Cyclic oligoadenylate signalling mediates Mycobacterium tuberculosis CRISPR defence
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Figure S1 The Cas6 ribonuclease cleaves the Mtb CRISPR repeat sequence to generate crRNA.

(A) Cas6 (0.5 uM) was incubated with 50 nM 5’-FAM CRISPR repeat RNA at 37 °C for 5, 15, 45 min in
20 mM Tris, 100 mM potassium glutamate, pH 7.5 in the absence or presence of 5 mM divalent metal ions
as indicated. Reactions were stopped by phenol-chloroform extraction. (B) Cas6 cleavage leaves a 3'-
(cyclic) phosphate group. CRISPR repeat RNA (crRepeat, 5-FAM labeled, 400 nM) was digested with 2
UM Cas6 for 1 h in the presence of Mg?* using the same reaction conditions as before. Phenol-chloroform
followed by chloroform extraction provided the substrate for the E. coli Poly(A) polymerase (PAP, New
England Biolabs) reaction. Polyadenylation was performed according to the manufacturer’s instructions. In
a parallel experiment, Cas6 was omitted. The CRISPR repeat RNA but not the Cas6 product can be 3’-
polyadenylated by PAP. This suggests that the reaction product has a cyclic 2',3'-phosphate, as observed
for other Cas6 enzymes. This observation, together with the observation that calcium supports enhanced
cleavage of the CRISPR repeat, suggests that the metal ion does not participate directly in catalysis but
rather plays a role in stabilisation of the RNA substrate or RNA:protein complex. For these experiments,
lanes labelled “Ref’ show RNA before polyadenylation while -PAP and +PAP show RNA incubated in

polyadenylation buffer in the absence and presence of Poly(A) polymerase, respectively.
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Figure S2. RNA backbone cleavage by Csm interference complex.

(A) 5-32P-labeled target RNA or non-target (NT) RNA were treated with 0.8 yM Csm effector complex for
5, 15, 30, 60, 120 min. Reactions were analysed by denaturing PAGE alongside alkaline hydrolysis ladders
prepared from target RNA. (B) Target RNA and anti-tag RNA (full-length complementarity to crRNA including
repeat-derived 5’-handle) are both cleaved by Csm to give identical products. Reaction time: 0.5, 2, 5, 30,
100 min; substrate RNA is indicated by unfilled triangles; the five cleavage sites (B1 — B5) with the
characteristic 6 nt spacing are indicated by filled triangles. Target RNA with a 4 nt truncation at the 3’-end
was used, leading to a different distribution of cleavage products compared to Figure 2. It is not clear why

product B5 is depleted over time in these gels but not in figure 2, and this phenomenon could be followed up
in future studies.
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Figure S3. In vitro analysis of Csm HD mutant. (A) SDS-PAGE of purified Csm3 D35A (C3) and Cas10
H18A/D19A (HD) variant interference complexes; *: contaminants; M: PageRuler Unstained (Fisher
Scientific). (B) Target RNA backbone cleavage by Csm3 D35A (C3) and Cas10 H18A/D19A (HD) variant
interference complexes; 5'-radiolabeled target RNA was incubated with HD or C3 in the presence of Mg?* for
5, 10, 30, 60 min at 30 °C; as expected the characteristic cleavage products B2 — B5 are produced by HD
but not the C3 variant. (C) The ssDNase activity of Csm interference complex is not dependent on RNA
substrate or active site mutations; 5’-radiolabeled ssDNA was incubated with Csm wild type (WT), HD,
Cas10 D630A/D631A (Cy), or Csm3 D35A (C3) in the presence of Mg?* for 90 min at 30 °C; cold RNA was
added as indicated. Mn?* and Co?* also supported the observed activity, Zn?* less so, and Cu?* did not
stimulate DNase activity (data not shown). T: target RNA, NT: non-target RNA, AT: anti-tag RNA.
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Figure S4. Selected plasmid maps for constructs used in plasmid immunity assays. In pRAT-Target, the

blue arrows indicate the positions of the match to crRNA targeting the pUC19 LacZo MCS (Target) or the
tetracycline resistance gene (Target_TetR).



