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Fig. 1 Computational pipeline for Yangshan Harbor spacer targeting analysis
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Fig.2 The taxonomic composition of dsDNA viral contigs in YSH virome displayed by Krona
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Fig.3 Spacers matched virome ORFs in one—to—many models
The same colored links denote spacer and viral ORFs matching pairs assigned by BLSATn.

(a) Methylomicrobium agile
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1 Protospacer:CTCCAGCATTTTGGCGTTTTCGACCGCGA 1246

Contig k_141 252123
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Contigk_141_543810 =
Podoviridae
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Contigk_141_446164 5
Siphoviridae

Fig. 4 Prokaryotic genome matched viral contigs in one—to—many models

(a) Genome map of CRISPR-Cas system in prokaryotic host. The sticks in CRISPR array represented the different spacer sequences, and the spacers
that matched with the viral sequence in (b) were represented by the same color. (b) Partial genome maps of viral contigs. The black parts were where

spacers matched with protospacers, and bases in black were mismatch sites.
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Fig. 5 Function classes of the viral ORFs targeted by spacer sequences
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Fig. 6 Specific viral genes and their conserved domains preferentially targeted by spacer sequences
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Fig.7 Gene functional domain clusters of viral terminase superfamilies, targeted by spacer sequences

W, HAEEME, B4 S Nkidl 23 BERCRISPRYESHT
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Table 1 Targeting sites of viral terminase

Taxonomy Viral ORF Superfamily Subunit
Siphoviridae k141 596607 3 Terminase 3 TerL
Siphoviridae k141 286952 1 Terminase 1 TerL
Siphoviridae k141 528984 1 Terminase GpA TerL
Siphoviridae k141 639286 1 Terminase 6 TerL
Siphoviridae k141 426567 6 Terminase 3 TerL
Siphoviridae k141 845476 3 Terminase GpA TerL
Siphoviridae k141 607271 2 Terminase GpA TerL
Siphoviridae k141 10171 3 Terminase 6 TerL
Siphoviridae k141 116680 1 Terminase 6 TerL
Podoviridae k141 900011 _14 Terminase 2 TerL
Podoviridae k141 854317 6 Terminase 3 TerL
Podoviridae k141 882069 1 Terminase 3 TerL
Podoviridae k141 285366 1 Terminase 3 TerL
Podoviridae k141 341526 10 Terminase 6 TerL
Podoviridae k141 180474 1 Terminase 6 —
Podoviridae k141 427942 1 Terminase 3 TerL

Myoviridae k141 435647 2

k141 1080176 _84

17_Superfamily TerL

Myoviridae Terminase 6 TerL

TAHE A 64 MR M HIT] (Crenarchaeota) |

Gammaproteobacteria [

Streptomycetales|

Streptosporangiales |
Alphaproteobacteria ™
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Tc ococcalesm=s
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Candidatus Portl actcle

e M Type 111-B
= 1ype_llI-D
Type V-F

A AZIE T (Thermoprotei) DL K — AN 1 E )
(Euryarchaeota) T AJH EFFEE (Methanobacteria)
MAEMBE P SR ZHITRNEILE
(Proteobacteria) , FIr i b5 24 4y 49.5% (47/95) ,
R FEMETTIE IG5 R KR
(Actinobacteria) #J 7 26.3% (25/95) . JEBER[]
(Firmicutes) #J 5 13.7% (13/95) . 12 #F & ']
(Fusobacteria) #J74.2% (4/95) LI /LB H A ]
B 6.3% (6/95),

T Cas M H[RIVEEE (A A E & FPHI A HEXT, XF
102 N JAZ 45 3 Fh 5 CRISPR-Cas LK 8 g A7 207 -
Bi T 20 B i B R AR SE 36 AR iEFR 3] Cas 3
RSN, oy 82 4R A% 1 3L H 4 9 CRISPR-Cas
REHPV IS LT T B0t (3RS7). 4
RIZERFEW], CRISPR-Cas R4E[125 . 2RI A
M Fa sl g (K8). HAEENRE, BT
Class 1 ['J28 N A9 Type 17 R G5 A9 80 Bk 5 T H:
ARG, &AL 89.0% (73/82) . FEIX 4L
Type 1R G, Type I-EWHIZi5394, HAr
il N 1z EME A EFEF, Class 1 28R4
P Class 2 2 RS H 5 .

