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ABSTRACT

Classically, the way to find the information from papers is condensed as 1) search the papers through public search engines, 2)
manually scan the textual data to obtain the information, such as gene, disease or protein. However, the number of published
research is expanding at an increasing rate. Approximately 26 million papers were cited in PubMed in 2017, which is one of the most
used databases of life science(https://www.nlm.nih.gov/bsd/licensee/baselinestats.html). Consequently, it makes a huge bottleneck
to extract information by scanning all the paper manually. One of solution that can resolve this problem is Text-mining. In this study,
we introduced computational step of Text-mining by R, a statistical language. Finding the genes associated with carcass weight was
carried out as an example. In the results, the 786 papers were searched and the 236 genes were found in that papers, including
NCAPG, MSTN, LCORL, POMC. The most frequently called gene related to cattle carcass weight is NCAPG(non-SMC condensin |
complex subunit G).

Keywords: Text-mining, Trait-association gene

INTRODUCTION

P WA FAAE 2= 7129 W2 oY P A =2 A AAE =RollA A gelshs d7o] IS AA
7] w2l %‘LXH ARkt le2o] b £3] &3t H|o]EfHo] A1 PubMedoll= 2017 7|02 oF 27 ¥Rt 2.0] =

o] 20| glo] Ql31, Y& 2]gF Hofo] A7} gits| Ra o whet 1 4= vl Z71skal Q) Thhttps://www.nlm.nih.gov/bsd/licensee/
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METHODS

RS 0|23t PubMed HIAE Djo]y

RAZEF0] 440 AL o § 515107 o] §3F o] Befele] w212 2024.12 71 HA ¥ o] g5t%ict.

ROIA PubMed 2% FX =2 5 34
JERHS o] 8517] 9Jgt A ©Al= R B0l ¥ R E F245k= Zo|th NCBI-Entrez H|o]E]H]|o] A 7]§ke]
PubMed= =& Z #3& AT E 4 Sl AH|AE A Z-3ttt. PubMedE 32 T A} Sk o o] &-5faLAf S 7}
7 HA B ot1A} sk =2 o &=, o|d PubMed &3 HEE Ro|A THE 4= QLS 5l|5+= RiSmedet= D7 | A&
o]-g-sto] Fuf|o] o] Fo]7}A] ol XIsgstet the2

install.packages(RISmed’)

library(RISmed)

help(‘RISmed’) #3+4~> 7|5 221

query <- 'carcass weight{ TIAB]' # 7 2] A/

o
2]
>
i
3O
K

[TIAB] & PubMed ©|A Al gsh= 1l A FA 0 = 23t 7] 2| (‘carcass weight )& =22 Al 22 250l okl e =
R A AMS= FA ol ZFAISE 342 (https://www.ncbi.nlm.nih.gov/books/NBK3827/#pubmedhelp.Advanced Search)oll 4] 2|7 22l
o] 7}5-5tth PubMed 9] Hlo]E|E F&35}+11 AJ/4d5H= $H4+ EutilsSummary 0|1 ThS I EE 0]-85}0], query JR 2 ==& To]

97 5t 32 0] 8] 223 article A 215k 2o W,

article <- EUtilsSummary(query, type='esearch'’, db="pubmed')

str(article)

Tablel. Formal class 'EUtilsSummary' [package "RISmed"] with 6 slots

.@db chr "pubmed"

..(@ count num 2881

..(@ retmax num 1000

..(@ retstart num 0

..@ PMID chr [1:1000] "39673410" "39647363" "39643874" "39639873" ...
..@ querytranslation chr "\"carcass weight\"[Title/Abstract]"

EutilsSummary 2] 31 R Q1A}= OFA] AAA5E 2], A QIAH= E-utilities®] &-5-0] T} B-utilities = NCBI t]o| E#o] A A] AR
S th27] Q)5 QlEjm|o] A 0] m APA|GH U-8-2 pubmed 23] ©] A] (https://www.ncbi.nlm.nih.gov/books/NBK25497/)0l| A} &ol0] 7153
T}, opA|gt o1z} glo|EfHo] A Z&o|u] oH ofjA|o| A= PubMed S E-835Hc} str2 2015 Aul(Tablel )2 B & 6712 £F
O & J/go] Hollet, F ol tish A =52 2,881THO| AT FE2H =22 1,000 0| 2t= ol o3t} gk v & =72
AR FEoka ATk ol o] g oS o] &5 7Hs5ttt.
| article <- EUtilsSummary(query, type='esearch’, retmax=article@count, db="pubmed") |

