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1 Introduction

This docum ent provides the way to use M eSH -related packages MeSH.db, MeSH.AOR.db,
MeSH.PCR.db, Me e d -type packages, MeSHDDbi , and meshr packages. M eSH
(M edical Sub ject H eadings) is the NLM (U. S. N ational Library of M edicine) controlled
vocabulary used to m anually mmdex articles for M EDLINE PubM ed and is a collection
of a com prehensive life science vocabulary. M eSH contains m ore than 25,000 clinical and
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Figure 1: M eSH Tem

biological term s. The am ount of M eSH tem is about tw ice as large as that of GO (G ene
0 ntology)l2] and its categories are also wider. M eSH m 2014 proposed its 19 categories
and MeSH.db provides 16 of them , which are actually assigned to som e M eSH temm s. Each
category is expressed as single capitalalphabet as abbreviation de ned by NLM . T herefore
M eSH is an expected to be much detailed and exhaustive gene annotation tool Som e
softw are or databases using M eSH are now proposed 13,/4,5,6].

T his vignette ntroducesR B loconductor packages for handling M eSH m R .0 riginalM eSH
data is accessible by NLM FTP site ).
The data are downloadable as plain-text form at (A SCII M eSH d2014.bin 2014 .bin).
These Ieswere preprocessed by our data-processing pipeline ( gure 2) and corresponding
inform ation issum m ari ed asa table in SQ L ite3 Ile and packed into MeSH.db ,MeSH.AOR.db,
and MeSH.PCR.db.
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1.1 About MeSH

MeSH.db provides the corresponding table which contans M eSH ID , M eSH tem , M eSH
category, synonym , uali erID ,and uali er term . J uali er term m eansm ore rough anno-
tation (subheadings) than M eSH .M eSH has hierarchical structure like G 0 . Such structure
is provided as MeSH.AOR.db (A OR : ancestoro spring R elationships) and MeSH.PCR.db
(PCR : parent—child R elationships as corresponding table.

U. S. National Labrary of Medicine

,I, National Institutes of Health ,],

#NEWRECORD
RECTYPE = Q

SH ration & dosage]
RATTON A

*NEWRECORD

==MH = Abortion, Legal|
AQ = AE CL CT EC ED ES HI IS LJ HO MT NU PX RH SN ST TD UT V
PRINT ENTRY = Abortion on Demand |T061]NON [NRW|BIOETHICS (1959) 1770317 =
abcdef

- M5 = Used with drugs for dosage forns, routes of administration, frequ
R f‘:;;{‘;g:":‘:aa‘ ency and duration of adninistration, quantity of medication, and the e

ffects of these factors.
ENTRY = Legal Abortions AN = subhead only; for routes of administration, timing, amounts of do

04.520.050 ses; not for "dosage” in Romance languages ( = /analysis) ; see MeSH s
MH_TH = POPLINE (1978) cope note in Introduction; indexing policy: Manual 19.8.2; DF: /admin
ST = To61
AN = /adv eff permitted; do not use /util (except by MeSH definition) OL = search policy: Online Manual; use: main heading/AD or AD (SH) or

SUBS APPLY AD

/vet; don't forget also HUMANS & FEMALE & PREGNANCY IN = 66; used with Category D 1966-90 forvard
MEL 382

MS = Ternination of pregnancy under conditions allowed under local law
s. (POPLINE Thesaurus, 1991)

PM = 64

HN = 64
MED = 185
MED = 283
M99 = %440
M99 = 603
M85 = %326
M85 = 437
M80 = %369
M80 = 490
M75 = %477
M75 = 710
M66 = x1009

M66 = 1611 .
Haa = a3 d2014.bin
CATSH = CAT LIST

MR = 20040713
DA = 19990101

q2014.bin
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Figure 2: D ata pre-process for M eSH .db



1.2 The correspondence between MeSH ID and NCBI Entrez Gene 1D

M eSH . egdb ( is an abbreviation of species nam e such as Hsa: Hom o sapiens)
packages provide the correspondence between Entre Gene IDsand NLM M eSH IDs. Such
correspondence In w ide vardety of organism s are sum m ari ed as each M eSH . .eg.db by
three way ofm ethods, G endooH], gene2pubm ed, and RBBH (reciprocalBLA ST best H it).

G endoo isthe w eb-application based on text-m ming ofPubM ed. C o-occurrence relations
In PubM ed docum ent are exhaustively retrieved and m uch relevant correspondence are

Itered by som e mmform ation science techni ues.

geneZpubm ed is the correspondence between Entre G ene IDsand NLM PubM ed ID s.
T hese relationship is m anually assigned by NCB I curator team s. W e also sum m ari ed the
relationship between M eSH Term s and PubM ed ID s from licensed-PubM ed, then m erged
as Gene IDs -M eSH ID s correspondence.

