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Abstract—North Western Himalayan region is a rich repository of 
microbial diversity. Yeast strains were isolated from traditional 
alcoholic beverages of Lahual and Spiti, Bharmour and Bada Bangal 
region of North-Western Himalayas. Molecular identification by ITS 
region sequencing showed that all the yeast strains were 
Saccharomyces cerevisiae. After identification of yeast strains ATF1 
gene mining was done. Multiple sequence alignment of ATF1 gene of 
indigenous brewing yeast strains with Saccharomyces genomic 
database (SGD) revealed nucleotide substitutions and difference of 
about 14 amino acids. MK680909 strain showed highest dissimilarity 
with other strains used in the study showing diversity in ATF1 gene of 
yeasts of North Western Himalayas.  

Introduction 
During fermentation processes, yeast cells produce a broad 
range of aroma-active substances which greatly affect the 
complex flavor of fermented alcoholic beverages. While these 
secondary metabolites are often formed only in trace amounts, 
their concentrations determine the distinct aroma of these 
beverages. Flavor-active substances produced by fermenting 
yeast cells can be divided into five main groups: sulfur-
containing molecules, organic acids, higher alcohols, carbonyl 
compounds, and volatile esters [7,9]. Of these, volatile esters 
represent the largest and most important group as they are 
responsible for the highly desired fruity character of beer and, 
to a lesser extent, other alcoholic beverages, such as wine. 

The best-known enzymes involved in ester synthesis are 
alcohol acetyltransferases (AATases; EC 2.3.1.84). These 
enzymes catalyze the formation of acetate esters from the two 
substrates: an alcohol and acetyl-CoA. Purification of the 
acetate ester-synthesizing enzymes has led to the identification 
of three distinct AATases: AATase I, its closely related 
homologue Lg-AATase I, and AATase II. These AATases are 
encoded by ATF1, the ATF1 homologue Lg-ATF1, and ATF2 
genes, respectively [3, 12-13]. While ATF1 and ATF2 are 
present in both Saccharomyces cerevisiae (ale) and 
Saccharomyces bayanus (lager) strains, Lg-ATF1 is found 
only in S. bayanus strains [13]. Homology-based searches of 
the S. cerevisiae genome have not revealed other genes with 
homology to ATF1 and/or ATF2. [11] have demonstrated that 

overexpression of ATF1 in a commercial brewer's strain leads 
to significantly increased concentrations of isoamyl acetate 
and ethyl acetate in the beers produced. These results indicate 
that the expression level of ATF1 is an important limiting 
factor for ester synthesis under industrial conditions. The 
variation in ATF1 gene could also be revealed by organoleptic 
studies of these isolates and then comparing their profiles with 
variations observed at genetic level to obtain relevant 
information regarding the diversity in the indigenous isolates. 
Broad analysis on aroma and flavour production by different 
Saccharomyces species (S. cerevisiae, S. kudriavzevii, and S. 
uvarum) and their hybrids revealed significantly different 
expression levels of ATF genes for the production of higher 
alcohols and esters, which are key components of aroma and 
flavor in fermented foodstuffs [4,8]. Hence, this gene was 
targeted for studying functional diversity from an aromatic 
and flavor point of view at molecular level. 

Material and Methods 

Yeast isolation and maintenance of cultures 
Samples were taken from Lahual & Spiti and Bharmour region 
of North Western Himalayas. Samples were collected under 
aseptic conditions. Serially diluted samples were plated on 
YEPDA plates. Plates were observed daily until colonies were 
appeared. Yeast colonies were purified by repeated streaking. 
Yeast isolates were preserved in 50% glycerol. 

ITS region sequencing 
ITS sequencing is the most extensively used technology for 
molecular identification. Sequencing of this ITS region was 
done with the help of commercial sequencing facility (Xcelris 
Labs Ltd., Ahmedabad, India). Editing and analysis of the ITS 
region of yeast isolates was done by using NCBI BLASTN 
program (http://www.ncbi.nih.gov/ blast) [1]. 

