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Abstract

Bacteriophage infections are one of the key challenges in the use of various bacteria in industries.
CRISPR-Cas systems are part of the bacterial immune system against viral infections and determining the
characteristics of these systems can be beneficial for the formulation and use of these bacteria. To
investigate the CRISPR/Cas system in the Leuconostoc genus, the complete genome sequences of 18
reported species of this genus were explored and their CRISPR/Cas system information was analyzed
using homology-based algorithms. Then, the characteristics of the conformational structure and stability
of recognized systems were determined based on MFE values, phage recognition sites were identified
using BLAST approaches, and the evolutionary relationships of these systems were analyzed based on
amino acid sequence of associated proteins. Based on the obtained results, 9 of 18 reported species for
this genus contain whole CRISPR/Cas system. CRISPR/Cas type analysis confirmed that except for one
case, all strains contained the type II-A system. In these systems, the number of repeats and average
length of spacers varied from 4 to 101 and 28 to 30 nucleotides, respectively. Nine types of PAM
sequences were identified at the 3" and 5 ends of these systems. Based on relationship analysis, the
studied system was divided into two main groups. Subtype 1I-A appears to be the most active system
against foreign DNA and phages in the Leuconostoc genus.

Key words: Leuconostoc, CRISPR, Diversity, Relationship, Structure.
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Table 1. Complete CRISPR/Cas systems in Leuconostoc specious and strains.

Species strains CRISPR/Cas type Type Direction ~ Cas Gene Number  Repeat Number  Spacer
L. inhae DSM 15101 Complete 1I-A Positive 4 9 S1-S8

L. gelidum subsp. A214 Complete 1I-A Positive 4 13
Gasicomitatum S1-S12
L. mesenteroides DPC 7261 Complete 1I-A Negative 5 8 S1-S7
L. mesenteroides DPC 7261 (1) Complete 1-A Negative 4 8 S1-§7
L. rapi DSM 27776 Complete 1I-A Positive 6 42 S1-s41
DSM 27776 contig4(2) Complete 1I-A Negative 5 42 S1-s41
L. falkenberg C Complete 1I-A Negative 5 7 S1-S6
LMG 10779 Complete 1I-A Positive 5 5 S1-S4
L. carnosum WC0324 Complete 1I-A Positive 5 12 S1-S11
WC0319 Complete 1I-A Negative 5 17 S1-S16
L. lactis BIOML-A1 Complete 1-A Positive 4 101 $1-s100
aa_0143 Complete 1I-A Negative 4 99 $1-s98
CCK940 Complete 1I-A Negative 4 22 s1-s21
KACC 91922 Complete 1I-A Positive 5 20 s1-s19
MSK.22.137 Complete 1I-A Negative 4 7 s1-s6
MSK.22.141 Complete 1I-A Negative 4 7 s1-s6
UBA5566 Complete 1I-A Positive 6 4 S1-S4
SBCO001 Complete 1I-A Positive 4 26 s1-s25
L. gelidum C220d Complete 1I-A Negative 4 33 S1-S23
AMKR21 Complete 1I-A Negative 5 49 S1-548
DSM 19375 contigl Complete 1-A Negative 4 21 S3-S22
Ebr1-8 Complete 1I-A Positive 4 27 S1-S26
HS9 Complete 1-A Negative 5 61 51-s60
JB7 Complete 1-A Negative 5 41 S1-S40
JPBL22 Complete 1-A Positive 5 66 S1-S65
KAPA3-9 Complete 1I-A Negative 5 36 S1-S35
KCTC 3527 Complete 1I-A Positive 4 30 S1-S29
kgl-2 Complete 1-A Negative 5 48 S1-S47
LS4 Complete 1I-A Positive 5 48 S1-547
NBRC 113246 Complete 1-A Positive 4 30 S1-S29
PB4d Complete 1-A Positive 4 22 s1-s21
PLK1c Complete 1I-A Negative 5 62 s1-s61
POKY4-4 Complete 1I-A Positive 5 56 S1-S55
TMW 2.1618 Complete 1-A Positive 5 13 S1-S13
L.pseudomesenteroides 1159 Complete 1-A Positive 7 7 S1-S6
4882 Complete 1I-A Negative 5 7 S1-S6
LMGH278 Complete 1I-A Negative 5 6 S1-S5
AMBR10 Complete 1-A Negative 4 6 S1-S5
BM2 Complete 1-A Negative 5 8 S1-S7
FDAARGOS_1004 Complete 1I-A Negative 5 7 S1-S6
HPKO01 Complete 1-A Positive 5 6 S1-S5
LMGCF06 Complete 1-A Positive 5 6 S1-S5
LMGCF08 Complete 1I-A Positive 5 6 S1-S5
LMGCF15 Complete 1-A Positive 5 6 S1-S5
LMGH®61 Complete 1I-A Negative 5 6 S1-S5
LMGH83 Complete 11-C Negative 5 6 S1-S5
LMGH97 Complete 1I-A Negative 5 7 S1-S6
LMGTW1 Complete 1-A Negative 5 7 S1-S6
LMGTW3 Complete 1I-A Positive 5 4 S1-S3
LMGTW6 Complete 1I-A Positive 5 4 S1-S3
LMGTW8 Complete 1I-A Positive 5 7 S1-S6
LNO02 Complete 1-A Positive 5 4 S1-S3
LN12 Complete 1I-A Positive 5 5 S1-S4
MGBC116435 Complete 1-A Negative 4 10 S1-S9
pPS12 Complete 1I-A Positive 5 8 S1-S7
UBA11295 Complete 1I-A Negative 7 7 S1-S6

