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The existence of CRISPRs shared in common amongst Lactobacillus

Deoxyribonucleic acid (DNA) encodes many genetic functions of all organisms and viruses. The
DNA is formed by the sequence of nucleotides. The main nucleotides are pyrimidine (Cytosine, Thymine,
and Uracil) and purine (Adenine, Guanine). When we look at a sequence of a genome, the sequence is
consisted of different nucleotides with random distribution. But in some organisms, there are such
patterns exist within the sequence of a genome. One particular pattern that can be recognized easily is
“Tandem Repeats”. Tandem repeats are when short units that repeat one after another.

For a special type of tandem repeats, CRISPR is
possibly seen in a sequence of a genome. CRISPR

stands for Clustered Regularly Interspaced Short Spacers
Palindromic Repeats. Unlike tandem repeats, CRISPR / 1 \
has spacer sequences between each repeats. Many

scientists claim that CRISPRs might be the keys to
immunity of bacteria. According to Branger et al \ \ / /

(2010), CRISPRs typically consist of 23 to 47 base pair I Repeats
(bp) with spacer sequences. For their study, they
focused finding the CRISPRs in Escherichia Coli. A CRISPR Array

Instead of using all strains of E.Coli, they performed
on 27 fully sequenced strains. In result, they found that there are some CRISPRs shared among E. Coli
strains: Repeat 1, 2, and 3.

® Repeatl: GGTTTATCCCCGCTGGCGCGGGGAACAC
® Repeat2: GGTTTATCCCCGCTGGCGCGGGGAACTC
® Repeat3: GTTCACTGCCGTACAGGCAGCTTAGAAA

These common repeats are present through different strains of E. Coli. The researchers have not
found that what these that particular CRISPRs do.in order to study the organisms of Lactobacillus, there
are some limitations. In Biobike, there are only 8 organisms available. Due to the storage space of
biobike, we are going to consider the first three organisms.

—Lactobacillus-acidophilus-NCFM
—Lactobacillus-brevis-ATCC-367
—Lactobacillus-casei-ATCC-334
—Lactobacillus-delbrueckii-subsp-bulgaricus-ATCC-BAA-365
—Lactobacillus-gasseri

—Lactobacillus-johnsonii-NCC-533



Min Im
Research Report

—Lactobacillus-plantarum-WCFS1
—Lactobacillus-reuteri-F275

First step to find CRISPRs would be using “COUNTS-OF-K-MERS.BIKE” to see what kind of
sequences tend to appear the most. Then take the coordinates for each hit and calculate the length of
distance.

CRISPRs in each organism:

—Lactobacillus-acidophilus-NCFM:
GGATCACCTCCACATACGTGGAGAAAA (30 repeats of 27-nt sequence with 34-nt spacers)

