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Abstract: The availability of high-throughput genotyping technologies and microarray assays has allowed researchers to
investigate genetic variations that influence levels of gene expression. Expression Quantitative Trait Locus (eQTL) mapping
methods have been used to identify the genetic basis of gene expression. Similar to traditional QTL studies, the main goal of
eQTL is to identify the genomic locations to which the expression traits are linked. Although microarrays provide the ex-
pression data of thousands of transcripts, standard QTL mapping methods, which are able to handle at most tens of traits,
cannot be applied directly. As a result, it is necessary to consider the statistical principles involved in the design and analysis
of these experiments. In this paper, we reviewed individual selection, experimental design of microarray, normalization of
gene expression data, mapping methods, and explaining of results and proposed potential methodological problems for such
analyses. Finally, we discussed the applications of this integrative genomic approach to estimate heritability of transcripts,
identify candidate genes, construct gene networks, and understand interactions between genes, genes and environments.

Keywords: eQTL; individual selection; experimental design of microarray; mapping methods

Y #s B EA: 2007-12-17; & 1= H #A: 2008-03-24

HE&WmAE: (973 ) ( 2007CB109003) [Supported by the National Basic Research Program of China
(973 Program) (No. 2007CB109003)]

1EEEMN: (1979-), , , E-mail:llyf923@163.com

BIREE: (1968-), , , , , E-mail: penghuiru@cau.edu.cn



9 —eQTL 1229
20 80 : , 1 eQTL
DNA ) .
eQTL QTL(causative QTL,
’ [19]
QTL, cQTL) :
( ) (
) QTL ) eQTL
’ , 2,
’ eQTL QTL
) 1.1
, QTL (
( L
) , eQTL ,
( ¥ QTL
TL , _.
QQn_ . 111 A FHRAAFL ks
’ [20]
Janson  Nap &I QTL (expression QTL, Wang  Nettleton
eQTL) , ;
) QTL
, eQTL QTL ,
[4.5] 6~11 [12~13] , )
14,15 6,16 [171 eQTL
118 , , 200 ,
QTL (X 0),
eQTL X ,
eQTL 10 ,
‘ SR J
Complicated traits
LT GERURUCE 53T KL AT A 230)

Genetical analysis (linkage
and association analysis)

TG IE R ETFE (eQTLAMT)

Gene expression analysis
(microarray analysis)

Sequence polymorphism

1912 st J_

1 K. DNA FHIFERRKEEMES

Genetical genomics analysis
(eQTL analysis)

S
Expression difference

Fig.1 The integration of complex traits, sequence polymorphisms and variations of transcript levels



1230

4 f# HEREDITAS (Beijing) 2008 30

SPEHFA(F., BC, DH, RILF)
Segregation population (F.. BC. DH. RIL)

R

/ l

TEAR Fric AL Y
Traits Genotype
T

QTLSMHr

QTL analysis

He st g3 a3 By

Individual selection

KR ik

Expression profile

|
QTLAHF

QTL analysis

N

JER Feaki e

Gene expression

Shared loci analysis

AT G e b

l

heritability

| cis- and trans-eQTL |

G Rz eQTL )

RAS b

Cluster analysis

eQTLARA,
e¢QTL hot spots

l

Candidate genes
related to traits

2 EBEESEEREHEMNESER

fre i JEH
Candidate genes

SER ki M
J—’ Gene expression

regulatory networks

Fig. 2 Flow chart of the integrative strategy of genetic and gene expression data

O )
. 10
: 200 40
DH RIL ( QTL
)7 FZ
eQTL , 3 :
[21]

1.1.2 R FAe AR R G445 £ F ek 45
Jin 2

(Minimum moment aberration, MMA)

Jin
(1)(95

, P n(n-1)/12
,n )
, Jin 2 K (M
K iR K
) , K , S
n-1 n
K==> 2.0, )
P Jj=i+l
S=«/Z@ )
MMA )
,Jin
Haldane
22,23 '