Forsom em morspeciesincluding non-m odelorganism s,which haveno su cientdatabases
for annotation,we de ned 15 wellannotated organisn s and 100 m mor-organism s, then con-
ducted RBBH between all possible com binations using BLASTP search.

M ethod W ay of corresponding Entre Gene IDsand M eSH IDs ‘

G endoo Textm ming

geneZpubm ed | M anual curation by NCB I team s
RBBH se uence hom ology with BLASTP search (E-valie 10 )
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Figure 3: 120 organism s for M eSH .



1.3 Database interface package for MeSH-related packages

W e also in plem ented a database interface (D B I) package nam ed MeSHDDbi . T his package is
in portant because of tw o reasons. F irst reason is a uni cation of D BI functions for M eSH -
related packages. MeSH.db , MeSH.AOR.db, MeSH.PCR.db, and Me e d pack-
ages mherit the M eSHD b-class de ned by MeSHDDbI and behavior of these packages is uni-
form Iy designed . Second reason is supporting construction ofuser sorignalM eSH . eg.db
package. D ue to the rapid developm ent of DN A se uence technology, w ide variety of genom e
se uences are m ore and m ore determ med and the correspondence of G ene ID s and M eSH
ID sm ay be designed by m any databases 13,/4,/5,6]. T herefore, we prepared the function to
create M eSH . .eg.db package for a situation in which users can retrieved the relationship
between G ene ID s and M eSH ID s by som e m eans.

1.4 MeSH term enrichment analysis

To analy e M eSH -related packages w ith om ics data, we in plem ent meshr package, w hich
is for conducting enrichm ent analysis using M eSH data. This package internally i ports
MeSH.db, MeSH.AOR.db, MeSH.PCR.db and Me e d , then conducts enrich-
m ent analysis to detect highlly enriched M eSH temm s In gene sets of interesting species.

MeSHDbi
The relationship between
MeSH.db, MeSH.AOR.db, MeSH.PCR.db gene IDs and MeSH IDs
ol
D001940 Breast A org. MeSH.XXX.db
D001421 | Bacteria, Anaerobic B | |
[ I
MeSH ID MeSH Term MeSH Category 1041241 D000199
D007627 | D043213 || D124623 | D286633 3253326 D000804
D000111 | D212456 || D231421 | D135314 5153555 DO00636
5437890 D104627
ANCESTOR OFFSPRING PARENT  CHILD
Gene ID MeSH ID
+ Other Information (Synonym, Qualifier) (org.MeSH.Aca.db~org.MeSH.Zma.db)
1 }
v
Ensembl ID I
Affymetrix Probe ID mesar
Gene Name 1041241 D000199 Actins 0.0205
Gene Symbol 3253326 D000804 Angiotensin Il 0.0214
| 5153555 D000726 Androgen Antagonists 0.5234
> 5263462 — DO000111 Acetylcysteine 0.5355
Other annotation packages 6426262 D039961 Semaphorins 0.0014
(e.g., rat2302.db, ecoli2.db
BSGenome Hsapiens. UCSC.hgl9) Gene ID MeSH ID / MeSH Term / p-value (FDR)

Figure 4: The relationship ofm eshr and other M eSH -related packages



2 Exercise

2.1 Access MeSH Term

In our packages, all data are extracted by only 4 functions de ned by AnnotationDbi
and . In this section, we dem onstrate how to use these

functions by using MeSH.db .
At rst, nstall and Ioad the MeSH.db.

librar ( e .db)

Is function show s all ob jects in this package. M eSH .db ob ject is generated. T his is also
package snam e and allM eSH -related packages provide the ob ject nam ed as package nam e
(eg.,Me d ,Me M ue d).

1s( package: e .db )
e .db

Here, we use , , and agamst M eSH .db.
retums the row s which we can retrieve in M eSH .db.
columns( e .db)

retums the rows which can be used as the optional param eter In and
functions against M eSH .db.

ke t pes( e .db)



function returns the valie of keytype.

k - ke s(e .db, ke t pe D)
length (k)
head (k)

function retums row s In particular colum ns, w hich are having userspeci ed keys.
T his function provides the data as a datafram e. Now , we w ill retrieve the rows In which
MESHID ise uivalentto M ESHTERM .

select( e .db, ke s k[1:10], columns c( D, TR ),
ke t pe D)



euke ia

N ext, we w ill retrieve som e infomm ation about euke ia by our packages.
function retrieves rows in which M ESHTERM is " euke ia" i the M eSH .db

table.
U - select( e .db, ke s eukemia , columns c( D,
TR , CT R , ), ke t pe TR )

U

function show s thatM ESHID of euke ia isD 007938 and euke ia is catego-
ried asC (D iseases). ecuke ia hassom esynonym slike eucocythae ias, eucocythae ia,
eucocythe ias and euke ias.
A sm entioned above,M eSH hashierarchicalstructures. MeSH.AOR.db and MeSH.PCR.db
packages provide such hierarchical inform ation of M eSH . For exam ple, MeSH.AOR.db en-
able us to exam me the top temm s of euke ia.

librar ( e . R.db )
C - select( e . R.db, ke s D007 38 , columns c( C TR,
FF PR ), ke t pe FF PR )
C

D 009370 has found above euke ia.