1 Type I-F

o Type I-B

) Type I-C

o Type I-A
=1 Type I-D
o1 Type II-A
5 — = T%eTI-C
- Type 1II-A

Fig. 8 Diversity of the types and subtype of CRISPR—-Cas system identified in the archaeal and bacterial phyla with

protospacer matching
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— R EN AR TE (Mimiviridae) 75 b %8R
HAFAE S R 75 7 HE W EVC RO Y B . X R
R B 51045 5[] B e 47) DG i T S ke SR 3R D5
T EE SR ERRE R,
3.2 CRISPREBFR4FRME

JE ) B P B s i 3 R 1 ) — /N BRI B
1A 18] B 2 91 95 3% 5 %1 CRISRP 51 . 7E Type 1
HIH1 Type 117 CRISPR-Cas 2241, #HR Ky I ] b
FF 5 A4 JEF (protospacer adjacent motif, PAM)
(14 7 5] XoF ) B P 910 11 30 TR Oy T8 - 0, SR
%8R PAM K JE KPS 260, fE— MR s g
LA n] BB A6 6 B TN 1) PAM A 05 o
K, H4R PAM 7EH i€ CRISPR-Cas R G AT FRHE A
AIBERE B4 TR, (R ARE T Bk
PRI Y 1E 45 S 7F CRISPR 51 - A4 R BT8R 2 AN o
(o A B I 2 BRI XT3 75 2 ik PRI 2 P R o D g
FERBERE, AT LSO JEA% 1 AR TR AL AE R Tt
R PEI TR R . eI A s RS R 3
(1) CRISPR [H] [ )37 51 B S ARG 13 1 i e RN 22 it Xof
BRI R RE I o ASBIFSE A A S B e A
HET BT T A U A A 1 S A T
B AR

i) b 7 5] 5 9% 5 ORF AR S DL — X Z 5l Z X —
(1975 2 e DU, RIS CRISPR-Cas R 4341 % £
AR 19 8 7 A S g 5 2[R 1) CRISPR-Cas
RGN BRI R S R R e TR
S —AIE BT 18] B e 0 B % 2 A AN 8 32 9 A

() Fr B b AT bR, X —J7 5 X$ETH T CRISPR-Cas &
G el . WiE S —FELL T, e T
KL IS B L L P- 8% CRISPR-Cas 2 45 5 BE 1%,
Xy T HFREY ORF W R T B TX
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Bffa] 1, 7E HETC AT A 288 CRISPR HY,  fobr
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e, RPE4AB Leader J¥ 81 9 26 — 4 1] B 1y 471 o7
AP SRR HES SRR T X I R L R A
i RN B NS P W 5 ) A
Pre-ctRNA, TE#IN T )55 5 Cas 2 1 i CRISPR
R EARAYS 5 %% 8. T CRISPR-
Cas RGM T gt itk > ™, 4b#E CRISPR 451 I+
5 Leader S AR L A] f R 3 AT BE <4k HAF4Nf
(mother cell) o 32222 B PAFIR B A [F1HE 7%
(1% 5[] B 1 41) K HL 3% 5 7E CRISPR PRSI 2 R iR
5 TR i 2 0 R A A s ] PR T A2 AR Y I L
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it 114 G 7 6 LA ATP il . AR N DI il A DNA fiff
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RERINBENEPE. TR A RIFEZ 5% DNA 4
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PRI S, — BACECRY Bz R, WITCIE i H A =7
PRE SRR, RS TR AR IRE,
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B A A A E AN BRI T R

DNA A0 B8 Wi AR Ay J5 A% A6 P B o 2 A8 1
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Abstract Objective Since the first discovery that CRISPR-Cas system provides adaptive immunity of
prokaryotic hosts to virus and other mobile genetic elements (MGEs). Numerous studies yielded vital insights into
the immune mechanisms, and CRISPR-Cas system has been wildly utilized in gene editing and related research
efforts. In the three major immune stages—adaptation, expression and maturation, interference spacer sequences

play important roles separately. Although PAM (protospacer adjacent motif) determines the identification of
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targeted genes by CRISPR-Cas system, what drives the selection of specific genes and reservation on the CRISPR
array remains uncertain. To explore the targeting characteristics of CRISPR-Cas systems, the virome of Yangshan
harbor surface water and the CRISPR-Cas spacers available in public datasets were subjected to analysis.
Methods Based on BLAST searching, viral sequence identification, gene function prediction, and gene
conserved domain annotation, the final analysis results were obtained. Results As a result, 25 391 double-
stranded DNA viral sequences were identified in the virome; 265 open reading frames (ORFs) were predicted for
238 sequences, and 134 CRISPR-Cas spacer sequences yielded 315 viral hits. 128 viral ORFs and 135 hits were
functionally annotated, and the top 5 hits including terminase, capsid protein, portal protein, peptidase, and DNA
methyltransferase. The matching of spacer (host)-protospacer (virus) often occurred in conserved domains or key
structural domains of viral functional genes. Meanwhile, the number of CRISPR-Cas spacer sequence matches for
Type I systems under the Class 1 was much higher than that for other types of systems, accounting for 89.0% of
the total. The results show that the CRISPR system will specifically identify and act on key functional genes of
the virus. Conclusion The results of this study reveal the targeting specificity of the CRISPR-Cas system,
showing new insights and providing new evidence for a better understanding of the mechanisms of virus-host
immune interactions.
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