113 A TFE3E ey nsE

,Bueno 2 ,
F, eQTL ,



9 —eQTL 1231
A H B 1 2 : ]
1, , , eQTL
A H B 0.293 0.414
0.293 Piephol%
eQTL
, eQTL eQTL , F 3 A H
eQTL , Leon Rosal®! B, , A H B H
QTL Fu Jansen®! RIL DH
Jannink!  xy [ eQTL -
' (Distant pair design),
QTL ,
1.2 1
[23]
PCR (Differential display of reverse tran-
scriptional PCR, DDRT-PCR '
P ) _ ) . , Bueno [
(Representational difference analysis, RDA)
(Suppression subtractive hybridization, '
SSH) (Serial analysis of gene ‘
expression, SAGE) (Restriction 122 B E Gk IR 6 343 RARIE
Display PCR, RD-PCR) cDNA-AFLP RNA
PCR(Quantitative real-time PCR, gRT-PCR), Northern cDNA, :
blotting (Microarray) , ,
cDNA-AFLPX4  gRT-PCRE! 418
eQTL
: eQTL )
121 ARk Fikit '
(Normalization)B4
’ , ratio 1
eQTL , 52 '
, QTL ’
eQTL TL '
Q Q eQTL ,
’ (e-trait)
1.3 eQTL
eQTL eQTL :



1232 4 f# HEREDITAS (Beijing) 2008 30

, QTL

eQTL (1)
(e-trait),
eQTL; (2)

eQTL ,
[33]
(Single marker regression
analysis)™® (Interval mapping, IM)E%
(Composite interval mapping, CIM)=2:8
(Multiple interval mapping, MIM)E2
( ),
«C )
F2 , 3 ,
« )
eQTL QTL
“ "(
) QTL
1 I
(False discovery rate,
FDR) (1) Bonferroni
t P , P
FDR 138
v P B 2)
(Permutation) P {15401, (3)
eQTL LOD P
(Permutation) P 1
LOD ,
eQTL

, Bayesian [41]

142 eQTL
[43]
(Mixture over markers, MOM)
[44]
[45]
1.4 eQTL
eQTL
eQTL(Cis-acting eQTL) eQTL(Trans-acting
eQTL) , eQTL eQTL
; eQTL
eQTL eQTL
] eQTL :
eQTL
eQTL,
eQTL  (Hot spots)e], eQTL
““ghost”” : ,
n
, eQTL
, eQTL
, eQTL
, Kendziorski [ ( LOD
) eQTL eQTL

(Gene set enrichment analysis, GSEA),

BT eQTL ,

(Topological analysis of pathway phenotype associa-
tion, TAPPA)X8 (Impact analysis, 1A)X9

: QTL
QTL :
[50] [51] [52]



—eQTL 1233

2 eQTL
eQTL :
2.1
Cheung B3
Monks 12
, 31 ,
34 , 3546
69 M1 Chesler [l
, 608 33
( 78 ), 11 Vuylsteke 24
, 792
) 93 , 30
2.2 eQTL
Morley 21 Affymetrix 14
(CEPH)
B 3554 ,
14 20 eQTL
Brem 4 ,
40
, 3 312
, 99 6
215 cDNA ,
, eQTL 8 eQTL
€QTL ), 7~94
) 6 eQTL
CSTI13 LEU2 MAT URA3 HAPI SIR3
Yvert Ll ,
86 , )
, Brem ¥
, 13 1 265
eQTL , eQTL

GPAl AMNI

Schadt © ,

C57BL/6J DBA/2) 111 F,

, 23 574 ,

eQTL , 2 6 7 9
10 16 17 eQTL ,
Mup 1
Ghazalpour B Schadt ©! , 13
) 3 6

16 19 4

Bystrykh 14 DBA/2(D2) C57BL/6(B6)