These M eSH ID s can be translated to M eSH Tem .

select( e .db, ke s Cl1, 11, columns  c( TR ), ke t pe D

In thisway,w e can specify that euke ia iscategori ed asoneofNeo as s y istoo icTy e.
0 nce keytype-param eter set to opposite direction (0 FFSPRING to ANCESTOR ), other
M eSH ID s in Jow er hierarchies also can be retrieved.

FF - select( e . R.db, ke s D007 38 , columns c( C TR,
FF PR ), ke t pe C TR)
FF
select( e .db, ke s FF[, 2], columns c( TR ), ke t pe D)

There are a Iot of M eSH tem s, which m eans euke ia hasm any low er hierarchies.

MeSH.PCR.db provides the directly Iower (or upper) temn s.
librar ( e .PCR.db )

C - select( e .PCR.db, ke s U[1, 1], columns <c( PR T,
C D), ke t pe PR T)

head(C )

head(select( e .db, ke s C [, 2], columns c( TR ),
ke t pe D))

euke ia hasabtofsubtypeslike ian eukosis, ast risis, euke ia rythro astic
and so on.

10
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Som e optionalfunctions form uch com plex data ac uisition are also provided. In thissection,
users m ay need som e basic know Jedge (see also RSQLite).
d In o retums the inform ation of the package. d i e retumns the directory where s lite
le is stored. d sche a retums the schem a of database. d conn retums the connection
constructed by RSQLite .

db nfo( e .db)
dbfile( e .db)
dbschema( e .db)
dbconn( e .db)

d sche a shows the data is stored as a table nam ed "D ATA " in the s lite database and
the table has six coimns MESHID ,M ESHTERM ,CATEGORY,SYNONYM ,QUALI-
FIERID ,and QUALIFIER . Therefore, we can retrieve data by m uch com plex SQ L uery
Iike below

librar ( R ite )

1 - paste( CT TR, U F RD, U F R FR DT |,
R D "D0O00001" , D U F RD " 0004 47 )
db et uer (dbconn( e .db), 1)
2 - paste( CT C TR, FF PR FR DT |, R FF PR *D000002" ,
R FF PR "D0O00003" , R FF PR *D000004" , R C TR *DO0 27 " )
db et uer (dbconn( e . R.db), 2)
3 - paste( CTPR T, C D FR DT , R PR T "D0O0000 " ,
D TC D "D004312" )
db et uer (dbconn( e .PCR.db), 3)

11



2.2 MeSH.XXX.eg.db-type packages

A swellasMeSH.db, MeSH.AOR.db, and MeSH.PCR.db,M e

e d -typepackages

also use 4 functions ( s s and ) to extract data.

librar ( e . sa.eg.db )

columns( e . sa.eg.db)

ke t pes( e . sa.eg.db)

ke _ - ke s( e . sa.eg.db, ke t pe D)

select( e .db, ke s ke _ [1:10], columns c( D, TR ),

ke t pe D)
M oreover, these packages have other additional functions like , ,
. In each Me e d, fiinction returns the com m on nam e

and retums the scienti ¢ nam e.

librar ( e . ca.eg.db )

librar ( e . tu. 84.eg.db )

librar ( e . su.168.eg.db )

librar ( e n.eg.db )

species( e . sa.eg.db)

species( e . ca.eg.db)

species( e . tu. 84.eg.db)

species( e . su.168.eg.db)

species( e . n.eg.db)

nomenclature( e . sa.eg.db)

nomenclature( e . ca.eg.db)

nomenclature( e . tu. 84.eg.db)

nomenclature( e . su.168.eg.db)

nomenclature( e n.eg.db)

function returns the source ofdata ( gure 3). In regard to RBBH ,nam e

of organism s is returmed. T hese values are in portant when users specify the database for
M eSH Tem enrichm ent analysis (see the section 24).

listDatabases(
listDatabases(
listDatabases(
listDatabases(
listDatabases(

e . sa.eg.db)
e . ca.eg.db)
e . tu. 84.eg.db)
e . su.168.eg.db)
e n.eg.db)
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2.3 MeSHDbi

A Tthough m ost of usersm ay not be conscious of this package, MeSHDDbi is in portant for our
M eSH packages. This package regulates class de nition of M eSH object M eSHD b—lass).
Besides, thispackage constructs user sorijgmalM e e d package.

easily constructs such package.

librar ( e Dbi )
example( make ene e Package )

13
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