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1 7 CRISPR
Table 1  The CRISPR loci in 7 halophilic archaea genomes

Number of

CRISPR Number Spacer size

Name CRISPR locus CRI,SPR of Repeat bp oo Representative repeat sequence 5'—>3'
R Loci size . genes
lOCl name repeats min-max
Hmari 1" pEi;?o% 3 33 43 No  TGTTGTGATTGCTTCATAAAGTTGGTATTCGGATGATT
P
Hmari 2° p?;‘;“(% 48 30 35 34-38 No  GCTTCAACCCCACAAGGGTCCGTCTGAAAC
p
Haloarcula. ) Hmari 3 pﬁsfmd 5 30 36 35-36 No  GTTACAGACGGACCCTCGTGGGGTTGAAGC
marismortui pNG400
ATCC 43049 -
Hmari 4° pN 26 30 36 33-39 8 GTTTCAGACGGACCCTTGGGCGGTTGAAGT
pNG400
. <. DPlasmid T (& (A (2 & (T T T A A (o
Hinari 5 P ¢ 52 30 36 34-38 8 GTTACAGACGGACCCTCGTGGGGTTGAAGC
P G400
Hmari 6 chr1 4 23 25 16-25 No  GGCGGTCCCTGTTCGCTCTGGTT
Halobacterium
salinarum 1 Hsal 1°  chr 3 2 40 2 No  TCGTCCATCTCCTCGTCATCGTCCTCGAAGTC
RI
NRC-1 0 — — — — — - =
H“f"{i’f“d’“‘”"" 5 Hwal 1°  chr 3 25 41 39 No  GITTCAGATGAACCCTTGATGGGTT
S(Sll\jl 116790 Hwal 2 chr 4 25 42 No GTTTCAGATGAACCCTTGATGGGTT
Npha 1¢ chr 5 30 36 35-37 No  GTTTCAGACGAACCCTTGTGGGGTTGAAGC
Npha2  chr 9 37 35 34-38 3 GTCGAGACGGACTGAAAACCCAGAACGGGATTGAAAC
. plasmid T A A A A CCCTTOTO T A A
Natronomonas Npha 3 o 30 36 No  GTTTCAGACGAACCCTTGTGGGGTTGAAGC
pharaonis 5 )
DSM 2160 Npha 4" lﬂlﬁfg‘fd 23 55 48-56 No  GCACCCCTCTATCGATGTGTACT
Npha 5 gli';;’“d 8 37 35 34-38 No  GTCGAGACGGACTGAAAACCCAGAACGGGATTGAAAC
Hmed 1° chr 18 30 35 33-38 No  GTTACAGACGAACCCTAGTTGGGTTGAAGC
Hmed 2°  chr 21 30 35 34-38 No  GTTACAGACGAACCCTAGTTGGGTTGAAGC
Hmed 3°  chr 25 30 37 34-54 No  GCTTCAACCCAACTAGGGTTCGTCTGTAAC
Haloforax Hmed 4 chr 2 25 39 No  GITCGAATCCTGGTGGAACTATACT
mediterranii 10 Hmed 5° chr 2 30 37 No  GGTTACAGACGGACCCTCGTTGGGTTGAAG
AS2087 Hmed 6° chr 2 39 51 No  GCCGCCGCCCATGCCGCCGGGGCCCCCACCGCCCATCAT
Hmed 7°  chr 4 24 16 No  ACCTTACCTCACCTTACCTTACCT
Hmed 8* Il’g“g”“d 38 3 No  TGTTTCAATCCCGTGTTGGGTTTCTACCGCACTGCGAC
. plasmid T A A (O A CTTCCTOTOTA A
Haloferax Hined 9 10 11 30 36 35-38 8 GCTTCAACCCAATTAGGGTTCGTCTGTAAC
mediterranei 10 )
AS2087 Hmed 10° g‘g“g““d 23 30 36 34-139 8 GTTACAGACGAACCCTAGTTGGGTTGAAGC
Hvol 1¢  chr 25 30 36 34-39 No  GCTTCAACCCCACAAGGGTTCGTCTGAAAC
GCCGCCACCGCCCATGCCGCCGGEGE
Hvol 2 chr 2 42 27 No CGCCGCCOCCCATCAT
Hvol 3*  chr 2 % o) No  CCGCTCGGCTCACGACGTTCGCCT
) GGACCAAAAATAATCGCCAAGCGACTA
Hyol 47 chr 2 8 4 No  GECAGCGECGACAGGTCGAA
. , plasmid e .
Haloferax Hvol " o 2 25 41 No CACCCACCCCTCGTTTCCGACGTTC
volcanii 9 p )
bs2 Hvol 6° pﬁi,‘l“d 40 30 36 34-39 8 GTTTCAGACGAACCCTTGTGGGATTGAAGC
p
~ plasmid
R 31 35 33-37 8 GGTTTCAGACGAACCCTTGTGGGTTTGAAGC
p
plasmid
ol g PO 2 30 3 No  GCGCGAAGCGCATCGTAGTACGTCCGTAAG
P
Hvol 9° iﬁ;‘l‘ld 2 24 48 No  ACACCACGTTGTCCGCTGTTCTCG

