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Supplementary Fig. 1 Genetic maps of representative plasmids used in this study. Left,
pNHO9188, used for the first recombination step to integrate the components of the
Engineered Riboregulator (ER), i.e., the trans-activating RNA sequence (taRNA6) and the
cis-repressive sequence (ctrRCN), as well as the SpCas9 gene, the NanoLuc gene, and their
promoters into the chromosome of Bacteroides thetaiotaomicron. Right, pNH9196, used

for the second recombination step, to integrate the single-guide RNA sequence (sgRNA1)

and its promoter (Pcepa).
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Supplementary Fig 2 Strategy for genetic modification. a, Overview of the
recombination method used in this study. Step 1: Introduction of the taRNA, SpCas9, cis-
repressive sequence (CR), and the NanoLuc gene onto the chromosome of wild-type (WT)
B. thetaiotaomicron. Step 2: Introduction of sgRNA and its promoters. R6K, origin of
replication; oriT, origin of transfer; AmpR, ampicillin resistance cassette; EmR,
erythromycin resistance cassette; PheS**%S, mutated o—subunit of phenylalanyl-tRNA

synthetase gene. b, PCR identification of the integration of the gene cassette with primers



shown in (a). ¢, PCR identification of the integration of sgRNA. Source data are provided

as a Source Data file.
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Supplementary Fig. 3 Analysis of crRNA (crRCN)/taRNA complexes with NUPACK
web server. a, NUPACK-predicted structures of crRNA (crRCN)/taRNA complexes. b,
Correlation between Minimum Free Energy (MRE), i.e., free energy of ER complex, and
bioluminescent signal of each crRNA (crRCN)/taRNA complex: crRNA (crRCN)/taRNA1,
crRNA (crRCN)/taRNA2, crRNA (crRCN)/taRNA3, crRNA (crRCN)/taRNA4, crRNA
(crRCN)/taRNAS, and crRNA (crRCN)/taRNAG6. Source data are provided as a Source

Data file.
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Supplementary Fig. 4 Death rate accelerated by CRISPR Device (CD). Cell viability
of WT strain and genetically modified strain with and without Pcepa-sgRNAT, cultured
anaerobically in the presence or absence of thymidine. Each dot is a biological replicate,
and lines are the values of the mean of three biological replicates (Dunn’s multiple
comparisons test with Kruskal-Wallis test on log-transformed data at day6, *P<0.05). n.s.

represents not significant. Source data are provided as a Source Data file.
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modified B.

thetaiotaomicron in various stress conditions. a, b, Growth curves (a) and cell viability

(b) of thyA-deficient strain with Pcepa-sgRNAT in defined minimal medium (DMM) with

different carbon sources with (blue) or without (violet) thymidine. ¢, Schematic of carbon

source starvation and cell viability of the engineered bacterial strain with (blue) or without

(violet) thymidine. d, e, Growth curves (d) and cell viability (e) of thyA4-deficient strain



with Peepa-sgRNAT in TYG medium with bile acids (62.5 uM DCA; 0.5% crude ox bile

extracts) with (blue) or without (violet) thymidine.

(a and d) Each dot is the value of the mean, and error bars represent the standard deviations
of three biological replicates (Tukey’s multiple comparisons test with one-way analysis of
variance on data at 24hrs, **** P<0.0001). (b) Each dot is a biological replicate, and lines
are the values of the mean (Tukey’s multiple comparisons test with one-way analysis of
variance on log-transformed data, **** P<(0.0001). The detection limit is 5 CFU/ml. (¢ and
e) Each dot is a biological replicate, and columns are the values of the mean (two-tailed
unpaired Student’s t-test on log-transformed data, ** P<0.01 **** P<(0.0001). The
detection limit is 5 CFU/ml. N.D. represents no detection. Source data are provided as a

Source Data file.



Thymidine + Erythromycin Erythromycin

TG T
G Gt ~
B oy W @ sgRNA1
5 - F& —mw
b 3 N\ Colony Colony Colony
Marker WT &  NT a b c
Jofay  [12333-3 : =_aotas  llauyg
122230 (1332 12223\ 121232

300 bp

NT sgRNA1
colony colony a

sgRNA1 sgRNA1
colony b colony ¢

Pgri311 Peepa Pesa Py
|—> |—> I—P PheSA%3¢ EmR AmpR oriT R6K
s T [T [T oas [ >G> O Osom|

Chromosome of engineered thyA-deficient
B. thetaiotaomicron strain Backbone of pNH9223

Supplementary Fig. 6 Prevention of acquisition of t1yA4 gene by genetically engineered
strain. a, Colonies streaked on TYG with and without thymidine in the presence of
erythromycin and gentamicin. Viable B. thetaiotaomicron bearing sgRNA1 or NT, plated
on BHIS agar plates with thymidine, erythromycin, and gentamicin after conjugation, were
streaked to check thymidine auxotrophy. b, Amplicon patterns of transconjugants isolated
from BHIS agar plates with thymidine, erythromycin, and gentamicin after conjugation.
PCR was performed with primers flanking the sequence targeted by the CRISPR Device
(CD) with sgRNA1 in order to detect the thy4 gene. ¢, Schematic diagram showing
integration of pPNH9223 backbone into the chromosome of the engineered thyA-deficient

B. thetaiotaomicron strain. Source data are provided as a Source Data file.
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Supplementary Fig. 7 Thymidine auxotrophy of genetically engineered strains
bearing the sgRNAs and their promoter constructed by pNBU2-based technology
after the first recombination. The genetically engineered strains were streaked on
gentamicin-containing TYG agar with both thymidine and erythromycin, or without either

thymidine or erythromycin. Plates were incubated anaerobically at 37°C for 2 days.
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Supplementary Fig. 9 Growth curves of thy4™ (ER/CD") and AthyA (ER*/CD™) strains
in the presence and absence of thymidine. The cells were grown anaerobically at 37°C
for 24 hrs. 300 ul of samples were withdrawn from the cultures every hour for 10 hrs and
at 24 hrs to monitor growth (ODesoo). Each dot is the value of the mean, and error bars
represent the standard deviations of three biological replicates made on different days
(Tukey’s multiple comparisons test with one-way analysis of variance on data at 10hrs and

