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Chapter - 1
INTRODUCTION

Rice is undoubtedly a dominant and important stdpbd worldwide.
The genuOryza L. is classified under the tribe Oryzeae, subfarlyzoideae,
of the grass family Poaceae (Gramineae) (Lu, 199Bj)s genus includes two
cultivated species and more than 20 wild speciesrilaited in tropical Asia,
Africa, Australia, Central and South America (Khu4B97). The two cultivated
rice speciesOryza sativa L. andO. glaberrima Steud., belong to a species group
calledOryza sativa complex together with the five wild tax@, rufipogon (sensu
lato), O. longistaminata Chev. Roehr.Q. barthii A. Chev., O. glumaepatula
Steud., an®. meridionalis Ng. Rice is now the model plant for genetic redearc
among crop plants. Rice (2n = 12) has a genome iZ289 Mbp’s, and its
importance as a staple food for about half of therldv population is well
recognized (IRGSP, 2005).

Rice is life for Asians in general and Indiangarticular. Asia cultivates
137 million ha of rice of which Indians share 42.B6llion ha. Its annual
production and productivity is 95.33 million tonnasd 2.22 t h4, respectively
(D.O.E.S., 2013). Genetic diversity available icerin India is quite impressive
and local landraces/primitive cultivars play an artant role in maintaining this
diversity. Rice is the staple diet of the majonfypeople in Jammu and Kashmir.
Rice crop ranks™, both in area under cultivation and productionpAdsent, rice
in the state is cultivated on an area of 274 thodidzectares, its production in
2013-14 was 9044 thousand quintals (0.55 Mt) amdiystivity was 3.238 t ha
(D.O.E.S., 2013). This part of Himalayan region Inflia (33°17-37°20 N
latitude and 73°2830°30 E longitude) harbour land races which are impartan
reservoirs of valuable traits viz. taste, aromayrition, medicinal properties and
other special uses. Grain aroma is the most atteacharacteristic of high-quality
rice. Aromatic rice varieties constitute a smait bpecial group of rice and have
gained greater importance with the worldwide insee&n the demand for fine




guality rice. Among the most prominent aromaticigetheous rice cultivars of
Kashmir Mushkbudiji, stands at the top followed bgnkad (Parragt al., 2008).
Aromatic rice is rare and so precious that in sawoentries, it is considered a

national asset and pride.

Fragrant rice has been in great demand in thenAsi@e market for
decades Not only is aroma one of the most important cbemastics for
determining good quality rice but aromatic varietieve comparable or superior
nutritional values and better amino acid profildgoma characteristics were
determined by Kovachet al. (2009) in three of the distinguished genetic
subpopulations of riceGroup V (Sadri and Basmati)indica (Jasmine), and
tropical japonica. Butteryet al. (1982) with his coworkers successfully identified
2-acetyl-1-pyrroline [2AP; IUPAC name 5-acetyl-3dihydro- H-pyrrole] as the
compound responsible for the unique and pleasagtdnce of the aromatic rice.
Genetic analysis revealed that the primary fragrat@it is controlled by
recessive monogenic inheritance, independent afptagsmic genes. Studies on
rice varieties showed, some are under monogeméao(Yanoet al., 1991)
whereas, in some others it is found to be a quaivie trait and many genes are
involved in its expression (Hieat al., 2006) thus, indicating complex genetic
control of the aroma trait. A single recessivegyttated on chromosome 8 has
been found to play significant role in aroma depetent, and has been identified
by different techniques viz. RFLP (Ahat al., 1992), translocation and trisomics
lines from non aromatic rice cultivar IR36 (Et al., 1996) and by using SSR
markers RM210 and RM515 (Rehal., 2004). Bradburyt al. (2005) identified
the gene responsible for fragrance in riéeecessive genddr) on chromosome
8 of rice has been linked to this important trdihis gene encodes an enzyme
betaine aldehyde dehydrogenase (BADH2) and hadisant polymorphisms in
the coding region of fragrant genotypes relative nan-fragrant genotypes.
Betaine aldehyde dehydrogenase (BADH2) is an enaapable of converting

aminobutyraldehyde (GABald), a four carbon aminehidie derived from




proline via putrescine oxidation injeaminobutyric acid (GABA).An eight base
pair deletion inBadh2 leads to the generation of a premature stop cobah t
would, if translated, produce a truncated non-fimmetl protein. This results in
abrogation of the function of the enzyme, Betaitdelayde dehydrogenease,
which consequently accumulates substrate 2AP imgrdra varieties. The
functional badh2 gene codes for a mature protein with 503 amino sacid
(Wanchanat al., 2005).In aromatic varietieg-aminobutyraldehyde (GABald), is
not metabolized by BADH enzyme (truncated proteiapd it cyclizes
spontaneously intal-pyrroline, which accepts acetyl group from mettlyloxal,
resulting in the formation of 2-acetyl 1-pyrroli{@AP). Identification of the gene
for fragrance and availability of large aromaticergene pool has created a world-
wide interest to look for allelic variants at thigus (Amarawathét al., 2008). A
7-bp deletion in exon 2 (Shet al., 2008), absence of MITE (miniature
interspersed transposable element) in promoter r(B®et al., 2008), two new
SNPs in the central section of intron 8 (Stial., 2008), a TT deletion in intron 2
and a repeated (AT)n insert in intron 4baflh2 were reported in various fragrant
varieties (Cheret al., 2008). The sequencing of tiradh2 locus derived from
aromatic rice cultivars can uncover the presencalitierent badh2 alleles.
Bradburyet al. (2005) reported thdiadh2.1 allele consists of 8-bp deletion and 3
single nucleotide polymorphisms (SNPs) in exon at thads to the introduction

of premature stop codon to produce a truncateckjrot
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Location of fragrance gene in; A) a section of rateomosome 8, showing the
genetic distance between fgr and chromosomal maiBeBAC clones covering
the region of rice chromosome 8 flanked by the etosomal markers RM515
and SSR-JO7 where the fgr gene was calculatecsidere and C) the AP004463

BAC clone showing the genes in this region inahgdihe predicted fgr gene and
chromosomal markers SSR-J02 and RSP04

[Source : Bradburgt al., 2005]
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[Source : Bradburgt al., 2005]

Structure of the fragrance gene (fgr) showing atibn codon (ATG), 15 exons,
14 introns and the ATT termination site. The nutitl® sequence of exon 7 is
shown for fragrant as well as non-fragrant riceatas. The fragrant rice variety
shows a large deletion and 3 SNPs which then tet@iprematurely (stop codon
in red), within this exon. The truncated proteirc@shed in fragrant rice varieties
would therefore lack the highly conserved sequerce®ded by sequence 8, 9

and 10 and which are believed to be required farecbfunction of this protein.

BADH1 is homologous wit BADH2 (Bourgiset al., 2008) and located
on chromosome 4 in rice, both having similar molactunction (Amarawathet
al., 2008) but its role in aroma is not yet confirn{eldsthanasombut al., 2011).




The reduced expression lsddh2 or 2AP accumulation was studied by Vanavichit
et al. (2005) using, RNA interference (RNAI) technologyJasmine rice. They
observed that, the strongest RNAI expression ghgestrongest suppression and
the highest accumulation of 2AP. In another studgnsgenic rice containing
RNAIi by an inverted repeat of cDNA encoding Os2A¢tuanulated 2AP in
considerable amounts (Cheast al., 2008). Niu (2008) confirmed the reduced
expression of theébadh2 using RNAI in rice, resulted in 2AP accumulation.
Therefore, it is confirmed th&adh2 determines the accumulation of 2AP in rice.
BADH?2, is basically involved in synthesis of an adyte glycine betaine from
betaine aldehyde (Livingstongt al., 2003). But rice is a non-accumulator of
glycine betaine (Rathinasabapathal., 1993). Bradburyet al. (2008) found that
rice BADH2 has higher activity towards gamma amiubyraldehyde (GABald)
and moderate activity on betaine aldehyde. Rice BAQvas found to regulate
metabolism of gamma-amino butyric acid (GABA) fro®@ABald in rice.
GABAId spontaneously cyclises tl- pyrroline, the key precursor of 2AP. This
was recently confirmed by the absence of 2AP inasmmatic variety after
transformation with functionabadh2 (Chen et al., 2008) and suppression of
badh2 transcript in a non-aromati@ponica rice callus Q. sativa japonica cv.

Nipponbare) increases 2 AP levels.

Important grain quality trait i.e aroma, whicheftappears to be under
simple genetic control is difficult to recover ingh-yielding backgrounds.
Availability of high-density molecular marker mapad genome sequences has
allowed fine mapping and positional cloning of gefoe fragrance in rice.
Multiplex markers targeting the functional InDellypmorphism were reported for
genotyping fragrance trait. Subsequently, a penieatker system targeting 8-bp
deletion was proposed for fragrance genotyping dBuay et al., 2005). In this
marker assay, although developed from functiongibreof the gene, four primers
(two pairs) were multiplexed in a single PCR reactiUse of this multiplex

marker system was complex and tedious, so a nelem#rat was simple, co-




dominant, functional marker was developed for Haage trait, which can be
resolved in an agarose gel and validated in Basarati non-Basmati aromatic
rice varieties and in a mapping population segextydor fragrance trait was
developed by Sakhtivekt al. (2009). The marker targeted the InDel
polymorphism in badh2 gene and amplified 95 and H®3ragments in fragrant
and non-fragrant genotypes, respectively. This pedéveloped marker was
highly efficient in discriminating all fragrant andon-fragrant genotypes and
showed perfect co-segregation with the trait ofgfamce in the mapping
population hence could be amenable for routine arasksisted selection (MAS)
involving large breeding materials. This has ledntajor advances in marker-
assisted selection and pyramiding of useful gembss, the population can be
screened at any stage of growth and in variousr@mvients and scent character

can be rapidly incorporated into the breeding lines

The local fragrant rice genotypes of Kashmir bdargl races and having
a characteristic aroma may possess allelic varitortshe genebadh2. These
genotypes need to be screened for the presencaiahts of fragrance imparting
genebadh2. The study is important as it can be utilized e fragrant rice
improvement programme for J&K or elsewhere, anddatibn of the functional
markers (developed by different workers) badh2 allele can be used in breeding
of fragrant rice varieties through MAS. In light ¢fie above facts, present

investigation was carried out with the followingearch objectives:-

1. Isolation and sequencing b&dh2 gene homologues from fragrant and

non fragrant rice genotypes grown in Kashmir.
2. Insilico analysis obadh homologues/alleles for sequence similarity.

3. Validation of functional markers for badh2 alleldieh can facilitate
development of fragrant rice varieties through MAS.




Chapter 2
REVIEW OF LITERATURE

A candidate gene (fgr/BADH2) homologous to betaiaklehyde
dehydrogenase is responsible for aroma metabohdnagrant rice varieties. The
presence of a dominant BADH2 allele encoding betaildehyde dehydrogenase
inhibits the synthesis of 2-acetyl-1-pyrroline (2AR potent flavor component in

rice fragrance. By contrast, its recessive allddash2, induce 2AP formation.

Cordeiro et al. (2002) in orderto overcome the difficulties in the
detection of fragrance carried out via sensoryh@nuical methods identified an
(AT)40 repeat microsatellite or simple sequenceatSSR) marker for fragrant
and non-fragrant alleles of thigr gene. ldentification of this marker was
facilitated through use of both the publicly avhi&a and restricted access
sequence information of the Monsanto rice sequedatabases. Fifty JF
individuals from a mapping population were genotyder the polymorphic
marker. This marker has a high polymorphism infdramacontent (PIC = 0.9).
Other SSR markers linked to fragrance could betifiet in the same way of use
in other populations. This study demonstrated #ratlysis of the rice genome
sequence is an effective option for identificatioh markers for use in rice

improvement.

Langet al. (2002) conducted studies on identification and fimepping
of SSR marker linked to fgr gene of rice. The gemontone RG28, which is
tightly linked to fgr gene in rice, provides to fiem marker-aided selection in
rice breeding program. This study aims at idemiyand making fine mapping of
SSR marker linked to fgr gene in rice which corgralomatic property. RG28
marker can be converted by sequencing into SSRuaad as primers for PCR
amplification of genomic DNA from rice varietiesff@ring in the aromatic
responsiveness. Fine genetic mapping was condatiedial steps with an effort
to apply marker-assisted selection in plant bregdlosing 12 selected DNA
markers and an Fpopulation including 250 plants, fgr was fine megpgo a




genomic region <2 cM on the chromosome 8. Two markRG28, RM223
closely linked to extremely aromatic phenotypes.ADiNarker assisted selection
was used to detect fgr gene. To examine the pofMtreddentified SSR markers
in predicting the phenotype of the fgr locus, tleagtypes were determined of the
F.'s individuals at this locus by performing progetgting for fgr in the F3
generation. The results indicated an accuracy ortian 84% in identifying the
resistant plants which was similar to that using2RE&R. The results of the
germplasm survey will be useful for the selectidrparents in breeding program
aimed at transferring this gene from one varietgkigeound to another using
marker-assisted selection.