Tt retmax 9] 7]23¢0] 100001 AR&AR= E-Utilities AH 2] @H 292 2H7] 9J3t A M-S F4-5lojof Shch(https:/www.ncbi.
nim.nih.gov/books/NBK25497/). AA| 2 AP i, S5 RE JHE 7l 0 = 712 79| Brls3lch wlebd 2F glo] il
HJHE G X0 2 2E37] YAl e th3 T 2ol queryZ B2 W8-S 1A - 02 24sh= Zlo] vtz it
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| query <- 'carcass weight[ TIAB] AND cattle[TIAB]' |
ANDZ 97510} B 7] 278 Esl 74 4TS 714 S 4 9L 2 ZA 1L, EUtilsSummary S 0] 8510 pmidS 714 2.
s A2 Bl B A3k 0 7 glo] HHE 71HE 4 Qlrk wheke 4 Q)
article <- EUtilsSummary(query, type="esearch'’, db="pubmed')
str(article)

Table2. Formal class 'EUtilsSummary' [package "RISmed"] with 6 slots

.@db chr "pubmed"
..@ count num 786
..(@ retmax num 786
..(@ retstart num 0
..@ PMID chr [1:786] "39795001" "39790875" "39760134" "39736983" ...
@ querytranslation chr "\"carcass weight\"[Title/Abstract] AND \"cattle\"[Title/Abstract]"
T}2-2 EutilsGet 5 o]-&5to] =F2] 252 445k gHo|t} EutilsGet T4~ EutilsSummary 2 734 PMID & ©]-83]

%ﬂf 88 25 4 U SEC] AvsactTent #5244 s AW EAIRIZ o] 20120 Mol 7 0] 280] 5
25 2402 wefshEo) 9l

PMID <- article@PMID

articlel <- EUtilsGet(PMID,type="efetch", db="pubmed’)

abs <- AbstractText(articlel)

abs[1]

[1]" ... In this study, 20 X whole-genome resequencing was performed on 282 Angus cattle from the Ningxia region, and a high-quality

dataset encompassing extensive genomic variations across the entire genome was constructed. The iHS test identified 495 selection signal
regions, which included pregnancy-associated glycoprotein ( PAG ) family genes and immune-related genes such as UL16-binding protein
21 ( ULBP21 ), CD1b molecule ( CD1B ), and tumor necrosis factor ligand superfamily member 11 ( TNFSF11 ). A quantitative trait

locus (QTL) enrichment analysis revealed that several economic traits, including longissimus muscle area, marbling score, carcass weight

average daily gain, and milk yield, were significantly enriched in cattle with these selection signatures. ***.”
HE|SHE o] 3= TlolEl= o] &of| of2|go] leu g 4 7t F Hhg(n) 7125 F7Foto] At o, AREShE cat T

A/ abs AHE xt A0 o 2 A5k 755 $eh o] T EE o] &5to] 7hE e 25 HlolHE Xi%*imr.
abs[length(abs)] <- pasteO(abs[length(abs)], "n')

cat(abs, file='01.abstract.txt")

AR 250 oAl Tt Zron], A4 aA L2 50| JREEH DR o A2 AT Ao} OhE 4 Yok A ElAE P4

of w2 R #739] @A) At ELolA BHelo] 7Hsahn, setwd BHOI2 U= E AHSIIL getwd B2 AA 2 F

ol cleEe)s selg 4 glck.
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Journal of Animal Breeding and Genomics 31



Discovering Trait-Associated Genes through Text-Mining Analysis

Ensembl CI[O|E{H|O] A S EES FTX} A A=}

A Z7FA] PubMedol| A ot At i AR oAl o1 =72 25 HAE S S35k WRlS A3t o] 25
BIAE 2t5 = ARAZ B Q & 514 O A E7EA] AR A Qlo B g 27141 7hgo] E estit} maka] ZEol|A £33 E)
2 Eo||A o3t FHTHS AH517] 2J510] Ensembl H|O|Ej#|0] AE 0]- 83t 37 2F AP A|2k-2 2188%t A olct. sl 22 57|
215 R2] ‘biomaRt’ B7| A ©|-&34.2H, ‘biomaRt B 7| A= Ensembl H|o|EJH|o] A 2R E] H|o|E] & FE k= QIE{u|o]AE A%
&l =t Bio-informatics 2F ¥ E 4| tool& 2] 5= Bioconductorl| A Al 3-5t= 7| X 2 th52] FE= A2 & 2457} =H 1f
71X & B2t

install. packages('BiocManager')

BiocManager::install(‘biomaRt')

library(biomaRt)

BiocManagerS ©]-8-3= W 2ry] £7g0f| wet Aj7ko] @2l Ad 4= 1o, s AX|7F SR E QIS ERIsH, FAA g AE