“Not real CRISPR locus "Questionable CRISPR locus “has leader conservative motif around
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Fig.1 Graphic representation of CRISPR loci in 5 halophilic archaea. The black and red box arrows represent the genes in different strand the blue diamonds

represent the CRISPR loci in repeat — spacer units. The green box represents the leader motif. The words below each gene indicate the name of that one. A.
CRISPR loci in Haloarcula marismortui ATCC 43049 B. CRISPR loci in Natronomonas pharaonis DSM 2160 C. CRISPR loci in Halogquadratum walsbyi
DSM 16790 D. CRISPR loci in Haloferax volcanit DS2 E. CRISPR loci in Haloferax mediterranii AS2087 .
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motif Npha 1 CRISPR repeat
motif “A” “ TCGACC" CRISPR
“ G Npha 3 “ T % GGTCGA” 15 4 Npha 1 Npha
R O 3 Hwal 1 Hmed 5 11
repeat CRISPR CRISPR 2
CRISPR repeat
Hmed10 ~ —-————- CAGTCGACCCCCC-GGGLGGTAGAGGGGTATTGGAGGTCGACGGAAACACTTGA
Hmarib -TATTTTCGTCGACCCCCG-GGGGGTTGCGGGGGTATTGGCGGTCCACGAAAATAGTGAA
Hvol7 TCATTTCCGTCGACCCCCC-GGGGGGTACAGGGGAATTGAGGGTCGACGGAAACGTTGAT
HvolB TCGTTTCCGTCGACCCTC--GGGGGGTACGGGGGAATTGAGGGTCGACGGAAACGTTGAT
Hvoll —CGTTTTCGTCGACCCCCC-GGGGGTTGUGGGTGAATTGAGGGTCGACGGAAACACTCTT
Hmed1 ——ATTTCCGTCGACCCCCGGGGGGGETTGAGGGTTATTGGGGGTCGACGGAAACTGTTGA
Hmed?2 —ATTTCCGTCGACCCCCC-GGGGGGTTGGGGGGTATTGGGGGTCCACGGAAACTGTTGA
Hmed9 ————TTCCGTCGACCCCCC-GGGGGTTCGGGGGTTATTGGAGGTCGACGGAAACTGTTGA
Hmed3 GCATTTCCGTCGACCCCCC-GGGGGGTTOAGGGGTATTGGAGGTCGACGGAAACACTTGA
Hmarid “TATTTTCATCGACCCCCC-GGGGGTTGCGGGGGTATTGGCGGTCCACGAAAATAGTGAA
HmariZ CCTATTTCATCGACCCCCC-GGGGGTTCAGGGGGTATTGACGGTCGACGAAAGTACCGCT
skt e etk o e sepoets speojeefsietoiel et

