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Figure 1. Schematic representation of the CRISPR-Cas systems. Genes names according to Kira S. Makarova et al
(2011) are indicated above corresponding genes. The black diamonds indicate direct repeats, spacers are numbered in
white boxes. The signature genes for CRISPR-Cas types are shown with red arrows.

actamicro@im.ac.cn



s | WMUEYIZER, 2016, 56(4)

683

002, St MN-BM-A027{ISt ASCC 1275 CRISPR3-
CasZ%; KI1-ENSt MN-BM-A02FISt ASCC
127509CRISPR4-Cas R4t .

EHEE R CNRZ10664L 5140 11 -A %
CRISPRI1-Cas & & ; HAth8#k & #AHE 2Kk 14 1Y
CRISPRI-Cas &Gt/ M I -A%KY, CRISPR2-Cas%
Geys R M-ARL; FEHEEBREHLMD-9 . W HVEEBR T
MN-ZLW-002 ., FEHEEBRFENDO3 FIIE P EEER
SMQ-301fJCRISPR3-Cas & 4t ly Il -A KU ; g%
BRI MN-BM-A02 G EEBK IR ASCC 12753 %
41~CRISPR-Cas % 4t, H.CRISPR3-CasFR4iH Il -
A% CRISPR4-CasZ 4N [ -EfY,

FIRMEREEER H CNRZ 1066104 11 CRISPR1-
CasZ& 4t, SRIM7ECRISPR1 K i7240 kbAb i 5|
Casl. Cas2. Csm3. Csm4. Csm5. Csm6Z£10 -
ARICRISPRAHICIEH o Eb A /A7 HLAth 8 AABE BR TR
A AFALL 32 PR JE 2 B IRG A BR T CNRZ 1066 1] RE &
AR E A, T BT % e AR e B — A
AN CRISPRIFANN 8 53 Cas BE R IX 38, XT9kk
W PR B3R DT AN [ S R 38 25 4 iR A 7 40 1 T 491
Bk BT g id 1o [ R B A R &R T R TS
s ek A R
2.2 ARIZECRISPR-Cas RS CasFtH i [RIVR

AR Cas A AT AR HBBLAST, 455 %
HHIFIZE HUCRISPR-Cas R Gi b ik Cas 4k A 1 [A] I
BE(#1D), H, CRISPR1-CasZ& 4: fICRISPR3-
CasZRGHIN T-ATY, (HFTH 5525 1 Cas 93 H
KANATR, AR, 2R H KR AR
PEWARME, PRI AF LS. A58 L
Cas9F /RCRISPRI-Cas RAE M br LN, LU
Cas9 F7~CRISPR3-Cas 2 4t bR s 5L A
2.3 CasERAY H SN

g CasFE K PSP, FHPrimer Premier
6.0 MAE CasH I NFR T 5 1H1(3R2)

PCRERMWE2, HHKEA. B, C. DIl

Cas9FIEN | Cas10FEN | Cas9 FRHI Cas3FE Hy
VKB, E2-A ek HEEBR TR FE 500 bpibH4A 75
Wik s E12-BH1S47E300 bpih A kaly, (HHY Y
BRI EUGENL, HA R 2, vy
T, HE SHRILE600 bpht A WM 47, H
PR & frSE R, KI2-CHSo. 79,
883, KLDS3.0206HIKLDS3.02073]7£600 bpit A
THMWT AT E2-DF{L 79 FIKLDS3.02077£900 bp
G SR Vi S

XFH RSN, PS5 R R kA
SEOMTINES . HCas9IEN MR G K BT LA
o, R EKLDS3.0206. KLDS3.0207. 79,
883 FISO- S5 FRUEF FESt MN-BM-A02, St LMD-9,
St SMQ-301, St ND03 St ASCC 127543 F[f]—
SRS b, FAAEEVIRRIIEE R, sS4
P UE T Mk St CNRZ 10664k F [R] — 3 57 38t 15 43 52
I, 1EIAS45St CNRZ1066[R PRIk 56 R &G,
Cas103E 745 5 BLAST# BIS47E300 bpib it 5%
WA, AR L H IR B A SR
BB SR EFE AR Cas 0L RS R B W,
ZRBMARE2 3, HAs0, 883, KLDS3.0206
FIARMER FRSt LMG 18311, St ND03., St ASCC
1275, St MN-BM-A02 }2St MN-ZLW-00213; T[]
—a b, R REEY], KLDS3.0207H17911%
FH—4r3% b, BEHKLDS3.0207 79384k 5% &

