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Distribution of CRISPR arrays in methanogenic archaea

FANG Jing HOU Jia-Lin ZHANG Yu WANG Feng-Ping HE Ying"
(School of Life Sciences and Biotechnology, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: [Objective] By studying the distribution and origin of clustered regularly interspaced short
palindromic repeats (CRISPR) in 51 methanogenic archaea genomes, material exchanges and
interaction within methanogenic archaea and other microorganism were inferred, and the genomic
divergence among the genomes of methanogenic archaea was characterized. [Methods] We
identified all potential CRISPR arrays in the methanogenic archaea by applying the CRISPRdb and
CRISPRFinder, and then the components of each CRISPR array were analyzed, where repeats were
classified by BLASTCLUST and spacers were aligned to Refseq viral genome, Refseq plasmid
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genome and Refseq methanogenic genome respectively to retrieve both taxonomic and functional
annotation. [Results] Among the 51 methanogenic archaea, in total 196 CRISPR arrays with
4 355 spacers were identified. The distribution of CRISPR arrays in methanogenic archaea was not
even, and the number of spacers in one strain was not proportional to the number of CRISPR arrays
in the strain. After clustering on repeat sequences of CRISPR arrays, we found that Mclul was the
most diverse and representative repeat sequence in methanogenic archaca. Among 4 355 spacers,
388 spacers were assigned with taxonomic information and 266 spacers were assigned with
functional annotation. By inferring the origin of each spacer sequence, we found that methanogenic
archaea might be attacked by viruses belonging to Poxviridae, Siphoviridae or Myoviridae family.
Moreover, and t exchanges of genetic materials among these archaea were observed. [Conclusion]
Differences in the distribution and origin of CRISPR arrays in methanogenic archaea genomes were
observed and characterized, and these differences might result from the interactions and conditions of
their living environment. In this study, we could also infer from CRISPR arrays characterize the
genomic divergence among methanogenic archaea.

Keywords: Methanogenic archaca, CRISPR array, Distribution, Environment
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Table 1 General statistics of CRISPR array identification in methanogens

CRISPR Contig cas
Siedles CRISPR array Spacers Genome size Contig cas gene
numbers numbers (bp) numbers numbers
I(;cszgitia_’;l\:‘&slMethanomassiliicoccus intestinalis ) 12 1931 651 | 9
Methanocorpusculum labreanum Z 1 18 1 804 962 1 12
Methanosphaerula palustris E1-9¢ 2 104 2922917 1 17
Methanoregula formicica SMSP 2 143 2 820 858 1 22
Methanoregula boonei 6A8 0 0 2 542 943 1 3
Methanospirillum hungatei JF-1 7 264 3 544 738 1 32
Methanoculleus bourgensis MS2 1 144 2789 774 1 8
Methanoculleus marisnigri JR1 1 6 2478 101 1 5
Methanoplanus petrolearius DSM 11571 0 0 2 843 290 1 2
Methanocella conradii HZ254 1 81 2378438 1 11
Methanocella paludicola SANAE 0 0 2 957 635 1 4
Methanocella arvoryzae MRES0 1 114 3179916 1 15
Methanosaeta concilii GP6 6 95 3 026 645 2 17
Methanosaeta thermophila PT 2 156 1879 471 1 26
Methanosaeta harundinacea 6Ac 1 39 2571034 2 14
Methanosarcina mazei Gol 4 128 4096 345 1 24
Methanosarcina mazei Tuc01 3 5 3427 949 1 11
Methanosarcina barkeri str. Fusaro 4 95 4 873 766 2 26
Methanosarcina acetivorans C2A 5 69 5751492 1 19
Methanolobus psychrophilus R15 0 0 3072 769 1 9
Methanomethylovorans hollandica DSM 15978 3 25 2714013 2 12
Methanococcoides burtonii DSM 6242 2 84 2575032 1 21
Methanohalophilus mahii DSM 5219 0 0 2012424 1 5
Methanohalobium evestigatum Z-7303 0 0 2 406 232 2 5
Methanosalsum zhilinae DSM 4017 1 27 2 138 444 1 13
Methanocaldococcus infernus ME 14 144 1328 194 1 19
Methanocaldococcus vulcanius M7 20 215 1761 737 3 25
Methanocaldococcus fervens AG86 8 79 1507 251 2 25
Methanocaldococcus sp. FS406-22 23 (1) 231 (8) 1773 136 2 22
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C )
Methanocaldococcus jannaschii DSM 2661 20 178 1739927 3 21
Methanotorris igneus Kol 5 25 178 1 854 197 1 21
Methanococcus aeolicus Nankai-3 1 18 1 569 500 1 14
Methanothermococcus okinawensis IH1 8 247 1 677 465 2 16
Methanococcus maripaludis X1 1 55 1746 697 1 11
Methanococcus maripaludis S2 0 0 1661 137 1 4
Methanococcus maripaludis C6 0 0 1 744 193 1 2
Methanococcus maripaludis C5 1 27 1 789 046 2 9
Methanococcus maripaludis C7 0 0 1772 694 1 3
Methanococcus vannielii SB 2 103 1720 048 1 18
Methanococcus voltae A3 3 233 1936 387 1 32
Al\:llzil{)zz;z;thermobacter marburgensis str. ) 39 1639 135 ) 4
Jll)ljlttl;a;zlozhermobacter thermautotrophicus str. ) 169 1751 377 | 23
Methanobacterium sp. SWAN-1 1 79 2 546 541 1 15
Methanobacterium sp. AL-21 1 7 2 583753 1 7
Methanobacterium sp. MB1 2 88 2 029 766 1 11
Methanosphaera stadtmanae DSM 3091 3 121 1767 403 1 16
Methanobrevibacter ruminantium M1 3 110 2937203 1 20
Methanobrevibacter smithii ATCC 35061 1 43 1 853 160 1 12
Methanobrevibacter sp. AbM4 1 246 1998 189 1 14
Methanothermus fervidus DSM 2088 0 0 1243 342 1 3
Methanopyrus kandleri AV19 5 36 1 694 969 1 13
* CRISPR . CRISPR CRISPR
( CRISPR ). 1

Note: The star sign indicated that there were CRISPR arrays in the plasmid of this archaea. The information of CRISPR array in plasmid was
in the brackets, and the total information of CRISPR array in the archaea was outside of the brackets. The all genomes in the table 1 were
complete.

Kunin Mclul CRISPR
24
9 23 ERFIIRIFHER
Mclul 4 355
13 51
Mclu2 2 388 (8.9%)
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Note: Matches between spacers and their targets were displayed by directed arrows that from spacers to targets.
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