Table S1: Plasmids constructed in this study

Name Genes Resistance | Notes Use
pCsm1-5 csm1, csm2, csm3, | Amp, Kan, | MultiColi™ pACE, pDK, pDC | Protein  production
csm4, csmb, | Cm recombination; ColE1 ori; | and purification
Mca csm2 pT7 (csm1, 2, 4 on pACE),
pLac (csm3, 5 on pDK), pT7
(Mca_csm2 on pDC), TEV-
cleavable N-His tag on
Csm4
pCsm1-5_C3 csm1, csm3 D35A, | Amp, Kan MultiColi™ pACE and pDK | Protein  production
csm4, csmb, recombination; ColE1 ori; | and purification
Mca_csm2 pT7 (csmi1, 4, Mca csm2
on pACE), pLac (csm3, 5 on
pDK), TEV-cleavable N-His
tag on Csm4
pCsm1-5 Cy csm1 D630A | Amp, Kan as pCsm1-5_C3 Protein  production
D631A, csma3, and purification
csm4, csmb,
Mca_csm2
pCsm1-6 csm1, csm3, csm4, | Amp, Kan pLac (csm3, 5, 6), otherwise | Plasmid  immunity
csmb, csme6, as pCsm1-5_C3 assay
Mca_csm2
pCsm_Control - Amp, Kan pACE and pDK | Plasmid immunity
recombination assay; vector control
pCsm1- csm1, csm3, csm4, | Amp, Kan as pCsm1-5_C3 Plasmid immunity
5 ACsm6 csmb, Mca_csm2 assay
pCsm1-6_C3 csm1, csm3 D35A, | Amp, Kan as pCsm1-6 Plasmid immunity
csm4, csmb, csmeé, assay
Mca_csm2
pCsm1-6_Cy csm1 D630A | Amp, Kan as pCsm1-6 Plasmid immunity
D631A, csma3, assay
csm4, csmb, csmé,
Mca_csm2
pCsm1-6_HD csm1 H18A D19A, | Amp, Kan as pCsm1-6 Plasmid immunity
csm3, csm4, csmb, assay
csm6, Mca_csm?2
pCsm1- csm1, csm3, csm4, | Amp, Kan, | pACE, pDK, pDC | Plasmid immunity
5 Csm6 csmb, csm6, | Cm recombination; pT7 (csm6 | assay
Mca_csm2 on pDC), otherwise as
pCsm1-5 C3
pCsm1- csm1, csm3, csm4, | Amp, Kan, [as pCsm1-5 Csm6 but | Plasmid immunity




5_tsuCsx1 csmb, Mca_csm2, | Cm Tsu_csx1 instead of csm6 assay
Tsu_csx1
pCRISPR cas6, pUC MCS- | Spc pCDF-Duet-1 derivative; | crRNA  biogenesis,
targeting CRISPR CRISPR in MCS-1, cas6 in | in vitro and in vivo
array (3 repeats, 2 MCS-2
spacers)
pCRISPR_TetR | cas6, TetR-targeting | Spc as pCRISPR crRNA  biogenesis,
CRISPR array (5 in vivo
repeats, 4 spacers)
pRAT - Tet RSF ori; pBAD Plasmid immunity
assay; control
plasmid for pUC
MCS-targeting Csm,
target plasmid for
TetR-targeting Csm
pRAT-Target pUC19 lacZa Tet as pRAT Plasmid immunity
assay; target
plasmid for pUC
MCS-targeting Csm
pCas6-CHis cas6 Kan pEHisTEV-derivative; C- | Protein  production
terminal His-tag and purification
pEHISTEV- csmb6 Kan pEHisTEV-derivative; TEV- | Protein  production
Csmé6 cleavable N-His tag and purification
pEHISTEV- Tsu_csx1 Kan pEHisTEV-derivative; TEV- | Protein  production
TsuCsx1 cleavable N-His tag and purification