Lam et al.(2003) investigated development of volatile compuagsen
milled rice over 50 d of storage. The major vo&tilvere identified and measured
by gas chromatography- mass spectrometry andrilative odor potencies were
subsequently calculated as aroma values. Volabiteentrations were greater in
partially milled rice than in fully milled rice. Gmentrations of 2-nonenal, octanal
and hexanal increased significantly during storabereas heptanal, 3-penten-2-
one and 2-pentylfuran did not. Octanal and 2-nonhemad the highest
contributions to milled rice odor. The aroma valfmshexanal and 2-pentylfuran
changed by a larger factor relative to those fqutdual, 2-nonenal, 3-penten-2-
one and octanal during early storage, whereas ha&ptd8-penten-2-one and 2-

pentylfuran did not.

Jin et al. (2003) sequenced the whole rice genome to assishdn
identification of a single nucleotide polymorphii®NP) marker linked to the
fragrance gene (fgr) in rice. Genes flanked by riegin fragment length
polymorphism and microsatellite markers known tolibged to the fragrance
gene were identified by DNA sequence alignment 8T Eequences against BAC

clones covering this region of chromosome eights&guencing and comparison




of parts of these genes derived from a fragrantaandn-fragrant cultivar revealed
only one SNP (a C/T transition) in more than 6 kibsequence from 14 genes.
Ten of eleven fragrant genotypes and six of 14 fnagrant genotypes tested
carried the C allele. This approach indicated aegdly low level of SNP
polymorphism in cultivated rice suggesting that oasgtion of SNP with

phenotypes should be an efficient path to geneodesy in cultivated rice.

Bradburyet al. (2005) reported that the flavour or fragrance a$rhati
and jasmine rice is associated with the presence-atetyl-1-pyrroline. A
recessive gene (fgr) on chromosome 8 of rice wdsed to this important trait.
They showed that a gene with homology to the géva encodes betaine
aldehyde dehydrogenase (BAD) has significant pohpiiems in the coding
region of fragrant genotypes relative to non-fragigenotypes. The accumulation
of 2-acetyl-1- pyrroline in fragrant rice genotypeas explained by the presence
of mutations resulting in a loss of function of tige gene product. The allele in
fragrant genotypes has a mutation introducing @ stwdon upstream of key
amino acid sequences conserved in other BADs. ghgene corresponds to the
gene encoding BAD2 in rice, while BAD1 is encodgdabgene on chromosome
4. BAD has been linked to stress tolerance in pladbwever, the apparent loss

of function of BAD2 does not seem to limit the gtbvef fragrant rice genotypes.

Chenet al. (2006) with their initial mapping efforts with SSRRarkers
confirmed that a single recessive gene (fgr) omrimsome 8 is responsible for
the production of 2AP and placed the fgr locus leetwRM8264 and RM3459
with the physical distance of ~ 800 kb. The fgrisegwas then saturated with
high-density markers developed by exploiting segaativersities between indica
and japonica rice subspecies. After mapping witresgant populations consisting
of totally 2891 individuals, the fgr locus was reged to an interval of 69 kb
flanked by the left marker LO2 and the right mark€6. Furthermore, the fgr

locus was confirmed by simultaneous investigatibbath genotypes and 2AP




levels for the key recombinants and their offspriSgquence analysis of the fgr
region revealed three candidate genes encodingectsp eukaryotic-type
carbonic anhydrase, 3-methylcrotonyl-CoA carboxylégta chain, and betaine

aldehyde dehydrogenase.

Bourgiset al. (2008) reported on characterisation of thg gene in the
Azucena variety, one of the few aromgtponica cultivars. A RIL population
from a cross between Azucena and IR64, a non-aronralica, the reference
genomic sequence of Nipponbajeppnica) and 93-11 ifdica) as well as an
Azucena BAC library, was used to identify the mdpagance gene in Azucena.
They thus identified a betaine aldehyde dehydrogengene,badh2, as the
candidate locus responsible for aroma, which pteseexactly the same mutation
as that identified in Basmati and Jasmine- likeesicComparative genomic
analyses showed very high sequence conservatiowebet Azucena and
NipponbareBADH2, and a MITE was identified in the promoter regiointhe
BADH2 allele in 93-11. Thebadh2 mutation and MITE were surveyed in a
representative rice collection, including tradisaromatic and non-aromatic rice
varieties, and strongly suggested a monophylogenetigin of this badh2

mutation in Asian cultivated rices.

Fitzgeraldet al. (2008) in their study, quantified 2AP and deterrdine
presence or absence of the fragrance alligie (n 464 samples of traditional
varieties of rice from the T.T. Chang Genetic Reses Centre at the
International Rice Research Institute. It was shdiat a number of aromatic
varieties, primarily from South and South-East Asi® not carry the 8-bp
deletion, but 2AP was identified in both raw andloed rice of these varieties.
They suggest that the 8-bp deletionfgn is not the only cause of aroma, and at
least one other mutation drives the accumulatioBA®. The amount of 2AP in
most uniformfgr genotypes was not significantly different fromttiva aromatic
nfgr genotypes, but severalgr genotypes, primarily from South Asia,

reproducibly accumulated exceptionally large amsuwft 2AP. They suggested




that the mutation leading to 2AP in aromatigrnvarieties possibly originated
several times and, through either domesticatiorwvariution, thefgr gene and
other alleles leading to 2AP have combined in SoAdha, leading to several
highly aromatic traditional varieties. The idendétion of multiple mutations for
2AP will enable rice breeding programmes to sedetitvely for multiple genetic
sources of 2AP, leading to the development of lyighbmatic and, consequently,

high-quality varieties of rice.

Lang et al. (2008) developed PCR-based DNA markers for preask
efficient transfer of the fgr gene into new eliteproved lines. This was done with
an informative RFLP marker RG28, and RM223, whid¢toveed the closest
linkage to fgr gene in rice, provides means toqrenfmarker-assisted selection in
rice breeding program. The objective of this stusgs to investigate the
possibility of generating a polymerase chain resactPCR-based polymorphic
marker that can distinguish aroma and non-aromae®an the sequence tagged
site data (STSs) of RG28FL-RL and microsatellite 228, pair wise primers
were designed to amplify genomic DNA from C53/Jamm85 and C51/Jasmine
85 to identify polymorphic amplified products betwme the two rice lines
OM4900 from C53/Jasmine 85 and OM6161 from C51/d@sn85. Two
polymorphic markers, amplified with RG28 FL-RL aR#223 were identified.
These results demonstrate the utility of STS anctasatellite markers for use in

marker-assisted selection and breeding within\atid rice.

Niu et al. (2008) provided the direct evidence demonstratihg t
functions of OsBADH2 and elucidated the physiological roles ©@$BADH2.
Sequencing approach and RNA interference (RNANDna&pie were employed to
analyze allelic variation and functions G8BADH2 gene in aroma production.
Semi-quantitative, real-time reverse transcripfatymerase chain reaction (RT-
PCR), as well as gas chromatography-mass specmpn{&@C-MS) were
conducted to determine the expression levelSOsBADH2 and the fragrant

compound in wild type and transgeni®osBADH2-RNAI repression lines,




respectively. Their results showed that multipletations identical tdgr allele
occur in the 13 fragrant rice accessions acros®asBADH2 is expressed
constitutively, with less expression abundance iature roots; the disrupted
OsBADH2 by RNA interference leads to significantly increds2- acetyl-1-
pyrroline productionUltimately it was found that the altered expresdmrels of
OsBADH?2 gene influence aroma accumulation, and the prevalematic allele

probably has a single evolutionary origin.

Sun et al. (2008) investigated inheritance and carried out gene fine
mapping of aroma in crosses between the aromateclelbrid riceOryza sativa
indica variety Chuanxiang-29B (Ch-29B) and the non-ar@enete O. sativa
indica variety R2 andD. sativa japonica Lemont (Le). The Fgrains and leaves
were non-aromatic while the, lRon-aroma to aroma segregation pattern was 3:1.
The F3 segregation ratio was consistent with thpeeted 1:2:1 for a single
recessive aroma gene in Ch-29B. Linkage analysiwda® simple sequence
repeat (SSR) markers and the aroma locus for thaadic F, plants mapped the
Ch-29B aroma gene to a chromosome 8 region flabike®iSR markers RM23120
at 0.52 cM and RM3459 at 1.23 cM, a replicatepBpulation confirming these
results. Three bacterial artificial chromosome (BAnes cover chromosome 8
markers RM23120 and RM3459. Molecular mapping datan the two
populations indicated that the aroma locus ocauis 142.85 kb interval on BAC
clones AP005301 or AP005537,implying that it migktthe same gene reported
by Bradburyet al. (2005). The flanking markers Aro7, RM23120 and RIg3
identified could greatly accelerate the efficieranyd precision of aromatic rice

breeding programs.

Kovach et al. (2009) in order to find the origin and evolution thfe
betaine aldehyde dehydrogenase g&fbH2) gene conducted a study. In their
study they identified eight putatively non functaralleles of theBADH2 gene
and showed that these alleles have distinct gebgrapd genetic origins. Despite

multiple origins of the fragrance trait, a singleeke, badh2.1, is the predominant




allele in virtually all fragrant rice varieties tagl including the widely recognized
Basmati and Jasmine types. Haplotype analysis atlalvem to establish a single
origin of thebadh2.1 allele within the Japonica varietal group and desti@te the
introgression of this allele from Japonica to IrdiBasmati-like accessions were
nearly identical to the ancestral Japonica hapktggross a 5.3-Mb region
flanking BADH2 regardless of their fragrance phenotype, demonsirat close
evolutionary relationship between Basmati varietied the Japonica gene pool.
These results clarify the relationships among fagrice varieties and challenge
the traditional assumption that the fragrance temdse in the Indica varietal
group.

Prathepha (2009) conducted a study to determiaepthsence of the
recessive allele of the fragrance gene of the weedypopulation in an important
rice growing area of North eastern Thailand. Amaomg 215 weedy rice plants
examined, three genotypes, BADH2/BADH2, BADH2/badirid badh2/badh2
were detected. Frequencies of the badh?2 allele ath@high value of 0.547.

Fragrance development in rice has been reportedada 8-bp deletion in
the exon 7 of badh2 gene located on Chromosomey&akhtivelet al. (2009)
Multiplex markers targeting the functional InDel lyymorphism was earlier
reported for genotyping fragrance trait, but therkea was observed to be
inconsistent and difficult to use. Sakhtiwatlal. (2009) developed a simple, co-
dominant, functional marker for fragrance trait, ieth can be resolved in an
agarose gel and validated in Basmati and non-Basranatic rice varieties and
in a mapping population segregated for fragranag. tThe marker targets the
InDel polymorphism in badh2 gene and amplifies @8 403 bp fragments in
fragrant and non-fragrant genotypes, respectivaly.mewly developed marker
was highly efficient in discriminating all fragraahd non-fragrant genotypes and
showed perfect co-segregation with the trait ofgfamce in the mapping
population. They recommend the use of this simiole;cost marker in routine

genotyping for fragrance trait in large scale biegdnaterials and germplasm.




Singhet al. (2010) reported the discovery and validation of SKPthe
BADH1 gene located on chromosome 4 by re-sequerdfidigverse rice varieties
differing in aroma and salt tolerance. There wereSNPs in introns with an
average density of one per 171 bp, but only thidBsSin exons at a density of
one per 505 bp. Each of the three exonic SNPsletidnges in amino acids with
functional significance. Multiplex SNP assays weased for genotyping of 127
diverse rice varieties and landraces. In total l® Saplotypes were identified but
only four of these, corresponding to two proteirplbtypes, were common,
representing more than 85% of the cultivars. Deitesition of population
structure using 54 random SNPs classified the tresiento two groups broadly
corresponding to indica and japonica cultivar ggyuiggomatic varieties clustering
with the japonica group. There was no associatetwéen salt tolerance and the
common BADH1 haplotypes, but aromatic varietiesvatb specific association
with a BADHL1 protein haplotype (PH2) having lysiddlto asparaginel44 and
lysine345 to glutamine345 substitutions. Proteindelimg and ligand docking
studies show that these two substitutions lea@daction in the substrate binding
capacity of the BADH1 enzyme towards gamma-amingialdehyde (GABald),
which is a precursor of the major aroma compourdétyl-1-pyrroline (2-AP).

