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Fig. S1. An example image of a read depth change.

The positions showing drastic change of depth were regarded as transcriptional start sites (TSSs).
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Fig. S2. The phylogenetic tree based on 16S ribosomal RNA gene sequences.

The phylogenetic classification of bacteria utilized in Table 1. Four bacteria in the phylum Actinobacteria;
C. glutamicum ATCC 13032, M. smegmatis MC? 155, M. tuberculosis H37Rv, and S. coelicolor A3(2).
Four bacteria in the phylum Firmicutes; B. methanolicus MGA3, E. faecalis V583, S. suis P1/7, and L.
lactis subsp. cremoris MG1363. Two bacteria in the phylum Cyanobacteria; Nostoc sp. PCC 7120 and
Synechocystis sp. PCC 6803. Thirteen bacteria in the phylum Proteobacteria; G. sulfurreducens PCA, C.
jejuni subsp. jejuni NCTC 11168, H. pylori 26695, B. japonicum USDAT110, A. fabrum C58, S. meliloti
1021, S. enterica serovar Typhimurium str. SL1344, K. pneumoniae subsp. pneumoniae MGH 78578, E.
coli K-12 MG1655, V. harveyi FDAARGOS 107, P. profundum SS9, X. campestris pv. vesicatoria 85-10,

and N. gonorrhoeae MS11. One bacterium in the phylum Chlamydiae; C. pneumoniae CWL029.



-35 box -10 box
TTGTGC spacer 17 bp [TACAAT |47 bp | AAGGAG ATGCTT ATG

y

CAT

hup-terminator
N

promoter

Spf ~ hup-terminator

pKO403-TPCT _
4910bp ori Ts

Fig. S3. The plasmid map of the pKO403-TPCTcon.

The spacer sequence between the —35 and —10 boxes is in the upstream region of the CAT gene. AAGGAG
was designed as the RBS and the 17 bp-long sequences as the spacers between the —35 and —10 boxes.
hup-terminator; terminator of a hup gene in Bifidobacterium longum NCC2705 strain. Sp”; a resistance
gene of spectinomycin. ColE]; a replication origin for Escherichia coli. repB; a replication origin for B.
longum. ori T5; a temperature-sensitive replication origin. CAT; a gene coding region of chloramphenicol

acetyltransferase.
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Fig. S4. Comparison of the frequency of spacer-lengths among bacteria.

Scardovia inopinata JCM 12537

10 11 12 13 14 15 16 17 18 19 20
Spacer-length (bp)

A; Comparison among the genus Bifidobacterium. Two peaks of 11 and 17 bp was shown in the genus

Bifidobacterium. Fig. 2D is based on these values. B; Comparison among the family Bifidobacteriaceae.

Two peaks of 11 and 17 bp was shown in Gardnerella, Parascardovia, and Scardovia. C; the frequency

of spacer-length in Mycoplasma, showing a specific peak in 13 bp. Gray and black bars represent

frequencies in other regions and regions 150 bp upstream of genes.
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Fig. S5. The alignment of sigma factors of the genus Bifidobacterium.

Alternative sigma; alternative sigma factor in B. longum NCC2705 (BL1357). Primary sigma; primary sigma

factor in B. longum NCC2705 (BL1428), corresponding to sigma 70 in E. coli. Domain 2 and 4 relate to the

recognition of -10 and -35 boxes.



longum - - - - - - - - - - - - - MA T KE AT K AESS - - - - - - - - - EETETKKKA ARK A KK
breve - - - - - - - - - - - MA T KE ATK AES S - - = - = - - - - EETETKKKA - ARK A KK
catenulatum - - - - - - - - - - - - - MA T KE ASME - - - - - - - - - - - - - - ADL I EK KKAATRKA K
kashiwanohense - - - - - - - - - - - - - MA T KE ASME - - - - - = - = = - - - - - ADL T EK KKAATRKA K
pseudocatenulatum - - - - - - - - - - - - - MA T KE ASME - - - - - - = - - - - - - - ADL E K KKAATRKA K
dentium - - - - - - - - - - - - - MA T KE A E- - - - - - - -- ADL I DK KKAPSRKA K
adolescentis MVYASGG I RR I LATKE \% E- - - - - - - - - - - DL TEK GKKA RKPAAK
thermophilum - - - - - - - - - - - - - MA - KE ASKK- - - - =« - o oo oo - - DAD E K RKSAAKKAA TP
bifidum - - - - - - - - - - - - MATKDIMA VPDD IDAKTKSEKKGITAARTA ADKK TAAGRKSAAG
scardovii - - - = - - - - - - - - - MAKKDAKA D= - - = = = - e m e e e e e e e AECLDKA KRKAAGSA
angulatum - - - - - - - - - - - - - MA T K AAEN - - - - - - - = - - - o - - - - EOCOVODEAKAVSAKKASA TR
animalis - - - - - - - - - - - - - MV AKE EKAAKKKA - - - - - - ESAHDEAAVEEKGK RRRA K
choerinum - - - - - - - - - - - - - MATKRTA KDKSEDKD - - - - - - VEGASA I KE AKPAKRTR-K
pseudolongum - - - - - - MWR R LV TK AAKKSEGK T - - - - - - KADEA EDE AKKPAK- -
indicum - - - - - - - - - - - - - MATKDI I KSVKITAEVDAE - - - - - - - - - - EAK TP GKDR KGDKAK
coryneforme - - - - - - - - - - - - - MATKDTKSVKITAEVDAE - - - - - - - - - - EAK TP GKDR KGDKAK
asteroides - - - - - - - - - - - - - MATKDITKSAKTAAVD G- - - - - - - - - - KGR AG- - - - - - - - K TK
actinocoloniiforme - - - - - - - - - - - - MAAPAK T TKARKVPSKGGA - - - - - - - - - - K RKAKG KSAA