Table S2 Oligonucleotides and primers used in this study

Name Sequence 5’ > 3’ Notes
mtbCRISPR | ggattcggatcctctagagtcgGTCGTCAGACCCAAAACCCCGAGAGGGGA JdSDNA
array CGGAAACGaattcgagctcggtacccggggatccctagg

mtbCA_Rep- | catggaatagCACGCTGGACGAATTGTCCATAGA 5P,
5_t

mtbCA_Rep- | CTCGGGGTTTTGGGTCTGACGACTCTATGGACAATTCGTCCAGC 5.p
5 b GTGctattc

mtbCA_Rep- | GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAACgactctaccg 5P,
3t

mtbCA_Rep- | tcgacggtagagtcGTTTCCGTCCCCT 5P,
3_b

mtbCA_TetR | GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAACtgacggtgecg 5P,
-Sp_t aggatgacgatgagcgcattgttaga

mtbCA_TetR | CTCGGGGTTTTGGGTCTGACGACtctaacaatgcgctcatcgtcatcctcggeac 5P,
-Sp b cgtcaGTTTCCGTCCCCT

NdelnsFor gtttaactttaagaaggagatatacatatg SLIC
SmaBamCa

s10 GAATTCACTGGCCGTCGTTTTACAggatcctcattccgattcttc SLIC
BamSmaAC | GGATCCTGTAAAACGACGGCCAGTGAAT Tctttaataaggagatataccatg sLIC
YC gctc

SacHindCsm

) GCTCGACTGGGAAAACCCTGGCGAAGCTT Tctcacttgtctttcgggtee SLIC
HindSacACY | AAGCTTCGCCAGGGTTTTCCCAGTCGAGctttaataaggagatataccatgg sLIC
C ctc

XhoT7Cas10 | CTTTGTTAGCAGCCGGATCTCTCGAGctcattccgattcttctttacg SLIC
XhoForT7 ctcgagagatccggctgctaacaaag SLIC
XhoForLac ctcgagactagttccgtttaaaccc SLIC
NdeVecRev | catatgtatatctccticttaaagttaaac SLIC
SmaBamCs

3 GAATTCACTGGCCGTCGTTTTACAggatcctcaaaccgctgec SLIC
XhoLacCsm

5 GGGTTTAAACGGAACTAGTCTCGAGctcactctgcacgacggatg SLIC
SacHind_ sLIC
mcaCsm?2 GCTCGACTGGGAAAACCCTGGCGAAGCTT Tctcattcggtttctttgetgg
SacHindCsm sLIC
5 GCTCGACTGGGAAAACCCTGGCGAAGCTTctcactctgcacgacggatg




XhoLacCsm

6 GGGTTTAAACGGAACTAGTCTCGAGctcaacccaatggtgccatg stie
NcolnsFor ccctctagaaataattttgtttaactttaagaaggag SLIC
CDFInsRev | CTTTGTTAGCAGCCGGATCTCTCGAgttcaaatttcgcagcagegg SLIC
NcoVecRev | ctccttcttaaagttaaacaaaattatttctagaggg SLIC
Muta-
Csm3_D35A genesi
-fw cgccgttgCtaaaccggtagttcgtgate ]
Muta-
Csm3_D35A genesi
-RP ccggtttaGcaacggcgccaattgcagaa S
Muta-
Cas10_H18 genesi
A_D19A-f gcttactgGCcgCtattggaaagcctgttcage s
Muta-
Cas10_H18 genesi
A _D19A-RP | ttccaataGcgGCcagtaagcagcctataatcg ]
Muta-
Cas10_D630 genesi
A _D631A-fw | cggtggggCtgCtgtgtttgttgtgggggcat ]
Cas10_D630 Muta-
A_D631A- genesi
RP caaacacaGcaGccccaccggaataaatgatg S
ara-Ndel-R ACGTCCATATGgtattcctcctgctagecce Primer
ara-Avrll-F GACTCCTAGgagctgcatgtgtcagagg Primer
TetR-FOR GATCGCATGcatctaattggactagtagcccgectaatg Primer
TetR-REV CTTAGGATCCGTtcaggtcgaggtggcccggce Primer
RSFara- ]
FOR caaataggcatgcagcgctcttc Frimer
RSFara-REV | cttaggatccCTTGTCGTCGGTTCAGGGCAG Primer
lacZ-pRAT- ]
fw gtttttttgggctagcaggaggaatacCCATGGGCACCATGATTACGC Frimer
lacZ-pRAT- ]
RP agcagcggtttctttaccagactcgaGCTATGCGGCATCAGAGCAG Frimer
mtbRepeat 5 6-
RNA UGUCGUCAGACCCAAAACCCCGAGAGGGGACGGAAAC FAM™
target RNA AAcgacucuagaggauccccggguaccgagcucgaauucCAAAGGCA RNA
anti-tag RNA | AGGUcgacucuagaggauccccggguaccgagcucgaauucGUUUCCGU RNA