ATF1 gene mining 
After identification yeast strains were selected for ATF1 gene 
mining. From the literature it was found that the gene 
consisted of 1578 bp long protein coding region of ATF1 gene 
and after including the preceding promoter and TATA box it 



56

w
th
se
37
pr
Lt
th
ob
w
ht
al
in
ce
ex
al
ph
pr

R

Y
Se
fro
La
H
sh
fru
su
an

IT
IT
is
fa
IT
(5
am
pr
m
af
BL

6

was found to b
his 1988 bp re
equences. Th
730xl automa
rimers by a c
td., Ahmedab

hen recovered
btained contig

was carried ou
ttp://www.ncb
lignment the
ndigenous and
erevisiae. The
xpasy tool. T
lignment by 
hylogenetic an
rogram.  

Results  

Yeast isolation
even morphol
om alcoholic 
ahual and Sp

Himalayas. Mi
howed spheric
uctose, xylose

ugar fermenta
nd gas for diff

TS region seq
TS region seq
olates. The s

acility i.e. Xce
TS1 (5′TCC
5′TCCTCCGC
mplification o
roduct size of

more than 98%
fter analysis 
LASTn progr

Figure 1: Ph
different yeast

p-I

be 1988 bp. F
gion was In s

he sequences 
ated sequencer
commercial s

bad, India). Th
d by aligning
gs. The homo
ut using an o
bi.nih.gov/blas
ese gene se
d exotic gen
e amino acid s
These were co

MEGA X
nalyses were 

n  
logically diffe
beverages (G

piti, and Bha
icroscopic ex
cal coccus sha
e, lactose, ma
ation. Majorit
ferent sugars. 

quencing 
quencing was
sequencing w
elris Labs Ltd
CGTAGGTGA
CTTATTGAT
of ITS (ITS1-5
f approximate
% similarity 
of the retrie

ram ( Figure 1

hylogenetic tree
t isolates on ba

Inte
SSN: 2394-58

For amplificat
ilcio divided 

were custom
r) with both 
sequencing fa
he complete g
g the overlapp
ology search 
on-line NCBI
st [1]. By usin
equences we
ne sequences
sequences we
ompared with

X software 
conducted in

erent yeast iso
Gudanji and S
armour region
xamination of
ape. Different 
altose and ma
ty of yeast st

s used for id
was carried ou
d., Ahmedaba
AACCTGCG

TATGC3′) 
5.8S-ITS2) re

ely 800 bp. Y
with  Saccha
ved sequence
). 

e showing clus
asis of their IT

ernational Jou
820, e-ISSN: 2

tion and sequ
into two over
m sequenced
forward and

acility (Xcelri
gene sequence
ping regions
for these seq

I BLASTN p
ng multiple se
re compared
 of Sacchar

ere deduced by
h multiple se
program. A

n MEGA X so

olates were o
Sura) collecte
n of North W
f the yeast c
sugars viz. de

annitol were u
trains produc

entification o
ut using com
d. Universal p

GG3′) and
were used

egion and obs
Yeast isolates s

aromyces cer
es using the

stering behavio
S region seque

 

urnal of Basic 
2349-2539, V

uencing, 
rlapping 
d (ABI 
reverse 
is Labs 
es were 

of the 
quences 
program 
equence 
d with 
romyces 
y using 

equence 
All the 
oftware 

obtained 
ed from 
Western 
colonies 
extrose, 
used for 
es acid 

of yeast 
mmercial 

primers 
ITS4 

d for 
erved a 
showed 
revisiae 

NCBI, 

 
or of 
encing 

AT
In
in
co
cer
sub
wi
ind
de

In
ob
co
the
am
of
str
fer
tha
co

Ta

M

M

M

M

M

M

M

M
M

M

Di
[10
pla
pe
fib
ric
Sp
the
alc
int
cer
W
str
use
seq

and Applied 
Volume 7, Issu

ATF1 gene min
our study it w
open reading
ding regions o
revisiae strai
bstitutions we
ithout any d
digenous stra
duced from Sa

promoter re
bserved. Amin
ding region o
e yeast strains

mino acid sequ
about 9 amin

rains, proposi
rmented produ
at most of the
dons.  MK680

able 1: Variati
ba

Yeast Or
na

MK680914 CG

MK680909 GT

MK680909 TA

MK680909 TG

MK680909 CA

MK680910 GA

MK680914 CT

MK680914/
MK680913 

AA

MK680911 TC

iscussion 
0] isolated
antaru, Lb.
ntosaceus, S

buligera, Pich
ce beer (chhan
piti district of
e strains of
coholic bever
ternal transcr
revisiae strain
estern Himal

rains showed
ed in this st
quencing.  