Kumari et al. (2012) demonstrated that the aroma or fragrance of
Basmati rice is associated with the presence anteob of the chemical
compound, 2-acetyl-1-pyrroline and the trait is mgenic recessive. Several
polymerase chain reaction (PCR)-based co-dominaarkens based on RG28
locus were developed, which could differentiatewlsetn fragrant and non-
fragrant rice cultivars. Biochemical analysis obraa was performed with the
1.7% KOH solution and molecular analysis of aromaswarried out with
microsatellite markers present on chromosome 8 (BABADEX7-5, SCUSSR1)
to determine the extent of association between, tnearker and chromosome 8.
Among these markers, BAD2 amplified aroma spedfieles having 256 bp in
72 lines, BADEX7-5 with 95 bp in 74 lines and SCWB3Swith 129 bp in 79
lines. Aromatic and non-aromatic lines were almm®mihmon in three markers,




indicating association of markers with the traidahromosome 8. The results
reveal that these markers could be used for maag&sisted selection and RIL
population for mapping of aroma QTLs/genes.

Myint et al. (2012) observed peculiar rice varieties in Myannraterms
of classification in varietal groups and of grainafity, focused on Myanmar
varieties and analyzed variations at 19 microstgdthci as well as sequences of
the aroma gene. Microsatellites were able to netriche well-established
classification into Indica (isozyme group 1), Japan(group 6, comprising
temperate and tropical forms) and specific groupsmfthe Himalayan foothills
including some Aus varieties (group 2) and somenata varieties (group 5).
They revealed a new cluster of accessions closebub,distinct from, non-
Myanmar varieties in group 5. With reference tdieaterminology, they propose
to distinguish a group “5A” including group 5 vares from the Indian
subcontinent (South and West Asia) and a group “Bisfuding most group 5
varieties from Myanmar. In Myanmar varieties, arowes distributed in group 1
(Indica) and in group 5B. New BADH2 variants wenarid. Some accessions
carried a 43 bp deletion in the 3' UTR that was ocompletely associated with
aroma. Other accessions, all of group 5B, displaygzhrticular BADH2 allele
with a 3 bp insertion and 100% association withheoWith the new group and
the new alleles found in Myanmar varieties, stutipves that the Himalayan
foothills contain series of non-Indica and non-Jaga varietal types with novel

variations for useful traits.

Nadaf et al. (2014) reported 2-acetyl-1-pyrroline as major coommb
responsible for pleasant aroma in basmati and atbented rice varieties. The
biosynthesis of this molecule is due to deletion tive betaine aldehyde

dehydrogenase2 gene. This deletion leads in thenadation ofAl-pyrroIine
which reacts non-enzymatically with methyl glyoxalform 2-acetyl-1-pyrroline.
Due to non-functionality of this gene that regutatee synthesis of Gamma-
amino butyric acid, the plant species synthesiZragetyl-1-pyrroline suffers for
the yield losses, sterility and susceptibility fotle and abiotic stresses. Thus the




non-functionality of betaine aldehyde dehydrogeBagene coupled with 2-

acetyl-1-pyrroline synthesis serves as a metabidiease

Shiet al. (2014) conducted a hybrid complementation teseta@hstrate
the association of a new fragrance allele withoutation in the coding region
with flavor formation in a fragrant rice variety Neai 138. The new allele
(badh2-p-5’'UTR) has a 3-bp deletion in the 5’ unslated region and an 8-bp
insertion in the promoter (-1,314 site upstreammfréhe initiation codon).
Surprisingly, they also found that there is als@&p insertion in the promoter of
the badh2-E7 allele. A new sequence tagged sitetitnal marker was
developed to identify the badh2-p-5’'UTR and badf2alieles according to the 8-
bp insertion in their promoters. A cleaved amptifipolymorphic sequence (Alul)
functional marker targeting a common base subsgtitun the intron 2 of three
badh2 alleles, viz. badh2-p- 5’UTR, badh2-E7 andhaE2, was developed to
identify diverse genotypes for fragrance in ricas&d on the results of sequence
alignments among the three badh2 alleles, theyesigd that the badh2-E7 and
badh2-p-5’'UTR alleles may have the same genetgirorin addition, the genetic
distance between the badh2-E7 and badh2-p-5’UT&eallmay be closer than
that between the badh2-E2 and the badh2-p- 5’'UTdRea] or between the badh2-
E2 and the badh2-E7 alleles.

Tanget al. (2014) demonstrated a pivotal role ©6BADH1 in stress
tolerance without altering glycine betaine bioswsils capacity, using the RNA
interference (RNAI) technique. As an important opnotectant, glycine betaine
(GB) plays an essential role in resistance to abistress in a variety of
organisms, including riceQtyza sativa L.). However, glycine betaine content is
too low to be detectable in rice, although riceayea possesses several orthologs
coding for betaine aldehyde dehydrogenase (BADH)plired in plant GB
biosynthesis. Rice BADH1 (OsBADH1) has been shownbe targeted to
peroxisome and its overexpression resulted in asm@d glycine betaine
biosynthesis and tolerance to abiotic stress. lis gtudy, OsBADH1 was
ubiquitously expressed in different organs, inahgdiroots, stems, leaves and




flowers. Transgenic rice lines downregulati@gBADH1 exhibited remarkably
reduced tolerance to NaCl, drought and cold stsesfbe decrease of stress
tolerance occurring in th@sBADH1-RNAI repression lines was associated with
an elevated level of malondialdehyde content andrdgen peroxidation. No
glycine betaine accumulation was detected in tramsgpositive and transgene-
negative lines derived from heterozygous transgemicplants. Moreover,
transgeniddsBADH1-RNAI repression lines showed significantly reduced setd
and yield. In conclusion, the downregulation ©@BADH1, even though not
causing any change of glycine betaine content,agasunted for the reduction of
ability to dehydrogenate the accumulating metabelierived aldehydes and
subsequently resulted in decreased stress toleart&rop productivity. These
results suggested that OsBADH1 possesses an erastimiy to catalyze other
aldehydes in addition to betaine aldehyde (theyrser of GB) and thus alleviate
their toxic effects under abiotic stresses.

Wettewaet al. (2014) revealed that the gene responsible forrdggdnce

in rice is Betaine aldehyde dehydrogenase (badb8g.gAn 8-bp deletion and
three single nucleotide polymorphisms in the exoof badh2 gene, named as
badh2.1 allele, was reported to result in accunardabf a major aromatic
compound, 2-acetyl 1-pyrroline (2AP) in fragrarteri Although badh2.1 is the
predominant allele in virtually all fragrant vared, exceptions such as
involvement of another genetic loci or allele haéei reported by several
researchers. This study was conducted aiming attie) presence or absence of
badh2.1 allele in popular traditional Sri Lankaadirant rice varieties. A 463-bp
DNA fragment was amplified covering 7th exon regiand sequenced. The
results showed that “Lanka Samurdi”, the fragraghlyielding variety, possesses
the 8bp deletion while highly fragrant three traatiil rice varieties did not show
the particular mutation. Hence it confirms that #rema in most of Sri Lankan
traditional fragrant varieties is not resulted bg badh2.1 allele genetic factor but
by another factor




Chapter 3
MATERIALS AND METHODS

The present investigation entitled “Isolation, Gewcing, In silico
analysis ofbadh homologues/alleles and validation of DNA Markess MAS in
Aromatic Rice Qryza sativa L.)” was carried out in the Centre for Plant
Biotechnology, Division of Biotechnology, SKUAST-Klamir, Shalimar campus.
In this chapter, details of different materialsdised methodologies followed for
the study have been described.

3.1 Experimental material

The basic material for the present study consisteld genotypes of rice

(Oryza sativa L.).
3.2 Seed Germination

» Seeds of each sample were put inside a loose mcislin pouch.
Seeds were loosely packed to allocate space fdsteayerminate.

* Pouches were tied together using a wire and paitwater bath.

* Temperature of water bath was set at 34°C for aalyld °C at night
till radicles emerged.

 Water of the bath was changed daily to prevent ractation of
inhibitory substance that hampered seed germination

After germination seedlings were transferred ttspo green house and
were regularly watered twice a day to maintain setged conditions.
Temperature of green house was maintained at 20fCthen 20 days old
seedlings were transplanted to field. Genotyped usthe study both fragrant and
non-fragrant ones were grown in the experimentatl @ SKUAST-K Shalimar in
Kharief season 2014 and subsequently the plantrimlafieaf) was procured from

experimental field. The list of selected genotyaesgiven in Table-1 and Plate-1.




Table- 1: Rice genotypes used in the present study

S

No. Genotypes

1. Mushkbudji Sel. 3

2. | Mushkbudii Acc. F

3. Mushkbudji Sel. 6

4. Kamad? (Sel_2009)

5. Pusa Sugandh-3

0. Basmati-1509

7. Jehlum

8. Shalimar Rice-2

9. Kawa Kreed

10. Loul Anzul

3.3 Olfactory evaluation of fragrance

Fragrance was evaluated according to Berner and K¥86). The
phenotype of all the genotypes were classified ragrént or non-fragrant by
tasting dehulled seed. At least 12 seeds from iddal plants were chewed
individually. Scoring for grain aroma was done byn8ividuals on an arbitrary
scale of 0-5, with five as most aromatic and O asaroma. The results were
pooled to classify the genotypes into fragrant/-fragrant rice.

34 Isolation of DNA from rice

Fresh and young leaf samples were collected frBrdaly old seedlings
of rice cultivars and used for the isolation of gemc DNA. Harvested leaves
were placed in glassine bags transporteadtenand stored in -20°C. Plant DNA was
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isolated using CTAB (Cetyl Trimethyl Ammonium Brashe) method as modified
by Saghai-Marooét al. (1994).

Preparation of Reagents

1M Tris (pH 8): 121.1g of Trizma base was added to about 800 siilldd
water. Solution was stirred vigorously using a neg stirrer. pH was adjusted
to 8.0 by adding concentrated HCI. Solution wa®vedld to cool at room
temperature and volume of solution was adjustetl lisre with double distilled

water. Final solution was sterilized by autoclaving

0.5M EDTA (pH 8): 186.1g of NaEDTA was added to about 800ml distilled
water. Solution was stirred vigorously using a nmed@ stirrer. 20 g of NaCl

pellets were added for dissolution of EDTA. pH veajusted to 8.0 by adding
NaOH pellets. Solution was allowed to cool at rommperature and volume of
solution was adjusted to 1 litre with double distl water. Final solution was

sterilized by autoclaving.

5M NaCl: 292 g of NaCl was added to about 800ml distilledewand final

solution was made upto 1 litre. Solution was aateetl at 121°C for 20 minutes.

1X TE: 1 ml of 1M Tris was taken in a volumetric flaskdathen 0.2 ml of EDTA
was added to it and final volume was made upto 1@3nadding double distilled
water. Solution was autoclaved at 121°C for 20 ri@su

50X TAE: 242 g of tris base (MW 121.1 g) was mixed with s&r to dissolve in
600 ml of double distilled water. Then 100 ml 05 0 EDTA and 57.1 ml of
Glacial acetic acid was added and pH was maintaioe8. Final volume was
raised to 1 litre with double distilled water.

1X TAE: 100ml of 1X TAE was prepared by adding 2ml 50X T&E98 mi

double distilled water.




Table 2: Composition of 1 litre 2X CTAB Extraction Buffer

Components Grams/Volume Final concentration

added

CTAB 20g 2%

1M Tris HCI 100 ml 0.1M

5M NacCl 280 ml 1.4 M

0.5M EDTA 40 ml 0.02M

PVP 10 g 1%

ddH,O 570 ml

Procedure:

1. Healthy portions of youngest leaves were cut awitt sterile scissors

and forceps.

2. Leaves were then washed well with sterile distilleter and ethanol and
dried on fresh tissue paper to remove spore ofarocganisms and other
DNA contaminants.

3. The leaves (0.5g) were ground to fine powder ugiregchilled pestle
and mortar after adding liquid nitrogen to makevé=abrittle as well as to
stop DNase activity.

4, The powder was transferred immediately to a 2 nd@aved microfuge
tube containing 1.0 pl of-mercaptoethanol and 700 pl of pre-warmed
(65°C) 2X CTAB extraction buffer. The compositiohextraction buffer
is given in Table 2.

5. The powder was suspended in the buffer by inveréing rotating the
tubes properly.

6. The tubes were incubated at 65°C for 30-40 minumeswater bath. The
samples were mixed occasionally while maintainingraperature of 65
t1°C.

7. After incubation, equal volume of chloroform: isognalcohol (24:1)
was added and tubes were swirled gently for 15 tegto ensure mixing




10.

11.

12.

13.

3.5

of contents followed by centrifugation at 5000 rfon 10 minutes at room
temperature.

The aqueous phase was transferred to another ceenofuge tube
followed by addition of equal volume isopropanoldatine tubes were

inverted gently several times.