P1.A26 RNA

agggucguuguuaagaacgacguuguuagaaguuggguaugguggaga RNA

A1 RNA

aggguauuauuuguuuguuucuucuaaacuauaagcuaguucuggaga RNA

Table S3 Sequences of synthetic genes

Name

Sequence 5’ > 3’

mtb_cas6
(with
additional &’

sequence)

catatgaccgagcatctgtcacgacttactctgacgctggaagtggacgcgccgctggaacgcgcetcgggtc
gccaccttgggcccgcacctgcacggagtcctgatggagtccattcccgecgattacgtticaaaccctgcata
ccgtgccagtgaacccgtactcacagtacgccctggctcgcagcaccacaagcttagaatggaaaatctcg
accttgacgaacgaagcccggcaacagattgtgggcccgattaatgatgcggegttcgecggggttcagact
gcgcgcecagceggcatcgccacccaggtaaccagcecgceagtttggaacaaaatcctctctcgcagttcgecce
gtatcttttatgctcgccccgaaacacggaaattccgtgtggaattcctgacacccaccgctttcaagcagagt
ggcgaatatgtgttttggccggacccgcgacttgtattccaatctctggctcaaaagtatggecgcgategtgga
cggggaagaaccggaccctggtctgatcgccgaatttgggcagagcegtgcegtttatcagctttcegtgttgegt
ccgcaccctttgcagtgggtgctgcccgegtgeccaggctticacaggcagegctacgtttactgttcgeggtgtt
gatacgttcgcgagttacattgctgctctgctgtggtttggtgaatttagcgggtgtggtattaaagcectctatgggt

atgggcgcaatccgtgtgcagcccctggcaccgagggaaaaatgcgtaccaaaacctctcgag

mtb_cas10

ccatggctcatatgaacccccagttgatcgaagcgattataggctgcttactgcacgatattggaaagcctgtt
cagcgcgcggcactgggttatccgggtcgtcactccgegateggtegtgectttatgaaaaaagtatggetge
gcgattcacgtaacccctctcagtitaccgatgaagttgatgaggctgacattggcgttagtgatcgtcgceattct
ggacgccattagctaccatcattcctcggcactgcggaccgcggccgagaatggtcgettageccgeggacg
cgccagcttatattgcctataacatcgccgctggcacggaccgtcgcaaagccgacagcgacgatgggceat
ggtgccagcacctgggacccagatacccctttatactctatgttcaatcgcttcggtagtggaaccgctaacct
ggcatttgctccagaaatgctggacgaccgtaagcccatcaacatccctagcccgegcecgtatagaatttgat
aaagatcgttatgcggcgattgtgaataaactcaaagcgattctggtggatcttgagcgttcggatacctacctc
gcctcattattaaatgtgctggaggcgaccctgagcttcgtcccgagcagtacggatgccagecgaagtegttg
atgttagtctttttgatcatcttaaactgaccggagcactgggcgcttgtatatggcattacctgcaagctactggt
caaagcgattttaaatcagccctctttgataaacaagacaccttttacaatgaaaaagcgtttttactgacgacc
ttcgacgtgtcaggcattcaagactttatttatacgattcactcaagcggcgctgcaaaaatgctgcgtgcacgt
agcttctatcttgagatgctgacggaacacttaatcgacgaattgctggcgegtgtcggactgtcacgcgega
atctcaactattccggcggceggtcatgcectatcttttgcticcgaacactgaaagcgcgcegtaagtcagttgaac
agtttgaacgtgaagcaaatgattggttacttgaaaatttcgccacccgtctgtttatigcgactggctcggtacct
ctggcggctaacgaccttatgcgtcgccccaacgaatcggcectctcaggectctaatcgegcactgegcetatt
caggcctgtatagagaactcagcgaacagctgtcagcaaagaaactggcccgctactctgcggaccagct
gcgcgagctgaacagtcgtgatcatgacggtcagaaaggagaccgtgaatgttctgtgtgccacactgtgaa
ccgaacggtgtcagcggatgacgaaccgaaatgtagcctttgccaggcgctgacggccgcecagcetcgeag
atacagtccgagagtcgccgctttttgctcatttcggacggagccactaaaggccttccgttaccgttcggegcet
acgctgactttctgticgcgcgcagacgcagataaagcattgcaacaaccccagacgcgccgecggtatgce
taaaaacaagttctttgcgggcgaatgcttaggcaccgggctctgggtaggtgattatgttgcccagatggagt
tcggcgattacgtgaagcgggcttcgggtattgctcgectgggegtectgegtctggacgtcgataacctggge
caggcgtttacacatggtttcatggagcagggaaatggcaagtttaataccatcagccgcaccgccgctttttc