= ZHdstt. ‘biomaRt T 7] X 2] ‘useMart, ‘getBM’ $H5- o] €501, UseMart' T2 S-all A= AMESHLAL Sh= H|o]EjH|o] A H
E‘ﬂolﬁéﬂg 217 5h=t|, 94| NCBI-Entrez t|°] E{H|0o] A0l X Bos taurus?t HHH A5 E £ OB 2 "braurus_gene ensembl"S
ARG o] Bl 214 & SR O™ ‘getBM oHE AFESH F-42He] Yshs A HE 7Hq @1 Hot 7H4 -2 Axte]] dish RQ] 'tail

o] 2 o] &ato] = 36075712 &

AR AEst 2T 22 g

mart <- useMart(bioma

="ensembl", dataset="btaurus_gene ensembl")

nn

whole gene <- getBM(att ribute=c("external gene name","ensembl gene id","description"), mart=mart)

tail(whole gene)

external gene name ensembl gene id
KHSRP ENSBTAGO80080821618

RAB3D ENSBTAGOB008065529
ENSBTAGOB000868133

ENSBTAGOO000852571

GET3 ENSBTAGO0000011837

SAXOS5 ENSBTAGOG000002629

36070
36071
36072
36073
36074
36075

description
KH-type splicing regulatory protein [Source:VGNC Symbol;Acc:VGNC:38545]
RAB3D, member RAS oncogene family [Source:HGNC Symbol;Acc:HGNC:9779]

36070
36071
36072
36073
36074 puided entry of tail-anchored proteins factor 3, ATPase [Source:VGNC Symbol;Acc:VGNC:96696 ]
36075 stabilizer of axonemal microtubules 5 [Source:VGNC Symbol;Acc:VGNC:52885]

Figure 2. Ensembl database0ild Z=ZE! 36,075 RTA 2[AE

JHHIE Q1A S 2t B A E H|o|E| ZX{2]

APAZ]REHEAL2 APof| &) Qli= Tol 7t E o A ThE o e & ARgo] E| IS Aete FE2H = £ 0| lth. ol & 50f ©ol’
was + be SAFS] HHAH Ty 0 2 Ao A o] SH T} TheF 37 2F AR of] Wiskott-Aldrich syndrome (WAS)©| 2= gene©] &4}i3Hc}
A, e 2 59| FHWol| A "was 7 F-A AR FEH T ofnjof BHA| A BR FEE = 75 HoHA| ¢7] Yo @A E Hlo|g
F7HAQ) x2)7t F eolt). ok A EE o] &sto] ZAE ol & 7 th77] 913t thdst 7152 A Bk 'stringr & A2 &
7|2 & S22
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install.packages('stringr’)
library(stringr)
QIZHHAF ] 213] (HUGO Gene Nomenclature Committee)2] Guidelines ©f] 2 &2l G212} 7| T = )22} 2 L2129k
o] Fo|z{of 5B & tfFA}e} A& o] FolX TofRt &5 Ao H sttt gulS 7|Fo R ‘:*01 T2 textE U0, thE
Ab E2 RARS ook TolE 250 & AF ARt E4ZARE A9l o|fl ZEE o|-&5te ol f=IGF2 2 B2 AR
FZotaAt & o IGF-2, IGF 29 22 WA 0 2 #7)F Tolke 2E6}7] fJgtolnh. 20| B R 253 &, 25 Tof
«] H =S ALk,

abs <- readLines('01.abstract.txt') #4] & F abstract.txt T+ S S}

words <- strsplit(abs,' [[1]] #3212 7]F O text T[] E| S Tro] 9| 2 Lhs

ity words <- words[grep([A-Z0-9],words)] #Z-0] Wol] th& 2}, £ALS- Z3tel= Thof
ity words] <-str_replace all(ity words,[a-z],") #5=ZF Tofof| &35t AFA} A A.

ity words2 <- str_replace all(ity wordsl,[[:punct:]],") #5=F Tofol] &35F E4= F2} A A
#ho] o] Rl A4t

count ity words <- table(ity words2)

=
=

i
Bl

words_freq <- data.frame(word=names(count_ity words), freq=c(unname(count_ity words)))

words _freq$word <- as.character(words_freq$word)