Bl e


http://dx.doi.org/10.61186/gebsj.12.2.281
http://gebsj.ir/article-1-467-en.html

[ Downloaded from gebs.ir on 2025-08-03 ]

[ DOI: 10.61186/gebsj.12.2.281 |

sale s okl

SURUE v CRISPR/Cas ;s s £ 55

=V ganls bodas Al YE/AV lyls oo 5k 1w S )
SWCRISPR )5 cas bl gla JIg5 o gie sliaws 54 8

5 S s S s s sde YA/AY Leuc. gelidum

g 10 5 VY NBVEVIR VIR S W PIES 6@&\} D‘Mui L

CRISPR (slapies )3 odns ol la JIg5 slies Lo e
SusS 5s sp VN LS
e 2 SBE 4 edas Aol G JIg buge sl
S LS e s edas Aol s I YY/0 CRISPR

Leuc. pseudomesenteroides

(B ¥ S5 o o Leuc lactis a5 55 4 slde o xi 5 & sl
cgg ©sn2 Casl Cas9 L. lactis
oIl GECER GEEEE———— 9
Cas2
51 s0  Cas2 antiRepeat DEDDh LEUC. gelidum
- G G 4 (IB7)
csn2  Casl esn
6 on Cas2 (st antiRepeat  Cas9 Casd LEUC.
- I G
(4882)

S g S i 53 0dd oLt 11-A g5 5 & Glaze Ll CRISPR/Cas L) Sles JKa -y UK
Fig 1. Schematic diagram of complete CRISPR-Cas array in 11-A sub type

o]

35

30

25

o

L. pseudomesenteroides L. lactis

32 o

30

L. gelidum Else Total

28

26

24

22

o

L. pseudomesenteroides L. lactis

L. gelidum Else Total

CRISPR/Cas s 2 (Sl odins ol sliad w550 (B ; CRISPR/Cas (o A Gl A S 5 4 1SS sk L (A-Y I
Fig 2. A. Distribution of the repeat length, in nucleotides for each CRISPR-Cas subtype; B. Distribution of spacer numbers for each

CRISPR-Cas.

ysdle (long et al, 2019) clostridium perfringens s

Bifidobacterium s 1A ¢35 el ) n Slad=i o

I-B/Tneap E33E) (Briner at al., 2015, Yang et al., 2020)

VPV liwo g s ly 1Y oylous [ n203190 0590 [ g § (Soos g S (owdigen -


http://dx.doi.org/10.61186/gebsj.12.2.281
http://gebsj.ir/article-1-467-en.html

[ Downloaded from gebs.ir on 2025-08-03 ]

[ DOI: 10.61186/gebsj.12.2.281 |

BREURE ST CRISPR/Cas ;s s £ 55

sale s okl

el Fon sl e e
Sptans 52 g Shes Sl ole 51 PAM b JIs
Low i b I onl 45 ol sl osls OLES . dzs CRISPR/Cas
o Olxlge Kos 5 W3k & Jlasl sl Cas sla s
sk Jlys (Mojica et al., 2009) L ,S o 3 eslitul 5,4
Sl 5 W36 sl ol edd sluls PAM
Ykl 53 3 asdllae 550 sk S eles ek gLl

RGO IPS W AR EYE | W 3 J&J BE 0, 9

Leuc. inhae &S Y 5 .4 sluls 0 Lzl 55 PAM
PAM Jis Leuc. mesenteroides , dJeuc. falkenberg
« Leuc. gelidum Law S ¥ 5 07 gLl s i oLl
)JC_}«JU{'MSMGMWPAM é\jty«jéwf
Leuc. (455 (slad su Froms 53 3 lass S Js o
A gl o sl s PAM i g5 < ki carnosum
5> Leuc. gelidum e S 55 o ol sdalie 535y 2SS
v skl s PAM R AR RY Yog00 lenl s
0" slesl g5 5l cl.,\S ;3 PAM g5 0 Leuc. rapi 45 s
2PAM Jig g5V 5T o5 a5 L lactis ga,8 557
g6S Y s 00 sl s