The DNA formed white cotton like precipitate andodoquality DNA
floated atop. The floating DNA was hooked out usmgterile hooked

Pasteur pipette.

If the DNA was not hookable, it was pelleted by taémgation 12000

rpm for 10 minutes.

The pelleted DNA was transferred into a clean leteéi0 ml microfuge
tubes and was rinsed with 500 pl 70 per cent etHanéive minutes so as
to remove any residual salts followed by re-ceagr@tion 5000 rpm for 5

minutes.

Pellet was collected and the left over ethanol dréed up completely by
turning down microfuge tubes on a blotting papet amas allowed to air

dry (at room temperature) for one hour.

Then 50 pl of 1X TE was added. The tubes werefteffew hours at
room temperature and intermittently taped to all@MA to dissolve.

RNase Treatment for Purification of DNA:

DNA and RNase were preheated in water bath mamdiaat temperature

of 37°C for 15 mins.1 pl of RNase was added to 106f DNA. Then the treated

samples were incubated at 37°C for 1 hour in whtgh. After incubation an

aliquot was checked on 0.8% gel for confirmation.

3.6

1.

Assessment of quality and quantity of DNA
Quantity of DNA was checked by Agarose gel elguitaresis.

0.8 g of agarose was dissolved in 100 ml of 1X Bietrophoresis buffer.




2. The mixture was heated till the agarose dissohaapdetely i.e. when
solution became transparent and clear.

3. Itwas cooled down to 60°C at room temperature.

4.  Ethidium bromide was added to a final concentrataednO.5ug/ml of
buffer.

5. The agarose solution was poured into an alreadyapeel gel mould with
combs and was left for 20-30 min for solidification

6. DNA samples for loading were prepared by addind Bading dye (1X)
(0.25% w/v bromophenol blue, 50% glycerol in stenbater) to 3 pl
DNA.

7. The DNA samples were loaded into wells with thephefl micropipette.
Along with the DNA samples, marker of known concatibn (uncuti
DNA of 50 ng/ul concentration) was also loaded. De¢ was run for
about 1-2 hours at voltage of 5 V/cm.

8. The gel was then visualized under UV trans illurtonalUsing photo Gel -
documentation system and the DNA samples were greqibed.

9. The intensity of fluorescence of each sample wdgative of the DNA
concentration of each sample.

10. The purity of the DNA samples was ascertained bgcspphotometric
method. The ratio of absorbance at 260 nm and g8Was calculated for
each sample. A ratio of 1.7- 1.8 which is generaltgepted as pure for
DNA was obtained.

The quality of DNA samples was further judged blase whether DNA
formed a single high molecular weight band (goodlity) or a smear (degraded/
poor quality).

3.7 PCR analysis
3.7.1  Selection of Primers

Based on an extensive literature survey two pripa@s were chosen for
PCR amplification of the target sequences (Tahle 3)




Table 3: PCR amplification of the target sequences

S, P_rlmer_ Primer description Primer sequence Expected producsize Reference
No. | designation
1. | Os BADH2 For amplification of (F)5’ACATAGTGACTGGATTAGGTTCTG3 | 463 bp covering7exon| Wettevat al. (2014)
7" exon region of ’
badh2 gene
(R)S’CATCAACATCATCAAACACCACT3
2. BADEX 7-5 | Gene specific marke(F)S TGTTTTCTGTTTAGGTTGCATT3' 95/103 bp Sakhtivedt al. (2009)

that targets the InDe
polymorphism in
exon 7 of badh2

(R)5S’ATCCACAGAAATTTGGAAACT




3.7.2  Preparation of PCR cocktalil

The components used to prepare PCR cocktail forgprOs-Badh2 are
mentioned in Table 4. The total volume of PCR caitkivas 50ul for each

sample.

Table 4: Stock and final concentration of differem components used in PCR

Components Stock conc.| Volume (ul Final conc
Water - 12.5 -
PCR buffer 10X* 5.0 1X
MgCl, 25mM 5.0 2.5mM
DNTPs 1mM 10 0.2uM
Os-Badh2 (Forward Primer) 10puM 4.0 0.8uM
Os-Badh2 (Reverse Primer) 10uM 4.0 0.8uM
Taq Polymerase 5U/ul 0.20 1Unit
DMSO 100% 5 10%
DNA template 312.5ng/ul 4 25ng/ul
Total 50

*10X PCR buffer : 10mM Tris HCI, pH 8.3, 50mM KCI, 1.5mM Mggl10.01 %

Gelatin.




The components used to prepare PCR cocktail forgpgrBADEX-E7 are

mentioned in Table 5. The total volume of PCR caitkivas 20ul for each

sample.

Table 5: Stock and final concentration of differeh components used in PCR

Components Stock conc.| Volume (ul)  Final conc.

Water - 9.6 -

PCR buffer 10X* 2.0 1X

MgCl, 25mM 1.2 1.5mM

DNTPs 1mM 4.0 0.2uM

BADEX-E7(Primer Forward) 10uM 1.0 0.5uM

BADEX-E7(Primer Reverse) 10puM 1.0 0.5uM

Tag Polymerase 5U/ul 0.20 1Unit

DNA template 500 ng/ul 1 25ng
Total 20

*10X PCR buffer : 10mM Tris HCI, pH 8.3, 50mM KCI, 1.5mM Mg&10.01 %

Gelatin.

3.7.3 PCR amplification profile

The PCR tubes were set on the wells of the theyolecplate. Then the

machine was run according to the following set up.

Table-6: Temperature profile used in PCR

Step Temperature Time No. of cycles
Initial denaturation 94 4 min 1
Denaturation 94 15 sec
Annealing 50 15 sec 30
Elongation 72 30 sec
Final Extension 72 30 mins 1

Hold




3.7.4  Visualization of PCR products:

To 20 pl of the amplified product 3 pl of 1X loadidye was added. The
PCR products were resolved on 3.5 per cent Eldotn@sis Matrix low EEO
agarose 1 (G Biosciences 92 well on parkway, Stid,dMO 63043, USA) gel.
20 pl PCR product was loaded in each well. Thevggd prepared in 1X TAE
buffer. Ethidium bromide was added at concentradio®.5ug/ul. The gel was run
at 5V/cm, visualized under UV light and photogragpphesing BIORAD gel
documentation system. 2 ul of 100 bp DNA ladder wssd to estimate PCR

fragment size.
3.7.5 Sequencing

30 pl PCR product (200ng/ul) of approximately 46@ bp size
amplified by Os BADH2 primer was put in 2ml micrgiitubes and was sent for
sequencing to SciGenomics labs, Kakanand-CochialKePrimer Os-badh2 R/F
(60ng/ul) 20 ul was also sent with the PCR product.

3.7.6  Sequence analysis:

In silico analysis was done using freely availabtE#tware tools on
portals of NCBI (http://www.ncbi.nim.nih.gov) andxBasy (www.expasy.org).
ClustalW  (www.genome.jp/tools/clustglvand T-COFFEE software were used

for creating multiple sequence alignment in theae@f interest.




Chapter - 4
EXPERIMENTAL FINDINGS

The present investigation entitled “Isolation, Gewcing, In silico
analysis ofbadh homologues/alleles and validation of DNA Markess MAS in
Aromatic Rice QOryza sativa L.)” was undertaken to compare allelic variants for
the exon 7 of badh2 gene in fragrant genotypes of Kashmir and to vidida
functional markers fobadh2 allele which could then be used in breeding of

fragrant rice varieties through MAS.

The pertinent information generated on differespexts of the study is

presented in this chapter under the following sebds:
4.1 Berner and Hoff Test
Results of the test are presented in the Table 7:

Table 7 : Results of Berner and Hoff test

I\?c;. Genotypes Results
1. | Mushkbudiji Acc. F Fragrant

2. | Mushkbudji Sel-6 Fragrant

3. | Mushkbudji Sel-3 Fragrant

4. | Kamad? (Sel-2009) Non - Fragrant
5. | Pusa Sugandh-3 Fragrant

6. | Basmati-1509 Fragrant

7. | Jehlum Non-fragrant
8. | Shalimar Rice-2 Non-fragrant
9. | Loul-Anzul Non-fragrant
10. | Kawa-Kreed Non-fragrant




Results of Berner and Hoff test showed that a# #ccessions of
Mushkbudji used for study were fragrant. Pusa Sdigeghand Basmati-1509 also
showed fragrance. Kamad is a well known aromatdrace of Kashmir, but the
genotype that was collected from fields of a farine2009 (which he claimed as
Kamad) was found to be non-fragrant. Kawa Kree@/i8tar Rice -2, Loul Anzul

and Jehlum were found to be non-fragrant.
4.2 Allele Mining:

Gene specific marker that targets the InDel polghism in exon 7 of
badh2 namely BADEX-7-5 generated a fragment of approxétya96 bp in all
fragrant rice accessions selected for this stuapl@ 7) indicating the presence of
the fragrant allelebadh2.1 (which possesses a 7 bp deletion and three SNPs in
exon 7 of chromosome no 8). However BADEX-7-5 magienerated a 103 bp
PCR product with the “Jehlum”, “Shalimar Rice 2L.oul Anzul” and “Kawa
Kreed”, the non-fragrant genotypes. Kamad? (Sel9p@mich failed to show any
fragrance in Berner and Hoff test also generatelD& bp product predicting

absence dbadh2.1 allele in this genotypéPlate No 5)
4.3 Sequencing andn silico analysis

For amplification of ¥ exon region of badh2 gene, a gene specific
primer namely OsBadh2 was used which resultedarathplification of a 463 bp
region covering the target deletion in Exon 7 @I&o 6). PCR amplified
products were sequenced and analyzed using onlifisvase programmes.
BLAST (Basic Local Alignment Search Tool), anaigoan for
comparing primary biological sequence informatioaswised to find regions of
similarity between our five query sequences andNfBI (National Center for
Biotechnology Information) database of the bioladisequences. Top hits with
100% sequence similarity in the region of interastg shown in(Plate No 9).
Nucleotide BLAST analysis was carried out usingodatpms BLASTN and
MEGABLAST. Multiple sequence alignment created byustalW and T-




COFFEE software clearly shows the differences enrétgion of interest for the
five varieties studie@late No 8). The expected 8 bp deletion “GATTATGEU
three SNP’s in exon 7 of aromatic rice genotypessikbudiji (Oryza sativa
japonica), Pusa Sugandh-3 (Oryza sativa indica) lmanclearly seen in the
multiple sequence alignment, while the non-aromaadeties Jehlum (Oryza
sativa indica), Kawa kreed (Oryza sativa japonreaealed no such deletion. The
so calledKamad? (Sel_2009) also didn't possess any 8bp ide)etvhich is
consistent with the Berner and Hof test as welg@sotyping results and hence
clearly falsified the claim of the farmer in quest This shows the usefulness of

the molecular techniques against false claims.
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Plate 4: Panicle shape of the harvested genotypes
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Plate 5: PCR amplification of fragrant and non-fragrant rice varieties
using the molecular marker BADEX7-5. Genomic DNA ofall
the tested fragrant rice varieties amplified a 95 p fragment as
compared to 103 bp in the non-fragrant varieties.
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Plate 6: PCR amplification of fragrant and non-fragrant rice varieties
using OsBadh2.463 bp amplicons of Exon-7 of fragrant rice
genotypes were generated by Osbadh?2 specific prinser



>Seq1[Organism=0ryza sativa] [Sub Species=japonica] [Country=India] [Altitude=1850m] [Cultivar=Mushk Budji acc F.]