Symbol ENSID
646 NCAPG ENSBTAGOO000021582
1968 MSTN ENSBTAGE@0000113638
LCORL ENSBTAGO0000B846561
POMC ENSBTAGO0000007897
ENSBTAGEE000833128
IGF1 ENSBTAGO0000011082
Description
non-SMC condensin I complex subunit G [Source:VGNC Symbol;Acc:VGNC:
myostatin [Source:VGNC Symbol;Acc:VGNC:

ligand dependent nuclear receptor corepressor like [Source:VGNC Symbol;Acc:VGNC: 30t
proopiomelanocortin [Source:VGNC Symbol;Acc:VGNC:
corticotropin releasing hormone [Source:VGNC Symbol;Acc:VGNC:
insulin like growth factor 1 [Source:VGNC Symbol;Acc:VGNC:

Frequency
28
PE]
22

Figure 3. 3% |IUX =5

APHof| el THo{S A E HIo]E{oflAM FE317
E|AE f|o]Ejof|A] Tho]o] BIL7}x] AlAlo] &2 &|H thg FEE o|-8510] A - A} AP0 A Gene symbolol] 355H= W
S8 FEoT 2 Dol S E AR AA5}7] 218] H|oIRlE myGeneListS T, 0% HHE-E-S 58l APdoll 2Alistal 2
Ak 71 37K o)/ 3_l ol S fAAARR A 8] Rl ok APd A 25 7H4 9F B 0] 2l myGeneListol] &=
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#r A A sH 7=} AP A Gene symbol O] S5k Tt 7142t}
gene_symbol <- whole genef[,1]

#H]o] QA= HIEHAE Th5o] 3211, Aol &2 A HsiETh

myGeneList <- matrix(NA,1,4)

colnames(myGeneList) <- ¢('Symbol',ENSID', Description', Frequency")

for (iin L:nrow(words_freq)) {

if (words_freq[i, 1] %in% gene symbol & nchar(words_freq[i, 1]) >=3) {
gene_information <- whole gene[match(words_freq[i, 1], gene symbol), ]

gene informationl <- cbind(gene information, words_freq[i, 2])
colnames(gene_informationl) <- ¢('Symbol', 'ENSID', 'Description’, 'Frequency")

myGeneList <- rbind(myGeneList, gene_information!)

H

}

Hoi9le 3 e AIEt fAHAES s SAE Aokt TE S 249 228 $449] Symbol, FFE D,
Description 3 AR S 218 4 9l A0] EA| 5} T =RolA 7P B2 RIER Ig3H %XJXP— NCAPGYS 13
t}. 5k, MSTN, LCORL, POMC 58] $AAHE B4 5} 2175 Shui) S Meirh 27} male slae g4lo 2 xaeha, #4o|
e o2 AREAPF A} F0l ARl Ak Y E 2ol A Eeldh 4= Qlk

myGeneList <- myGeneList[-1,]
myGeneList <- myGeneList[order(myGeneList[,4], decreasing =T), ]
head(myGeneList)

write.table(myGeneList, '02.GeneList.txt', sep="t, col.names = T, row.names = F, quote=F)

cat(paste0('Used query: ',query,\n',number of articles: ', length(PMID),\n',number of genes: ',nrow(myGeneList)).file='summury.txt')

Symhol ENSID Description Frequency

NCAPG ENSBTAGe@@e8P21582 non-SMC condensin I complex subunit G [Source:VGNC Symbol;Acc:VGNC:31903] 28

MSTN ENSBTAGOP@0P@11808 myostatin [Source:VGNC Symbol;Acc:VGNC:317@9] 23

LCORL ENSBTAGE900P046561 ligand dependent nuclear receptor corepressor like [Source:VGNC Symbol;Acc:VGNC:30816] 22
POMC ENSBTAGO2000007897 proopiomelanocortin [Source:VGNC Symbol;Acc:VGNC:33155] 18

CRH ENSBTAG@O@00033128 corticotropin releasing hormone [Source:VGNC Symbol;Acc:VGNC:27707] 14

IGF1 ENSBTAGO©000011082 insulin like growth factor 1 [Source:VGNC Symbol;Acc:VGNC:30076] 14

CAPN1 ENSBTAGeP00P@18238 calpain 1 [Source:VGNC Symbol;Acc:VGNC:26748] 12

DBI ENSBTAGEO@00009517 diazepam binding inhibitor, acyl-CoA binding protein [Source:VGNC Symbol;Acc:VGNC:27889] 12
FABP4  ENSBTAGO@G0PB37526 fatty acid binding protein 4, adipocyte [Source:NCBI gene (formerly Entrezgene);Acc:281759] 11
GNAS ENSBTAGOBO0D@52413 GNAS complex locus [Source:VGNC Symbol;Acc:VGNC:108138] 11

GHR ENSBTAG@O@00001335 growth hormone receptor [Source:VGNC Symbol;Acc:VGNC:50184] 10