Al

Leuc. pseudomesentroides

gs ¥ Leuc. bravis gasllae ;5 (2022) OLKen 5 Al
SOlS Y sl s M £5 0 5 0" sl 5 PAM Ji g
SWCRISPR &S (Syrnsisfy) i L awglis ,3 s
A S5 A gy 5 (Sea OF sd glubs
53 adlas sype laws o3 sdd lulid GWCRISPR

Cf.}»&ﬁ‘:)\)};&w Cyﬂ)f})db@j&@d@)}i

S8 Ay oo B 035 iy St iS55 PAM ¢l il
2 CRISPR o5, 5

5 oMl e 3 e dalsd w4 ax g L (2022) OLSs
H- 555 ezl oS ey a2 cpl o dl-A o5 S 0506 555
axdllae ool 53 sl Lobrevis &8 55 0535 ol op sl A
Slagioes flsl 53l g5 Sz pde @ ax g L
o35 dlas ollr Ol & 1 11FA 05 8 5 il 5 o CRISPR
oS Pre St sS e 3

e (SL2,1 SS a 5U LSl 4 o

(s 3530 33 i dites A1 40 il 4
IS 53 S e el S gt 445 ) slaey 5 5> CRISPR/Cas
sl odly QLS G55 a5l ase SO by el Vool
Sl K s el e bl a5 Lo
Cas a0} peits 1S5 sl JIs L 4t s CRISPR (sla
sl L5 & S gt 37385 i il LAl S o
G5 cp S ol S Ble ghls b b gla kel sl OLES
ol s Y dlasl edas DL G55 4 e s e
Conl ol U aces =l s 5> conformation
SVl Sk 6le 5 in GC (glyms L glaslisle
yanget) dxea 5obsS Job 5 1S GC (glpma L ola il
.(al., 2020

ak.<.:l> Y JKM SRS SR slolsle oo L
Syl YL Sl g5 A ¢ 555 saCas | a5y CRISPR
&L&)L}'}Lﬂ ‘5)\.170'[:! ol Lﬁw 6&)[}'}\.« JGL.A‘ B W
oS s (e iy Bl 655D mte Ble iy Jsb L
J.:)\Ju [ \;ﬂ} 6u)L: LY 445L~ .l.;b LSLA)L'I}LA 6‘)‘.&%
& bypw MFE &5k (Las S MFE) ol s
L .ol 2 Leuc. pseudomesenteroides ;| MGBC116435
Ll sbajltle (gl 5 Sas cbli- 3 L s
9 1-A Cfﬁ) 6LAC3.S L> Al g Jﬁ"""“"".’-Js oK:l;— ol Lf’fkf:’?’i
Panahi et al., ) c.ils MFE . xS L1, a3l oy 5eU S 1H-C
(2022

VoY lmo) 9 jusly /¥ 0 losds /203190 0590 / (S § (o] 9 Sl § (owkieo


http://dx.doi.org/10.61186/gebsj.12.2.281
http://gebsj.ir/article-1-467-en.html

[ Downloaded from gebsj.ir on 2025-08-03 ]

[ DOI: 10.61186/gebsj.12.2.281 |

e 53 CRISPR/Cas ls s § 53 Ay s oble

(WC0319) Leuc. carnosum Leuc. pseudomesenteroides Leuc. rapi (DSM 27776)
-1.30 kcal/mol (MGBC116435) -4.70 kcal/mol
0.00 kcal/mol

Leuc. inhae (DSM 15101) Leuc. falkenberg (LMG 10779) Leuc. gelidum (TMW 2.1618)
-7.18 kcal/mol -6.10 kcal/mol -6.90 kcal/mol

Leuc. lactis (aa_0143) Leuc. mesenteroides (DPC 7261)
-1.60 kcal/mol -1.40 kcal/mol

ALffMFE ﬂ)@ij&Lﬂ}Wd)lﬁ LSN}? qfls)l:;-uwﬂ—\“}i.z
Fig 3. The prediction of consensus direct repeat secondary structure and corresponding MFE values.