24hrs, * P<0.05, **** P<0.0001). Source data are provided as a Source Data file.
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Supplementary Fig. 10 Viability in mice feces of genetically engineered thymidine-
auxotrophic B. thetaiotaomicron with Engineered Riboregulator (ER) and CRISPR
Device (CD). Fecal suspensions from mice gavaged with either of Athy4 (ER"/CD") or
AthyA (ER*/CDN?) strains but without the thy4"™ (ER/CD") strain were plated on selective
agar plates with thymidine on the day when feces were retrieved, and after four and seven
days of storage at ambient temperature in the presence of oxygen. Lines are the values of
the mean of four biological replicates (Tukey’s multiple comparisons test with one-way

analysis of variance on log-transformed data). n.s. represents not significant. Source data

AthyA (ER'ICD")

AthyA (ER*/CDNT)

are provided as a Source Data file.
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Supplementary Fig. 11 In vivo genetic stability of the genetically engineered strain
bearing the Engineered Riboregulator (ER) and CRISPR Device (CD). a, Outputs of
NanoLuc in cells isolated from mouse feces, which were collected at daylO after
administration of the genetically engineered B. thetaiotaomicron. Dots represent three
biological replicates and columns represent the values of the mean. Error bars represent the
standard deviations of the three biological replicates (Tukey’s multiple comparisons test
with one-way analysis of variance on data). b, Viable B. thetaiotaomicron: bacterial cells,
isolated from mouse feces collected at day 10 after administration of the genetically
engineered B. thetaiotaomicron, were conjugated with the E. coli donor strains which have
an intact thyA gene on their plasmids on TYG agar plates with thymidine and then plated on
TYG agar plates without thymidine. Individual dots represent three biological replicates of

recipients. Black bars are the values of the mean. The detection limit is 5 CFU/ml. n.s.



represents not significant. N.D. represents no detection. Source data are provided as a

Source Data file.



Supplementary Table 1. Cis-repressive sequences (CRs) used in Figure 2.

Name Sequence

crRCN ccgacaaaagccataaccaaaccca
crR7N tcgtttaattaaattcatattgggt
crR10N tcgttaaataaaatacatattgggt
crR12N tcgtataaataaatacatattgggt




Supplementary Table 2. Trans-activating RNAs (taRNAs) used in Figure 2.

Name

Description

Sequence

Non Sense (NS)

Non-sense trans-
activating RNA

taatacccaaatccaggaggtgattggtagtg
gtggttaatgaaaattaacttactactaccatat
atctctaga

taRNA1

trans-activating RNA

tgggtttggttatggcttttgtcggatttattttatttt
aaaatgcgggaaaccgcatttttaaaataaat
aaaatccgtaa

taRNA2

trans-activating RNA

tgggtttggttatggcttttgtcggatttattttatttt
aaaatgcgggaaaccgcatttttaaaataaat
attttccgtaa

taRNA3

trans-activating RNA

tgggtttggttatggctttagtcggatttattttatttt
taaatgcgggaaaccgcatttataaaataaat
aaaatccgtaa

taRNA4

trans-activating RNA

tgggtttggttatggcttttgtcggatttattttatttt
aaaatgcgggaaaccgcatttttaaaataaat
attttccgtat

taRNAS

trans-activating RNA

tgggtttggttatggcttttgtcggatttattttatttt
aaaatgcgggaaaccgcatttttaaaataaat
attttaattat

taRNAG

trans-activating RNA

tgggtttggttatggctttagtcggatttattttatttt
taaatgcgggaaaccgcatttataaaataaat
attttaattat

taRNA7

trans-activating RNA

tgggtttggttatggctittgtcgggaaaccgac
aattgccattta

Sequences complementary to crRNA are highlighted in blue.




Supplementary Table 3. Single guide RNAs (sgRNAs) used in experiments.

Name Description Figure Sequence PAM
Non-targeting | Non-targeting 4,5,7, attctctagactttacttga None
control (NT) single guide RNA | S6, S7,

S10, S11
sgRNA1 Single guide RNA | 3, 4, 5, 6, | acgcatctggaacgaatggg | CGG

7,81, $4,

S5, S6,

S7, S8,

S9, S10,

S11
sgRNA12 Single guide RNA | 4, S7 aggcgctgacaatgatacgg | CGG
sgRNA13 Single guide RNA | 4, S7 atgcgtttcaacctcgacga | GGG
sgRNA15 Single guide RNA | 4, S7 actgagaaaagtgaccgtac | AGG
sgRNA16 Single guide RNA | 4, S7 agttttacgtggcagacggt | CGG
sgRNA20 Single guide RNA | 4, S7 gcctcaaatgaaaattaatc | CGG




Supplementary Table 4. Genetic parts used in experiments.

Name

Description
(Source)

Sequence

AmpR

Ampicillin-
resistance
cassette

(Cell Syst. 2015;
1(1): 62-71.)

atgagtattcaacatttccgtgtcgceccttattcccttttttgcggcattttgccttcc
tgtttttgctcacccagaaacgctggtgaaagtaaaagatgctgaagatcag
ttgggtgcacgagtgggttacatcgaactggatctcaacagcggtaagatcc
ttgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttct
gctatgtggcgceggtattatccegtattgacgccgggcaagagcaacteggt
cgccgcatacactattctcagaatgacttggttgagtactcaccagtcacaga
aaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccat
aaccatgagtgataacactgcggccaacttacttctgacaacgatcggagg
accgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgc
cttgatcgttgggaaccggagctgaatgaagccataccaaacgacgagcg
tgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaac
tggcgaactacttactctagcttcccggcaacaattaatagactggatggag
gcggataaagttgcaggaccacttctgcgctcggcccticcggcetggcetggtt
tattgctgataaatctggagccggtgagcgtgggtctcgeggtatcattgcag
cactggggccagatggtaagccctccegtatcgtagttatctacacgacggg
gagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtg
cctcactgattaagcattggtaa