TATGTTTTCTGTTAGGTTGCATTTACTGGGAGTTATGAAACTGGTATATATTTCAGCTGCTCCTATGGTTAAGGTTTGTTTCCAAATT
TCTGTGGATATTTTTTGTTCTCTTTCTACTAACTCTCTATTATCAATTCTCAATGTTGTCCTTTTCTTTTAACTCCTTTACTTTTTAGAATTGT
GATCAAGACACTTTGAGCATCATTCTAGTAGCCAGTTCTATCCTGTTTCTTACCTTTTTATGGTTCGTCTTTTCTTGACAGCCTGTTTCACT
GGAACTTGGTGGAAAAAGTCCTATAGTGGTGTTTGA

>Seql[ Organi smOryza_2_ORF1 Translation of Seql[ Organi snrOryza in frame 2, ORF
1, threshold 1, 52aa

MFSVRLHLLGVMKLVYI SAAPMVKVCFQ svDi FCSLSTNSLLSI LNWLFF

> Seq2[Organism=0ryza sativa] [Sub Species=indica] [Country=India] [Altitude=1540m] [Cultivar=Pusa_ Sugandh-3]

CTCAATGGGGCTGATGAGTTGATGATGTTACATAGTAGACTGAACTATGCCTCCTGTAATCATGTATACCCCATCAATGGAAATGATAT

TCCTCTCAATACATGGTTTATGTTTTCTGTTAGGTTGCATTTACTGGGAGTTATGAAACTGGTATATATTTCAGCTGCTCCTATGGTT
AAGGTTTGTTTCCAAATTTCTGTGGATATTTTTTGTTCTCTTTCTACTAACTCTCTATTATCAATTCTCAATGTTGTCCTTTTCTTTTAACTC
CTTTACTTTTTAGAATTGTGATCAAGACACTTTGAGCATCATTCTAGTAGCCAGTTCTATCCTGTTTCTTACCTTTTTATGGTTCGTCTTTT
CTTGACAGCCTGTTTCACTGGAACTTGGTGGAAAAAGTCCTATAGTGAAAAATAGATGATGTTGATGAT

>Seq2[ Organi snkOryza_1 ORF1 Translation of Seg2[OrganismeOryza in
franme 1, ORF 1, threshold 1, 88aa

LNGADEL MM HSRLNYAsCNHVYPI Navol PLNTieMFSVRLHL L GVIVKL VYT SA

APMVKVCcFQ svDi FCSLSTNSLLSI LNWLFF

> Seq3[Organism=0ryza sativa] [Sub Species=japonica] [Country=India] [Cultivar=Kamad?sel 2009]

CCCATTCGCTGATGATGTTGATGATGTTACATAGTGACTGGATTAGGTTCTGCTCAGTGGTGTTTGATGATGTTGATGATGTTACATA

CCGACCGGTTTTGGTTCTGCACATTCTGTTATGTTGCCTTTACTGGGAGTTATGAAACTGGTAAAAAGATTATGGCTTCAGCTGCT
CCTATGGTTAAGGTTTGTTTCCAAATTTCTGTGGATATTTTTTGTTCTCTTTCTACTAACTCTCTATTATCAATTCTCAATGTTGTCCTTTTC
TTTTAACTCCTTTACTTTTTAGAATTGTGATCAAGACACTTTGAGCATCATTCTAGTAGCCAGTTCTATCCTGTTTCTTACCTTTTTATGGT
TCGTCTTTTCTTGACAGCCTGTTTCACTGGAACTTGGTGGAAAAAGTCCTATAGTGGTGTTTGATGATGTTGATGATAAA

>Seq3[ Organi snkOryza_1 ORF3 Translation of Seq3[OrganismeOryza in
franme 1, ORF 3, threshold 1, 82aa

CYI VT GCLGSAQNCL MVL MMLHTDRFWFCTFCYVAFTGSYETGKKI MASAAPMVKVCFQ S

VDI FCSLSTNSLLSI LNVWLFF

>Seq3[ Organi snkOryza_1 ORF5 Translation of Seq3[OrganismeOryza in
franme 1, ORF 5, threshold 1, 4laa
SRHFEHHSSSQFYPVSYLFMWRLFLTACFTGTWAKKSYSGV

>Seq3[ Organi sneOryza_2_ORF5 Transl ation of Seq3[ O ganisnFOryza in
frame 2, ORF 5, threshold 1, 69aa

CYl PTGFGSAHSVMLPLLGVMKLVKRLW. QL LLW.RFVSKFLW FFVLFLLTLYYQFSM

SFSFNSFTF

>Seq3[ Organi snkOryza_3_ORF1 Translation of Seq3[OrganismeOryza in
franme 3, ORF 1, threshold 1, 46aa
HSL MMLMMLHSDW RFCSVVFDDVDDVTYRPVLVLHI LLCCLYWEL

Plate 7: Badh-2 partial genomic DNA sequences of Br 7 in Oryza sativa
cultivars (highlighted in yellow)

Contd...
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>Seq3[ Organi snkOryza_4_ ORF1 Translation of Seq3[OrganismeOryza in
frame 4, ORF 1, threshold 1, 46aa
LSSTSSNTTI GLFPPSSSETGCQEKTNHKKVRNRI ELATRVMLKVS

>Seq3[ Organi snkOryza_5 _ORF10 Translation of Seq3[OrganisnmOryza in frame 5,
ORF 10, threshold 1, 43aa
ROHNRMCRTKTGRYVTSSTSSNTTEQNLI QSLCNI I NI [ SEVWK

>Seq3[ Organi sneOryza_6_ORF7 Transl ation of Seq3[OrganisnFOryza in
frame 6, ORF 7, threshold 1, 43aa
KKRTTLRI DNRELVEREQKI STEI WKQTLTI GAAEAI | FLPVS

BLAST- X CONSERVED SEQUENCE: 121 VAFTGSYETGKKI MASAAPWK 186

> Seq4[Organism=0ryza sativa] [Sub Species=japonica] [Country=India] [Altitude=1850m] [Cultivar=Kawa-Kreed]

GCTATTCCTCCTGTAATCATGTATACCCCATCAATGGAAATGATATTCCTCTCAATACATGGTTTAT GTTTTCTGTTAGGTTGCATTTA

CTGGGAGTTATGAAACTGGTAAAAAGATTATGGCTTCAGCTGCTCCTATGGTTAAGGTTTGTTTCCAAATTTCTGTGGATATTTTT
TGTTCTCTTTCTACTAACTCTCTATTATCAATTCTCAATGTTGTCCTTTTCTTTTAACTCCTTTACTTTTTAGAATTGTGATCAAGACACTTT
GAGCATCATTCTAGTAGCCAGTTCTATCCTGTTTCTTACCTTTTTATGGTTCGTCTTTTCTTGACAGCCTGTTTCACTGGAACTTGGTGGA
AAAAGTCCTATAGTGGTGT

>Seq4[ Organi snkOryza_3_ORF1 Translation of Seg4[OganismeOryza in
frame 3, ORF 1, threshold 1, 8laa

vsscnHvyPl Naol PLNTWEVIFSVRL HL L GVIMKL VKRLW QUL LW RFVSKFLW FFVL
FLLTLYYQFSM.SFSFNSFTF

> Seq5[0rganism=0ryza sativa] [Sub Species=indica] [Country=India] [Altitude=1600m] [Cultivar=Jehlum]

TCGATTCGCTGATGATGTTGATGATGTTACATAGTGACTGGATTAGGTTCTGCTCAGTGGTGTTTGATGATGTTGATGATGTTACATA

GGGACTGGATTAGGTTCAGCTCAGGGGGGTTTGATGATGTTAATAATATTAATGAGCTGGGGAAAGATTATGGCTTCAGCTGC
TCCTATGGTTAAGGTTTGTTTCCAAATTTCTGTGGATATTTTTTGTTCTCTTTCTACTAACTCTCTATTATCAATTCTCAATGTTGTCCTTTT
CTTTTAACTCCTTTACTTTTTAGAATTGTGATCAAGACACTTTGAGCATCATTCTAGTAGCCAGTTCTATCCTGTTTCTTACCTTTTTATGG
TTCGTCTTTTCTTGACAGCCTGTTTCACTGGAACTTGGTGGAAAAAGTCCTATAGTGGTGTTTGATGATGTTGATGATG

>Seq5[ Organi sneOryza_1 ORF3 Transl ation of Seq5[ OrganisnFOryza in
frame 1, ORF 3, threshold 1, 52aa
CYl VTGLGSAQACL MML MVLHRDW RFSSGGFDDVNNI NEL GKDYGFSCSYG

>Seq5[ Organi sneOryza_2_ORF5 Transl ation of Seq5[ OrganisnFOryza in
frame 2, ORF 5, threshold 1, 63aa
CYl GTGLGSAQGGLMWLI | LMSWGKI MASAAPMVKVCFQ SVDI FCSLSTNSLLSI LNW

>Seq5[ Organi sneOryza_2_ORF7 Transl ation of Seq5[ OrganisnFOryza in
frame 2, ORF 7, threshold 1, 4laa
SRHFEHHSSSQFYPVSYLFMWRLFLTACFTGTWAKKSYSGV

>Seq5[ Organi sneOryza_3_ORF6 Transl ation of Seq5[ OrganisnFOryza in
frame 3, ORF 6, threshold 1, 47aa
ACERLWLQLLLW.RFVSKFLW FFVLFLLTLYYQFSMLSFSFNSFTF

Contd...
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>Seq5[ Or gani sneOryza_4_ ORF7 Translation of Seg5[OrganismeOryza in
frane 4, ORF 7, threshold 1, 52aa
KKRTTLRI DNRELVEREQKI STEI WKQTLTI GAAEAI | FPQLI NI I NI' I KPP

>Seq5[ Organi sneOryza_5 ORF1 Transl ation of Seq5[ OrganisnFOryza in
frame 5, ORF 1, threshold 1, 45aa
SSTSSNTTI GLFPPSSSETGCQEKTNHKKVRNRI ELATRMMLKVS

BLAST- X CONSERVED SEQUENCE: 372 QPVSLELGGKSPI VWFDDVD 431

CDS is highlighted inBrown (and is based on annotation detail ©fyza sativa voucher
MSB_6071 with Accession no JQ308421 in NCBI); Genediction for exons was done using
GeneMarkhttp://exon.gatech.edu/GeneMark/gmhmme.&gquence translations were generated
by EMBOSS Sixpack, which reads a DNA sequence artdguts the three forward and three

reverse translationshitps://www.ebi.ac.uk/Tools/st/emboss_sixpack/




AKD7A2214  imeees R R e e
Jehium CCOTGHITCMEAATGTACHT - oM o
dehium |40 -G -comEmAGaTCr - e K
Kamad? Sel 2009 [-ECA

kawa Kreed
Mushk_Budji acc F --cm'm -
Nipponbare === =lemmm e e e

RS e e ——
N [ e = ;

AKO071221.1
Jehlum
JQ308432.1
Kamad? Sel 2009
kawa_Kreed
Mushk_Budji acc F GG
Nipponbare
Pusa_Sugandh 3

AKO71221.1
Jahlum
JQ308432.1
Kamad? Sel 2009

= . o .
Mushk_Budiji acc F
Nipponbare
Pusa_Sugandh 3 ¥

kawa_Kread

AKO712211

Jehlum

JQ308432.1

Kamad? Sel 2009

kawa_Kreed

Mushk_Budji acc F

HNipponbare

Pusa_Sugandh 3 F
e S AR F LS I AT I

AK071221.4
Jehlum
JQ308432.1
Kamad? Sel 2008
kawa_Kreed
Mushk_Budji ace F -
Nipponbare
Pusa_Sugandh 3

*
Scale: *ﬂ’;ﬂ Ave 08

Plate 8: Multiple Sequence Alignment of selected ce genotypes for exon7 of
badh-2 gene using T-COFFEE software (8 bp mutatioand 3 SNPS
are highlighted by black box)



& hitpy//blast nchi,nlm nib.gov/Blastcai PrEX

8NCBIEI3¢7 sequences (Se.. ‘ ‘
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RID 1EZYKYSEQ1R (Expires on 10-10 10:00 am)

Query ID lcl|Query_124963 Database Name nr
Description Seq1]Organism=0ryza sativa] [Sub Species=japonica] [Country=India]

Molecule type nucleic acid
Query Length 310

Other reports: »Search Summary [Taxonomy reports] [Distance tree of results

Graphic Summary
(=) Descriptions

Sequences producing significant alignments:
Select All None Selected11

Description Nucleotide collection (nt)
[Altitude=1850m] [Cultivar=Mushk Budji] Program BLASTN 2.2.32+ b Citation

11 Alignments f§iDownload v GenBank Graphics Distance free of results ¥
Deseription :2;:3 :;:i ?:5;? vaIEue ldent  Accassion
' Qnyza sativa voucher MSB 5071 betaine aldehyde dehdronenase (Badhd) qene: partia cds 513 573 100% 6e-160 100% Jos0e4211
[V Orvza sativa bio-material IRGC.27748 betaine aldehyde detdrogenase (Badh?) qene. parial cds 573 573 100% Ge-160 100% JO3083651
V' Onyza saliva bio-materigl RGC: 12680 betzine aldehyde dehydrogenase (Badhd) qene. partial cds 573 573 100% Ge-160 100% JQ3083511
[ Oryza sativa Indica Group cultivar Tulsi bhog truncated betaine aldehyde dehydrogenase (BADH?) gene exons f though 8and 573 573 100% Ge-160 100% Jns9a1591
[ Orvza safiva Indica Group culivar Radhuni pagol inimcated betaing aldehvde dehydrogenase (BADH2) gene. exons 6 frouah 8 573 5713 100% 6e-160 100% JN599156.1
V' Onyza sativa Indica Group cultivar Basmati3g5 truncated beteine aldehyde dehydrogenase (BADH2) qene, exons 6 through 8any 573 573 100% 6e-160 100% JNs991511
[ Orvza safiva Indica Group cultvar Gobindo bhog truncated betaine aldehyde dehydrogenase (BADH?) cene evons G fivolch 8¢ 573 573 100% Ge-160 100% JNS991521
' Onyza sativa Indica Group cultvar Basmati 370 fruncated betaine aldehyde dehydrogenase (FGR) gene, partial cds 5713 573 100% 6e-160 100% HOGET2001
[ Qrvza safiva Japonica Groun pulafive methyicrotony-Co carhoyiase befa chain (05K17.1) gene. parfial cds: transposons OLO; 573 5713 100% Ge-160 100% EU155083 1
[V Onza safiva Japonica Groun cuftivar SuYuNuo truncated betaine aldehvde dehvdrogenase (badh?) qene badh?-E7 allele. comg 573 513 100% 6e-160 100% EUT7O3204
v Onyza sativa Indica Group cultvar Gandhakasala truncated betaine aldehyde dehydrogenase (FGR) qene. partial cds 556 556 100% Be-155 99% HOGB7A0T 1
| T Qryza safiva voucher MSB 804 betaine aldehyde dehydrogenase (Badh2) gene. pariial cds 31 531 100% de147 97% JQ3oad3at