.Y Ql"a.m.o)’ 9 ﬁl"' 1Y o ylous /Wbo)'lp 0590 /w) Gw‘ 9 S (I


http://dx.doi.org/10.61186/gebsj.12.2.281
http://gebsj.ir/article-1-467-en.html

[ Downloaded from gebs.ir on 2025-08-03 ]

[ DOI: 10.61186/gebsj.12.2.281 |

e 53 CRISPR/Cas ls s § 53 Ay s oble
5 m:_ ".3, 5 - o ] < a © o ‘xrimi' 5 N T m o= n © ~ ] a )-iu ¥
AGG CAT CcC
2 P
r CTTCT B g IC N . QTCl ER CQ_ @TCA " AAIQA
pe W 8 e ® o ) 5 .3 5 .,.:..i
CCT CGG CTC
]CTT VIOTICT AAAT oA G Toox
5 o “ ::: " © T?A%T 5 “ < “ ° ® s m?" !Iii 5 - B ° N “ “ " ® @ ni!J
CTT GAA TGG
B.
2 24 .
| "AT-ATGTCCC “rC-lix
A
-T__T«: ;—%‘:?lw @ ] l‘;,_ b ° N ° N " ® e 23’ [ NIQ??%Q ] o
CCA CCC CCG
P 2
TTTTTCAACT JT [TTTTGAGA
A éQEI:-: L L LN AN &
g - o 0 < ] ~ a e g 5 ‘X:ﬂn’: 5 - ™ " < n 9 ~ @ @ E I
CCT TTTCAACT TTTTGAGA
2 2 2
TC'H |T C %TTTTTT CA
CE HCTTTTFCMT g oo T T R R re ey
I : F 3 e
TTTTGCGC TTTTGCGT TTTTGGCA

LS 5 SAacblis o OLES G s plis)) 0 "B YA LDl s Sl sS eir Sbaase s LS 3 eds o i PAM e s -8 K

(c,..»i C,.:’.;}A BE)

Fig 4. Predicted PAMs motifs in Leuconostoc specious and strains at: A. 3" end and B. 5" end (The height of each letter represents the

conservation of that nucleotide at each position).

.Y Ql"a.m.o)‘ 9 ).yl{. 1Y o ylous /Mo}lsé 0590 /w) LS““' 9 S (I



http://dx.doi.org/10.61186/gebsj.12.2.281
http://gebsj.ir/article-1-467-en.html

BREURE ST CRISPR/Cas ;s s £ 55

sale s okl

@ L .pseudomesenteroides LMGHB3(|I-C)

< £
< B %
% % %
/ﬁ;@ z@ﬁ ao
<4 () 2, 2
S By YL
%, B OB 2
C)/v& 000 {El ,/_/‘ <.
e Z
“
/601;& 4"7
e
fcy, Sy
003 B/O 40
L'/acbs ~"'7(//
143
terOiueS - (”‘4)
Tk

L-gslidum p ¢ Te(ika)
L.gelidum PB4d(1I-A)

L.gelidum NBRC11 3246(1-A)

\’54(\\4\\/
Lge\'\dum \,1\\
\
_(035'[& \
N
A AN
© \\N“ﬁ A
o @d\"@
R
o° o
o ox&(b
) Y R &
& S I & s Tz
R F o L5 FT
& N R RO LG SR V-
™ o S 2 & 5 §F
S 2 & g § £ ¢ &
W gé\ IS < £ ¥ @
N T £ ¥ g &
§ s & g 3
~ \,S = > %? g
LA
= o
~

)‘_;—; S ‘;L.o\ Aij J‘.'.J 33 J.ALM: )_55- 45er LSA:-L& )‘.'.)

(0 JS8) w8

[ Downloaded from gebs.ir on 2025-08-03 ]

PSS
Glaptosw (mly lws p55 okias LG eyl opl
N pses K il b St S i 53 CRISPR/Cas
wlles 8 Jl ol b 3y CRISPRICES slapio ¢l
sl 5 JolSS 5o LA £35S pts Canl 5>

(v-DL0LG ST aeyur

k:
-
g F ~ P
= = < 2,
< N = N
g &% g8 o b
2 4« F B 8
@ %3 (<) .
s & 7 35 & &
g 8§ ¥ o & O i
s 2 5§ £ J & W
g 2 5 & £ &
E £ ¢ §F & o &
& 5 ) > @ Q) \
$ 5§58 FfFF &y N
3 3 8 & & & ¢ S
o 2 5 i @ 'S O Q)
53887578 & & 5 @
e g &\’ & & ‘6\66 \\O\Xb
~
; & \5\\\"*\
. e
o) O \5a |
o o wGQFQ%K
“¢0‘(\e’ o s \°
() el
& C’Foek\\-P\\
eV jde
L9 Lsent ¢ Ol
Lps® e HPKO(I-A)
Lpseudo“‘eseme