EmR

Erythromycin-
resistance
cassette

(Cell Syst. 2015;
1(1): 62-71)

atgaacaaagtaaatataaaagatagtcaaaattttattacticaaaatatca
catagaaaaaataatgaattgcataagtttagatgaaaaagataacatcttt
gaaataggtgcagggaaaggtcattttactgctggattggtaaagagatgta
attttgtaacggcgatagaaattgattctaaattatgtgaggtaactcgtaataa
gctcttaaattatcctaactatcaaatagtaaatgatgatatactgaaatttaca
tttcctagccacaatccatataaaatatttggcagcataccttacaacataag
cacaaatataattcgaaaaattgtttttgaaagttcagccacaataagttattta
atagtggaatatggttttgctaaaatgttattagatacaaacagatcactagca
ttgctgttaatggcagaggtagatattictatattagcaaaaattcctaggtatta
tttccatccaaaacctaaagtggatagcacattaattgtattaaaaagaaag
ccagcaaaaatggcatttaaagagagaaaaaaatatgaaactttigtaatg
aaatgggttaacaaagagtacgaaaaactgtttacaaaaaatcaatttaata
aagctttaaaacatgcgagaatatatgatataaacaatattagtttcgaacaa
tttgtatcgctatttaatagttataaaatatttaacggctaa

R6K

Origin of
replication

(Cell Syst. 2015;
1(1): 62-71)

gatctgaagatcagcagttcaacctgttgatagtacgtactaagctctcatgttt
cacgtactaagctctcatgtttaacgtactaagctctcatgtttaacgaactaa
accctcatggctaacgtactaagctctcatggctaacgtactaagctctcatgt
ttcacgtactaagctctcatgtttgaacaataaaattaatataaatcagcaactt
aaatagcctctaaggttttaagttttataagaaaaaaaagaatatataaggct
tttaaagcttttaaggtttaacggttgtggacaacaagccagggatgtaacge
actgagaagcccttagagcctctcaaagcaattttgagtgacacaggaaca
cttaacggctgaca

RP4

Origin of transfer
(Cell Syst. 2015;
1(1): 62-71)

ccggccagcctcgcagagcaggattcecegttgagcaccgcecaggtgega
ataagggacagtgaagaaggaacacccgctcgcgggtgggcectacttca
cctatcctgecc




Phe SASOSG

Mutated alpha

atgatagctaagattaatcaacttcttgaagaggtgggggccttgaaagccg

subunit of ccaatgccgaagaactcgaagttctgcgcatcaaatacctcagcaagaaa
Bacteroides ggagccatcaatgacttgatggcagatttccgcaatgtggctgccgaacag
phenylalanyl aaaaaagaagtcggcatgaagctcaacgagctgaaaacaaaagcaca
tRNA synthetase | agaaaaaatcaacgcactgaaagaacagttcgacaaccaggacaacgg
(Anaerobe. 2016; | acaggacgatctcgacctgacccgttcggcttatccegtggagetgggeac
42: 81-88.) acgccatccgctttccattgtgcgcaacgaaatcattgacatctttgeccgtct
gggattcaacattgccgaaggtccggaaatagaagatgactggcatgtgtt
ctccgcactcaactttgccgaagaccatccggcacgagacatgcaagaca
cattcttcatcgaatcccatcccgacgtactactgcgcacacacacctcatcg
gtacagagccgtgtgatggaggtttcgcaaccacctatccgtatcatctgtcc
gggacgcgtttaccgtaacgaagctatcagctatcgtgcacactgtttcttcca
ccaggtagaagcgctgtacgtagaccgcaatgtatctttcaccgacctgaa
acaagtgttgctactcttcgccaaagagatgttcggtgccgatacgaagattc
gcctgcgtecgtegtacttcccgticacagaacccagcgccgaaatggatat
cagctgtaacatctgcggcggaaaaggctgccccttctgcaaacacaccg
gctgggtcgaaatcttgggttgcggaatggtagacccgaacgtacttgatge
caacggaatagacagcaaagtgtatagcggatatggactgggtatgggtat
cgaacgcatcacaaacctgaaatatcaggtgaaagacctccgcatgttctc
cgaaaacgatacacgtttcctgaaggagttcgaagcggcctattaa
Pis 1224/cepa | Constitutive cctttgaaaagagaagaagccgtgttgctgticaaactggtcaatgacttcca
+ RBS promoter + RBS | ggaaaggacatcactcatcatcacggcaaacaaggcactcacccgttggce
(Anaerobe. 2016; | tggaaacattggaggatgaagcggtcacagccgccttgcettgacaggcetge
42: 81-88.) tctactgctgcgagattatcaggctcggaggaacaagctatcgcatgcaaa
acaggaaaacaatttttagcaaccaaaacacggatataggcacgtaaaa
agagttaaggaaagtgaagcatcttcgatgctggagtgggatatactaaatt
acctaaaaaagtggcgcacaaatttgcgcgccacaattattattcataccttt
gtggaccgtattacaaagaacccaatcatat
PeT1311 Constitutive tgatctggaagaagcaatgaaagctgctgttaagtctccgaatcaggtattgt
promoter tcctgacaggtgtattcccatccggtaaacgcggatactttgcagttgatctga
(Cell Syst. 2015; | ctcaggaataaattataaattaaggtaagaagattgtaggataagctaatga
1(1): 62-71) aatagaaaaaggatgccgtcacacaacttgtcggcattcttttttgttttattagt
tgaaaatatagtgaaaaagttgcctaaatatgtatgttaacaaattatttgtcgt
aactttgcactc
P Constitutive gataaagtttggaagataaagctaaaagttcttatctttgcagt
promoter
(Cell Syst. 2015;
1(1): 62-71)
Pcfia + Constitutive ggagtgagcttctcggattttatttgtatttttgccatgcctgatgaggttttgtttga
RBS promoter + RBS | ttatttttttgcaacactaagttaagtgaatcctctgacatggcaaaatcctgag
(Cell Syst. 2015; | caactttttgttgctcaggtacttaaaaaaaatattttataatagtgtigcggaatt
1(1): 62-71) aaggtaaaagaataaa
Pexa Constitutive tacaaagaaaattcgacaaactgttatttttctatctatttatttgggtgggaaac
promoter tttagttatgtacctttgtcggc

(Cell Syst. 2015;
1(1): 62-71)