1541045 GTTACCTCCACTTITCATAGAR AR A TAR AR CGECTCTARRRGCTACAGAGTTACCATCGAS
1541105 GATCACCTCCACTTICGT GEAGAR R R TTGERARTCTCATCGTAAGRARATARCTCGCATATR
1541165 GEATCACCTCCACATACGTGGAGRR A TCCTTTTCCTAGGATCTTCATARGCTTCTCGCC
1541225 AGEATCACCTCCACATACGTGGAGRA AR TATCGTAGTCAATCTCGTACTTARRACCACCC
1541285 TGEEATCACCTCCACATACGTGGAGRA A TCCAGGTTGACTTGOGCTAGGTIGTTGCATCR
1541345 ATAGEATCACCTCCACATACGTGEAGR AR R TTAGGCARATAGCCARTTTITATCATACAT
1541405 TCCGGGATCACCTCCACATACGTGEAGRAR A TCGGCARTTTTTGRARACARRCARCTATET
1541465 ATATAGGATCACCTCCACATACGTGGAGRARATARATRARGGAAGATATTGOCACCCTCGE
1541525 TACCCAGGATCACCTCCACATACGTGGRAGRRR A TACARGTTTIGCTCTARCCATGATSTT
1541585 GTRARRCAGGATCACCTCCACATACGTGGAGRRRATACCTTALAGCGRACARTRARGETTCR
1541645 ACGTTTTAGEATCACCTCCACATACGTGGAGRARATCATGCTTGARATTGCTCTCGGEET
1541705 TTCGCCTARGEATCACCTCCACATACGTGEAGR R A TATTTGCTGCGAGTARCTCTGACT
1541765 TGTTTACCCGEEATCACCTCCACATACGTGAAGR AR A TTTTAGCTARGTTTARGACCGAR
1541825 GATGECCARRGGGATCACCTCCACATACGTGERAGRARRTCGGCARTTTTTGARACAADCR
1541885 ACTATGTATATAGGATCACCTCCACATACGTGGAGRARRRTCGGCARTTTITGRAARCARAC
1541545 AnCTATGTATATAGGATCACCTCCACATACGTGEAGRARRARTACARGTTTTGCTCTARCCR
1542005 TGATGTTGIARRCAGGATCACCTCCACATACGTGGAGRRRATAGCTATCCARRTATTARR
1542065 TTTGCACTAGTTALGEGEATCACCTCCACATACGTGEAGRAR AR TERAAGARTTTTATCTTC
1542125 TAGGTGGCTTTTTIGIGEEGATCACCTCCACATACGTGEAGRA A AR TAGAARTATTTGATTT
1542185 TGATAGTGRARRARAGARTAGGATCACCTCCACATACGTGEAGRARRATTCARGATCARCCAT
1542245 TCATTTGCCACGCAR R TCGGGATCACCTCCACATACGTGEAGRARRRTTATTTTCTGLT ST
1542305 GARRR A TGCTGATGATATTGGGATCACCTCCACATACGTGGAGRRRACCCARGATATRAT
1542565 TARRRGRAR R TATCGTAGTCAGGATCACCTCCACATACGTGGAGRRRACTTTGATTTGAS
1542425 TTRARGTACCGGTGCATCARTGAGEATCACCTCCACATACGTGGAGRARACTCTTTARTST
1542485 GACCRARR A GCGCTCGTAGCAGCAGEATCACCTCCACATACGTGGAGRARACEERACGCARD
1542545 AGGGCAGRARRGCTAATTTATGACGEEATCACCTCCACATACGTGEAGRRARCTTGCTATS
1542605 TCCGCTICITGCTITGCATT GCAGTCAGGATCACCTCCATATACGTGRAGRARRACCCACGECC
1542665 ACATATTGTIGTGOGGARTAGCCTARGGGATCACCTCCACATACGTGEAGRARRARCTCTGCC
1542725 AR TAGTAGCCGRATCTGGARR R TCAGGATCACCTCCACATACGTGGAGRRRACADRET
1542785 GTCACARA R CTRAGCACCTTTCATTAR A GGATCACCTCCACATACGTGGAGRRAACAGAS
1542845 TTTAGTCGICGCARTGTGTGTCTCARTGAGEATCACCTCCACATACGTGGAGRRARACTAR
1542505 TACGTAGGTGGCALGCGTTGTCCGRATTTAGEATCACCTCCACATACGTGEAGAR AR CAT
15425965 AR R TR ARG CCACCGTITICTICTTAGEATCACCTCCACATACGTGLAGRAD AR TR
1543025 CTRARRGGR R TCCCATCATTARGCTATTTIARATTTACTAL L AR GCRARRATTTCTTTAGSTT
1543085 TGCATTTCCCCRARCCAR A TCATCGRACACAR TTATATCARATATTCTTCTACATATATCTA
1543145 GCTCATATAR TR TTTTAR A TTGCTATTATATTCACAGGATTACRRRATRAAACRARARTATS
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—Lactobacillus-brevis-ATCC-367
GGATCACCCCCACACCTGTGGGGAATAC (4 repeats of 28-nt sequence with 33-nt spacers)

49675 TAGTTCTTTGCTT GTGACAGCGCTACTTCCGCTAATACTAGTAGTTTATGGARGTAGCG
49735 Muruyeises s arismyeyye e e ey e CTTARAATCARGCAGTCGTTGGGCTACGTCAR
49735 GEATCACCCCCACACCTGTGEGLARATACTGACARCCARARAATATACGACTTTALCTTCT
49855 GGGATCACCCCCACACCT T GEGGRAATACCTTTCTGOTATTICTTICTCTATGTCATGATT
45515 ARGEATCACCCCCACACCT AT GEGEAATACGATGARTARGAAAAGARARACARMATARTAC
49975 GCAGGATCACCCCCACACCTGTIGEGGALTACACTALAGRARRACCTATTATACCGGCATTC
S003 s TCATTTTAGCAR TACCGC AT TCTCATCACTTTGCTICT RAGT GCAGGTCGTCATGETIT
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Blue region is a similar repeat

—Lactobacillus-casei-ATCC-334
GTTTTCCCCGCACATGCGGGGGTGATCC (21 repeats of 28-nt sequence with 33-nt spacers)