longum KSAE--PSKK RKSAAKKTAKKAKDDELVKDED VDDELDDDAEV - - - - - - - - - - - -
breve KDTKG AAK T GEK R K AKKVKKEEELP D1 DDPED- - - - - - = = - - - - - - - -
catenulatum KEAAKKTPATKTPRK AKKSAPAKK-EEE IEDDVLDDEDAQ - = = = = = = = = = = = = = - - -
kashiwanohense KEAAKKTPATKTPRK AKKSAPAKK-EEE IENDALDDEDAQ - = = = = = = = = = = = = - -« - -
pseudocatenulatum K & A A KK ATKTPRK AKKSAPAKK-EEP-LEDDALDDEDAOQ - - - - - - - -« -« - - - - - - - -
dentium KAADKK T PATKITPRK AKKKAPAKROEEPIEDEDTLDGEEDO - - - - - - = = - - - - - - - - -
adolescentis KSE KT -ATK RKTAAKK AAKKSKKAEEEEENLIEODAPED - - - = = = = = = = = = = - -
thermophilum AKATKRSA ASAKKTAAAKSAK KAAKASGGESAAPKAKKKASR TATATKT = - - -« -« - -
bifidum K K RSAACSK VRE AKAAAPAKP T RKRAASKSAKAVKDETEEMA - - - - - - - - - - - -
scardovif GRKPSRKGATKKAASD T ARKV I AKEDPI ANDPDVGEDVLDDE - - - - - - = = - = - - - - - - -
angulatum KTAAAKK AKKTAKSGEG GSVRKKSAATK K KTKKRSEED - - - - = = = = = - = - - - -
animalis A AKKGSAGK KRATARKKKDAAEZ®E PARKTRAASKTITGAKKAIL & - = = = = = = = = = - -
choerinum AKSG- - - - - ARKGTAKKKSASAOCAEATKOPRK AKKKTAKKE G- - - - =-=--=----
pseudolongum - - - - - - - - - - R R K AKKTAKAA:®S - - - - - - - KAPKK ARKSASK - - - = = = - = - - -
Iindicum GIRAKGKTATP T KKSAAKKTAAAKA KSEGATAEKESVEG GK S K GARK A KK
coryneforme GITRAKGKTATPTKKSAAKKTAAAKA KSGATAEKEGSVEG G K S K GARK A KK
asteroides AT RGSK KASHK RKTATA LN S T T T S
actinocoloniiforme KAR K KATVKTKASK - - - - - - o oo o e oo e oo e m e o e e e s e e m e s e 2 e e 2= =
longum = = = = - - - - - - - - oo oo e o oo e oo DDDLDVDDLDEDLDDVDED - - - - - - - - - - - D
breve - - - - - - - - - o h o - oo e oo o e oo - LDVDNLDEDLDDVESE - - - - -+« - - - - - D
catenulatum - - - - - - - - - - - - - - - - - - o - - - - - - - - VDDPDLDDFDDDLDDVDS - - - - - - - - - - - - -
kashiwanohense - - - - - - - - - - - - - - - - - - - - - - - - - - - - - VDDPDLDDFDDDLDDVDS - - - - - - - - - - - - -
pseudocatenulatum - - - - - - - - - - - & - - & & - & - - - - o - - - - - - VDDADLDDFDADLDDVD®S - = = = = = = = = - - - -
dentium = = = = = - - - - - o e o oo a o e o e - VDEADLDDFDDDLDDVDAE - - - - = - - =« - - - -
adolescentis - - - - - - - - - - - - - - - - - - - - - - - - - - - DPVEDADLDDFDDDLDDVDDE - - - - - - - - - - - -
thermophilum - - - - - - - - - - - - - - PRKRTAKRTEPAAAEHDE LDDEDEDI DEDIEN-- - - - FDDLDE
bifidum - - - - e e e e e e e e o e e o e oo K TEELANED DDLDDVOVDEDGLENLDDDLDDVDDGGL
scardovii - - - - - - - - - - - - - - oo e o oo oo DODGEADLDDLEDDESGLD - - - - - - - - - - - - - -
angulatum - - - = = - - - - - - - - . oo o oo o e oo LDEVDEFDEDADLDDAKDED - - - - - - - - - LD
animalis - - - = - - - - - - - - - - - oo oo - e o KS“EEIDDEDMIG---EDVIDEE----DLDLDED
choerinum - - = = = - - - - - - - 4 o - oo - oo oo oo HAAOPEDDEDVMLDDDDE IDED- - - - LDLDED
pseudolongum - - - - - - - - - - - - - - - - - - - - - - - - - - PKDDEPVDDDEVMIDEEDIDLDD----DLEDVDD
indicum AAK TG K K G K KAGK D-KPVDDAILED GEDEFDV DIDENGIPESDELD
coryneforme AAK TG K K G K K AGK DNVKPVDDAILED GEDEFDV I DIDENGTPESDELD
asteroides - - - - - - - - - - - - - - - RRPA K KKVEEEPIL EEQCEPDEDLLEDOED----DDOLD
actinocoloniiforme - - - - - - - - - - 4 4 - & - - - 4 - - - EHDEALEDKAPEELEED ELDIDDLEEG- - - - - - - - -
longum AD- - - - - DEDLDEDDADDDDVEDDEDEEEAKSKAPEO----PKEKGAYVVSDTDDEEE -N
breve VDDLEDADAESCDDEDIDDEDDEDEEDEGKAASKAPEO----PKEKGAYVVSDTDDEEE -N
catenulatum -DDDDDLDDDEESEPEDD----DDE--EERKKPEE - - - - - - PKEKGAFVVRDDDDDE- -N
kashiwanohense -DDDDDLDDDEESEPEDD - --DDEDEEERKKPEE - - - - - - PKEKGAFVVRDDDDDE- -N
pseudocatenulatum - DDEDDLDDDEESEPEDD----DDEDEEERKKPEE - - - - - - PKEKGAFVVRDDDDDE - -N
dentium -DDEADLDEDEESEPEDD----EDEDDEERKKPEE - - - - - - PKEKGAFVVRDDDDDD- -N
adolescentis -GEDDDLDED IDEDDDSEL--EDDDEDKRKKPEE - - - - - - PKEKGAFVVRDDDDDD- -N
thermophilum GDDPDNLDDDIDSDDEDDEEGEDD-EDDEENKPKHREPEVLPKAKGAFVMRDDDDDD- -N
bifidum DGDDDDIDDESGEDDDVPEDEEDDEG I EPGRKEPEO© - - - - - PKEKGAFVVRDDDDDE- -N
scardovii -DEDEGDEELDEDSDIADDED - - - - - EVKRKEPE T - - - - - PKEKGAFVVRDDDDDD- -N
angulatum VDDVDDLDGI GE-DDDDDDYDDDDDDDDEEEDDK-DAPDISKQKGAFVVSDDDDDDE-D
animalis L-DADENDDDLEDEESEDEPEPEEDD-DEEPOCAPKE - - - - - PKEKGAFVVSDNDEDDEAL
choerinum LGDVDGODVDADDEDDESEPEPEEDDEDEEEKKPEE - - - - - PKEKGAFVVRDDDDDE - -T
pseudolongum VDDHDHMDDDEDDEHD ' DDDAVEDDEDEDDEPKPEE - - - - - PKAKGAFVVRDDDDDE - -T
indicum KDODOLEDEPGSDDEEEHEAREV-SEEAEEDRKAAHELA---AKVKGAFVVDDSEDDE- -S
coryneforme KDODOLEDEPGSDDEEEHEAREV-EEAEEDRKAAHELA---AKVKGAFVVDDSEDDES- -S
asteroides KSEEDOLEDEPDEDDOCEEDEVSRVEDEAEEDRKAAHALA---AKVKGAFVVDDSDDDE- -N
actinocoloniiforme EDOVEDEEPDGEVD - - - - - - - GVEDEEESPKPVVIP---PDIKGAFVVSDSDDDE- -N