PcepA

Constitutive
promoter

(Cell Syst. 2015;
1(1): 62-71)

caaatttgcgcgccacaattattattcatacctttgtgg

rpiL*

RBS
(Cell Syst. 2015;
1(1): 62-71)

ccgcattttaaaataaaataaattatttatttaattaaacgaat

5'"-thyA

Upstream of thyA
gene of B.
thetaiotaomicron
(This work)

tctatagccaatgcgctgttcgacctgctggccgaaaaagtgaaagaaggce
gtggaagtacgagccatgttcgatgcgttcggcaactggtcgaacaataaa
ccgctcaagaagagacatctcaaaaaaatacgagagcagggaatcgag
attgtcaagttcgacccgttcacctttccctacatcaatcatgcggcacaccgt
gatcaccgcaaaatagccgtcatcgacggtgaagtcgcctatacgggagg
aatgaacatcgccgactactacatcaacggactccccaaaatcggtacatg
gcgtgatatgcacatgagaatagaaggcgatgccgtcaatgacctgcaag
aaatatttcttaccatatggaacaaggagactaaacaaaatattggcggceg
aagcatacttccccaagcacaaggagcagtcggacagcaccaatgtagtc
gtcgccatcgtagaccgcacaccgaagaaaaacagccgtatgctcagtca
tgcttatgccatgtcgatctattcggcacagaaaaacgtgcacatcgtcaacc
cgtattttgtgcccacatcctccatcaacaaggcegcttcaacgcaccatcga
acgaggtgtggatgtcacgattatggtttctictgcctccgacatcccgtttactc
cggacgccgccctctacaaacticacaaactgatgaaaaggggggccac
cgtctatatgtacaatggcggtttccaccattccaaaatcatgatggtcgacg
atattttctgcacggtaggcaccgcaaacctgaacagccgcagcctceggt
acgactacgagacgaacgctttcatctttaacaaggaaattacaggcgaac
tgaacgaaatgtttcggaacgatatagaacactgtacgcagctaacaccgg
aattctggaaaaagcgctcaccgtggaagaagttcgtcggatggtttgccaa
tttattcacgccatttttgtaattttgcatcgcaccaacttattggaaaa

thyA-3'

Downstream of
thyA gene of B.
thetaiotaomicron
(This work)

ccacatattgccggaatagtagcggtataaaaccatgagtaaaatatcaatt
attgccgccgtagaccgccgaatggegatcggctttcagaataaactgctttt
ctggttgcccaacgacttgaaacgcttcaaggcactgactaccggaaacac
catcataatgggaagaaaaaccttcgaatcgctgccgaaaggtgegttgec
caatcgcagaaacgttgtgttatccacccgtccggatacggtatgtcceggtg
cggaagtcttccegtcgetggaagtcgecctgcaaagetgcaaggaagat
gagcacgtctatataataggtggcgcaagcgtctaccagcaggcacttcctc
ttgccgacgaactttgtctgacggaaataaatgacgttgctcccgaagcecga
tgccttctttccggaagtatctccggetcaatggcacgaaaaaagcagaga
agctcatcctgtggatgagaaacatctctgcccgtatgcttttgtagattacgtg
aaacagtaagctattttattctgtacgattaatcttcgtctticaatgtcgaccata
atcggcatctgcecgctttatggcttcatggaaagagatcaatgtctcecgtacg
cgccaaccccaaaggttgcaatttatcatgtatgatactcagcaaatggtgat
tgttcttagcgtaaatcttgataaacatatcatatttaccagtagtgaaatgaca
ctctactacttccggaatggcttccaaagctctcgttacagaatcaaaggattc
cggatctttcagatatataccaatataagcacaagtttcatatcctatcttctca
ggatcgatcacatattccgatcctttcaatattcccagattagtcaacttctgaa
tgcgctggtggatagccgccccggaaacgttacacgctcttgctacttccaa
a

CR

Cis-Represive
sequence
(This work)

See Supplementary Table 1




taRNA

trans-activating
RNA

See Supplementary Table 2

(This work)

SpCas9 Cas9 gene of atggataagaaatactcaataggcttagatatcggcacaaatagcgtcgga
Streptococcus tgggcggtgatcactgatgaatataaggttccgtctaaaaagttcaaggttct
pyogenes gggaaatacagaccgccacagtatcaaaaaaaatcttataggggctctttta

modified to work
in B.
thetaiotaomicron
(This work)

tttgacagtggagagacagcggaagcgactcgtctcaaacggacagcetcg
tagaaggtatacacgtcggaagaatcgtatttgttatctacaggagattttttca
aatgagatggcgaaagtagatgatagtttctttcatcgacttgaagagtctttttt
ggtggaagaagacaagaagcatgaacgtcatcctatttttggaaatatagta
gatgaagttgcttatcatgagaaatatccaactatctatcatctgcgaaaaaa
attggtagattctactgataaagcggatttgcgcttaatctatttggccttagcgce
atatgattaagtttcgtggtcattttttgattgagggagatttaaatcctgataata
gtgatgtggacaaactatttatccagttggtacaaacctacaatcaattatitg
aagaaaaccctattaacgcaagtggagtagatgctaaagcgattctttctge
acgattgagtaaatcaagacgattagaaaatctcattgctcagctccceggt
gagaagaaaaatggcttatttgggaatctcattgctttgtcattgggtttgaccc
ctaattttaaatcaaattttgattiggcagaagatgctaaattacagctttcaaa
agatacttacgatgatgatttagataatttattggcgcaaattggagatcaatat
gctgatttgtttttggcagctaagaatttatcagatgctattttactticagatatcc
taagagtaaatactgaaataactaaggctcccctatcagcttcaatgattaaa
cgctacgatgaacatcatcaagacttgactcttttaaaagctttagticgacaa
caacttccagaaaagtataaagaaatcttttttgatcaatcaaaaaacggat
atgcaggttatattgatgggggagctagccaagaagaattttataaatttatca
aaccaattttagaaaaaatggatggtactgaggaattattggtgaaactaaa
tcgtgaagatttgctgcgcaagcaacggacctitgacaacggctctattccce
atcaaattcacttgggtgagctgcatgctattttgagaagacaagaagacitttt
atccatttttaaaagacaatcgtgagaagattgaaaaaatcttgacttttcgaa
ttccttattatgttggtccattggecgegtggcaatagtcgttttgcatggatgactc
ggaagtctgaagaaacaattaccccatggaattttgaagaagttgtcgataa
aggtgcttcagctcaatcatttattgaacgcatgacaaactttgataaaaatctt
ccaaatgaaaaagtactaccaaaacatagtttgctttatgagtattttacggttt
ataacgaattgacaaaggtcaaatatgttactgaaggaatgcgaaaacca
gcatttctttcaggtgaacagaagaaagccattgttgatttactcticaaaaca
aatcgaaaagtaaccgttaagcaattaaaagaagattatttcaaaaaaata
gaatgttttgatagtgttgaaatticaggagttgaagatagatttaatgcttcatt
aggtacctaccatgatttgctaaaaattattaaagataaagattttttggataat
gaagaaaatgaagatatcttagaggatattgttttaacattgaccttatttgaa
gatagggagatgattgaggaaagacttaaaacatatgctcacctctttgatg
ataaggtgatgaaacagcttaaacgtcgccgttatactggttggggacgtttg
tctcgaaaattgattaatggtattagggataagcaatctggcaaaacaatatt
agattttttgaaatcagatggttttgccaatcgcaattttatgcagctgatccatg
atgatagtttgacatttaaagaagacattcaaaaagcacaagtgtctggaca
aggcgatagtttacatgaacatattgcaaatttagctggtagccctgctattaa
aaaaggtattttacagactgtaaaagttgttgatgaattggtcaaagtaatgg
ggcggcataagccagaaaatatcgttattgaaatggcacgtgaaaatcag
acaactcaaaagggccagaaaaattcgcgagagcgtatgaaacgaatcg
aagaaggtatcaaagaattaggaagtcagattcttaaagagcatcctgttga
aaatactcaattgcaaaatgaaaagctctatctctattatctccaaaatggaa
gagacatgtatgtggaccaagaattagatattaatcgtttaagtgattatgatg
tcgatcacattgticcacaaagtticcttaaagacgatticaatagacaataag