L.pseudomesemeroides FDAARGOS 1004 (1-A)

L.pseudomesenterddes BM2(11-4)
L.[Isewo'ne

Casl slacptis e ol el 5 sl 5 G55k cot s -0 K&

Fig 5. Phylogeny tree based on Cas1 amino acid sequence.

oSl s S cbl- cla.d Sy, Sledbl S gl
Sl g elel 5 S55kd 4 5 dBder 5l 5en Lo s
Yool G5 osys s s plil Casl Slawsl
Leuc. 31 C220d « s oS ks iy 55y ool ads
adlas 3550 glaa g pla o (glads 53 oles 4 gelidum
Leuc. lactis laa s ¢ samme o35 Juol a5 .3 8 5l 5
oo andllae 5550 Slad s ple 5 M L0505 S po e b

[ DOI: 10.61186/gebsj.12.2.281 |

.Y QU.M)‘ 9 ).yb.. Y o)wab /Mo}lsé 0399 /w) LS““' 9 c_fuuu) (W0


http://dx.doi.org/10.61186/gebsj.12.2.281
http://gebsj.ir/article-1-467-en.html

[ Downloaded from gebs.ir on 2025-08-03 ]

[ DOI: 10.61186/gebsj.12.2.281 |

BREURE ST CRISPR/Cas ;s s £ 55

Al s oLl

o> > CRISPR/Cas R s Ses & 3l Gaes
AS o walpedul Slalas

&lw

Breidt, F. (2004). A Genomic Study of Leuconostoc
mesenteroides and the Molecular Ecology of Sauerkraut
Fermentations. Journal of Food Science, 69(1), 30-32. doi:
10.1111/j.1365-2621.2004.th17874.x

Chen, Y.S., Wang, L.T., Wu, Y.C., Mori, K., Tamura, T., Chang,
C.H,, etal. (2020). Leuconostoc litchii sp. nov, a novel lactic
acid bacterium isolated from lychee. International Journal of
Systematic and Evolutionary Microbiology, 70(3), 1585—
1590. doi: 10.1099/ijsem.0.003938

Cogan, T.M. & Jordan, K.N. (1994). Metabolism
of Leuconostoc Bacteria.  Journal of Dairy Science
77(9):2704-2717. doi: 10.3168/jds.S0022-0302(94)77213-1

Couvin, D., Bernheim, A., Toffano-Nioche, C., Touchon, M.,
Michalik, J., Néron, B., et al. (2018). CRISPRCasFinder, an
update of CRISRFinder, includes a portable version,
enhanced performance and integrates search for Cas
proteins. Nucleic Acids Research, 46 (W1), 246-251. doi:
10.1093/nar/gky425

Crawley, A.B., Henriksen, E.D., Stout, E., Brandt, K. &
Barrangou, R. (2018). Characterizing the activity of
abundant, diverse and active CRISPR-Cas systems in
lactobacilli. ~ Scientific  Reports, 8, 1-12.  doi:
10.1038/s41598-018-29746-3

Crooks, G.E., Hon, G., Chandonia, J.M. & Brenner, S.E. (2004).
WebLogo: a sequence logo generator. Genome Research, 14
(6), 1188-1190. doi: 10.1101/ gr.849004

Grissa, 1., Vergnaud, G. & Pourcel, C. (2007). The CRISPRdb
database and tools to display CRISPRs and to generate
dictionaries of spacers and repeats. BMC Bioinformatics
8:172. doi: 10.1186/1471-2105-8-172

Gruber, AR., Lorenz, R., Bernhart, S.H., Neubock, R. &
Hofacker, I.L. (2008). The Vienna RNA websuite. Nucleic
Acids Research, 36, 70-74. doi: 10.1093/nar/gkn188

Held, N.L., Herrera, A., Cadillo-Quiroz, H. and Whitaker, R.J.
(2010). CRISPR associated diversity within a population of
Sulfolobus islandicus. PLoS One, 5, €12988. doi:
10.1371/journal.pone.0012988

Hidalgo-Cantabrana, C., Crawley, A.B., Sanchez, B. and
Barrangou, R. (2017). Characterization and Exploitation of
CRISPR Loci in Bifidobacterium longum. Frontiers in
Microbiology, 8, 1851. doi: 10.3389/fmicbh.2017.01851

Hofacker, I.L. (2003). Vienna RNA secondary structure server.
Nucleic  Acids Research, 31, 3429-3431. doi:
10.1093/nar/gkg599

Horvath, P., Romero, D.A., Colté-Monvoisin, A.C., Richards,
M., Deveau, H., Moineau, S., et al. (2008). Diversity,
activity, and evolution of CRISPR loci in Streptococcus