* ok ox .



longum 11T PS - - - - - - G NPK A
breve I T PA- - - - - - GNPK A
catenulatum LTPS - - - - - - G NPK A
kashiwanohense LTPS - - - - - - G NPK A
pseudocatenulatum L TP S - - - - - - GNPK A
dentium LTPS - - - - - - GNPK A
adolescentis LTPS - - - - - - G NPK A
thermophilum LTPS - - - - - - GNPK A
bifidum LTPS - - - - - - GNPK A
scardovii LTPS - - - - - - G NPK A
angulatum VKPRRRRGK I GNPK T
animalis LANPG- - - - - VNPK T
choerinum LAPTG - - - - - SNPR T
pseudolongum LAPTG - - - - - KNPK T
indicum VTPS - - - - - - GNPK T
coryneforme VTPS - - - - - - G NPK T
asteroides VTPS - - - - - - G NPK T
actinocoloniiforme VTPS - - - - - - G NP K T
2.1 2.2

longum LLDTESEGMEFKRKRELKWAAADGKKAKDHLLEANLRLVVSLAKRYTGRGMLFLDLIQEG
breve LLDTESEGMEFKRKRELKWAAADGKKAKDHLLEANLRLVVSLAKRYTGRGMLFLDLIQEG
catenulatum LLDTESDQMDFKRKRELKWAANDGRRAKDHLLEANLRLVVSLAKRYTGRGMLFLDLIQEG
kashiwanohense LLDTESDQMDFKRKRELKWAANDGRRAKDHLLEANLRLVVSLAKRYTGRGMLFLDLIQEG
pseudocatenulatum L L D TESDQMDFKRKRELKWAANDGRRAKDHLLEANLRLVVSLAKRYTGRGMLFLDLIQEG
dentium LLDTEASQMDFKRRRELKWAANDGKKAKDHLLEANLRLVVSLAKRYTGRGMLFLDLIQEG
adolescentis LLDTESDKMDFKRRRELKWAANDGKRAKDHLLEANLRLVVSLAKRYTGRGMLFLDLIQEG
thermophilum LLDTESEGMSFKRKRELKWAAADGKKAKDHLLEANLRLVVSLAKRYTGRGMLFLDLIQEG
bifidum LLDTESDGMDFKRKRELKWAANDGKKAKDHLLEANLRLVVSLAKRYTGRGMLFLDLIQEG
scardovii LLDTQSEGMDFKRKRELKWAASDGKKAKDHLLEANLRLVVSLAKRYTGRGMLFLDLIQEG
angulatum LLDTEGDTMDFKRKRELKWAANDGKKAKDHLLEANLRLVVSLAKRYTGRGMLFLDLIQEG
animalis LLDTEGDTMEFRRKRELKWAAADGKKAKDHLLEANLRLVVSLAKRYTGRGMLFLDLIQEG
choerinum LLDTEGDKLDFKRRRELKWAAADGKKAKDHLLEANLRLVVSLAKRYTGRGMLFLDLIQEG
pseudolongum LLETEGDTLDFKRKRELKWAASDGKKAKDHLLEANLRLVVSLAKRYTGRGMLFLDLIQEG
indicum LLDTDDEGMDFKRRRELKWAANDGKKAKDHLLEANLRLVVSLAKRYTGRGMLFLDLIQEG
coryneforme LLDTDDEGMDFKRRRELKWAANDGKKAKDHLLEANLRLVVSLAKRYTGRGMLFLDLIQEG
asteroides LLDTEGEGMDFKRRRELKWAANDGKKAKDHLLEANLRLVVSLAKRYTGRGMLFLDLIQEG
actinocoloniiforme LLDTEGEDMTFKRKRELKWAANDGKKAKDHLLEANLRLVVSLAKRYTGRGMLFLDLIQEG