gtcttaacgcgttctgataaaaatcgtggtaaatcggataacgttccaagtga
agaagtagtcaaaaagatgaaaaactattggagacaacttctaaacgcca
agttaatcactcaacgtaagtttgataatttaacgaaagctgaacgtggaggt
ttgagtgaacttgataaagctggttttatcaaacgccaattggttgaaactcgc
caaatcactaagcatgtggcacaaattttggatagtcgcatgaatactaaat
acgatgaaaatgataaacttattcgagaggttaaagtgattaccttaaaatct
aaattagtttctgacttccgaaaagatttccaattctataaagtacgtgagatta
acaattaccatcatgcccatgatgcgtatctaaatgccgtcgttggaactgctt
tgattaagaaatatccaaaacttgaatcggagtttgtctatggtgattataaagt
ttatgatgttcgtaaaatgattgctaagtctgagcaagaaataggcaaagca
accgcaaaatatttcttttactctaatatcatgaacttcttcaaaacagaaatta
cacttgcaaatggagagattcgcaaacgccctctaatcgaaactaatgggg
aaactggagaaattgtctgggataaagggcgagattttgccacagtgcgca
aagtattgtccatgccccaagtcaatattgtcaagaaaacagaagtacaga
caggcggattctccaaggagtcaattttaccaaaaagaaattcggacaagc
ttattgctcgtaaaaaagactgggatccaaaaaaatatggtggttitgatagtc
caacggtagcttattcagtcctagtggttgctaaggtggaaaaagggaaatc
gaagaagttaaaatccgttaaagagttactagggatcacaattatggaaag
aagttcctttgaaaaaaatccgattgactttttagaagctaaaggatataagg
aagttaaaaaagacttaatcattaaactacctaaatatagtctttttgagttaga
aaacggtcgtaaacggatgctggctagtgccggagaattacaaaaagga
aatgagctggctctgccaagcaaatatgtgaattttttatatttagctagtcatta
tgaaaagttgaagggtagtccagaagataacgaacaaaaacaattgtttgt
ggagcagcataagcattatttagatgagattattgagcaaatcagtgaattttc
taagcgtgttattttagcagatgccaatttagataaagttcttagtgcatataac
aaacatagagacaaaccaatacgtgaacaagcagaaaatattattcattta
tttacgttgacgaatcttggagctcccgctgcttttaaatatttigatacaacaatt
gatcgtaaacgatatacgtctacaaaagaagttttagatgccactcttatccat
caatccatcactggtctttatgaaacacgcattgattigagtcagctaggaggt
gac

NanoLuc

NanoLuc gene
(Cell Syst. 2015;
1(1): 62-71)

atggtttttactctggaagattttgtiggcgattggcgtcagaccgcgggttata

atttggatcaagtcctggaacagggtggcgtaagctctctgttccagaacctg
ggtgtgagcgtgacgccgattcagcgcatcgttctgtccggecgagaacggt

ctgaaaattgatattcatgtgatcatcccgtacgaaggcctgageggtgacce
aaatgggtcaaatcgagaaaatctttaaagtcgtctacccagttgacgatca
ccacttcaaggttatcttgcattacggtacgctggtgattgatggtgtgacccc

gaatatgattgactatttcggccgtccgtatgaaggcattgecgtttttgacggt
aaaaagatcaccgtcaccggtaccctgtggaatggcaataagattattgac
gagcgtctgattaacccggacggcagcctgctgttccgecgtgaccatcaac
ggtgtcacgggttggcgtctgtgcgagegcatcctggcataa

sgRNA1-
upstream

Upstream of
sgRNA
(This work)

tctatagccaatgcgctgticgacctgctggeccgaaaaagtgaaagaaggce
gtggaagtacgagccatgttcgatgcgttcggcaactggtcgaacaataaa
ccgctcaagaagagacatctcaaaaaaatacgagagcagggaatcgag
attgtcaagttcgacccgttcacctttccctacatcaatcatgcggcacaccgt
gatcaccgcaaaatagccgtcatcgacggtgaagtcgcectatacgggagg
aatgaacatcgccgactactacatcaacggactccccaaaatcggtacatg
gcgtgatatgcacatgagaatagaaggcgatgccgtcaatgacctgcaag
aaatatttcttaccatatggaacaaggagactaaacaaaatattggcggcg
aagcatacttccccaagcacaaggagcagtcggacagcaccaatgtagtc
gtcgccatcgtagaccgcacaccgaagaaaaacagcecgtatgctcagtca