tcgcatgttgtcgctgttctttcgccagcacatcaactatgtgctggcacgtccgaaactacgceccgattaccgg
agacgatccggcccggcecgcegtgaagcaaccatcatttattccggtggggatgatgtgtttgttgtgggggcat
gggatgatgttattgaatttggtatcgagctgcgcgaacgcticcatgaattcacgcaaggtaaacttaccgtat
ctgccgggatcggtatgtttccggacaagtatcctattagtgtgatggcccgcgaagtgggggacttagaaga
cgccgctaaatctctgcctggtaagaatggcegttgcattatttgatcgtgaattcactttcggttgggacgagctc
ctttctaaggtgattgaagaaaagtatcgtcatatcgcagattatttttccggcaacgaggaacgcggtatggce
gtttatttataaactgttagaattacttgcggagcgggatgatcgtattaccaaagcaaggtgggtgtactttctga
ctcgcatgcgcaatcctacgggcegatacggceccccttccaacagttcgctaaccgtttacatcaatggtttcag
gacccgactgatgccaaacaactcaaaacggcactgcacctatatatttaccgcacacgtaaagaagaatc

ggaatgaggatccctcgag

mtb_csm2

ccatggctcatatgagtgtcattcaggacgattatgtgaaacaggccgaggtgattcgtgggctgccaaaaa
agaaaaatggattcgagctgaccaccacgcaattacgcgtgctcctgtccctgacggeccagcetgtttgacg
aagcacaacagtcggccaatccgacgctgccgcegccagcttaaagaaaaagttcagtatctgegtgtgege
ttcgtgtaccagtccggccgtgaagatgccgtgaaaaccttcgtacgcaatgcgaagcetgttggaagcetctag
aaggaattggcgactcgcgtgatggccttctacgtttttgccgatatatggaagcegctcgcetgcatacaaaaag
tacctggacccgaaagacaagtgaggatccctcgag

mtb_csm3

ccatggctcatatgactacgagctacgcaaaaatcgaaattactggtacgctgactgtcctgaccgggcttca
gatcggcgctggcgatggattttctgcaattggcgcecgttgataaaccggtagttcgtgatccgetgagtcggcet
gcctatgatccccggtacgtctcttaaaggtaaagtccgcacgttattgtctcgccagtacggggcggacacc
gagacattctaccggaaaccaaacgaagatcatgcccatattcgacgtttattcggcgatacggaagaatat
atgaccggtcgccttgtgttcagagacaccaaactgaccaacaaagatgaccttgaggcgcggggggcta
aaaccctgacggaagtaaaattcgaaaacgctattaaccgtgtgacggctaaagcgaacttacgccagatg
gagcgtgtgattccagggtctgaatttgccttttcgttggtctatgaagtcagttttggtaccccaggtgaagaac
agaaagccitctttaccttctictgacgaaattatcgaagactttaatgccattgcccgeggcttgaaattattaga
attagactatttaggcggctctggcacccgcggctacggtcaggttaaattttcgaacctgaaagcacgagcec
gcggtaggtgccctggatggctcactcctggaaaagctcaaccacgaactggcagceggtttgaggatcccte

