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2 Luščenje posameznih označenih kod 7
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1 Dostop do KEGG

Kyoto Encyclopedia of Genes and Genomes

Dostop do KEGG v R omogoča paket KEGGSOAP, ki ga najdemo na Biocunduc-
tor strani.

S pomočjo funkcije bget lahko dosežemo dodatne informacije, ki jih prilepimo
k opsu genov. Zaradi ??Pathways je zanimiv NCBI-GeneID, ki ga lahko povežemo
s podpoljem Locus v polju Name GAL datoteke.

> eset <- allData[1:5, ]
> gName <- featureData(eset)$Name
> gName

[1] Locus:b2587|Gene:kgtP|Prot:NP_417082_428_462
[2] Locus:b1947|Gene:fliO|Prot:NP_416457_2_36
[3] Locus:b0454|Gene:ybaZ|Prot:NP_414988_257_291
[4] Locus:b1603|Gene:pntA|Prot:NP_416120_790_824
[5] Locus:b0368|Gene:tauD|Prot:NP_414902_609_643
12041 Levels: <no oligo> ... QC-oligoB-AS-3

> grep("^Locus:", gName)

[1] 1 2 3 4 5

> Locus <- sub("^Locus:(b[0-9]*)[[:print:]]*", "\\1", gName)
> Locus[1:5]

[1] "b2587" "b1947" "b0454" "b1603" "b0368"
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1.1 Dinamičen prevod posameznih kod

Takole bi lahko dinamično poizvedeli kakšne so posamezne kode za NCBI-GeneID:

> library(KEGGSOAP)
> n <- 5
> GeneID <- character(n)
> system.time(for (i in 1:n) {
+ x <- bget(paste("eco", Locus[i], sep = ":"))
+ if (length(x) > 0) {
+ first <- substring.location(x, "NCBI-GeneID: ")$last +
+ 1
+ last <- substring.location(x, "\n", restrict = c(first,
+ 9999))$first[1] - 1
+ GeneID[i] <- substring(x, first, last)
+ }
+ })

user system elapsed
0.39 0.02 12.17

> cbind(Locus, GeneID)

Locus GeneID
[1,] "b2587" "947069"
[2,] "b1947" "946458"
[3,] "b0454" "945094"
[4,] "b1603" "946628"
[5,] "b0368" "945021"

Za eno poizvedbo rabi malo več kot 1 sekundo.

1.2 Poizvedba za več genov naenkrat

Z eno poizvedbo lahko dobimo informacijo o več genih naenkrat, (nekje piše da
največ 100). Za neobstoječe KEGG kode vrne prazen niz.

> eset <- allData[featureData(allData)$Status == "gene",
+ ]
> M <- min(100, dim(eset)[1])
> eset <- eset[1:M, ]
> gName <- featureData(eset)$Name
> Locus <- sub("^Locus:(b[0-9]*)[[:print:]]*", "\\1", gName)
> Locus[1:5]

[1] "b2587" "b1947" "b0454" "b1603" "b0368"

> stime <- system.time(seznam <- strsplit(bget(paste("eco",
+ Locus, sep = ":", collapse = " ")), "ENTRY"))
> stime

user system elapsed
0.05 0.00 5.49

Dobili smo seznam kod v obliki list, preuredimo jo v matriko, pri čemer iz-
pustimo redundantno vrstico.

> str(seznam)
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List of 1
$ : chr [1:92] "" " b2587 CDS E.coli\nNAME kgtP, ECK2585, JW2571, witA\nDEFINITION alpha-ketoglutarate transporter"| __truncated__ " b1947 CDS E.coli\nNAME fliO, ECK1945, flbD, JW5316\nDEFINITION flagellar biosynthesis protein "| __truncated__ " b0454 CDS E.coli\nNAME ybaZ, ECK0448, JW0444\nDEFINITION predicted methyltransferase \nORTHOLO"| __truncated__ ...