tgcttatgccatgtcgatctattcggcacagaaaaacgtgcacatcgtcaacc
cgtattttgtgcccacatcctccatcaacaaggcegcttcaacgcaccatcga
acgaggtgtggatgtcacgattatggtttctictgcctccgacatcccgtttactc
cggacgccgccctctacaaacttcacaaactgatgaaaaggggggccac
cgtctatatgtacaatggcggtttccaccattccaaaatcatgatggtcgacg
atattttctgcacggtaggcaccgcaaacctgaacagccgcagcctceggt
acgactacgagacgaacgctttcatctttaacaaggaaattacaggcgaac
tgaacgaaatgtticggaacgatatagaacactgtacgcagctaacaccgg
aattctggaaaaagcgctcaccgtggaagaagttcgtcggatggtttgccaa
tttattcacgccatttttgtaattttgcatcgcaccaacttattggaaaaagcacg
tcgtctcagactgaggtcactgagagtagctgatctggaagaagcaatgaa
agctgctgttaagtctccgaatcaggtattgtticctgacaggtgtattcccatce
ggtaaacgcggatactttgcagttgatctgactcaggaataaattataaatta
aggtaagaagattgtaggataagctaatgaaatagaaaaaggatgccgtc
acacaacttgtcggcattcttttttgttttattagttgaaaatatagtgaaaaagtt
gcctaaatatgtatgttaacaaattattigtcgtaactttgcactctgggtttggtt
atggctttagtcggatttattttatttttaaatgcgggaaaccgcatttataaaata
aatattttaattattgaactgcacttgctttgataattaatgataaacaatctaaa
agcactctaatcgttatcggagtgcttttagattactaatcaaattgcttctacta
attgcctatcttccagtgatggaacagcatttgtgcattggctgcaacaacgct
aagatgctgg

sgRNA1-
downstrea
m

Downstream of
sgRNA
(This work)

ccacgtgctaaggagtgagcttctcggattttattigtatttttgccatgectgatg
aggttttgtttgattatttttttgcaacactaagttaagtgaatcctctgacatggc
aaaatcctgagcaactttttgttgctcaggtacttaaaaaaaatattttataata
gtgttgcggaattaaggtaaaagaataaaatggataagaaatactcaatag
gcttagatatcggcacaaatagcgtcggatgggcggtgatcactgatgaat
ataaggttccgtctaaaaagtticaaggttctgggaaatacagaccgccaca
gtatcaaaaaaaatcttataggggctcttttatttgacagtggagagacagcg
gaagcgactcgtctcaaacggacagctcgtagaaggtatacacgtcggaa
gaatcgtatttgttatctacaggagattttttcaaatgagatggcgaaagtagat
gatagtttctttcatcgacttgaagagtcttttttggtggaagaagacaagaag
catgaacgtcatcctatttttggaaatatagtagatgaagttgcttatcatgaga
aatatccaactatctatcatctgcgaaaaaaattggtagattctactgataaa
gcggatttgcgcttaatctatttggccttagcgcatatgattaagtttcgtggtcat
tttttgattgagggagatttaaatcctgataatagtgatgtggacaaactatttat
ccagttggtacaaacctacaatcaattatttgaagaaaaccctattaacgca
agtggagtagatgctaaagcgattctttctgcacgattgagtaaatcaagac
gattagaaaatctcattgctcagctccccggtgagaagaaaaatggcttattt
gggaatctcattgcttigtcattgggtttgacccctaattttaaatcaaattttgatt
tggcagaagatgctaaattacagctttcaaaagatacttacgatgatgattta
gataatttattggcgcaaattggagatcaatatgctgatttgtttttggcagctaa
gaatttatcagatgctattttactttcagatatcctaagagtaaatactgaaata
actaaggctcccctatcagcttcaatgattaaacgctacgatgaacatcatca
agacttgactcttttaaaagctttagttcgacaacaacttccagaaaagtataa
agaaatcttttttgatcaatcaaaaaacggatatgcaggttatattgatggggg
agctagccaagaagaattttataaatttatcaaaccaattttagaaaaaatgg
atggtactgaggaattattggtgaaactaaatcgtgaagatttgctgcgcaag
C

sgRNA

Single guide
RNA
(This work)

See Supplementary Table 3




gRNA
scaffold

Guide RNA
scaffold

(Cell Syst. 2015;
1(1): 62-71)

gttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttg
aaaaagtggcaccgagtcggtgc

thyA

thyA gene
(Science. 2003;
299(5615): 2074-
6.)

atgaaacaatatttagatttactcaatcgcgtattaactgaaggaactgagaa
aagtgaccgtacaggaaccggaacgatcagtgtgttcggacatcagatgc
gtttcaacctcgacgagggtttcccgtgtctgaccaccaaaaaactgcatctg
aaatcaatcatctacgagttactctggttictgcaaggtgatacgaacgcgaa
atatctgcaagaacacggtgtacgcatctggaacgaatgggcggacgaga
acggtgatttagggcatatctatggctatcagtggcgttcgtggcccgactac
gacggcggattcatcgaccagatcagcgaagcggtagagacgatcaagce
acaatcccgactcccgcecgtatcattgtcagecgcctggaatgtagccgattta
aagaatatgaacctgcctccctgtcatgcecttcttccagttttacgtggcagac
ggtcggctgagcctgcaactttaccagcgcagcegeggatatatttctcggag
tccegttcaatatcgcatcatatgcactgctgctacaaatgatggcgcaggtg
acaggactgaaagcgggtgaatttatccatacacttggcgatgcccatatct
atctgaaccacttggatcaggtcaaattgcagcttagccgcgaaccacgceg
cattgcctcaaatgaaaattaatccggatgtgaagagtatctatgacticcagt
tcgaagacttcgaactggtgaactacgacccgcatccacatattgccggaat
agtagcggtataa

Mutated
thyA

Mutated thyA
gene
(This work)

atgaaacaatatttagatttactcaatcgcgtattaactgaaggaactgagaa
aagtgaccgtacaggaaccggaacgatcagtgtgttcggacatcagatgc
gtttcaacctcgacgagggtttcccgtgtctgaccaccaaaaaactgcatctg
aaatcaatcatctacgagttactctggtttctgcaaggtgatacgaacgcgaa
atatctgcaagaacacggtgtgcgtatttggaatgagtgggcggacgagaa
cggtgatttagggcatatctatggctatcagtggcgttcgtggecccgactacg
acggcggattcatcgaccagatcagcgaagcggtagagacgatcaagca
caatcccgactcccgcecgtatcattgtcagcgcectggaatgtagecgatttaa
agaatatgaacctgcctccctgtcatgcecttcttccagttttacgtggcagacg
gtcggctgagcectgcaactttaccagcgcagcgceggatatatttctcggagtc
ccgttcaatatcgcatcatatgcactgctgctacaaatgatggcgcaggtga
caggactgaaagcgggtgaatttatccatacacttggcgatgcccatatctat
ctgaaccacttggatcaggtcaaattgcagcttagccgcgaaccacgcegcea
ttgcctcaaatgaaaattaatccggatgtgaagagtatctatgacttccagttc
gaagacttcgaactggtgaactacgacccgcatccacatattgccggaata
gtagcggtataa