Hmed10 GTGGGAACCGTCCGTAGAGCACTTGTGGCGCTTARATCGGCCATGGTTACAGACGAACCC
Hmarib GTGAAACCAGGCTAGAAATAGGCTGTGTCCCGGAAATCGGGCAT G TTACAGACGGACCC
Hvol7 GTGAGTTCGCTATGTACAGCCGTCTACCCCCGTGAATTCGGACGGGTTTCAGACGAACCC
HvolB GTGAGTTCGCTATGTACAGCCGTCTACCCCCGTGAATTCGGACGGGTTTCAGACGAACCC
Hvoll TTGAATTCGGGTGATACACATCATTGTACCCGTGAATTCGGGATGTTTCAGACGAACCC
Hmedl GTGTGAGCAGTGTGTAGGAGACTGTATGUCCTCAGATTGGGCATGIGTTACAGACGAACCC
Hmed?2 GTGGGAGTAGTGTGTAGGAGGCTGTATACCCTCGAATCGGGCAT GG TTACAGACGAACCC
Hmed9 GTGGGAGUAGTGTGTAGGGGGCTGTATGCCCCTGAATTGGGCATGTTACAGACGAACCC
Hmed3 GTGCGAACCGCCTGTAGAGTACTTGTGGCACTCAAATCGGCCATGIGTTACAGACGAACCC
Hmarid GTGAAACCAGGCTAGAAATAGGCTGTGTCCCGGGAATCGGGCATOLTTTCAGACGGACCC
HmariZ GTGGAAGCGCCCGATAGAGTGGCTGTACTGCCCAGATCCGGCATGIGTTTCAGACGGACCC

B * + LS S b i e e e i e
Hmedl0 TAGTTGGGTTGAAGC
Hmarib TCGTGGGGTTGAAGC
Hvol7 TTGTGGGTTTGAAGC
Hvol6 TTGTGGGATTGAAGC
Hvoll TTGTGGGGTTGAAGC
Hmedl TAGTTGGGTTGAAGC
Hmed2 TAGTTGGGTTGAAGC
HmedS TAATTGGGTTGAAGC
Hmed3 TAGTTGGGTTGAAGC
Hmarid TTGGGCGGTTGAAGT
HmariZ TTGTGGGGTTGAAGC

* e etk
2 3 11  CRISPR Leader
Fig.2  Alignment of the 11 conserved flanking sequences and the first repeats in black box of 3 halophilic archaea species. The arrow indicates the

palindromic structure of the alignment. The asterisk represents the conserved base in all the 11 loci.