2.3
longum NLGLIRAVEKFDWKKGFKFS NKLSRVQR
breve NLGLIRAVEKFDWKKGFKFS NKLSRVQR
catenulatum NLGLIRAVEKFDWKKGFKFS NKLSRVQR
kashiwanohense NLGLIRAVEKFDWKKGFKFS NKLSRVQR
pseudocatenulatum N L GL | RAVEKFDWKKGFKFS NKLSRVQR
dentium NLGLIRAVEKFDWKKGFKFS NKLSRVQR
adolescentis NLGLIRAVEKFDWKKGFKFS NKLSRVQR
thermophilum NLGLIRAVEKFDWKKGFKFS NKLARVAQR
bifidum NLGLIRAVEKFDWKKGFKFS NKLSRVQR
scardovii NLGLIRAVEKFDWKKGFKFS NKLSRVQR
angulatum NLGLIRAVEKFDWKKGFKFS NKLSRVQR
animalis NLGLIRAVEKFDWKKGFKFS NKLSRVQR
choerinum NLGLIRAVEKFDWKKGFKFS NKLSRVQR
pseudolongum NLGLIRAVEKFDWKKGFKFS NKLSRVQR
indicum NLGLIRAVEKFDYTKGYKFS NKLSRVQR
coryneforme NLGLIRAVEKFDYTKGYKFS NKLSRVQR
asteroides NLGLIRAVEKFDYTKGYKFS NKLSRVQR
actinocoloniiforme NLGLIRAVEKFDYTKGYKFS NKLSRVAQR

3.1

longum QMLQDLGREPTPDELARELDMPVEKVQEYV
breve QMLQDLGREPTPDELARELDMPVEKVQEYV
catenulatum QMLQDLGREPTPDELARELDMPVEKVQEYV
kashiwanohense QMLQDLGREPTPDELARELDMPVEKVQEYV
pseudocatenulatum QML QDLGREPTPDELARELDMPVEKVQEV
dentium QMLQDLGREPTPDELARELDMPVEKVQEYV
adolescentis QMLQDLGREPTPDELARELDMPVEKVQEYV
thermophilum QMLQDLGREPTPDELARELDMPVEKVQEYV
bifidum QMLQDLGREPTPDELARELDMPVEKVQEYV
scardovii QMLQDLGREPTPDELARELDMPVEKVQEYV
angulatum QMLQDLGREPTPDELARELDMPVEKVQEYV
animalis QMLQDLGREPTPDELARELDMPVEKVQEYV
choerinum QMLQDLGREPTPDELARELDMPVEKVQEYV
pseudolongum QMLQDLGREPTPDELARELDMPVEKVQEYV
Iindicum QMLQDLGREPTPDELARELDMPVEKVQEYV
coryneforme QMLQDLGREPTPDELARELDMPVEKVQEYV
asteroides QMLQDLGREPTPDELARELDMPVEKVQEYV
actinocoloniiforme QMLQDLGREPTPDELARELDMPVEKVQEYV