NBU2
integrase

intN2 tyrosine
integrase gene to
integrate plasmid
onto the genome
of B.
thetaiotaomicron.
(Cell Syst. 2015;
1(1): 62-71)

atgaatatcaagcgcaacatcatttttgcattggagagccggaaaaagaac
ggtgtgccaatcgtagagaacgtacccatccgtatgcgtgtcatctttgccag
ccaacgcatcgagtttacaacgggctaccggattgacgtagccaaatggg

atgcagataagcagcgggtaaagagcggatgtaccaacaagctaaagc

aaagtgcagccgaaatcaatacggacttgctgaaatactatgccgaaatcc
agaatattttcaaggaatttgaggtgcaggaggtcatgccaacgacccaac
agttgaaggaagctttcaacatgagaatgaaagacaccagcgaagaaca
gccggaagaagcccctgtcagcttttgggaggtgttcgatgagttigtaaaa

gagtgcggtaaccagaataactggacggcatccacctatgaaaaatttgca
gcagtgaggaaccacctcaaagagttcaaggaggatgcaacgttcaacta
tttcaacgagtttggattgaacgaatacgtcaacttcctgcgtgacaccaagg
atatgagaaacagcaccatcggcaagcaaatgggattcctcaaatggttcc
tgcgctggagcttcaagaaaggacatcatcagaacattgcatacgatacgtt
caaaccgaaactgaaaaccacctcgaaaaaagtaatcttcctgacttggg

atgaactgaacaagctgaaagactaccagatacccaaggataagcaata




cctggaacgtgtgcgtgatgttttcctgttctgctgctttacgagtttgeggtattc
ggatgttcgcaatctgaaaagaagcgatgtgaagtccgaccacatcgaaat
aaccacagtcaagactgccgacagcctgacgattgaactgaacaaatac
agcaaagccatactggacaaatacaaggacatccatticgagaattacatg
gctctgcecgtcatcagcaaccagaagatgaacgattacctgaaagagct
gggcgaactggcagaaatcaacgagcctgtacgggaaacctactacaag
ggaaatgaacgtattgatgaagtcacacccaaatacgctttgctcagtaccc
atgcaggaagaaggacattcatctgcaatgcgctggctctcggaatcccgg
cacaggtggtcatgaaatggacgggacacagcgactacaaagctatgaa
accctacattgacatagcggatgatattaaggcaaatgccatgaacaagtit
aatcaacta

attN2

Recombination
site of pNBU2
plasmid with
attBT sites on

the genome of B.
thetaiotaomicron.

(Cell Syst. 2015;
1(1): 62-71)

cctgtctctccgcaaaaaacgct

TcR

Tetracycline
resistance gene
(Genbank:
NZ_CYYO01000
017)

gtgcgtttcgacaatgcatctactgtagtatattattgcttaatccaaatgaatat
tataaatttaggaattcttgctcacattgatgcaggaaaaacttccgtaaccga
gaatctgctgtttgccagtggagcaacggaaaagtgcggecgtgtggataa
tggtgacaccataacggactctatggatatagagaaacgtagaggaattac
tgtccgggctictacgacatctattatctggaatggagtgaaatgcaatatcatt
gacactccgggacacatggattttattgcggaagtggagcggacattcaaa
atgcttgatggagcagtcctcatcttatccgcaaaggaaggcatacaagcg
cagacaaagttgctgttcagtactttacaaaagctgcaaatcccgacaattat
atttatcaataagattgaccgtgccggtgtgaatttggagcgttigtatatggat
ataaaaacaaatctgtcgcaagatgtcctgtttatgcaaactgttgtcgatgg
atcggtttatccggtttgctcccaaacatatataaaggaagaatacaaagaa
tttgtatgcaaccatgacgacgatatattagaacgatatttggcggatagcga
aatttcaccggctgattattggaatacgataatcgctcttgtggcaaaagcca
aagtctatccggtgctacatggatcagcaatgttcaatatcggtatcaatgagt
tgttggacgccatttcttcttttatacttcctccggcatcagtctcaaacagacttt
cagcttatctctataagatagagcatgaccccaaagggcataaaagaagttt
tcttaaaataattgacggaagtctgagacticgagacgttgtaagaatcaac
gattcggaaaaattcatcaagattaaaaatctaaagactatttatcagggca
gagagataaatgttgatgaagtgggtgccaatgatatcgcgattgtagaag
atatagaagattttcgaatcggagattatttaggtgctaaaccttgtttgattcaa
ggattatctcatcagcatcccgctctcaaatcctccgtccggecaaataagec
cgaagagagaagcaaggtgatatccgctctgaatacattgtggattgaaga
cccgtctttgtccttttccataaactcatatagtgatgaattggaaatctcgttata
tggtttgacccaaaaggaaatcatacagacattgctggaagaacgattttcc
gtaaaggtccattttgatgagatcaagactatctacaaagaacgacctataa
aaaaggtcaataagattattcagatcgaagtaccacccaacccttactggg
ccacaatagggctgactcttgaacccttaccgttaggggcagggttgcaaat
cgaaagtgacatctcctatggttatctgaaccattcttticaaaatgccgtttttg
aagggattcgtatgtcttgccaatctggtitacatggatgggaagtgacagat
ctgaaagtaacttttactcaagccgagtattatagcccggtaagtacacctgce
tgatttcagacagctgaccccttatgtcticaggctggctttgcaacagtcagg
tgtggacattctcgaaccgatgctcigttitgagtigcagataccccaagtagce




gagttccaaagctattacagatttgcaaaaactgatgtctgagattgaagac
atcagttgtaataatgagtggtgtcatattaaagggaaagttccattaaataca
agtaaagactatgcctcagaagtaagttcgtacactaagggcttaggcatttt
tatggttaagccatgtgggtatcaaataacaaaagacggttattctgataatat
ccgcatgaacgaaaaagataaacttttattcatgttccaaaaatcaatgtcatt
aaaataa




Supplementary Table 5. Plasmids used in experiments.