> s <- as.matrix(seznam[[1]][-1], ncol = 1)

Za 92 kod je potreboval 5.49 sekund, tako da bi za vseh 12240 genov potreboval
približno 12 minut. Učinkoviteje, ampak še vedno veliko!

Vrne eno dodatno prazno vrstico na začetku. Pri nas imamo na mestu 95 neob-
stoječo kodo b2999, tako da je vrstni red rezultata drugačen od vrstnega reda
vhodnih kod!!! Za neobstoječe ali neveljavne kode vrne prazen niz, zato vrstice
ustrezajo zaporedju veljavnih KEGG kod. Lahko izločimo neveljavne (pri nas to-
varniške kontrole) ali pa naredim preslikavo na podatke s pomočjo KEGG kode.

S funkcijo bget dobimo vso informacijo iz KEGG baze!

> cat(seznam[[1]][2])
b2587 CDS E.coli

NAME kgtP, ECK2585, JW2571, witA
DEFINITION alpha-ketoglutarate transporter
ORTHOLOGY KO: K03761 MFS transporter, MHS family, alpha-ketoglutarate

permease
POSITION complement(2722470..2723768)
MOTIF Pfam: CitMHS Sugar_tr MFS_1 LacY_symp DUF2298 DUF1345 BPD_transp_1

PUCC Voltage_CLC 7TM_GPCR_Srh Branch_AA_trans DUF112
Nucleos_tra2_C Flavi_NS2A Frag1 Exosortase_EpsH DUF340 DUF92
DUF205 Competence DUF125 Ferric_reduct

PROSITE: SUGAR_TRANSPORT_1 SUGAR_TRANSPORT_2 MFS
DBLINKS RegulonDB: B2587

EcoGene: EG10522
ECOCYC: EG10522
NCBI-GI: 16130512
NCBI-GeneID: 947069
UniProt: P0AEX3

CODON_USAGE T C A G
T 13 16 13 8 4 3 8 10 12 4 0 1 6 1 0 9
C 4 7 6 18 4 0 3 2 3 2 8 5 8 12 0 0
A 9 5 7 19 9 8 4 6 4 3 9 4 7 2 1 0
G 14 4 4 12 14 14 11 12 5 2 10 4 14 9 12 5

AASEQ 432
MAESTVTADSKLTSSDTRRRIWAIVGASSGNLVEWFDFYVYSFCSLYFAHIFFPSGNTTT
QLLQTAGVFAAGFLMRPIGGWLFGRIADKHGRKKSMLLSVCMMCFGSLVIACLPGYETIG
TWAPALLLLARLFQGLSVGGEYGTSATYMSEVAVEGRKGFYASFQYVTLIGGQLLALLVV
VVLQHTMEDAALREWGWRIPFALGAVLAVVALWLRRQLDETSQQETRALKEAGSLKGLWR
NRRAFIMVLGFTAAGSLCFYTFTTYMQKYLVNTAGMHANVASGIMTAALFVFMLIQPLIG
ALSDKIGRRTSMLCFGSLAAIFTVPILSALQNVSSPYAAFGLVMCALLIVSFYTSISGIL
KAEMFPAQVRALGVGLSYAVANAIFGGSAEYVALSLKSIGMETAFFWYVTLMAVVAFLVS
LMLHRKGKGMRL

