
Budji (Oryza sativa japonica) and Pusa Sugandh-3 (Ory-
za sativa indica) can be clearly seen in multiple sequence
alignment, while the non-aromatic varieties Jehlum (Ory-
za sativa indica), Kawa Kreed (Oryza sativa japonica)
and Kamad? revealed no such deletion. This deletion has
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been reported earlier in diverse aromatic varieties, namely
YRF203, 00210-0-15, YRF207/1202, Yasmin, Amber,
Dumsorhk, Dellmont, YRF207, YRF204, 00210-33,
Basmati370, Dragon Eyeball 100, Goolarah and Khao
Dawk Mali 105, Suyunuo, Wuxiangjing, Pangxiegu, Gua-
nglingxiangnuo, Xiangxuenuo, XiangjingT37, Xiangj-
ing20-18, Wuxiang075, Basmati385, Basmati370,
Ganxiangnuo, Meiguomolixiang and Lanka Samurdi'>"**°.
For Kamad? it was confirmed at both phenotypic and ge-
notypic levels that the accession was not Kamad, and the
concerned farmer was growing a contaminated mixture of
aromatic and non-aromatic genotypes in his field.

Furthermore, these results suggest that Mushk Budji
and Pusa Sugandh-3 may share a common origin. Mushk
Budji is considered a landrace of Kashmir and has been
relished by the local people since ages. Pusa Sugandh 3 is
a released Basmati variety from the Sugandh series ob-
tained by crossing Pusa 1238-1 with Pusa 1238-81-6 (ref.
23). Kovach et al.’ have shown that the 5.3 Mb region
flanking badh2 in Basmati cultivars is nearly identical to
the ancestral japonica haplotype, indicating that Basmati
cultivars had close evolutionary relationship with the
japonica varietal group.

There are still some unresolved and ambiguous issues
regarding the genetic basis of fragrance, and there is little
information about the biochemical pathway of rice

CURRENT SCIENCE, VOL. 118, NO. 4, 25 FEBRUARY 2020



RESEARCH COMMUNICATIONS

aroma. While Bradbury et al.** suggest that loss of func-
tion mutation (8 bp deletion in exon 7) leads to produc-
tion of truncated protein which is incapable of
metabolizing aroma compound 2AP in rice, Chen et al.'®
have observed that no such truncated protein is formed.
According to them'®, this 8 bp deletion suppresses both
transcription and translation of badh2 gene, resulting in
4-aminobutyraldehyde (ABald) accumulation, which
otherwise is metabolized by functional BADH2 enzyme.
Whatever may be the case, either truncation of protein or
inhibited transcription and translation, deletion in exon of
badh?2 gene imparts rice its characteristic aroma. This is
further proven when downregulation of badh?2 levels by
RNA interference causes enhanced aroma production
through accumulation of 2AP (ref. 25).

This study presents unequivocal evidence both at phe-
notypic and genotypic levels, for fragrance in Mushk
Budji and Pusa Sugandh 3. The outcome could provide
a stepping stone for effective rice development pro-
grammes for Kashmir, especially for introgression of
aroma in cold-tolerant genotypes in the temperate and
high-altitude regions of Kashmir valley. Marker-assisted
selection will decrease the cost of variety development as
well as significantly accelerate the introgression of the
fragrance gene into these rice varieties.

Conflict of interest: The authors declare no conflict of in-
terest.
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