30 ,
; ,  Scp2 8
Chesler
m )
1 2 6 10 11 14 19 7
eQTL
, Shi 38 40
eQTL ,
bin1.07 1.12 3.05 8.03 9.04 5 eQTL
: 102
Jordan 7 RL4452  ‘AC Domain’
DH 118 41
Affymetrix , 1D 4B
2 eQTL Potokina 8 139
16 000 eQTL
, 14 eQTL
2.3
- .
eQTL
, Janson Napt! eQTL
, eQTL
, Zhu B9

Schadt



1234 4 f# HEREDITAS (Beijing) 2008 30

Bl eQTL :
Schadt B4
Li B2 eQTL
SNP
: 66
eQTL
3 eQTL
; QTL QTL
, eQTL
eQTL
4
eQTL
(expression trait, e-trait) ,
eQTL )
eQTL
QTL

& % ik (References):

[1] Li J, Burmeister M. Genetical genomics: combining ge-
netics with gene expression analysis. Hum Mol Genet,
2005, 14(S1): R163-R169.[DOI]

[2] Yagil C, Hubner N, Monti J, Schulz H, Sapojnikov M,
Luft FC, Ganten D, Yagil Y. Identification of hypertension
related genes through an integrated genomic transcrip-
tomic approach. Circ Res, 2005, 96(6): 617—625.[DOI]

[3] Jansen RC, Nap JP. Genetical genomics: the added value
from segregation. Trends Genet, 2001, 17(7): 388-391.[DOI]

[4] Brem RB, Yvert G, Clinton R, Kruglyak L. Genetic dis-
section of transcriptional regulation in budding yeast.
Science, 2002, 296(5568): 752—755.[DOI]

[5] Yvert G, Brem RB, Whittle J, Akey JM, Foss E, Smith EN,
Mackelprang R, Kruglyak L. Trans-acting regulatory
variation in Saccharomyces cerevisiae and the role of
transcription factors. Nat Genet, 2003, 35(1): 57-64.[DOI]

[6] Schadt EE, Monks SA, Drake TA, Lusis AJ, Che N, Coli-
nayo V, Ruff TG, Milligan SB, Lamb JR, Cavet Guy,
Linsley PS, Mao M, Stoughton RB, Friend SH. Genetics
of gene expression surveyed in maize, mouse and man.
Nature, 2003, 422(6929): 297-302.[DOI]

[7] Bystrykh L, Weersing E, Dontje B, Sutton S, Pletcher MT,
Wiltshire T,Su Al, Vellenga E, Wang J, Manly KF, Lu L,
Chesler EJ, Alberts R, Jansen RC, Williams RW, Cooke
MP, Haan G. Uncovering regulatory pathways that affect
hematopoietic stem cell function using ‘genetical genom-
ics’. Nat Genet, 2005, 37(3): 225-232.[DOI]

[8] Hubner N, AWallace C, Zimdahl H, Petretto E, Schulz H,
Maciver F, Mueller M, Hummel O, Monti J, Zidek V,
Musilova A, Kren V, Causton H, Game L, Born G,
Schmidt S, Muller A, Cook SA, Kurtz TW, Whittaker J,

Pravenec M, Aitman TJ. Integrated transcriptional profil-
ing and linkage analysis for identification of genes under-
lying disease. Nat Genet, 2005, 37(3): 243-253.[DOI]

[9] Chesler EJ, Lu L, Shou S, Qu Y, Gu J, Wang J, Hsu HC,
Mountz JD, Baldwin NE, Langston MA, Threadgill DW,
Manly KF, Williams RW. Complex trait analysis of gene
expression uncovers polygenic and pleiotropic networks
that modulate nervous system function. Nat Genet, 2005,
37(3): 233-242.[DOI]

[10] Vazquez-Chona FR, Khan AN, Chan CK, Moore AN,
Dash PK, Hernandez MR, Lu L, Chesler EJ, Manly KF,
Williams RW, Geisert EE. Genetic networks controlling
retinal injury. Mol Vision, 2005, 11: 958-970.