Name Description Purpose Figure
pNH9104 pNBU2-phes-P1-NS-cas9-Pgr1311-rpiL*- First 2,82
nanoluc recombination
pNH9040 pNBU2-phes-P1-NS-cas9-Pgr1311-crRCN- First 2,82
rpiL*-nanoluc recombination
pNH9058 pNBU2-phes-P1-NS-cas9-Psr1311-CrR7N- First 2,S2
rpiL*-nanoluc recombination
pNH9059 pNBU2-phes-P1-NS-cas9-Pgr1311-crR10N- First 2,82
rpiL*-nanoluc recombination
pNH9060 pNBU2-phes-P1-NS-cas9-Psr1311-crR12N- First 2,82
rpiL*-nanoluc recombination
pNH9106 pNBU2-phes-P+-taRNA1-cas9-Pgr1311- First 2,82,
crRCN-rpiL*-nanoluc recombination | S3
pNH9107 pNBU2-phes-P+-taRNA2-cas9-Pgr1311- First 2,S2,
CcrRCN-rpiL*-nanoluc recombination | S3
pNH9108 pNBU2-phes-P+-taRNA7-cas9-Pgr1311- First 2,82,
crRCN-rpiL*-nanoluc recombination | S3
pNH9109 pNBU2-phes-P+-taRNA3-cas9-Pgr1311- First 2,82,
CcrRCN-rpiL*-nanoluc recombination | S3
pNH9142 pNBU2-phes-P1-taRNA4-cas9-Pgr1311- First 2,82,
crRCN-rpiL*-nanoluc recombination | S3
pNH9143 pNBU2-phes-P+-taRNA5-cas9-Pgr1311- First 2,82,
crRCN-rpiL*-nanoluc recombination | S3
pNH9144-2 | pNBU2-phes-Pi-taRNAG-cas9-Pgr1311- First 2,82,
crRCN-rpiL*-nanoluc recombination | S3
pNH9169 pNBU2-phes-Pgr1311-NS-cas9-P4-rpilL*- First 2,4,
nanoluc recombination | S2
pNH9168 pNBU2-phes-Pgr1311-NS-cas9-P+-crRCN- First 2,82
rpiL*-nanoluc recombination
pNH9188 pNBU2-phes-Psr1311-taRNA6-cas9-P;- First 2-7,
crRCN-rpiL*-nanoluc recombination, | S1-
Evaluation of S11
HGT
pNH9195 pNBU2-phes-Pcra-sgRNA1 Second 3,82
recombination
pNH9196 pNBU2-phes-Pcepa-sgRNA1T Second 3,4, 6,
recombination | 7, S1,
S2,
S4,
S5,
S6,
S8,
S9,
S10,
S11
pNH9198 pNBU2-phes-Pcepa-NT Second 4,7
recombination | S2,

S6,




S10,

S11
pYL100 pNBU2-NBU2 integrase-attN-Pcpa-SgRNA1- | Integration of a | 4, S7
emR plasmid
pYL114 pNBU2-NBU?2 integrase-attN-Pcepa-NT-emR | Integration of a | 4, S7
plasmid
pYL101 pNBU2-NBU2 integrase-attN-Pcepa- Integration of a | 4, S7
sgRNA12-emR plasmid
pYL103 pNBU2-NBU?2 integrase-attN-Pcepa- Integration of a | 4, S7
sgRNA13-emR plasmid
pYL106 pNBU2-NBU2 integrase-attN-Pcepa- Integration of a | 4, S7
sgRNA15-emR plasmid
pYL107 pNBU2-NBU2 integrase-attN-Pcepa- Integration of a | 4, S7
sgRNA16-emR plasmid
pYL112 pNBU2-NBU?2 integrase-attN-Pcepa- Integration of a | 4, S7
sgRNA20-emR plasmid
pNH9223 pNBU2-phes-thyA-emR Evaluation of 4,6,7
HGT S6,
S8,
S11
pNH9233 pNBU2-phes-Mutated thyA-emR Evaluation of 4,6,
HGT S6
pNH9225 pNBU2-phes-Pgr1311-taRNAB-Pca-sgRNA1- | Evaluation of 5
cas9-P+1-crRCN-rpiL*-nanoluc HGT
pNH9226 pNBU2-phes-Pgr1311-taRNAB-Pcepa-sgRNA1- | Evaluation of 57
cas9-P+-crRCN-rpiL*-nanoluc HGT
pNH9227 pNBU2-phes-Pgr1311-taRNAB-Pcepa-NT-cas9- | Evaluation of 5
P+-crRCN-rpiL*-nanoluc HGT
pNH9216 pNBU2-NBU2 integrase-attN-emR Integration of a | 7, S9,
(Cell Syst. plasmid S10
2015; 1(1):
62-71)
pNH9230-2 | pNBU2-NBU2 integrase-attN-tcR Integration of a | 7, S9

plasmid




Supplementary Table 6. Primers used in experiments.

Name

Description

Figure

Sequence

Seq-thyA-F

PCR identification of
horizontal gene transfer
of the synthetic gene
cassettes.

5

cactgtacgcagctaacac

mmD663

PCR identification of
horizontal gene transfer
of the synthetic gene
cassettes.

atcaccagcgtaccgtaatg

gPCR-EmR-F

PCR identification of
horizontal gene transfer
of the EmR gene.

5, S8

aacagcaatgctagtgatctg

gPCR-EmR-R

PCR identification of
horizontal gene transfer
of the EmR gene.

5, S8

atttggcagcataccttacaac

Rec-5'-thyA-F

PCR identification of
integration of the

synthetic gene cassettes.

S2

attcattgatttattcagcgccatc

Rec-thyA-3'-R

PCR identification of
integration of the
synthetic gene cassettes
and the sgRNA1.

S2

agatgctttagatgagcaaattct
g

CRI-sgRNA-3'-
F

PCR identification of
integration of the
sgRNA1.

S2

ggaacgaatggggttttagag

CRI-sgRNA5-
3-F

PCR identification of
integration of the sgRNA
(Non-targeting control).

S2

gtggattctctagactttacttgag

thyA-F

PCR identification of
horizontal gene transfer
of the thyA gene.

S6

tgttcggacatcagatgcgtttc

thyA-R

PCR identification of
horizontal gene transfer
of the thyA gene.

S6

ggaagaaggcatgacaggga
g