2 CRISPR 2 15  leader-positive CRISPR GC
3 11 CRISPR Table 2 The GC content of two flanking regions of each leader-positive
motif motif “oor CRISPR locus.
w i GC% 100 bp GC% 100 bp .
G Locus upstream downstream Discrepancy/ %
« nou ” Hmari 2" 60.6 61.6 1.6
TCGACC GGTCGA
Hmari 4" 57.6 51.5 11.7
motif repeat 95 Hmari 5" 57.6 56.6 1.7
Hmed 1" 59.6 50.5 18
Hmed 2" 61.6 48.5 27
25 Hmed 3" 47.5 59.6 25.4
Hmed 5 57.6 46.5 23.8
repeat motif 58 Hmed 9" 53.5 61.6 15
. Hmed 10" 60.6 40.4 50
leader GC motif Hvol 1- 576 53.5 7
L
leader GC 2 Hvol 6I 59.6 52.5 13.4
Hvol 7" 59.6 62.6 -4.8
CRISPR GC Npha 1 53.5 65.7 -18.5
. Npha 3 59.6 63.6 -6.2
motif GC Hwal 1 48.5 43.4 11.6
Npha 1 leader motif 4ndicates large CRISPR array.
The bold and italic figure represents that the conserved leader motif is in that
GC 20 % 2 region.
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Table 3 Classification of 24 CRISPR arrays in 5 halophilic archaea based on
30
leader sequences
25 3-A
Leader motif positive Leader motif negative
4 11 17 20
Repeat  Repeat Repeat  Repeat “ »
No. Locus ) No. Locus ) RNA 9 CRISPR 7
size amount size amount
repeat 4 “OAT
1 Hmari 2 30 48 16 Hmari 1 38 3
77.7% “ i RNA 6
2 Hmari 4 30 26 17  Hmari 3 30 5
CRISPR repeat 4
3 Hmari 5 30 52 18 Hmed 4 25 2 “ .
T 100 % 4 repeat
4 Hmed 1 30 18 19  Hmed 7 24 4
RNA
5 Hmed 2 30 21 20 Hvol 5 25 2 @A repeal RNA
6  Hmed3 30 25 21  Npha 2 37 9 “ " 3-B
7 Hmed 5 30 2 22 Npha 4 23 4 “ ” « ”
8 Hmed9 30 11 23 Npha5 37 8 3.C 17
9  Hmed 10 30 23 24 Hwal2 25 4 20
10 Hovl 1 30 25
11 Hovl 6 30 40 Victor Kunin 6 repeat
12 Hovl 7 31 12 ‘ ’ RNA
13 Hphal 30 5 spacer DNA RNA
14 Hpha3 30 3 repeat
15 Hual 1 »s ; repeat- spacer" repeat
wal
DNA RNA CAS
3 30 bp repeat RNA

CRISPR
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Fig.3 The alignment of 311 repeats in 5 halophilic archaea and the predicted secondary structure of the consensus sequences

conservation analyses are shown at the bottom of the figure and the non-conserved base is replaced by’ N” in the sequences. The black arrow represents the 4"

GTTTCAGACGNACCCTTGTGGGGTTGAAGC

5,JIC Tl

. E qig9s8n E&‘

. The two consensuses and

locus of the conservation. A. Sequence logo for all the 311 repeats in 5 halophilic archaea. B. Predicted secondary structure of repeat consensus with' A" at

the 4" locus. C. Predicted secondary structure of repeat consensus with' T” at the 4™ locus
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16 bp 56 bp 331 H. marismortui  H. mediterranii cas
Hmari 3 2 61 %
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cas 4 cas
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Comparative analysis of Clustered Regularly Interspaced Short Palindromic Repeats
CRISPRs loci in the genomes of halophilic archaea

Fan Zhang' Bing Zhang' Hua Xiang® Songnian Hu'"

'Beijing Institute of Genomics Chinese Academy of Sciences Beijing 100029 China

State Key Laboratory of Microbial Resources Institute of Microbiology ~Chinese Academy of Sciences Beijing 100101
China

Abstract Objective Clustered Regularly Interspaced Short Palindromic Repeats CRISPR is a widespread system that
provides acquired resistance against phages in bacteria and archaea. Here we aim to genome-widely analyze the CRISPR in
extreme halophilic archaea of which the whole genome sequences are available at present time. Methods We used
bioinformatics methods including alignment conservation analysis GC content and RNA structure prediction to analyze the
CRISPR structures of 7 haloarchaeal genomes. Results We identified the CRISPR structures in 5 halophilic archaea and
revealed a conserved palindromic motif in the flanking regions of these CRISPR structures. In addition we found that the repeat
sequences of large CRISPR structures in halophilic archaea were greatly conserved and two types of predicted RNA secondary
structures derived from the repeat sequences were likely determined by the fourth base of the repeat sequence. Conclusion Our
results support the proposal that the leader sequence may function as recognition site by having palindromic structures in flanking
regions and the stem-loop secondary structure formed by repeat sequences may function in mediating the interaction between
foreign genetic elements and CAS-encoded proteins .

Keywords CRISPR leader repeat halophilic archaea motif palindromic
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