Cas9 LN (1 PEALA £ 540 M2 A mE, Atk
HKLDS3.0206. KLDS3.0207. 79. 883. SO05#xk
HER RSt ASCC 1275, St ND03, St MN-ZLW-
002, St MN-BM-AO02{vi F[a]—4r37 b, #HfbR
#4Y, 55— % FHISt SMQ-301F1St LMD-93F
b Z 4, FIFHIDNAMANXS Cas 33 K 51 754 7
ZIEH| T, 45 R E 2R HKLDS3.0207 .
79 528k AR E B #R St ASCC 1275, St MN-BM-
AO21Y [A] R 497.70%

OMRBLAE T, S4U% I -A%ICRISPR1-Cas 5

http://journals.im.ac.cn/actamicrocn



684 Wan Lietal. | Acta Microbiologica Sinica, 2016, 56(4)

#1. CRISPR-Cas & %iin7& CasE E R E]IR M4
Table 1. Identities of marker Cas genes in CRISPR-Cas system

Strains Identities Gaps/% Expect
Cas9

St MN-BM-A02 3366/3366 (100%) 0 0.0
St.ASCC 1275 3366/3366 (100%) 0 0.0
St.LMD-9 3361/3366 (99%) 0 0.0
St.JIM 8232 3357/3366 (99%) 0 0.0
StNDO3 3351/3366 (99%) 0 0.0
St. MN-ZLW-002 3347/3366 (99%) 0 0.0
St.CNRZ1066 3322/3388 (98%) 1 0.0
StLMG 18311 3280/3373 (97%) 0 0.0
Cas9’

St.SMQ-301 4167/4167 (100%) 0 0.0
St.LMD-9 4167/4167 (100%) 0 0.0
St. MN-ZLW-002 4159/4167 (99%) 0 0.0
St MN-BM-A02 4157/4167 (99%) 0 0.0
St.ASCC 1275 4157/4167 (99%) 0 0.0
StNDO03 4158/4167 (99%) 0 0.0
Casl0

St MN-BM-A02 2277/2277 (100%) 0 0.0
St.ASCC 1275 2277/2277 (100%) 0 0.0
StNDO03 2268/2277 (99%) 0 0.0
St. MN-ZLW-002 2268/2277 (99%) 0 0.0
StLMG 18311 2263/2277 (99%) 0 0.0
St.LMD-9 2258/2277 (99%) 0 0.0
St.JIM 8232 2176/2287 (95%) 1 0.0
St.SMQ-301 2258/2277 (99%) 0 0.0
Cas3

St.ASCC 1275 2781/2781 (100%) 0 0.0
St MN-BM-A02 2780/2781 (99%) 0 0.0

R2. MEHRBETKE CasE R B9 185147

Table 2. Cas amplification primers of Streptococcus thermophilus strains

Primer name Primer sequence(5'—3") Annealing temperature/°C  Size/bp

Cas3 F: CGCTAAGTCGCTTATCAGTACA/R: GAGGATTGAACAGTGGACAGAG 56 904
Cas9 F: CGGACTGATTATGGTCGTTACA/R: CGTCAACTTGCTTCTGGCTAA 54 520
Cas9* F: TTACTGTTCGTACCGCTCTATT/R: TTGTTGAGATGGCTCGTGAA 58 600
Casl0 F: ACCGACATAGAGCATATTAGCC/R: GAGGAGAGTGACGAGGATACA 55 596