STAT6  ENSBTAGO@QO8R06335 signal transducer and activator of transcription 6 [Source:VGNC Symbol;Acc:VGNC:35374] 1@

Figure 4. EfMEl ST 2|AE

Used query: carcass weight[TIAB] AND cattle[TIAB]

number of articles: 786
number of genes: 236

Figure 5. 21} 29 I} 0| A|
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SAE Ofo]u Zfo| Aj2Est

ob 3t 2 R 37| Ao A AL nlo] g2 Eo) Qe ATHE ATA 0T A|ZeHE 4+ Gl HE T, barplot HHO.E A2
st AlzZbstol] ARESH= ‘wordcloud 12|31 ‘ggplot2’ 7] A S A 2|51, oj7| X & B2}
install. packages(‘wordcloud')

install.packages('ggplot2')
library(wordcloud)
library(ggplot2)

1j7]2] AX|E 7 glo] ¢t thg ZEE o] &oliA] AZEHE NS ‘png 2 A7t HER O o2 AHE EE
SHAL ‘brewer.pal’ &2 1ol AR8-E A2 2|49} ‘wordcloud' &4+ 3‘1 HA| 1 4~of] ol o] HlE| & Q] 25}al, freq 4] 2} T
ojo] HI = 5 Yol scale T2 1H 2] 7|5 2455 H ‘min.freq 2 a8 Uepd 2| A Hlx 2 HAste) vk ‘random.
order 5 False 2 A5 RIE7} =2 To]d4E 7o) S0 -r]f(]ﬁ} | ¥t} ©ojo] A2} 'random.color & TrueZ A4
afof cherel 7] ERSiCh
gene freq <- myGeneList[,4]

names(gene_freq) <- myGeneList[,1]

png(file="cloud.png",height=900,width=1800,res=160)

palete <- brewer.pal(7,"Set3")

palete[2] <- "#944EFF"

wordcloud(names(gene _freq), freq=gene freq, scale=c(4,1), min.freq=>5, colors=palete, random.order=F, random.color=T)

dev.off()

Th2-2 bar plot= 18+ FEo|th AEH 7
et ek et oA 2 ng’ T4
ggplot2 = ROJIA] o] A|Z}3te} By
QIgh 4= Qlek

Axke] = 5 ALkst Aol A 3] 3071 F-AAFE 7HA o A 22 ol H = &
£ ol-&off vtZ 18 oA = A4S ‘geplot’ 2Ho] B2]2]E o] &-5f plotg LHTE’
StUY7 |52 E&stal 9l om Z[AISH 71452 (https:/ggplot2.tidyverse.org) 55l 2

rJL
i
o)
1

rank count <- data.frame(symbol=myGeneList[1:30,1],freq=myGeneList[ 1:30,4])

png(file="chart.png',height=900,width=1800,res=160)

ggplot(rank _count, aes(x = reorder(rank count[,1], rank count[,2]), y = rank count[,2])) +geom_col() + coord _flip() + ylab('Frequency
of genes') + xlab(NULL) + scale y_continuous(breaks = seq(0, rank _count[1,2], 5)) + theme_bw()

dev.off()

Z
-
)
=
SCD

GIP

Figure 6. ¥1E 22tRE AlZl=}
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NCAPG 4
MSTN 4
LCORL A
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IGF1 4
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DBl 4
CAPN1 4
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HPN 4
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LEP
IGF2 4
GIP 4
DGAT14
ZNF215 4
MC4R q
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TOX A
SPP14
IGF2R 4
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15
Frequency of genes
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Figure 7. EMME| SR} BIT A|Zkst

SUMMARY
A1ZFo] Aol utet dlolejulo] 9] 717t hsiAEA Aol 3 RS S o] @Ak YO E HAE nlo] S o] §
o) A7AP} MOt ERH O PR E AL 4 YTk B AT AL nlo] g 7S BEsle] EAFY AV AUAE AFOR

223 YU 27H9k NCBLEmeo) ] EA1F B =8 745 E 35T, Ensern ool 204 3607574 702
AES TEAF A 7MY Q14 718E HEsto] 37 9 AT R

S 3=

=

2 7212 Aalgith AFAE o] 23] Bl A}
NCAPGS A7} 7V & QEHd S RelTh B A7 7]2 4249 Aol ula) 7 aut 27 2halo] 7H58He Rojzn)
5 Aol ofs) 454 0.2 228§ o] Yrhd EAE thod 7]He] 457} A E ] Fl-Score 58 F-83}0] 217] o}
2 Apaz} ajold ol mh2 A w7} 7k Ao w Fefecy
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