9ag

mtb_csm4

ccatggctcatatgaactcacggctgtttcgttttgatttcgatcgtacgcacttcggcgatcacgggctggaaa
gctcaaccatcagttgtccggctgatacgctgtattcggegctttgtgtcgaagccctgcgcatggggggcecaa
cagctgctcggagagttggtagcctgtagtacactgcgcectgacggatctcctcccatacgttggacctgacta
cctggtccccaagcecattgcattcagtccgcagtgacggcetccagtatgcaaaaaaagcetggcaaagaaga
tcggattcctgcctgectgegcagetgggttectttcttgacgggaccgeggacttgaaagaactggcetgegegt
cagaccaaaattggagtccatgccgtttcggccaaagcggccatccataacggaaaaaaggatgcagatc
cgtatcgagtgggctatttccgtttcgagctagacgcagggctctggcetgctagcaaccggtagtgagagcga
gttgggtttgctgacgcgccttctcaaaggtatctctgetctgggcggagaacgaacgtccggcettcggegectt
caatctcaccgagagtgaagctcctgctgccctcacaccgaccgtcgatgcagctagcttaatgacccttact
acctccctgcctactgatgacgaactcgaagccgcgttagccggcegcgacttatcgcettggttaaacgtageg
ggtttgtagcttccagtacctatgccgatatgccttigcgcaagcegtgatatctataaattcgctgctggatctgtgt
tttcccgeccgtttcagggtggtattctggatgtaagcttaggcggtaatcatccggtctattcgtatgectcgeccg
ctgttccttgcgetgccagaaagtgcagcatgaggatccctcgag

mtb_csmb

ccatggctcatatgaatacttacctgaagccattcgagctgacgctgcgttgtctgggecctgtcttcattggcag
cggcgagaaacggactagcaaagaataccatgttgaaggtgaccgcgtgtactttcctgatatggaactgct
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ctatgctgacattccagctcacaaaagaaaaagcttcgaagccttcgtaatgaacacggacggagcacaa

gcaacggcaccactgaaagagtgggtagagccaaatgcggtcaaattagatccggccaagcatcgtggcet
acgaagttaaaattggcagcatcgaacctcgccgggcectctcgtggccgaggtggtegtatgactcgtaaga
aactgactctaaacgaaattcacgccttcatcaaagacccgctgggtcgcccgtacgtcccgggttccacggt
aaaaggcatgttgcgctcaatctatctgcaaagtctggtacacaaacgcacagcgcaaccggtacgcgttcc
gggccaccagacgcgggaacaccgtcaatacggtgagcgcttcgagcgaaaggaactccgcaagagceg
ggcgccccaatacgcggccccaggatgctgtgaatgatctgticcaggcegattcgggttaccgattctcecgge
cttacgtacaagcgacttgctgatttgtcagaaaatggacatgaacgttcatggcaaaccggacggcctgcc

gcttttccgcgaatgccttgecgectggcactagcatctcacatcgtgtggtggttgacacctcccccacggege

gtggaggctggcgtgaaggcgaacgattcctggaaacgctcgcagaaacggctgccagegtcaaccaag
ctcgttacgccgagtatcgecgcgatgtatccaggcegttaacgcgatcgtaggccctatcgtatacttaggaggt
ggggcaggctaccgcagcaagactttigtgaccgaccaggatgacatggccaaagtcttagacgctcaattt
ggtaaagttgtgaaacacgtggacaaaacccgtgaattgcgtgtttccccgctcgttttgaagcgaaccaaaa