Biology 
ue 2; April-Jun

ning 
was observed
g frame that e
of ATF1 gene
ins. At diffe
ere observed
deletions or
ains as well
Saccharomyces

egion of the
no acid sequ

of ATF1 gene
s showed vari
uences of the
no acids (Tabl
ing a great v
ucts. From the
nucleotide su

0909 strain sh

on in amino ac
asis of their nu

rigi
al 

Replace
d 

GG GGG 

TT GGT 

AT GAT

GT TGG 

AA CCA 

AA GCA 

G ATG 

AT AAA 

C TTC 

various mic
casei, Enter

Saccharomyce
hia kudriavzev
ng/lugri) mad
Himachal Pra
Saccharomy

rages of Nort
ribed spacer
ns isolated fr
ayas. ITS seq
a little regio

tudy were al

Kesh

ne, 2020 

that the gene
encodes 525 a
e displayed a b
erent location
by multiple s
insertions w
as in the AT
s genomic dat

yeast strains 
uences were 
with the help

iation in amin
e ATF1 genes
le 1) among t

variation in ar
ese observatio
ubstitutions lea
howed 4 amino

cids among the
ucleotide substi

Nucleotide 
Site no. 

 

O
a

79 R

95 V

106 Y

174 C

338 Q

341 E

349 L

1173 N

1547 S

roorganisms 
rococcus fae
es cerevisia
vii, and Cand
e in the tribal

adesh. In our s
yces cerevisia
th Western H
(ITS) region 

from fermente
quencing rev
on based clu
lso identified

hani and Moh

e consists of 1
amino acids. P
broad variatio
ns, 29 nucle
sequence align

within the ge
TF1 gene seq
tabase (SGD).

no differenc
deduced fro

p of expasy to
no acids. Anal
s exposed diff
the indigenou
roma and fla

ons it was also
ads to degener
o acid variatio

e different stra
itution 

Origin
al aa 

Repl
aced 
aa

R G 2

V G 3

Y D 3

C W 5

Q P 

E A 

L M 

N K 3

 F 5

viz. Lactob
ecium, Pedio
ae, Saccharo
dida tropicalis
l belt of Laha
study we isola
ae from trad
Himalayas. [6

to differenti
ed foods of

vealed that 18
stering. The

d using ITS

hit Garg 
 
 

1578bp 
Protein 
on in S. 
eotides 
nments 
ene of 
quence 
. 

ce was 
om the 
ool. All 
lysis of 
ference 
s yeast 

avor of 
o found 
racy of 
ons 

ains on 

Aa 
Site 
no.

27  

32  

36

58  

113  

114  

117  

391  

516  

bacillus 
ococcus 
omyces 
s from 
aul and 
ated all 
ditional 
6] used 
iate S. 
North-

8 yeast 
strains 
region 



ATF1 Gene Diversity Studies of Saccharomyces Cerevisiae Strains of North Western Himalayas 57 
 

 

International Journal of Basic and Applied Biology 
p-ISSN: 2394-5820, e-ISSN: 2349-2539, Volume 7, Issue 2; April-June, 2020 

[5] reported that ATF1 gene consisted 1566 bp in ORF that 
encodes 522 amino acids in native S. cerevisiae strains. 
However, in our study the ORF was found out to be of 1578 
bp coding 525 amino acids as reported by [2]. ATF1 gene 
plays an important role for the synthesis of esters in S. 
cerevisiae in both ale (top fermenting) and lager (bottom 
fermenting) yeast strains [11]. Yeast cells produces broad 
range aroma-active secondary metabolites in trace amounts 
that greatly affect the aroma and flavor of fermented alcoholic 
beverages. MK680909 strain showed highest dissimilarity 
with other strains used in the study showing diversity in ATF1 
gene of yeasts of North Western Himalayas that further 
indicates diversity in esters. 
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