3560754 TRARCGAGCARCCGCATCACGCGITGICIGAT GCGACEECARACARTGGCACT GGCGEACAR
3560814 ACTCATARRRRRAGEEATCTTARCGATTGECARACGTTGATGOGATAGGGATTTTITAGT
350874 GITTTCCCCGCACATGCGEGEGTGATCCCTTCTCTGACTGGCTTACCGCTITCTTITGCATT
3565934 IGTTTTCCCCGCRACATGCGEEGGTGATCCCGCTTITATARCATTTATGCCGCATALLAAC
3565994 ACGITTTICCCCGCACAT GOGELGGTGATCCCTGECGACARTTCGATTICTARACGTACTA
357054 CCGGITITCCCCGCACAT GOGLGEGTGATCCCTGECGACARTTCGATTICTARRCGTACT
357114 ACCGGTITTCCCCGCACATGCGEEGGTGATCCCCAGCCATTGTAATTCCTCCTALTGCGR
357174 ATTTCGITTITCCCCGCACATGCGEGEGTGATCCCGCGTITTGATGAT GGCAGCGCGECARAC
357234 TTTRARCGITTITCCCCGCACATGOGEEEGTGATCCTCARARTCGCGACCTGLETTCARARATG
357294 COGCTGAGTITTITCCCCGCACATGOGEGEGTGATCCTGCTCGTGEGETGICTGEAGTTGCT
357354 GECAAGTAGTTITTCCCCGCACAT GCGEEGGTGATCCCTATATTTAGCTCARTTGCARCAR
357414 GAGGGCARAGTTTTCCCCGCACATGOGEEGGTGATCCCGRACAATARCGAGCTTGCGCT A
357474 TGECALCTTTGITITCCCCGCACAT GCGGGEGTGATCCCARGCGAGTCCGATCCTCCCET
357534 ATTGTGAGCATGTTITTCCCCGCACATGCGEEEETGATCCTGGCTGITAGTTTGGCCAGT G
357594 TTATALGCCGCAGTITTTCCCCGCACATGCGEEEETGATCCCAACTGETGCGETALTCEGEG
357654 COGRRLTTGTITARGTTTTCCCCGCACATGCGEEGGTGATCCCGATATTATACCGGTGITT
357714 TTACCGGITCICCIGITITCCCCGCACATGOGEGEGTGATCCTGAGTTTGOTATCACGCT
357774 CTTTITGIGGICGICAGGITTTCCCCGCACAT GCGEGGETGATCCTARATGTACTTCTITCC
357834 ACCACGIGGCACTATARGTTITCCCCGCACATGCGEEEETGATCCTGCCGARGTTGARGR
357894 CATGGGICAGGCTITIGCGITITTCCCCGCACATGCGEEEGTGATCCCGACCARAGCCARD
357854 CCRARCACAGGCGRATACARGTTTTCCCCGCACATGCGEEEETGATCCTALGETTGTCARC
358014 ACGGCTIATGCCRAACARGGAGTTTTCCCCGCACATGOGEEEGTGATCCCGACATCATCAR
358074 GEATTGCCAGTTCAACTTGGGGTTITCCCCGCACATGCGEEEGTGATCCTACCAGCACGS
358134 GETTACCATGTCALCCCITITIGITTICCCGEIATGIGTCAAGTCTITCICGGITCCACTA
358194 ATTGRALCTATTCTITTTTGCTCGACTGCCGETCATCCTGETCTACTGAGTGEGTTCAGTT

Next step is to see any of these CRISPRs appear in other organism amongst Lactobacillus. For
this step, the Biobike function SEQUENCE-SIMILAR-TO would be used.

Searching Lactobacillus-acidophilus-NCFM’s CRISPR to other organisms:
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" SEQUENCE SIILAR TO " "GGATCACCTCCACATACGTG ﬂ N [ SR a7
=t i i SEQUENCE-OF " lactobacﬂlus-brcvis_.ﬂ Options S
= . 5] 5 a9
SEQUENCE-SIMILAR-TO >, ; = _
Q exch ‘ GGATCACCTCCACATACGTG..." | |IN [ oporrner oF ‘,. etobacl et Opgm Optons
>NIL, NO RESULTS FOUND!
Searching Lactobacillus-brevis-ATCC-367’s CRISPR to other organisms:
= - 5] &
SEQUENCE-SIMILAR-TO i - = y
Q exch ‘ GGATCACCCCCACACCTGTG.." | |IN [ cp ovpner oF ‘,. erobaclie et opgm T OpmnsT
= - 5] &
SEQUENCE-SIMILAR-TO >, ﬂ = _
Q exch ‘ GGATCACCCCCACACCTGTG..." | |IN [ cp nene oF ‘,, lactobacﬂlus-acidop..ﬂ opgm ﬂ GMWT

>NIL, NO RESULTS FOUND!

Searching Lactobacillus-casei-ATCC-334’s CRISPR to other organisms:

= ) = -
SEQUENCE-SIMILAR-TO > rerrrTecceccacatcees | [N P spoueneror P ctobactu sccop. ] Bl ﬂ o;]msT
actobacillus-acidop... | opons
- _ T x
SEQUENCE-SIMILAR-TO £ "' "GTTTTCCCCGCACAIGCGGG...“ﬂ IN ™ o QUENCE-OF ‘} ctobaciioe brem ﬁ 5] ﬂ opﬁmj
actobacillus-brevis... | opions

GGATCACCTCCACATACGTGGAGAAAA (Lacto-A)
GGATCACCCCCACACCTGTGGGGAATAC(Lacto-B)
GTTTTCCCCGCACATGCGGGGGTGATCC (Lacto-C)

Although the Biobike functions did not find any matches, it seems like the first two sequences
have some similarity. This might be somewhat significant but not so sure.

After analyzing the first three organisms of Lactobacillus, there are no commonly shared
CRISPRs. In future studies, maybe more organisms needed to study using NCBI website. Also if COUNTS-
OF-K-MERS.BIKE improves to find sequences that are bigger than the window size 30, it might be helpful.
It is always possible to come up with own code to find the results rather than relying on some Biobike
function.
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