NTSEQ 1299
atggctgaaagtactgtaacggcagacagcaaactgacaagtagtgatactcgtcgccgc
atttgggcgattgtgggggcctcttcaggtaatctggtcgagtggttcgatttctatgtc
tactcgttctgttcactctactttgcccacatcttcttcccttccgggaacacgacgact
caactactacaaacagcaggtgtttttgctgcgggattcctgatgcgcccaataggcggt
tggctatttggccgcatagccgataaacatggtcgcaaaaaatcgatgctgttatcggtg
tgtatgatgtgtttcggatcgctggttatcgcctgcctcccaggttatgaaactataggt
acgtgggctccggcattattgcttctcgctcgtttatttcagggattatctgttggcgga
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gaatatggcaccagcgccacctatatgagtgaagttgccgttgaagggcgcaaaggtttt
tacgcatcatttcagtatgtgacgttgatcggcggacaactgctagccctactggttgtc
gtggttttacaacacaccatggaagacgctgcactcagagagtggggatggcgtattcct
ttcgcgttaggagctgtgttagctgttgtggcgttgtggttacgtcgtcagttagatgaa
acttcgcaacaagaaacgcgcgctttaaaagaagctggatctctgaaaggattatggcgc
aatcgccgtgcattcatcatggttctcggttttaccgctgcgggctccctttgtttctat
accttcactacttatatgcagaagtatctggtaaatactgcgggaatgcatgccaacgtg
gcgagtggcattatgactgccgcattgtttgtattcatgcttattcaaccactcattggc
gcgctgtcggataagattggtcgccgtacctcaatgttatgtttcggttcgctggcagcc
atttttaccgttcctattctctcagcattgcaaaacgtttcctcgccttatgccgctttt
ggtctggtgatgtgtgccctgctgatagtgagtttttatacatcaatcagtggaatactg
aaggctgagatgttcccggcacaggttcgcgcattaggcgttggtctgtcatatgcggtc
gctaatgctatatttggtggttcggcggagtacgtagcgttgtcgctgaaatcaatagga
atggaaacagccttcttctggtatgtgaccttgatggccgtggtggcgtttctggtttct
ttgatgctacatcgcaaagggaaggggatgcgtctttag

///

1.3 Izbira kod iz seznama: funkcija getCode

S funkcijo getCode lahko iz seznama dobimo NCBI-GeneID kode:

> getCode <- function(x, str1 = "NCBI-GeneID: ", str2 = "\n") {
+ first <- function(x, str = "NCBI-GeneID: ") substring.location(x,
+ str)$last + 1
+ last <- function(x, str = "\n", start = 1) (substring.location(x,
+ str, restrict = c(start, 9999))$first)[1] - 1
+ st <- first(x, str1)
+ en <- last(x, str2, start = st)
+ return(substring(x, st, en)[1])
+ }

Ob klicu funkcije getCode definiramo enoličen niz znakov pred kodo in niz, ki
kodo zaključuje.

> GeneID <- apply(s, 1, getCode, "NCBI-GeneID: ", "\n")
> GeneID[1:5]

[1] "947069" "946458" "945094" "946628" "945021"

ali pa KEGG kode:

> KEGGId <- paste("b", apply(s, 1, getCode, "b", " "),
+ sep = "")
> KEGGId[1:5]
[1] "b2587" "b1947" "b0454" "b1603" "b0368"

in ECOCYC kode:

> ecocycId <- apply(s, 1, getCode, "ECOCYC: ")
> ecocycId[1:5]
[1] "EG10522" "EG11224" "G6251" "EG10744" "EG12423"

Združena tabela

> print(cbind(KEGGId, GeneID, ecocycId)[1:5, ], quote = FALSE)
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KEGGId GeneID ecocycId
[1,] b2587 947069 EG10522
[2,] b1947 946458 EG11224
[3,] b0454 945094 G6251
[4,] b1603 946628 EG10744
[5,] b0368 945021 EG12423

Funkcijo getCode lahko uporabimo tudi na sestavljenih imenih genov:

> gName <- as.matrix(featureData(eset)$Name[1:5], ncol = 1)
> gName

[,1]
[1,] "Locus:b2587|Gene:kgtP|Prot:NP_417082_428_462"
[2,] "Locus:b1947|Gene:fliO|Prot:NP_416457_2_36"
[3,] "Locus:b0454|Gene:ybaZ|Prot:NP_414988_257_291"
[4,] "Locus:b1603|Gene:pntA|Prot:NP_416120_790_824"
[5,] "Locus:b0368|Gene:tauD|Prot:NP_414902_609_643"