DT Gl S 51 e opl 53 Jise 36 Ao Gl e
sk ahol JIg 5 slaes 5 adllas 5500 ladi S o 5 S

3 pites GO 450 bl pimes (LSS b s

i s el A edalie VL £ 5 PAM la I s

thermophilus. Journal of Bacteriology, 190(4), 1401-1412.
doi: 10.1128/jb.01415-07

Ihkkan, O.K. (2021). CRISPR-Cas systems and anti-repeat
sequences of Lactobacillus curvatus, Lactobacillus
graminis, Lactobacillus fuchuensis, and Lactobacillus sakei
genomes. Microbiology Socity of Korea, 57(1), 12-22. doi:
10.7845/kjm.2021.0093

Jeon, H.H., Kim, K.H., Chun, B.H., Ryu, B.H., Han, N.S. &
Jeon, C.O. (2017). A proposal of Leuconostoc mesenteroides
subsp. jonggajibkimchii subsp. nov. And reclassification of
Leuconostoc mesenteroides subsp. suionicum (GU et al.,
2012) as Leuconostoc suionicum sp. nov. Based on complete
genome sequences. International Journal of Systematic and
Evolutionary  Microbiology, 67(7), 2225-2230. doi:
10.1099/ijsem.0.001930

Khan, Z., Alim, Z., Khan, A.A, Sattar, T., Zeshan, A., Saboor, T.,
et al. (2022). History and Classification of CRISPR/Cas
System. In A. Ahmad, S.H. Khan, & Z. Khan (Ed.). The
CRISPR/Cas Tool Kit for Genome Editing (pp. 29-52).
Singapore: Springer. doi: 10.1007/978-981-16-6305-5_2

Kim, D. & Robyt, J.F. (1995). Production, selection and
characteristic of mutants of leuconostoc mesenteroides b-
742 constitutive for dextran. Enzyme and microbial
Technology, 17(8), 689-95. doi:  10.1016/0141-
0229(94)90086-8

Koonin, E.V. & Makarova, K.S. (2013). CRISPR-Cas: evolution
of an RNA-based adaptive immunity system in prokaryotes.
RNA biology, 10(5), 679-686. doi: 10.4161/rna.24022

Koonin, E.V., Makarova, K.S. & Zhang, F. (2017). Diversity,
classification and evolution of CRISPR-Cas systems.
Current Opinion in Microbiology, 37, 67-78. doi:
10.1016/j.mib.2017.05.008

Levin, B.R., Moineau, S., Bushman, M. & Barrangou, R. (2013).
The population and evolutionary dynamics of phage and
bacteria with CRISPR-mediated immunity. PLoS Genetics,
9(3), €1003312. doi: 10.1371/journal.pgen.1003312

Long, J., Xu, Y., Ou, L., Yang, H., Xi, Y., Chen, S,, et al. (2019).
Diversity of CRISPR-Cas system in Clostridium perfringen.
Molecular Genetics and Genomics, 294, 1263-1275. doi:
10.1007/s00438-019-01579-3

Lonvaud funnel, A. (1999). Leuconostoc. In C.A. Batt & R.K.
Robinson (Ed.). Encyclopedia of Food Microbiology (pp.
455-465). Amsterdam, Elsevier: Academic Press. doi:
10.1016/B978-0-12-384730-0.00416-X

Makarova, K.S., Haft, D.H., Barrangou, R., Brouns, S.J.,
Charpentier, E., Horvath, P., et al. (2011). Evolution and
classification of the CRISPR—Cas systems. Nature Reviews
Microbiology, 9(6), 467-477. doi: 10.1038/nrmicro2577