4.1

longum IAPSDAVAFSLLQEQFKQVLETLSPREAGVIKMRYGLEDGQPK
breve IAPSDAVAFSLLQEQFKQVLETLSPREAGVIKMRYGLEDGQPK
catenulatum IAPSDAVAFSLLQEQFRQVLETLSPREAGVIKMRYGLEDGQPK
kashiwanohense IAPSDAVAFSLLQEQFRQVLETLSPREAGVIKMRYGLEDGQPK
pseudocatenulatum IAPSDAVAFSLLQEQFRQVLETLSPREAGVIKMRYGLEDGQPK
dentium IAPSDAVAFSLLQEQFKQVLETLSPREAGVIKMRYGLEDGQPK
adolescentis IAPSDAVAFSLLQEQFKQVLETLSPREAGVIKMRYGLEDGQPK
thermophilum IAPSDAVAFSLLQEQFKQVLETLSPREAGVIKMRYGLEDGQPK
bifidum IAPSDAVAFSLLQEQFKQVLETLSPREAGVIKMRYGLEDGQPK
scardovif IAPSDAVAFSLLQEQFKQVLETLSPREAGVIRMRYGLEDGQPK
angulatum IAPSDAVAFSLLQDQFKQVLETLSPRESGVIKMRYGLEDGQPK
animalis IAPSEAVAFSLLQEQFRQVLETLSPREAGVIKMRYGLEDGQPK
choerinum IAPSDAVAFSLLQEQFRQVLETLSPREAGVIKMRYGLEDGQPK
pseudolongum IAPSDAVAFSLLQEQFKQVLETLSPREAGVIKMRYGLEDGQPK
Iindicum IAPSDAVAFSLLQEQFKQVLETLSPREAGVIKMRYGLEDGQPK
coryneforme IAPSDAVAFSLLQEQFKQVLETLSPREAGVIKMRYGLEDGQPK
asteroides IAPSDAVAFSLLQEQFQQVLETLSPREAGVIKMRYGLEDGQPK
actinocoloniiforme | APSDAVAFSLLQEQFKQVLETLSPREAGVIKMRYGLEDGAQPK
longum HPSRSQTLRDFLDAQ
breve HPSRSQTLRDFLDAQ
catenulatum HPSRSQTLRDFLDAQ
kashiwanohense HPSRSQTLRDFLDAQ
pseudocatenulatum HPSRSQTLRDFLDAQ
dentium HPSRSQTLRDFLDAQ
adolescentis HPSRSQTLRDFLDAQ
thermophilum HPSRSQTLRDFLDAQ
bifidum HPSRSQTLRDFLDAQ
scardovif HPSRSQTLSDFLDAQ
angulatum HPSRSQTLRDFLDAQ
animalis HPSRSQTLRDFLDAQ
choerinum HPSRSQTLRDFLDAQ
pseudolongum HPSRSQTLRDFLDAQ
indicum HPSRSQTLRDFLDAQ
coryneforme HPSRSQTLRDFLDAQ
asteroides HPSRSQTLRDSLDAQ
actinocoloniiforme HPSRSQTLRDFLDAQ

Fig. S6. The alignment of sigma factors of the genus Bifidobacterium.

The alignment of primary sigma factors of the 18 bacteria belonging to the genus Bifidobacterium. Amino

acids in N-terminal regions are colored as the positively charged amino acids K, R, H (blue), the negatively

charged amino acids D, E (red), and the non-charged polar amino acids N, S, T, and Q (yellow).
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Table S1. The plasmids and primers.

Type Properties Reference
Plasmids pK0O403-lacZ 4,473 bp, Ori®, lacz, Sp" @
pKO403-TPCTcon 4,913 bp, Ori®, Sp', Cm', TTGTGC-spacer (17 bp)-TACAAT This study
pKO403-TPCT1-3 4,913 bp, Ori®, Sp', Cm', vTGTGC-spacer (17 bp)-TACAAT This study
pKO403-TPCT4-6 4,913 bp, Ori®, Sp', Cm', TVGTGC-spacer (17 bp)-TACAAT This study
pKO403-TPCT7-9 4,913 bp, Ori®, Sp', Cm', TThTGC-spacer (17 bp)-TACAAT  This study
pKO403-TPCT10-12 4,913 bp, Ori®, Sp', Cm', TTGVGC-spacer (17 bp)-TACAAT This study
pKO403-TPCT13-15 4,913 bp, Ori®, Sp’, Cm', TTGThC-spacer (17 bp)-TACAAT  This study
pKO403-TPCT16-18 4,913 bp, Ori®, Sp', Cm', TTGTGd-spacer (17 bp)-TACAAT This study
pKO403-TPCT19-21 4,913 bp, Ori®, Sp', Cm', TTGTGC-spacer (17 bp)-VACAAT This study
pKO403-TPCT22-24 4,913 bp, Ori®, Sp', Cm', TTGTGC-spacer (17 bp)-TbCAAT  This study
pKO403-TPCT25-27 4,913 bp, Ori®, Sp', Cm', TTGTGC-spacer (17 bp)-TAVAAT This study
pKO403-TPCT28-30 4,913 bp, Ori®, Sp’, Cm', TTGTGC-spacer (17 bp)-TACbAT This study
pKO403-TPCT31-33 4,913 bp, Ori®, Sp’, Cm', TTGTGC-spacer (17 bp)-TACAbT This study
pKO403-TPCT34-36 4,913 bp, Ori®, Sp’, Cm', TTGTGC-spacer (17 bp)-TACAAv This study
pK0403-TPCT-10bp 4,906 bp, Ori®, Sp', Cm', TTGTGC-spacer (10 bp)-TATAAT This study
pK0403-TPCT-11bp 4,907 bp, Ori®, Sp', Cm', TTGTGC-spacer (11 bp)-TATAAT This study
pK0403-TPCT-12bp 4,908 bp, Ori®, Sp', Cm', TTGTGC-spacer (12 bp)-TATAAT This study
pK0403-TPCT-15bp 4,911 bp, Ori®, Sp', Cm', TTGTGC-spacer (15 bp)-TATAAT This study
pK0403-TPCT-16bp 4,912 bp, Ori®, Sp’, Cm', TTGTGC-spacer (16 bp)-TATAAT This study
pK0403-TPCT-18bp 4,914 bp, Ori®, Sp’, Cm', TTGTGC-spacer (18 bp)-TATAAT This study
pK0403-TPCT-19bp 4,915 bp, Ori®, Sp’, Cm', TTGTGC-spacer (19 bp)-TATAAT This study
Primers Fw_-35 TCACTACAGAGTCGGACTACAATCA This study
(5 —3) Rv_-35_ mul-3 GCACAbTGCCCGCGTTTTATA This study
Rv_-35_mu4-6 GCACbATGCCCGCGTTTTATA This study
Rv_-35_mu7-9 GCAJAATGCCCGCGTTTTATA This study
Rv_-35_mul0-12 GChCAATGCCCGCGTTTTATA This study
Rv_-35 mu13-15  GdACAATGCCCGCGTTTTATA This study
Rv_-35 mul6-18  hCACAATGCCCGCGTTTTATA This study
Rv_-10 GAGCACAATGCCCGCGTTTTA This study
Fw_-10_mul-3 ACTACAGAGTCGGACVACAATCATTGA This study
Fw_-10_mu4-6 ACTACAGAGTCGGACThCAATCATTGA This study
Fw_-10_mu7-9 ACTACAGAGTCGGACTAJAATCATTGA This study
Fw -10 mul0-12  ACTACAGAGTCGGACTACHATCATTGA This study
Fw_-10 mul3-15 ~ ACTACAGAGTCGGACTACAbBTCATTGA This study
Fw_-10 mul6-18  ACTACAGAGTCGGACTACAAVCATTGA This study