actamicro@im.ac.cn
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Figure 2. Amplification results of Cas genes. A: Cas9 gene; B: Cas10 gene; C: Cas9 gene; D: Cas3 gene. M: DNA
Marker; lane 1: SO; lane 2: S4; lane 3: 79; lane 4: 883; lane 5: KLDS3.0206; lane 6: KLDS3.0207.
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TR I FAVEE BR T 1) 42 3k R A v B R ST, (HAT — & 20
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FIR L CRISPRITE & /751 . 7 HoAh JL AR BT 11
Cas 95 T Ui B IR 22 2 I ol 12 it 22 R] At Ay ) 1)
— MR ER Y], AN, EEATFHITE
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(A) Streptococcus thermophilus JIM 8232(FR875178.1)
883
Streptococcus thermophilus LMD-9(CP000419.1)
A
0.0005 Streptococcus thermophilus ASCC 1275(CP006819.1)
79
65 _
Streptococcus thermophilus ND03(CP002340.1)
Streptococcus thermophilus SMQ-301(CP011217.1)
Streptococcus thermophilus MN-BM-A02(CP010999.1)
KLDS 3.0207
SO
KLDS 3.0206
Streptococcus thermophilus MN-ZLW-002(CP003499.1)
| S4
66 | Streptococcus thermophilus CNRZ1066(CP000024.1)
(B) 3.0206
e —— Streptococcus thermophilus ASCC 1275(CP006819.1)
0.0005 Streptococcus thermophilus ND0O3(CP002340.1)
85 Streptococcus thermophilus strain MN-BM-A02(CP010999.1)
883
SO
Streptococcus thermophilus MN-ZLW-002(CP003499.1)
Streptococcus thermophilus LMG 18311(CP000023.1)
I 3.0207
79
© 79
KLDS3.0207
P
0.0005 883
Streptococcus thermophilus MN-BM-A02(CP010999.1)
87

Streptococcus thermophilus NDO3(CP002340.1)
Streptococcus thermophilus MN-ZLW-002(CP003499.1)
Streptococcus thermophilus ASCC 1275(CP006819.1)
SO

KLDS3.0206
| Streptococcus thermophilus SMQ-301(CP011217.1)
! Streptococcus thermophilus LMD-9(CP000419.1)

3. CasEERFLER
Figure 3. Phylogenetic tree of Cas genes. A: Phylogenetic tree of Cas9 gene; B: Phylogenetic tree of Cas/0 gene; C:
Phylogenetic tree of Cas9” gene. The numbers of nodes indicate bootstrap values, and represent the percentages of
1000 bootstrap replications in which the taxa to the right are placed together. Numbers in parentheses represent the
sequences accession number in GenBank. The scale bar represents the horizontal branch lengths and the number of

substitutions per nucleotide position.
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Detection of CRSPR-Cas system in Streptococcus thermophilus

Wan Li, Hongzhang Liang, Danqing Zhang, Nana Wang, Yaru Tang, Bailiang L1,
Guicheng Huo'

Key Laboratory of Dairy Science, Ministry of Education, Northeast Agricultural University, Harbin 150030, Heilongjiang

Province, China

Abstract: [Objective] We aimed to detect the CRSPR-Cas system of six Streptococcus thermophilus. [Methods]
Bioinformatics method was used to predict CRSPR-Cas system of nine S. thermophilus that published in National
Center for Biotechnology Information. Four primers were designed according to the flanking sequences of standard
strains and the CRISPR-Cas system of six S. thermophilus have been detected by PCR method. [Results] S.
thermophilus S4 had a Cas9 gene, others all had Cas9 gene, Cas10 gene and Cas9 gene. In addition, 79 and
KLDS3.0207 still had Cas3 gene. [Conclusion] Signature genes amplification of CRSPR-Cas system could predict
the type of CRSPR-Cas system in unsequenced strains, these findings will help establish the foundation for the study
of CRSPR-Cas system in lactic acid bacteria.

Keywords: Streptococcus thermophilus, clustered regularly interspaced short palindromic repeats(CRISPR), CRSPR-Cas
system, Cas genes, bioinformatics method
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