tcgataatatttgttatgaaatgggccaatgcgaactcagcatccgtcgtgcagagtgaggatccctcgag

mtb_csm6

ccatggctcatatgatcctgtttagcccgattgggaccgccgatccgatcactgecgetgggegatggtcecatg
ctgcatattgtgagacattatcgtcctattgtggtcgtgctgttictgagtgcagagatcgccgccttcgagaacg
cggatcgtcgctactccgecggctattacgegtttagctccggaaaccgacgtgcgcattgtgacttatacgaat
ccaagcgttcaccggtttgacctgtttgttcctgtgtticcgtaaccatttagtggaattaagcgcagaattccccga
ccgcacgatcctgttgaacaccagtagcggtacgcctgcgatgcaagcagcacttgtagccattaacgtattt
ggcatcccgegtacaacggcetgtacaagtgtcgaccccggceccgegegctgtctaaaccaggggatcgeg
aaagtcctgatgcttacgacctggaattaatgtgggatgcgaatgatgacaatcagccgggtgcccctaacc
gttgctttgaagccacatcggcecgecctgggegecctgectggaacgtgccaatctgaaacaactgattgttag
ctatgactattcggccgctgtgaccatcgctgcagatagccggetgccggaccaagtticgaatctaattcgeg
gtgcaatgcatcgtagtcgtctcgaacatctggttgcccccaaattcttcaaagacaccgcattcacctatgac
ccggctaacaaagttgccgaatacatcagtgcacttgctttatiggccaaacgcgaacaatgggcagaatttg
cgcgtagtgccaccccggcaattacaattgttcttcgcgeccgeggtecgctaagcacctgeccggaagatcgat
acctggatgatatgggtcgtgttgatcggcggaagctggagcgtgaaccagaaattcgctgcgcactaaage
atccgcctaaaagtccgaatgcggaatggtatctgtacaccaaagattggttagccctcttgegccagtttgeg
cctgatcgtgtgggtgcgcetagaggttctgggecgtttcgagtecgegtgtgegtaataccgecggegeatgaaat
tgtcagcatctcggaggatcgtatcaccaaagatggcggcctactgcccgaacagcetgctgaagattttagec
cgtgaaacgggcgcagatctaaccctgtacgatcgtctgaacgatgaaattatacgccagattgacatggca
ccattgggttgaggatccctcgag

mca_csm2

ccatggctcatatgagcgtgattcaggatgattatgtgaaacaggcggaacaggtgattcgcggcectgccga
aaaaaaacggcgattttgaactgaccaccacccagctgcgcgtgctgctgagcctgaccgcgcagctgtttg
atgaagcgcagctgagcagcgatcagaacctgagcccggcgcetgcgecgataaagtgcagtatctgegegt
gcgctttgtgtatcaggcgggccgcgaaaaageggtgegegtgtttgtggaacgcgegggcectgetggatga
actggcgcagattggcgatagccgcgatcgcectgctgaaattttgccattatatggaagcegcetggtggegtata
aaaaatttcttgatccgaaagaaaccagcaaagaaaccgaatgaggatccctcgag

Tsu_csx1

ccatggatcgccatactcttatcacattcttaggcaaaggagctcgcgatcccaataccgggtatcgtagtacg
acgtaccgctttgcagatcgcgaccgttcgggtgcegtttittggactgcttcttgcacaacacctggctccagatc
gcttactgatcttgggaacccgctcttcccagtgggatctgttagttgagagtttagcagggtcgggggaggat

gaagaagctcgtttggcgttgatggaagccgtgagcgagggcgcagtgaccccacgcttgttagaacgtgtt
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cgccctttaatggaacgcgcggtcggcatcccattaaccecgtgcttgattecttttggggaageccaagatga
gcagcttgcaatcttagacactattgcaactcatgtcccgggtggcgaagtttcctttgacctgacgcatggtttc
cgccacatggggatgctggggttectttctgegttcatgttggagegtattggacaccttcgtgttcgtggtctttgg
tatggcgctttagatatgtcacgcgataatatcacgccagttgtccgtctggatgggttatcagcggtccgtcatt
ggattgaagcactttcccactttgaagcaactggcgattatggtgtgttcgcaagcectgttggtagcggatggeg
tggcagaggataaagcccgttgcttagaggaagctgcatttcacgaacgcactttcaatttgttggatgccgttc
gtaagttgcgtacgtttctgccggttcttgataccccattgggtggegcetageggactttttcaggccgtgcetgtta
cgccacttagaatggagtcgcgaatcttctctggacgcttatcagaagcgcettgtcacgcgcttacctgcacat
gggagattttgtgcgcgcecgttatctttggctgggaggctgttatcacacgtcactgtcttgcgaccggecgtgat
ccgcgtgacttcgcattgggtcgcaaggcetgcggcetgaagatttagacgcggacgticgtaacggtattcgeg
atcgcgattttgtacaagcctattggactattaagaacttgcgtaattcgctggcccacgggaacccaccaaa
agataaggatcttctgcgcgtattgaaatccgaacaggatactcgtcgcttcattactgagtccttacaacgcct

tttagactgaggatcc
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