Fw_-10

ACTACAGAGTCGGACTACAATCATTGA

This study



Fw_spacer19
Fw_spacerl8
Fw_spacerl6
Fw_spacerl5
Rv_spacerl5-19
Fw_spacer10-12
Rv_spacerl2
Rv_spacerll

Rv_spacerl0

GTACCGGACTATAATCATTGATG
GTACGGACTATAATCATTGATG
GCGGACTATAATCATTGATG
CGGACTATAATCATTGATG
TCTGTAGTGAGCACAATG
CGGACTATAATCATTGATGACAACA
GTAGTGAGCACAATGCCC
TAGTGAGCACAATGCCCG
AGTGAGCACAATGCCCG

This study
This study
This study
This study
This study
This study
This study
This study
This study




Table S2. The bacterial strains of the genus Bifidobacterium.

Type

Properties

GenBank

Bifidobacterium

longum NCC2705

actinocoloniiforme DSM 22766T
adolescentis ATCC 15703

angulatum JCM 1194
animalis strain RH
asteroides PRL 2011
bifidum S17

breve UCC 2003

catenulatum JCM 1194"
choerinum FMB-1

coryneform strain LMG 18911"

dentium JCM 1195"
indicum LMG 11587"
kashiwanohense PV20-2

pseudocatenulatum JCM 1200"
pseudolongum PV8-2

scardovii JCM 12489"
thermophilum RBL67

RNA-Seq sample,
Transformation host,

Informatics analysis
Informatics analysis
Informatics analysis
Informatics analysis
Informatics analysis
Informatics analysis
Informatics analysis
Informatics analysis
Informatics analysis
Informatics analysis
Informatics analysis
Informatics analysis
Informatics analysis
Informatics analysis
Informatics analysis
Informatics analysis
Informatics analysis

Informatics analysis

Nantes Culture
Collection,

AE014295.3
CP011786
AP009256
AP012322
CP007755
CP003325
CP002220
CP000303
AP012325
CP018044
CP007287
AP012326
CP006018
CP007456
AP012330
CP007457
AP012331

CP004346




Table S3. The genes with 11 bp type spacer in the upstream regions.

Gene

Function

BLO001
BLO004
BLOO17
BLO047
BLO0GO
BLO065
BL1292
BL1422
BL1431
BL1432
BL1444
BLO702
BLO712
BLO724
BLO739
BLO745
BLO766
BLO815
BL0854
BLO872
BL0969
BL0992
BL0993
BL1026
BL1107
BL1118
BL1151
BL1164
BL1175
BL1194
BL1229
BL0294
BLO319
BLO330
BLO458
BLO477

cold-shock protein

hypothetical protein

histidyl-tRNA synthetase

polyphosphate glucokinase

trans-aconitate 2-methyltransferase

elongation factor P

morphine 6-dehydrogenase

anthranilate phosphoribosyltransferase
ribokinase

ATP-dependent helicase 11

EamA-like transporter family

excinuclease ABC subunit A
lanine-synthesizing transaminase
threonyl-tRNA synthetase
UTP-glucose-1-phosphate uridylyltransferase
hypothetical protein

hypothetical protein

hypothetical protein

hypothetical protein

ABC transporter

acetate kinase

30S ribosomal protein S1
methenyltetrahydrofolate cyclohydrolase
peptidyl-tRNA hydrolase
phosphoribosylaminoimidazole-succinocarboxamide synthase
amino acid ABC transporter substrate-binding protein
hypothetical protein

sugar ABC transporter solute-binding protein
glucosamine--fructose-6-phosphate aminotransferase
4-hydroxy-tetrahydrodipicolinate reductase
tyrosine kinase

50S ribosomal protein L32
phospho-2-dehydro-3-deoxyheptonate aldolase
50S ribosomal protein L28

hypothetical protein

hypothetical protein



BL0492 aspartate-semialdehyde dehydrogenase
BL0525 Lacl-type transcriptional regulator
BL0557 hypothetical protein

BL0564 modification methylase Sau3Al
BL0600 tryptophanyl-tRNA synthetase

BL0617 putative hemolysin

BLO681 transporter

BL0145 hypothetical protein

BL0160 MarR-type transcriptional regulator
BL0181 alpha-arabinofuranosidase I

BL0202 hypothetical protein

BL1530 IcIR-type transcriptional regulator
BL1567 hypothetical protein

BL1609 hypothetical protein

BL1652 arabinose polymer utilization protein
BL1657 two-component system response regulator
BL1661 hypothetical protein