S primernimi oznakami začetkov in koncev lahko izluščimo kode:

> apply(gName, 1, getCode, "Locus:", "|")

[1] "b2587" "b1947" "b0454" "b1603" "b0368"

> apply(gName, 1, getCode, "Gene:", "|")

[1] "kgtP" "fliO" "ybaZ" "pntA" "tauD"

Včasih je treba biti nekoliko zvit :)

> paste("NP", apply(gName, 1, getCode, "Prot:NP_", "_"),
+ sep = "_")

[1] "NP_417082" "NP_416457" "NP_414988" "NP_416120" "NP_414902"
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1.4 Izbira imenovanih kod z regularnimi izrazi (regular expres-
sion)

S pomočjo regularnih izrazov in funkcijo sub lahko učinkovito izluščimo kode.
Pripravimo seznam lokusov

> gName <- featureData(eset)$Name
> Locus <- sub("^Locus:(b[0-9]*).*", "\\1", gName)
> tail(Locus)
[1] "b3862" "b1275" "b2791" "b1942" "b1343" "b4558"

Privzemimo opise s spletne strani KEGG.

> system.time(KEGGstr <- bget(paste("eco", Locus, sep = ":",
+ collapse = " ")))

user system elapsed
0.00 0.00 4.72

Rezultat poizvedbe je en sam dolg niz znakov. Zapis o vsakem genu je za-
ključen s treni poševnicami, ki mu sledi oznaka za prehod v novo vrstico. Delilni
niz je zato '///\n'. S tem se tudi izognemo redundantni vrstici, ki jo dobimo pri
delitvi v razdelku 1.2.

> seznam <- strsplit(KEGGstr, "///\n")[[1]]

Iz vektorja z opisi izluščimo kode NCBI-GeneID

> GeneID <- sub("^.*NCBI-GeneID\\W*(\\w*).*$", "\\1", seznam,
+ extended = TRUE)
> Entry <- sub("^.*ENTRY\\W*(\\w*).*$", "\\1", seznam,
+ extended = TRUE)
> tail(cbind(Entry, GeneID))

Entry GeneID
[86,] "b3862" "948350"
[87,] "b1275" "945771"
[88,] "b2791" "947242"
[89,] "b1942" "946454"
[90,] "b1343" "947153"
[91,] "b4558" "1450304"

Izpis sekvence

> seq <- sub("^.*NTSEQ\\W*(\\w*.*$)", "\\1", seznam[1],
+ extended = TRUE)
> cat(seq)

1299
atggctgaaagtactgtaacggcagacagcaaactgacaagtagtgatactcgtcgccgc
atttgggcgattgtgggggcctcttcaggtaatctggtcgagtggttcgatttctatgtc
tactcgttctgttcactctactttgcccacatcttcttcccttccgggaacacgacgact
caactactacaaacagcaggtgtttttgctgcgggattcctgatgcgcccaataggcggt
tggctatttggccgcatagccgataaacatggtcgcaaaaaatcgatgctgttatcggtg
tgtatgatgtgtttcggatcgctggttatcgcctgcctcccaggttatgaaactataggt
acgtgggctccggcattattgcttctcgctcgtttatttcagggattatctgttggcgga
gaatatggcaccagcgccacctatatgagtgaagttgccgttgaagggcgcaaaggtttt
tacgcatcatttcagtatgtgacgttgatcggcggacaactgctagccctactggttgtc
gtggttttacaacacaccatggaagacgctgcactcagagagtggggatggcgtattcct
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ttcgcgttaggagctgtgttagctgttgtggcgttgtggttacgtcgtcagttagatgaa
acttcgcaacaagaaacgcgcgctttaaaagaagctggatctctgaaaggattatggcgc
aatcgccgtgcattcatcatggttctcggttttaccgctgcgggctccctttgtttctat
accttcactacttatatgcagaagtatctggtaaatactgcgggaatgcatgccaacgtg
gcgagtggcattatgactgccgcattgtttgtattcatgcttattcaaccactcattggc
gcgctgtcggataagattggtcgccgtacctcaatgttatgtttcggttcgctggcagcc
atttttaccgttcctattctctcagcattgcaaaacgtttcctcgccttatgccgctttt
ggtctggtgatgtgtgccctgctgatagtgagtttttatacatcaatcagtggaatactg
aaggctgagatgttcccggcacaggttcgcgcattaggcgttggtctgtcatatgcggtc
gctaatgctatatttggtggttcggcggagtacgtagcgttgtcgctgaaatcaatagga
atggaaacagccttcttctggtatgtgaccttgatggccgtggtggcgtttctggtttct
ttgatgctacatcgcaaagggaaggggatgcgtctttag