VoY lmo) 9 jusly /¥ 0 losds /203190 0590 / (S § (o] 9 Sl § (owkieo


file:///F:/ /مجله/Numbers/V12N2/Breidt,%20F.%202004\).%20A%20Genomic%20Study%20of Leuconostoc%20mesenteroides and%20the%20Molecular%20Ecology%20of%20Sauerkraut%20Fermentations. Journal%20of%20Food%20Science,%2069\(1\),%2030-32
file:///F:/ /مجله/Numbers/V12N2/Breidt,%20F.%202004\).%20A%20Genomic%20Study%20of Leuconostoc%20mesenteroides and%20the%20Molecular%20Ecology%20of%20Sauerkraut%20Fermentations. Journal%20of%20Food%20Science,%2069\(1\),%2030-32
file:///F:/ /مجله/Numbers/V12N2/Breidt,%20F.%202004\).%20A%20Genomic%20Study%20of Leuconostoc%20mesenteroides and%20the%20Molecular%20Ecology%20of%20Sauerkraut%20Fermentations. Journal%20of%20Food%20Science,%2069\(1\),%2030-32
file:///F:/ /مجله/Numbers/V12N2/10.1111/j.1365-2621.2004.tb17874.x
https://doi.org/10.1099/ijsem.0.003938
file:///F:/ /مجله/Numbers/V12N2/Cogan,%20T.M.%20&%20Jordan,%20K.N.%20\(1994\).%20Metabolism%20of Leuconostoc Bacteria.%20Journal%20of%20Dairy%20Science%2077\(9\):2704-2717
file:///F:/ /مجله/Numbers/V12N2/Cogan,%20T.M.%20&%20Jordan,%20K.N.%20\(1994\).%20Metabolism%20of Leuconostoc Bacteria.%20Journal%20of%20Dairy%20Science%2077\(9\):2704-2717
file:///F:/ /مجله/Numbers/V12N2/Cogan,%20T.M.%20&%20Jordan,%20K.N.%20\(1994\).%20Metabolism%20of Leuconostoc Bacteria.%20Journal%20of%20Dairy%20Science%2077\(9\):2704-2717
https://doi.org/10.3168/jds.S0022-0302\(94\)77213-1
https://doi.org/10.1093/nar/gky425
https://doi.org/10.1186/1471-2105-8-172
https://doi.org/10.1093/nar/gkn188
https://doi.org/10.1371/journal.pone.0012988
https://doi.org/10.3389/fmicb.2017.01851
https://doi.org/10.1093/nar/gkg599
https://doi.org/10.1128/jb.01415-07
https://doi.org/10.7845/kjm.2021.0093
https://doi.org/10.1099/ijsem.0.001930
http://dx.doi.org/10.1007/978-981-16-6305-5_2
https://doi.org/10.1016/0141-0229\(94\)90086-8
https://doi.org/10.1016/0141-0229\(94\)90086-8
https://doi.org/10.4161/rna.24022
https://doi.org/10.1016/j.mib.2017.05.008
https://doi.org/10.1371/journal.pgen.1003312
https://www.sciencedirect.com/referencework/9780122270703/encyclopedia-of-food-microbiology
http://dx.doi.org/10.1016/B978-0-12-384730-0.00416-X
http://dx.doi.org/10.61186/gebsj.12.2.281
http://gebsj.ir/article-1-467-en.html

[ Downloaded from gebs.ir on 2025-08-03 ]

[ DOI: 10.61186/gebsj.12.2.281 |

BREURE ST CRISPR/Cas ;s s £ 55

sale s okl

Makarova, K.S., Wolf, Y.l., Iranzo, J., Shmakov, S.A,
Alkhnbashi, O.S., Brouns, S.J., et al. (2020). Evolutionary
classification of CRISPR—Cas systems: a burst of class 2 and
derived variants. Nature Reviews Microbiology, 18(2), 67-
83. doi: 10.1038/541579-019-0299-x

Marraffini, L.A. & Sontheimer, E.J. (2010). CRISPR
interference: RNA-directed adaptive immunity in bacteria
and archaea. Nature Reviews Genetics, 11(3), 181-190. doi:
10.1038/nrg2749

Martinez-Murcia, A.l. & Collins, M.D. (1990). A phylogenetic
analysis of the genus Leuconostoc based on reverse
transcriptase sequencing of 16S rRNA. FEMS Microbiology
Letters, 70(1), 73-83. doi: 10.1016/0378-1097(90)90106-z

Martinez-Murcia, A., Harland, N.M. & Collins, M.D. (1991). A
phylogenetic analysis of an atypical leuconostoc: description
of Leuconostoc fal/ax spp. nov. FEMS Microbiology Letters,
66(1), 55-59. doi: 10.1016/0378-1097(91)90420-f

Panahi, b., Majidi, M. & Hejazi, M.A. (2022). Genome Mining
Approach Reveals the Occurrence and Diversity Pattern of
Clustered Regularly Interspaced Short Palindromic
Repeats/CRISPR-Associated  Systems in  Lactobacillus
brevis Strains. Frontiers in Microbiology, 13, 911706. doi:
10.3389/fmich.2022.911706

Riesenberg, S., Helmbrecht, N., Kanis, P., Maricic, T. & Paabo,
S. (2022). Improved gRNA secondary structures allow
editing of target sites resistant to CRISPR-Cas9 cleavage.
Nature Communications, 13(1), 1-8. doi: 10.1038/s41467-
022-28137-7

Rossi, C.C., Souza-Silva, T., Aradjo-Alves, A.V. & Giambiagi-
deMarval, M. (2017). CRISPR-Cas systems features and the
gene-reservoir role of coagulasenegative Staphylococci.
Frontiers in Microbiology, 8, 1545. doi:
10.3389/fmich.2017.01545