BL1694 sugar ABC transporter substrate-binding protein
BL1723 oligoribonuclease

BL1728 prolyl-tRNA synthetase

BL1732 methionine aminopeptidase

BL1745 hypothetical protein

BL1765 MarR-type transcriptional regulator




Perl script for spacer analysis
open (IN,"<genome.txt"); #genome.txt is FASTA format file of bacterium whole-genome.
open (OUT,">A_total-genome.txt");
open (OUT2,">B_total-genome_rev.txt");
while (<IN>) {
s/™> +¥n/¥n/;

print OUT;

tt/ TAGC/ATCG/;

print OUT?2;
H
close(IN);
close(OUT);
close(OUT2);

open (IN, "<cds GB.txt"); #cds_ GB.txt is GB format file of bacterium.
open (OUT, ">C gene locus.txt");
while ($file = <IN>) {
if($file =~ /~ +CDS +complement¥([0-9]+¥£ £.([0-9]+)¥)/){
$cds_comp = $1;
print OUT "gene¥t";
print OUT $cds_comp;
print OUT "¥t-¥n";
H
elsif($file =~ /* +CDS +([0-9]+H)¥X.[0-9]+/){
$cds_comp = $1;
print OUT "gene¥t";
print OUT $cds_comp;
print OUT "¥t¥+¥n";
H

H
close(IN);

close(OUT);

$X = 150; #$X is the length of upstream regions you extract.
open (IN,"<A_total-genome.txt");

open (IN2,"<B_total-genome_rev.txt");

open (IN3,"<C_gene locus.txt");

open (OUT,">D _up 150 region.txt");

@genome = <IN>;

chomp @genome;



$genome = join("",@genome);
@genome_rev = <IN2>;
chomp @genome_rev;

"nn

$genome_rev = join(

@line = <IN3>;

,@genome_rev);

chomp @line;
for($i=0;$i<@line;$i++){
if(@line[$i] =~ /(genet)(¥d+)(HEEH)/) {
$start =$2 - $X - 1;
$sequense = substr($genome,$start,$X);

print OUT $sequense;
print OUT "¥n";
H
if(@line[$i] =~ /(gene¥t)(¥d+)(¥t-)/) {
$start =$2 ;
$sequense =reverse substr($genome_rev,$start,$X)
print OUT $sequense;
print OUT "¥n";
H
H
close(IN);
close(IN2);
close(IN3);
close(OUT);

open(OUT, ™ F_spacer-count_upstream.txt');

print OUT "Seq¥tNo¥n";

open(IN, '< D _up 150 region.txt') or die;

while (<IN>){

$Zero++ while (/TTG[A-Z]{3} TA[A-Z]{3}T/g);
$Onet+ while (/TTG[A-Z]{4} TA[A-Z]{3}T/g);
$Twot+ while (/TTG[A-Z]{5} TA[A-Z]{3}T/g);
$Threet+ while (/TTG[A-Z]{6} TA[A-Z]{3}T/g);
$Four++ while (/TTG[A-Z]{7} TA[A-Z]{3} T/g);
$Five++ while (/TTG[A-Z]{8} TA[A-Z]{3}T/g);
$Six++ while (/TTG[A-Z]{9} TA[A-Z]{3}T/g);
$Seven++ while (/TTG[A-Z]{10} TA[A-Z]{3}T/g);
$Eight++ while (/TTG[A-Z]{11}TA[A-Z]{3}T/g);
$Nine++ while (/TTG[A-Z]{12} TA[A-Z]{3}T/g);
$Tent++ while (/TTG[A-Z]{13} TA[A-Z]{3}T/g);



$Elevent++ while (/TTG[A-Z]{14} TA[A-Z]{3}T/g);
$Twelvet+ while (/TTG[A-Z] {15} TA[A-Z]{3}T/g);
$Thirteen++ while (/TTG[A-Z]{16} TA[A-Z]{3}T/g);
$Fourteen++ while (/TTG[A-Z]{17} TA[A-Z]{3}T/g);
$Fifteent++ while (/TTG[A-Z] {18} TA[A-Z]{3}T/g);
$Sixteen++ while (/TTG[A-Z]{19} TA[A-Z]{3}T/g);
$Seventeen++ while (/TTG[A-Z]{20} TA[A-Z]{3}T/g);
$Eighteent++ while (/TTG[A-Z]{21} TA[A-Z]{3}T/g);
$Nineteen++ while (/TTG[A-Z]{22} TA[A-Z]{3}T/g);
$Twenty++ while (/TTG[A-Z]{23}TA[A-Z]{3}T/g);
$Twel++ while (/TTG[A-Z]{24} TA[A-Z]{3}T/g);
$Twe2++ while (/TTG[A-Z]{25} TA[A-Z]{3}T/g);
$Twe3++ while (/TTG[A-Z]{26} TA[A-Z]{3}T/g);
$Twed++ while (/TTG[A-Z]{27} TA[A-Z]{3}T/g);
$TweS5++ while (/TTG[A-Z]{28} TA[A-Z]{3}T/g);