2 Luščenje posameznih označenih kod

S funkcijo getTaggedCode

> getTaggedCode <- function(x, tag = sub("^\\W*(\\w*).*$",
+ "\\1", x[1]), nocode = NA, ...) {
+ reg <- paste("^.*", tag, "\\W*(\\w*).*$", sep = "")
+ code <- sub(reg, "\\1", x, extended = TRUE, ...)
+ code[-grep(tag, x)] <- nocode
+ return(code)
+ }
> x <- c("ENTRY: 1111 XXX: x001", "ENTRY 22 XXX x02 YYY: Y01",
+ "ENTRY 3 YYY: Y03")
> cat(x, sep = "\n")
ENTRY: 1111 XXX: x001
ENTRY 22 XXX x02 YYY: Y01
ENTRY 3 YYY: Y03
> getTaggedCode(x, "XXX")
[1] "x001" "x02" NA
> getTaggedCode(x)
[1] "1111" "22" "3"

lahko izluščimo posamezne kode:

> tail(getTaggedCode(seznam, "GeneID"))
[1] "948350" "945771" "947242" "946454" "947153" "1450304"
> tail(getTaggedCode(gName, "Locus"))
[1] "b3862" "b1275" "b2791" "b1942" "b1343" "b4558"

Več o uporabi regularnih vzorcev za iskanje imenovanih kod je v datoteki How-
ToGetTaggedCodes.pdf.

Ker v KEGG niso navedeni vsi lokusi, moramo biti pri prireditvah previdni. V
našem primeru nismo dobili informacije o vseh lokusih:

> length(Locus)
[1] 92
> length(Entry)
[1] 91
> notListed <- which(!Locus %in% Entry)
> notListed
[1] 25
> Locus[notListed]
[1] "b4274"

7

http://ablejec.nib.si/pub/HowTo/HowToGetTaggedCodes.pdf
http://ablejec.nib.si/pub/HowTo/HowToGetTaggedCodes.pdf


2.1 KEGG FTP

Na FTP strani ftp://ftp.genome.jp/pub/kegg/genes/organisms/eco pa najdemo šifrant
za pretvorbo LocusID v NCBI-GeneID za E. coli eco_ncbi-geneid.list. To je seveda
za prevedbo vseh genov precej ugodnejša varianta. Iz datoteke eco_ncbi-geneid.list
bomo prepisali oznake v featureData za naše podatke.

2.2 Direktna povezava na KEGG

Kratek seznam genov, ki ima internetne povezave na bazo KEGG Genes:

> ID <- Locus[1:5]
> KEGG <- "http://www.genome.jp/dbget-bin/www_bget?eco"
> links <- paste(KEGG, ID, sep = "+")
> refs <- paste("\\href{", links, "}{", ID, "}", sep = "",
+ collapse = "\\\\ \n")
> cat(refs, "\n")

b2587
b1947
b0454
b1603
b0368

Klik na ime pokaže podatke na spletni strani KEGG,
<ctrl>-klik pripravi stran s podatki v obliki PDF datoteke
<shift>-klik pa pripne PDF izpis spletne strani na konec tega dokumenta.
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