(@)

Plate 9: Top BLAST hits of the query sequences ofavieties in NCBI

a) Top BLAST hits in NCBI with query sequence as MushiBudiji acc. F.
b) Top BLAST hits in NCBI with query sequence as Kama@ Sel2009
c) Top BLAST hits in NCBI with query sequence as Pus&ugandh-3

d) Top BLAST hits in NCBI with query sequence as KawaKreed

e) Top BLAST hits in NCBI with query sequence as Jehlm

Contd...
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Sequences producing sig
Select: All None Selected:0
T Alignments : o
Description SML::E :coi::! ?::ert V;ue Ident Accession
Il Oryza sativa Japonica Group DNA, chromosome 8, cultivar: Nipponbare, complete sequence 586 586 73% 1e-163 99% APD149641
[ Orvza sativa voucher MSB 804 betaine aldehyde dehvdrogenase (Badh?) gene. partial cds 586 586 73% 1e-163 99% JQ3084321
[ Orvza sativa voucher MSB 647 betaine aldehvde dehydrogenase (Badh?) gene. parfial cds 586 586 73% 1e-163 99% JQ3DB4251
() Orvza sativa voucher MSB 56 betaine aldehyde dehvdrogenase (Badh2) gene. partial cds 586 586 73% 1e-163 99% JQ3084181
Il Oryza sativa voucher MSB 2587 betaine aldehyde dehydrogenase (Badh2} gene, partial cds 586 586 73% 1e-163 99% JQ3084121
[ Orvza sativa voucher MSB 1932 betaine aldshvde d (Badh2) gene. partial cds 586 586 73% 1e-163 99% JQ3084031
|0 Orvza sativa voucher MSB 1898 betaine aldehvde dehvdrogenase (Badh2) gene, partial cds 586 586 73% 1e-163 99% JQ30B4021
() Orvza sativa bio-material IRGC:33552 betaine aldehvde dehvdrogenase (Badh?} gene. partial cds 586 586 73% 1e-163 99% JQ3083661
Il Cryza sativa bio-material IRGC:32362 betaine aldehvde dehydrogenase (Badh2) gene. partial eds 586 586 73% 1e-163 99% JQ3083801
[0 Orvza sativa blo-material IRGC:12485 betaine aldehvde dehvdrogenase (Badh2} aene, partial cds 586 586 73% 1e-163 99% JQ3083501
1) Orvza sativa bio-material IRGC:12331 betaine aldehvde dehvdrogenase (Badh2) aene. partial cds 586 586 73% 1e-163 99% JQ3083491
() Orvza sativa voucher CIRADI5112 betaine aldehyde dehydrogenase (Badh2) gene, partial cds 586 586 73% 1e-163 99% JQ3083481
Il Cryza sativa voucher CIRAD:5100 betaine aldehyde (Badh2) gene, partial eds 586 586 73% 1e-163 99% JQ3083461
[0 Orvza sativa Indica Group cultivar betaine aldehyde (FGR) gene, partial cds 586 586 73% 1e-163 99% HOB872081
10 Orvza sativa Indica Group cultivar ADT 43 betaine aldehvde dehydrogenase (FGR) gene. partial cds 586 586 73% 1e-163 99% HOBBT2061
() Orvza sativa Japonica Group cultivar Wuxianalingd truncated betaine aldshvde dehvdrogenase (badh2) gene. badh2-E2 allele, complete cds 586 586 73% 1e-163 99% EU7T0321.1
Il Oryza sativa indica Group cultivar Naniing11 betaine aldehyde dehvdrogenase (Badh2) gene, complete cds 586 586 73% 1e-163 99% EUT703191
[0 Orvza sativa Japonica Group genomic DNA, chromosome B, BAC clone:0SJNBa0056L09 586 586 73% 1e-163 99% AP0055373
10 orvza sativa Japonica Group genomic DNA, chromosome & FAC clone:P0456B03 586 586 73% 1e-163 99% APO044832
() Orvza sativa voucher MSB 5884 betaine aldehvde deh (Badh?) gene. partial cds 580 580 73% 6Ge-162 99% JO308420.1
(b)
Sequences producing significant alignments:
Select: All None Selected:0
i1 Alignments o)
Description ::::e I:(t]i E:\Zyr v;ue Ident Accession
[Z) Onza sativa voucher MSB 8071 betaine aldehyde (Badh?) gene. partial cds 665 665 89% 00 98% JO3084211
|| Oryza sativa bio-material IRGC:-27748 betaine aldehvde dehydrogenase (Bagh?) gene, partial cds 665 665 89% 00 98% JO30B3551
[Z) Oryza sativa bio-material IRGC:12880 betaine algehyde dehydrogenase (Badh?) gene. partial cds 665 665 B%% 0.0 98% Q3083511
[Z) Oryza sativa Indiea Group culfivar Radhuni pagel truncated betaine aldehyde dehydrogenase (BADHR) gene. exons & throuah 8 and partial cds 665 665 89% 00 98% JNS5DO156.1
[} Oryzasativa Indica Group cultivar Basmatid@5 truncated betaine aldehyde dehvdrogenase (BADH?) gene. exons  through B and partial cds 665 665 8% 0.0 98% JN5OO1514
[Z Onza sativa Japonica Group putative methylerotonyl-CoA carboxylase beta chain (05K17.1) gene. partial cds: transposons OLO24B and WANDERER, M| 665 665 8%% 00 98% EU1550831
) Oryza sativa Japonica Groug cultivar SUYUNUo truncated betaine aldehvde dehydrogenase (badh2 gene. badh2-E7 aliele. complets cos 665 665 B9% 00 98% EUTT03201
[J) Orza sativa Indica Group cultivar Tulsi bhog truncated betaine aldehyde dehvdrogenase (BADH2) gene, exons & through 8 and partial cds 662 662 B84% 00 99% JNS599150.1
) Oryzasativa Indica Group cultivar Gobindo bhog truncated betaine aldehyde dehydrogenase (BADH?) gene. exons 6 through 8 and partial cds. 662 662 84% 0.0 99% JN5991521
[JJ Orvza sativa Indica Group culfivar Basmati 370 truncated betaine aldehvde (FGR} gene partial cds 647 647 B86% 0.0 98% HOG87200.1
() Oryza sativa Indica Group cullivar Chini atap truncaied betaine aldehyde dehydrogenase (BADH?) gene. exons 6 through & and partial cds 627 627 B80% Te-176 99% JQ345687 1
) Oryza sativa Japonica Groun DNA. chromosome 8. cultivar: Nipponbare. complete sequence 623 623 B9% 9e-175 96% APD14G664.1
-] Oryrasativa voucher MSB £04 betaine aldehyde (Badh?) gene. partial cds 623 623 8% 9e-175 96% JO308432.1
[0 Oryza sativa voucher MSB 647 betaine aldehyde (Badh?) gene. partial cds 623 623 B%% Oe-175 96% JO3084251
[T Oryza sativa voueher MSB 56 betaine aldshvde dehydrogenase (Badh2) gene, partial cds 623 623 B89%% 9e-175 96% JO3084101
{2 Onza sativa voucher MSB 2567 betaine aldehyde dehvdrogenase (Badh2) gene. partial cds 623 623 B89% 9e-175 96% JOI0B4124
[Z) Oryza sativa voucher MSB 1832 betaine aldehyde dehydrogenase (Badh?) gene. partial cds 623 623 8%% 9e-175 96% JO30B4031
[0 Oryza sativa voucher MSB 1886 betaine aldehvde (Badh2) gene, partial cds 623 623 8% 9e-175 96% JQ208402.1
[Z) Oryza sativa bio-material IRGC.:33552 betaine aldenyde dehydrogenase (Badh?) gene. partial cds 623 623 B%% 9e175 96% JQ308366.1
{2 Onza sativa bio-material IRGC.32362 betaine aldehvde dehvdrogenase (Badh2) gene, partial cds 623 623 B9% 9e175 96% JO3083601

(€)

Contd...
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Sequences producing significant alignments:
Select All None Selected D

it Alignments o
Description ::2; ;0;1 S;ve: vaile |dent Accession
() Oryza sativa Japonica Group ONA, chromosome 8. cultivar: Ni complete sequence 734 734 89% 00 100% APD149641
[ Onyza safiva voucher MSB 804 betaine aldehvde dehydrogenase (Badh?) gene, partial cds 734 734 8% 00 100% JQ3084321
[ Orvza safiva voucher MSB 847 betaine aldehvde defydrogenase (Badh2) gene, partial cds 734 734 8% 00 100% JO3084251
[ Orvza sativa voucher MSB 56 betaine aldehvde dehydrogenase (Badh2) gene. partial cds 734 734 89% 00 100% Jo3084191
[ Oryza sativa voucher MSB 2587 betaine aldehyde dehydrogenase (Badh?2) gene. partial cds 734 734 89% 00 100% JQ3084121
) Onyza safiva voucher MSB 1932 betaine aldehyde dehydrogenase (Badh?) gene. parfial cds 734 73 8% 00 100% JQ30a403d
[ Orvza safiva voucher MSB 1898 befaine aldehyde dehydroganase (Badh2) gene. parial cds 734 734 8% 00 100% JO3084021
|| Orvza sativa blo-material IRGC:33552 betaine aldehyde dehvdrogenase (Badh2) aene. parfial cds 734 734 89% 00 100% JQ3083661
() Oryza sativa bio-material IRGC:32362 betaine aldehvde dehydrogenase (Badh?) gene. partial cds 734 734 89% 00 100% JQ308360.1
) Onyza safiva bio-material IRGC:12485 betaine aldehyde dehydronenase (Badn?) aene. partial cds 734 734 8% 00 100% JQ308350.1
[ Orvza safiva bio-material IRGC:12331 betaine aldehyde dehvdrogenase (Badh2) aene. partial cds 734 734 8% 00 100% JO3083431
[ Orvzs sativa voucher CIRAD 112 betaine aldehvde defvdrogenase (Badh2) gene, partial eds 734 734 89% 00 100% J3083481
() Oryza sativa voucher CIRAD5100 betaine aldehyde dehydrogenase (Badh2) gene. parfial cds 734 734 89% 00 100% JQ308346.1
[ Onyza safiva Japonica Group cultivar Wuxiangiingd truncated betaine aldehyde dehydrogenase ibadn2} gene. badh?-E2 allele, complete cds 734 734 8% 00 100% EurTOaRid
[ Orvza safiva Indica Group cultivar Nanjing11 betaine aldehyde dehydrogenase (Badh2) gene, camplate cds 734 734 8% 0.0 100% EU770319.1
O Orvza sativa Japonica Group genomic ONA, chromosome 8. BAC clone:0SJNBa0056L03 734 734 89% 00 100% APDD5537.3
() Oryza sativa Japonica Group genomic DNA, chromosome 8. PAC clone:P0456B03 734 734 8% 00 100% APO044632
[ Onyza safiva voucher MSB 5884 betaine aldehyde dehydrogenase (Badh?) gene. parfial cds 728 728 8% 00 99% JQ3084201
[ Orvza safiva voucher MSB 1774 befaine aldehyde dehydroganase (Badh2) gene. parial cds 728 728 8% 00 99% J03083931
O Orvza sativa Indica Group cultivar Masino betaine aldehyde dehydrogenase (BADHR) cene. exons & through & and partial cds 728 728 89% 00 99% JNO91611
(d)
Sequences producing significant alignments:
Select: All None Selected:0
1} Alignments o
Description s“f::e ;fcn;.:Je ?::3 v;ue Ident Accession
[ Dryza sativa Japonica Group DNA B, cultivar: complete sequence 521 521 64% 3e-144 100% AP0149641
[ Orvza sativa voucher MSB 804 betaine aldehvde dehvdrogenase (Badh2} gene, parfial cds 521 521 B4% 3e-144 100% JQ3084321
[1J Oryza sativa voucher MSB 647 betaine aldehyde dehvdrogenase (Badh2) gene, partial cds 521 521 64% 3e-144 100% JQ3084251
[ Orvza sativa voucher MSB 56 betaine aldehyde (Badh2) gene. partial cds 521 521 64% 3e-144 100% Jo308419.1
(D Dryza safiva voucher MSB 2587 betaine aldehyde (Badh2) gene. partial cds 521 521 64% 3e-144 100% JQ3084121
[ Onyza sativa voucher MSB 1932 betaine aldehvde (Badh2) gene. partial cds 521 521 4% 3e-144 100% JQ3084031
[2) Oryza sativa voucher MSB 1898 betaine aldshyde (Badh?) gene. partial cds 521 521 64% 3e-144 100% JQ3084021
O Orvza sativa bio-material IRGC.33652 betaine aldehvde det (Badh2} gene. partial cds 521 521 64% 3e-144 100% JC30B36E1
|| Dryza safiva bio-material IRGC:32362 betaine aldenvde (Badh2) gene. partial cds 521 521 64% 3e-144 100% JQ305360.1
{1 Oryza sativa bio-material IRGC 12485 betaine aldehyde dehydrogenase (Badh2) gene, partial cds 521 521 64% 3e-144 100% JQ308350.1
[0 Orvza sativa bio-matenal IRGC.12331 betaine aldehvde den (Badh2) gene, partial cds 521 521 64% 3Je-144 100% JG3083401
[0 Oryza sativa voucher CIRAD:5112 betaine aldehyde (Badh?) gene. partial cds 521 521 B4% 3e-144 100% JC3083481
(1) Oryza sativa voucher CIRAD:5109 betaine aldehyde (Badh?2) gene, partial eds 521 521 64% 3e-144 100% JO3083461
[ Oryza sativa Indica Group cultivar betaine aldehyde (FGR gene, partial cds 521 521 64% le-144 100% HOE872081
[ Orvza sativa Indica Group culfivar ADT 43 betaine aldehvde de (FGR) gene. partial cds 521 521 64% 3e-144 100% HOBBT206.1
() Oryza sativa Japonica Group culfivar Wuxianajingd truncated betaine aldehyde dehydrogenase (badh2) gene. badh2-E2 allele. complete cds 521 521 64% 3e-144 100% EU7703211
(7] Oryza sativa Indica Group cultivar Nanjing11 betaine aldehyde (Badh?) gene. complete cds 521 521 64% 3e-144 100% EUT703181
[ Orvza sativa Japonica Group genomic DNA, chromosome &, BAC clone.0SINBa056L0g 521 521 64% 3e-144 100% APOD55373
[ Orvza sativa Japonica Group genomic DNA. chromosome 8. PAC clone:PD456803 521 521 64% 3e-144 100% APOOD44632
() Oryzs sativa voucher MSB 5884 betaine aldenyde (Badh2) gene, partial cds 516 516 64% 2e-142 99% JC3084201
[Z) Oryza sativa voucher MSB 1774 betaine aldefvde (Badh2) gene. partial cds 516 516 64% 2e-142 99% JG3083931