H

print OUT "Obp¥t$Zero¥n";

print OUT "1bp¥t$One¥n";

print OUT "2bp¥t$Two¥n";

print OUT "3bp¥t$ Three¥n";

print OUT "4bp¥t$Four¥n";

print OUT "5bp¥t$Five¥n";

print OUT "6bp¥t$Six¥n";

print OUT "7bp¥t$Seven¥n";

print OUT "8bp¥t$Eight¥n";

print OUT "9bp¥t$Nine¥n";

print OUT "10bp¥t$ Ten¥n";

print OUT "11bp¥t$Eleven¥n";

print OUT "12bp¥t$Twelve¥n";

print OUT "13bp¥t$ Thirteen¥n";

print OUT "14bp¥t$Fourteen¥n";

print OUT "15bp¥t$Fifteen¥n";

print OUT "16bp¥t$Sixteen¥n";

print OUT "17bp¥t$Seventeen¥n";

print OUT "18bp¥t$Eighteen¥n";

print OUT "19bp¥t$Nineteen¥n";

print OUT "20bp¥t$Twenty¥n";

print OUT "2 1bp¥t$Twe1¥n";

print OUT "22bp¥t$Twe2¥n";

print OUT "23bp¥t$Twe3¥n";



print OUT "24bp¥t$ Twed¥n";
print OUT "25bp¥t$ Twe5¥n";
close(IN);

close(OUT);

open (IN,"< A _total-genome.txt");

open (IN2,"< B_total-genome_rev.txt");
open (OUT,"> E _total-genome_both.txt");
@genome = <IN>;

chomp @genome;

$genome = join("",@genome);
@genome_rev = <IN2>;

chomp @genome_rev;

$genome_rev = join("",@genome_rev);
$genome_rev = reverse($genome_rev);
print OUT "$genome¥n$genome rev";
close(IN);

close(IN2);

close(OUT);

open(OUT, > G_spacer-count-whole.txt");

print OUT "Seq¥tNo¥n";

open(IN, '< E_total-genome both.txt') or die;

while (<IN>){

$Zero++ while (/TTG[A-Z]{3} TA[A-Z]{3}T/g);
$Onet+ while (/TTG[A-Z]{4} TA[A-Z]{3}T/g);
$Twot+ while (/TTG[A-Z]{5} TA[A-Z]{3}T/g);
$Threet+ while (/TTG[A-Z]{6} TA[A-Z]{3}T/g);
$Four++ while (/TTG[A-Z]{7} TA[A-Z]{3}T/g);
$Five++ while (/TTG[A-Z]{8} TA[A-Z]{3}T/g);
$Six++ while (/TTG[A-Z]{9} TA[A-Z]{3}T/g);
$Seven++ while (/TTG[A-Z]{10} TA[A-Z]{3}T/g);
$Eight++ while (/TTG[A-Z]{11} TA[A-Z]{3}T/g);
$Nine++ while (/TTG[A-Z]{12} TA[A-Z]{3}T/g);
$Tent++ while (/TTG[A-Z]{13} TA[A-Z]{3}T/g);
$Elevent++ while (/TTG[A-Z]{14} TA[A-Z]{3}T/g);
$Twelve++ while (/TTG[A-Z]{15} TA[A-Z]{3}T/g);
$Thirteen++ while (/TTG[A-Z]{16} TA[A-Z]{3}T/g);
$Fourteen++ while (/TTG[A-Z]{17} TA[A-Z]{3}T/g);
$Fifteent++ while (/TTG[A-Z] {18} TA[A-Z]{3}T/g);



$Sixteen++ while (/TTG[A-Z]{19} TA[A-Z]{3}T/g);
$Seventeen++ while (/TTG[A-Z]{20} TA[A-Z]{3}T/g);
$Eighteent++ while (/TTG[A-Z]{21}TA[A-Z]{3}T/g);
$Nineteen++ while (/TTG[A-Z]{22} TA[A-Z]{3}T/g);
$Twenty++ while (/TTG[A-Z]{23}TA[A-Z]{3}T/g);
$Twel++ while (/TTG[A-Z]{24} TA[A-Z]{3}T/g);
$Twe2++ while (/TTG[A-Z]{25} TA[A-Z]{3}T/g);
$Twe3++ while (/TTG[A-Z]{26} TA[A-Z]{3}T/g);
$Twed++ while (/TTG[A-Z]{27} TA[A-Z]{3}T/g);
$TweS5++ while (/TTG[A-Z]{28} TA[A-Z]{3}T/g);

H

print OUT "Obp¥t$Zero¥n";

print OUT "1bp¥t$One¥n";

print OUT "2bp¥t$Two¥n";

print OUT "3bp¥t$ Three¥n";

print OUT "4bp¥t$Four¥n";

print OUT "5bp¥t$Five¥n";

print OUT "6bp¥t$Six¥n";

print OUT "7bp¥t$Seven¥n";

print OUT "8bp¥t$Eight¥n";

print OUT "9bp¥t$Nine¥n";

print OUT "10bp¥t$ Ten¥n";

print OUT "11bp¥t$Eleven¥n";

print OUT "12bp¥t$Twelve¥n";

print OUT "13bp¥t$ Thirteen¥n";

print OUT "14bp¥t$Fourteen¥n";

print OUT "15bp¥t$Fifteen¥n";

print OUT "16bp¥t$Sixteen¥n";

print OUT "17bp¥t$Seventeen¥n";

print OUT "18bp¥t$Eighteen¥n";

print OUT "19bp¥t$Nineteen¥n";

print OUT "20bp¥t$Twenty¥n";

print OUT "2 1bp¥t$Twe1¥n";

print OUT "22bp¥t$Twe2¥n";

print OUT "23bp¥t$Twe3¥n";

print OUT "24bp¥t$Twed¥n";

print OUT "25bp¥t$Twe5¥n";

close(IN);

close(OUT);

]
]
]
]
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