Rostampour, M., Masoomi, R., Nami, Y. & Panahi, B. (2022). A
Review of Anti-Phage Systems in Lactic Acid Bacteria.
Journal  of  BioSafety 15(2):  37-54.  doi:
20.1001.1.27170632.1401.15.2.8.4 [In persian]

Sultan, Q., Ashraf, S., Munir, A., Khan, S.H., Munawar, N., Abd-
Elsalam, K.A. & Ahmad, A. (2022). Beyond Genome
Editing: CRISPR Approaches. In: A. Ahmad, S. Habibullah
Khan & Z. Khan (Ed.). The CRISPR/Cas Tool Kit for
Genome Editing (pp. 187-218). Singapore: Springer. doi:
10.1007/978-981-16-6305-5

Van Belkum, A., Soriaga, L.B., LaFave, M.C., Akella, S.,
Veyrieras, J.B., Barbu, E.M., et al. (2015). Phylogenetic
distribution of CRISPR-Cas systems in antibiotic-resistant
Pseudomonas aeruginosa. mBio, 6(6), €01796-15. doi:
0.1128/mBi0.01796-15

Van der Oost, J., Jore, M.M., Westra, E.R., Lundgren, M. &
Brouns, S.J. (2009). CRISPR-based adaptive and heritable
immunity in prokaryotes. Trends in Biochemical Sciences,
34(8), 401-407. doi: 10.1016/j.tibs.2009.05.002

Yang, D. & Woese, C.R. (1989). Phylogenetic structure of the
"Leuconostocs™: an interesting case of a rapidly evolving
organism. Systematic and Applied Microbiology, 12(2),
145-149. doi: 10.1016/S0723-2020(89)80005-0

Yang, L., Li, W., Ujiroghene, O.J,, Yang, Y., Lu, J., Zhang, S, et
al. (2020). Occurrence and Diversity of CRISPR Loci in
Lactobacillus casei Group. Frontiers in Microbiology, 11:
624. doi: 10.3389/fmich.2020.00624 Beijerinck 1901, and
union of Lactobacillaceae and Leuconostocaceae.
International Journal of Systematic and Evolutionary
Microbiology, 70(4), 2782-2858. doi:
10.1099/ijsem.0.004107

VoY lmo) 9 jusly /¥ 0 losds /203190 0590 / (S § (o] 9 Sl § (owkieo


https://www.nature.com/nrg/
https://www.nature.com/nrg/
https://www.sciencedirect.com/journal/fems-microbiology-letters
https://www.sciencedirect.com/journal/fems-microbiology-letters
https://doi.org/10.1016/0378-1097\(90\)90106-z
https://doi.org/10.1016/0378-1097\(91\)90420-f
https://doi.org/10.3389/fmicb.2022.911706
https://doi.org/10.3389%2Ffmicb.2017.01545
https://journalofbiosafety.ir/search.php?sid=1&slc_lang=en&author=Rostampour
https://journalofbiosafety.ir/search.php?sid=1&slc_lang=en&author=Masoomi
https://journalofbiosafety.ir/search.php?sid=1&slc_lang=en&author=Nami
https://journalofbiosafety.ir/search.php?sid=1&slc_lang=en&author=panahi
https://journalofbiosafety.ir/article-1-482-en.pdf
https://journalofbiosafety.ir/article-1-482-en.pdf
https://journalofbiosafety.ir/browse.php?mag_id=38&slc_lang=en&sid=1
http://dorl.net/dor/20.1001.1.27170632.1401.15.2.8.4
https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Aftab+Ahmad&text=Aftab+Ahmad&sort=relevancerank&search-alias=books
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Sultan+Habibullah+Khan&text=Sultan+Habibullah+Khan&sort=relevancerank&search-alias=books
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Sultan+Habibullah+Khan&text=Sultan+Habibullah+Khan&sort=relevancerank&search-alias=books
https://www.amazon.com/s/ref=dp_byline_sr_book_3?ie=UTF8&field-author=Zulqurnain+Khan&text=Zulqurnain+Khan&sort=relevancerank&search-alias=books
http://dx.doi.org/10.1007/978-981-16-6305-5
https://www.cell.com/trends/biochemical-sciences/home
https://www.cell.com/trends/biochemical-sciences/home
https://doi.org/10.1016/j.tibs.2009.05.002
https://doi.org/10.1099/ijsem.0.004107
http://dx.doi.org/10.61186/gebsj.12.2.281
http://gebsj.ir/article-1-467-en.html
http://www.tcpdf.org