(€)
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Plate 10: Sequence chromatograph of different ricearieties

a) Sequence chromatograph of Mushk-Budji acc F.
b) Sequence chromatograph of Kamad? Sel2009
c) Sequence chromatograph of Pusa-Sugandh 3
d) Sequence chromatograph of Kawa-Kreed
e) Sequence chromatograph of Jehlum
Contd...



Plate 10 contd...

GCTAT TCCTCCTGT AT CAT GT AT ACCOCA TCAAT GGAAT GAT AT TCCTCTCAATACAT GGT TTAT GTT TTCTGT TAGGT TACAT TTAC TGGGAG
10 20 30 40 80 70 %0 50

[TTATGAAACT GGTAAAAAGITTAT GGCTTCAGC TGCTCCTATGGT TAAGGT T TGT TTOCAAAT TTCTGTGGAT AT TT TT TGT TCTCT TTCTACT AACTCTCTAT TATCAAT TCTCAATGT TGTCCT TTTCT TTTAACTCCTT
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TAGT GACT GG TAGETCT WTCAGTGET GITT G GAT (T GAT GAT G TACAT AGGGACTGG A TAGGTTC /CCTCAGGGEGT TTGT GATA' T AT
10 20 0 70 L1} %0 o

AATAT
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[AATGA G CTGG GG AMAGT TATGGCTTCAGCT GCTCCTATGGT TAAGGITTGT TTCCAMAT TTCT GTGGTATT TTTTGITCTCT TTCTACT.
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CTCTATTATCAATTCTCAATGT TGICCTTTTCTTT TMCTCC
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Mishk Budji ~ GITCCATTTACTGGGACT TATGAAACTGGTATATA TTTCAGCTGCTCCTATGGTTA

et LysLeuVal Tyr |1 eSer Al aAl aPr bkt Val
Pusa Sugandn-3  GITGCATTTACTGGGAGT TATGAAACTGGTATATA TTTCAGCTGCTCCTATGGITA
et LysLeuVal Tyr |1 eSer Al aAl aPr bt Val

Kaw- Kr eed GTTGCATTTACTGBGAGI TATGAAACT GGTAAARAGATTATGRCTT- CAGCTGCTCCTATGRITA

Met LysLeuVal LysArgLeuTrpLeu G nLeuLeuLeuTrpLeu

Jenl um CATCATGITAATAATATTAATGAG CTGG GGAAAGATTATGRCTT- CAGCTGCTCCTATGGITA
Mot Vet Leul | el | eLeuhet Ser Trp GyLysHlehet Ala Ser Al aAl aProbet Val

Kanad? GTTGCCTTTACTGEGAGT TATGAAACTGT AARAGATTATGICTT- CAGCTCCTCCTATGGITA
Vet LysLeuVal LysArgLeuTrpLeu G nLeuLeuLeuTr pLeu

Plate 11.: The predicted amino acids coded by therget sequence based
on the most suitable reading-frame



Phylogram

Branch length: '® Cladogram "' Real

i Jehlum 0.035
Kamad? 0.015
MushkBudji 0.02
Kawa_kreed 0.015
Pusasugandh_3 0.025

Plate 12: Phylogram showing genetic distance betweedifferent rice
varieties



Aromatic Rice Non-Aromatic Rice

JAPONICA - JAPONICA

Mushkbudji Basmati Pusa LoulAnzul | KawaKreed Jehlum Shalimar Rice-2
Accessions 1509 Sugand-3
Berner and Hoff Test Aroma Aroma Aroma No aroma No aroma No aroma No aroma
Marker validation 96 bpamplicon 96 bpamplicon 103 bpamplicon 103 bpamplicon
Sequencing 8 bp deletion and 3 SNPS in exon 7 No such deletion in exon 7

Plate 13: A pictorial over view of the major resuls



Chapter - 5
DISCUSSION

Rice is undoubtedly a dominant and important stdpbd worldwide.
Grain aroma is the most attractive characteristicigh-quality rice. Fragrant
rice has been in great demand in the Asian ric&kebdor decades. Aromatic rice
varieties constitute a small but special group ioé rand have gained greater
importance with the world wide increase in the dedhdor fine quality rice.
Aromatic rice varieties also have superior nutnéibvalues and better amino acid
profiles. Aroma characteristics were determinedkbyachet al. (2009) in three
of the distinguished genetic subpopulations of: i@up V (Sadri and Basmati),
indica (Jasmine), and tropicghponica. 2-acetyl-1-pyrroline [2AP; IUPAC name
5-acetyl-3, 4-dihydro- B-pyrrole] is the compound responsible for the urigand
pleasant fragrance of the aromatic rice (Butttrgl., 1982). In present study 10
genotypes were selected out of which Mushkbudiji essions, Kamad?
(Sel_2009), Loul Anzul, Kawa Kreed belong to jamangroup, while Shalimar
Rice 2, Jehlum, Basmati 1509 and Pusa SugandhioB®dgb¢o Indica group.
Mushkbudji and Kamad due to their unique charasties and special use are
very popular in Kashmir (Husairgt al., 2013; Sultan and Subba R&2013).
These short bold grain aromatic rices have goodkingoand organoleptic
qualities (Husaingt al., 2009). Basmati rice on the other hand due tanigue
features such as extra long slender grain, lengthweixcessive elongation on
cooking, soft and fluffy texture of cooked rice,dapleasant aroma have been
characterized as speciality rice (Siddigal., 2012). Basmati rices have been
found to be rich in micronutrient especially foonrand zinc (Gregorio 2002) and
also have low glycemic index (Fostet al., 2002). Basmati is gorized
commercial commodity (Aggarwatk al., 2002). In present study the genotypes
which were found positive for aroma in preliminaest of Berner and Hoff for
aroma include Mushkbudji accessions from japonicaug, Basmati 1509 and
Pusa Sugandh 3 from Basmati and Sadri group. Dugbsence of fragrance,




phenotype of all other genotypes were classifiech@s fragrant.Surprisingly
aroma was not detected in a so-called accessianadato be Kamad which had
been collected from a farmer’s field in year 2008is so calledkamad didn’t
show any aroma in the fragrance test of Bernertdoifi However, Mushkbudii
not only smells good but also tastes better andbleas relished by the local
people since ages in Kashmir. Pusa-sugandh 3 vidh@heleased basmati variety
from Sugandh series obtained from crossing Pus8-128ith Pusa 1238-81-6 is
also a well-known aromatic rice variety (Sideical., 2012).

Fragrance in rice as revealed by genetic anatygigest that this trait is
controlled by recessive monogenic inheritance, pedéeent of cytoplasmic genes.
Studies show that some rice varieties are undenogenic control (Yanet al.,
1991) whereas, in some others it is found to beamttative trait and many genes
are involved in its expression (Hiehal., 2006) thus, indicating complex genetic
control of the aroma trait. Genetic mapping showdt fgr locus on
chromosome 8 is associated with rice fragrance. fdwessive fgr imparts
fragrance to rice varieties. A number of markergewglentified by different
workers that are closely linked to fgr (Akbhal., 1992; Jiret al., 2003). Bradbury
et al. (2005) sequenced 17 genes in the BAC possedgingnd found sequence
variation in Exon 7 of gene encoding putative inetaaldehyde dehydrogenase
(BADH2) in fragrant varieties compared to non-fiagr varieties and suggested
that gene encoding putative betaine aldehyde depgdiase (BADH2) imparts
fragrance to aromatic rice. Chenal. (2006) restricted fgr locus to 69 kb region
flanked by the LO2 and LO6 makers confirming pregenf badh2 gene in fgr
locus. In addition to Badh2, two other genes wivigrne located in this fgr region
were Cah and Mccc2, encoding eukaryotictype cabamhydrase and 3-
methylcrotonyl-CoA carboxylase b-chain, respedyiv8adh2 gene encodes an
enzyme Betaine aldehyde dehydrogenase (BADH2) capableooiverting y-
aminobutyraldehyde (GABald), a four carbon aminehidie derived from
proline via putrescine oxidation infeaminobutyric acid (GABA)The functional
badh2 gene codes for a mature protein with 503 aminosa@danchanat al.,




2005). However Bradburyet al. (2005) reported an eight base pair deletion in
Exon 7 of badh2 gene in aromatic ricavhich leads to the generation of a
premature stop codon. This results in abrogatiotheffunction of the enzyme,
Betaine aldehyde dehydrogenease, which subsequemtlynulates substrate 2AP
in fragrant varietiesin aromatic varietieg-aminobutyraldehyde (GABald), is not
metabolized by BADH enzyme (truncated protein) @ngyclizes spontaneously
into Al-pyrroline, which accepts acetyl group from metglgoxal, resulting in
the formation of 2-acetyl 1-pyrroline (2ARBradburyet al., 2008). Several
markers that target this functional InDel polymagoh were used by various
workers for genotyping fragrance trait. In the prgsstudy a functional marker
BADEX 7-5 developed by Sakhtivet al. (2009) for fragrance in rice was used.
Primer targeted 8 bp deletion in exon 7 of badh#Zgend amplified a fragment of
95 bp in Mushkbudji accessions, Basmati 1509 ansaPsugandh 3. 103 bp
fragment was generated in Shalimar rice 2, JehKamad, Loul Anzul and Kawa
Kreed. BADEX 7-5 generated a product of 95 bpronzatic varieties and 103 bp
product in non-aromatic varieties. The results iolgth are in line with the results
obtained in the previous study on Traditional Basmwarieties (Basmati 217,
Basmati 370, Basmati 386, Type-3, Taroari Basnidnbir Basmati), Evolved
Basmati varieties (Kasturi, Super Basmati, Hary@asmati, Punjab Basmati,
Mahi Sugandha, Pusa Basmati-1, Pusa 1121), Shain gromatic varieties
(Pankhari 203, Seetabhog, Tilakchandan, TulasiitAfhulsimanjari, Amritsari,
Ambemohar, Badshah, Badshah bhog, Badshahbhog Balspatri, Bansphool
A, Chini kamini, Dubraj, Dhusara Badshah bhog@pvinda bhog , Jeeraga
Samba, Kala namak, Kanak jeer, Katari bhogaKkoha, Kunikunijoha), Long
grain aromatic varieties (Acharmati, Amrutbhog, BiRrasad, Jirasar, Kala jira,
Maguraphulla B, Maricha, Mugad Sugandha, PDKVn@br2, Sheetal Kani,
Shyamjeer, Sugandhamati) (Sakhtieelal., 2009). The study carried out by
Sakhtivelet al. (2009) using BADEX 7-5 generated a 95 bp prodoct3 of
these notified basmati varieties, 22 aromatic tstp@in aromatic varieties and 12
long grain aromatic landraces. It also generat@doduct of 103 bp in 13 non-

aromatic varieties. In the present study, the #&mage in the Mushkbudji




accessions, Basmati 1509 and Pusa- sugandh 3 wisrea both at phenotypic
as well as genotypic leveHence the validation of this importafiinctional
marker for badh2 allele in all accessions of Mubhkii, Pusa sugandh-3 and
Basmati 1509 (aromatic varieties) opens the pdggilmf using it in Marker
Assisted Breeding for the development of fragréoe varieties for temperate and
high altitude regions of Kashmir valley.

Bradbury et al. (2005) reported thabadh2.1 allele consists of 8-bp
deletion and 3 single nucleotide polymorphisms (§NR exon 7 and proved that
this deletion leads to the introduction of prematstop codon to produce a
truncated protein. Although molecular marker BADEXdifferentiated aromatic
and non-aromatic varieties in the study undertakemenerating product of two
different sizes 96 bp in aromatic and 103 in noyyatic varieties and
subsequently by the difference of bands obtainedel®ctrophorosing two
products on the 3.5% agarose gel. But in orderaadate that it is the same
deletion of 8 bp’s that was observed by Bradbeirgl. (2005), the target region
possessing this deletion was amplified using amogkeé of primers (Os Badh2)
and subsequently sequenced using Sanger methodeguencing of thbadh2
locus was carried out in aromatic rice cultivarsvesl as non-aromatic rice
varieties to uncover the presence l@idh2.1 allele. One genotype from each
group was selected. Mushkbudji accession F. wasteel from aromatic japonica
group, Pusa Sugandh 3 from Sadri and Basmati @nglicup), Kawa Kreed from
non- aromatic japonica group, Jehlum from non- aenindica group and
Kamad? (Sel_2009) was also selected due to itsamarsial behavior. Software

program Clustal W_(www.genome.jp/tools/clustpland T-COFEE software was

used for creating multiple sequence alignment i@ tegion of interest. The
analysis showed presence of a deletion of 8 bpsTGW GG” and three SNPs T
and T in place of A and A before 8 bp deletion ania place of C following 8
bp deletion in exon 7 in two of aromatic rice gemets Mushkbudiji 3 and Pusa
Sugandh 3. However no such deletion was observatbmaromatic varieties
Kamad, Kawa Kreed and Jehlum. This 8 bp deletiorexon 7 of aromatic




varieties could be the possible reason of aronihgee genotypes, which may be
due to a truncated betaine aldehyde dehydrogemasene. The study is in line
with the results of Bradburst al. (2005) which also observed same 8 bp deletion
“GATTATGG” in his selected 14 diverse aromatic ediés namely YRJO3,
00210-0-15, YRED7/1202, Yasmin, Amber, Dumsorhk, Dellmont, YRF,
YRF,04, 00210-33, Basmati 370, Dragon Eyeball 100, &abl and Khao Dawk
Mali 105. Watteveet al. (2008) also found 8 bp deletion and 3 SNPs as caluse
aroma in two of his selected varieties Lanka Samandl Basmati 370. The 3
SNPs are present in the genotypes studied in tbgept study, too. Stet al.
(2008) also observed this mutation in twelve of &rematic varieties namely
Suyunuo, Wuxiangjing, Pangxiegu, Guanglingxiangnudiangxuenuo,
XiangjingT37, Xiangjing20-18, Wuxiang075, Basmat38 Basmati370,
Ganxiangnuo, and Meiguomolixiang. Sequencing resulilso clarified
controversial behavior of so-called accession ctgino be Kamad which was
collected from farmer field in year 200%his so calledKamad earlier doesn’t
show any aroma in the fragrance test of Berner Hiof and same was
corroborated by evidence from PCR results. Sequgnasults showed an intact
region like other non-aromatic varieties confirmitigat this variety doesn'’t
possess the 8 bp deletion. Hence it was confirnteghanotypic as well as
genotypic level that the accession was not Kama&e. rEason that it was being
called as Kamad could be that the concerned famasr growing a mixture of
aromatic and non-aromatic genotypes in his fielde Drigin of aroma in both
aromatic varieties aromatic japonica variety Musidb and Basmati variety
Pusa-sugandh 3 was same 8 bp deletion in Exoncanltbe deduced from the
results that perhaps they share some commonne&sgyin. Kovachet al. (2009)

in their study showedhat across 5.3 Mb region flankinBADH2 Basmati
cultivars were nearly identical to tlaamcestral japonica haplotype indicating that
Basmati cultivars had close evolutionagjationship with japonica varietal group.
Bradbury et al. (2008) suggested that it is loss of function motati.e 8 bp
deletion in exon 7 of aromatic rice that lead toduction of truncated protein
which is incapable of metabolizing aroma compousAaP2in rice but Cheret al.




(2008) observed that no such truncated proteimrsiéd but this 8 bp deletion
suppresses both transcription and translation oDB2A gene resulting in 4-
aminobutyraldehyde (ABald) accumulation which othiee is metabolized by
functional BADH2 enzyme. Even there are reportsdetetion of base pairs in
other exons a 7-bp deletion in exon 2 (&hal., 2008), a TT deletion in intron 2,
two new SNPs in the central section of intron 8n(8ual., 2008), absence of
MITE (miniature interspersed transposable elemienpromoter (Bourgis, 2008),
and a repeated (AT)n insert in intron 4kaidh2 (Chenet al., 2008). Whatever
may be the case, either truncation of protein dribited transcription and
translation, deletion in exon of badh2 gene impaat®matic rice their
characteristic aroma. Nigt al. (2008) conducted a study wherein downregulation
of badh2 levels by RNA interference technique eckdnaroma production by
accumulation of 2 AP thereby confirming the aboaiel sesults.

Although 2AP is the major fragrant compound innaatic rice, a range
of volatile components, possibly different from 2aBsociated fragrance, gives
every variety its own unique aroma. However, vétielinformation is available
about the association of these volatiles with aroBtadies should be conducted
to check the possible involvement of other genesniparting particular aroma
that is unique to each variety.

Microsatellite marker analysis is a promising a@@wh to explore
principal QTLs for aroma; therefore, it is benddicfor rice breeders to expand
new aromatic rice varieties. Alternatively, marlessisted selection can decrease
the expenses and significantly accelerate thegnéssion of the fragrance gene to
the target rice varieties. There are still someesolved and ambiguous issues
regarding the genetic basis of fragrance, and tkaiso little information about the
biochemical pathway of rice aroma. Consequentlgntifying the most important
genes underlying the fragrance trait seems trooivies Basic knowledge of aroma
in local landraces of Kashmir has been providethisystudy. But, there is a need to
further map saturated markers in candidate chromalsocegions to identify both
major and minor genes controlling rice aroma.




Chapter - 6
SUMMARY AND CONCLUSION

Fragrant rice is highly appealing to human beingsnsequently, its
global market value is tremendously increasing.rétoee, aroma is considered a
prominent characteristic for numerous breeding mmog. However the
inadequate knowledge of the genetics of aromatie hinders the design of

effective practical tools and methods for aromate development programmes.

The present study was carried out to determingtbégence of recessive
allele of fragrance gene in the aromatic landrac&ashmir “Mushkbudji” as
well as in some other aromatic varieties grown llgcdn present study 10
genotypes of rice grown locally in Kashmir inclugiapecial rice of Kashmir i.e
Mushkbudji were assessed for allelic variants afreX ofbadh2 gene. Based on
some previous studies, primers were designeddhgeted 8 bp deletion in exon 7
of badh2 gene and amplified a fragment of 95 bpaiomatic rice varieties
(Mushkbudji sel. 3 and Pusa Sugandh 3, Basmati,1308shkbudji Acc. F and
Mushkbudji sel. 6) and 103 bp fragment in non-arbenaarieties (Jehlum,
Shalimar Rice 2, Kamad? (Sel-2009), Loul Anzul &adva Kreed). Additionally
a 463 bp region covering the target deletion wagplified by another set of
primers (OsBadh2) and subsequently the bands viiledeand got sequenced by
Sanger method. Software program Clustal W was deeccreating multiple
sequence alignment in the region of interest. Tidyais showed presence of a
deletion of 8 bps “GATTATGG” and three SNPs wereekon 7 of aromatic rice
genotypes. No such deletion was found in non-arenmrate varieties.Hence,
functional markers for badh2 allele were validatechll accessions of Mushk-
budiji, Pusa sugandh-3 and Basmati 1509 (aromatieties) which can facilitate
development of fragrant rice varieties through MASrprisingly aroma was not
detected in a so-called accession claimed to beadamwhich had been collected
from a farmer’s field in year 2009his so calledkamad didn’t show any aroma
in the fragrance test of Berner and Hoff and saras eorroborated by evidence




from PCR results and sequencing. It doesn’t pogbes8 bp deletion! The reason

could be that the concerned farmer was growingdume of aromatic and non-

aromatic genotypes in his field, and his claim wasng.

The results are summarized as:

Primer BADEX 7-5 targeted 8 bp deletion in exonfhadh2 gene and
amplified a fragment of 95 bp in Mushkbudji acceassi Basmati 1509
and Pusa Sugandh 3.

Primer BADEX 7-5 generated a 103 bp fragment inli8ta rice 2,
Jehlum, Kamad?, Loul Anzul and Kawa Kreed.

In short BADEX 7-5 generated a product of 95 b@iomatic varieties
and 103 bp product in non-aromatic varieties, arab wherefore an

effective functional marker that can accelerate MA8ce for aroma.

463 bp region covering the target deletion was drag@lin the selected
varieties by another set of primers (OsBadh2) arn$equently the bands
were eluted and got sequenced by Sanger method.

The sequencing of thbadh2 locus was carried out in aromatic rice
cultivars as well as non-aromatic rice varietieshieck for the presence of
badh2.1 allele. Mushkbudji accession F. was selected frammatic
japonica group, Pusa Sugandh 3 from Sadri and Bagraup, Kawa
Kreed from non- aromatic japonica group, Jehlummfraon-aromatic
indica group and the so called Kamad? (Sel-2008)also selected due to

its controversial behavior.

In silico analysis identified the presence of aetleh of 8 bps
“GATTATGG” and three SNPs T and T in place of A akdbefore 8 bp
deletion and T in place of C following 8 bp debetiin exon 7 in two of
aromatic rice genotypes Mushkbudji 3 and Pusa Silg&n However, no

such deletion was observed in non-aromatic vasé€@mwva Kreed, Jehlum




and the so-called Kamad?.

This 8 bp deletion in exon 7 of aromatic varietesild be the possible
reason of truncated betaine aldehyde dehydrogersassyme and

subsequently aroma.

Sequencing results also clarified controversial avedr of so-called
accession claimed to be Kamad which was colleataah farmer field in
year 2009.This so calledkamad, which did not show any aroma in
Berner and Hoff test, showed an intact region lbkker non-aromatic
varieties confirming that this accession doesnisass the 8 bp deletion.

Hence it was confirmed at phenotypic as well aoggmnc level that the
accession was not Kamad. The reason that it wag lozilled as Kamad
could be that the concerned farmer was growingxdumg of aromatic and

non-aromatic genotypes in his field.

Recommendations and Practical utility

The present study not only augments our knowletigealso helps fill
the gaps in our understanding about the distribudiothebadh 2 allele in

some important aromatic/ non-aromatic varietieKaghmir.

The present study could provide a stepping stonddweeloping effective
rice development programs for Kashmir, especiatly ihtrogression of

aroma.

The study needs to be carried forward for a deepeéerstanding and

exploration of the origins of aroma in Kashmir edies.

Metabolomic and genomic studies should be carrietl to study

molecular aspects of aroma development in rice.
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