[11] Lum PY, Chen Y, Zhu J, Lamb J, Melmed S, Wang S,
Drake TA, Lusis AJ, Schadt EE. Elucidating the murine
brain transcriptional network in a segregating mouse popu-
lation to identify core functional modules for obesity and
diabetes. J Neurochem, 2006, 97(Suppl. 1): 50-62.[DOI]

[12] Monks SA, Leonardson A, Zhu H, Cundiff P, Pietrusiak P,
Edwards S, Phillips JW, Sachs A, Schadt EE. Genetic in-
heritance of gene expression in human cell lines. Am J
Hum Genet, 2004, 75(6): 1094-1105.[DOI]

[13] Morley M, Molony CM, Weber TM, Davlin JL, Ewens KG,
Spielman RS, Cheung VG. Genetic analysis of genome-
wide variation in human gene expression. Nature, 2004,


http://dx.doi.org/10.1093/hmg/ddi267
http://dx.doi.org/10.1161/01.RES.0000160556.52369.61
http://dx.doi.org/10.1016/S0168-9525(01)02310-1
http://dx.doi.org/10.1126/science.1069516
http://dx.doi.org/10.1038/ng1222
http://dx.doi.org/10.1038/nature01434
http://dx.doi.org/10.1038/ng1497
http://dx.doi.org/10.1038/ng1522
http://dx.doi.org/10.1038/ng1518
http://dx.doi.org/10.1111/j.1471-4159.2006.03661.x
http://dx.doi.org/10.1086/426461

—eQTL 1235

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

430(7001): 743-747.[DOI]

Vuylsteke M, Daele HVD, Vercauteren A, Zabeau M,
Kuiper M. Genetic dissection of transcriptional regulation
by cDNA-AFLP. Plant J, 2006, 45(3): 439-446.[DOI]
West MAL, Kim K, Kliebenstein DJ, Leeuwen HV,
Michelmore RW, Doerge RW, Clair DAS. Global eQTL
mapping reveals the complex genetic architecture of tran-
script-level variation in Arabidopsis. Genetics, 2007,
175(3): 1441-1450.[DOI]

Shi C, Uzarowska A, Ouzunova M, Landbeck M, Wenzel
G, Libberstedt T. Identification of candidate genes asso-
ciated with cell wall digestibility and eQTL (expression
quantitative trait loci) analysis in a Flint x Flint maize re-

combinant inbred line population. BMC Genomics, 2007, 8:

22[DOlI]
Jordan MC, Somers DJ, Banks TW. Identifying regions of

the wheat genome controlling seed development by map-
ping expression quantitative trait loci. Plant Biotechnol J,
2007(5): 442-453.[DOI]

Potokina E, Druka A, Luo ZW, Wise R, Waugh R, Mike K.

Gene expression quantitative trait locus analysis of 16000
barley genes reveals a complex pattern of genome-wide
transcriptional regulation. Plant J, 2008, 53(1): 90-101.
Drake TA, Schadt EE, Lusis AJ. Integrating genetic and
gene expression data: application to cardiovascular and
metabolic traits in mice. Mamm Genome, 2006, 17(6):
466-479.[DOI]

Wang D, Nettleton D. Identifying genes associated with a
quantitative trait or quantitative trait locus via selective
transcriptional  profiling. 2006, 62(2):
504-514.[DOI]

Nettleton D, Wang D. Selective transcriptional profiling
for trait-based eQTL mapping. Anim Genet, 2006, 37(1):
13-17.[DOI]

Jin CF, Lan H, Attie AD, Churchill GA, Bulutuglo D,
Yandell BS. Selective phenotyping for increased effi-
ciency in genetic mapping studies. Genetics, 2004, 168(4):
2285-2293.[DOI]

Rosa GJM, Leon N, Rosa AJM. Review of microarray
experimental design strategies for genetical genomics
studies. Physiol Genomics, 2006, 28 (1): 15-23.[DOI]
Bueno JSD, Gilmour SG, Rosa GJM. Design of microar-
ray experiments for genetical genomics studies. Genetics,
2006, 174(2): 945-957.[DOI]

Leon N, Rosa GJM. Optimization of selective phenotyping
for QTL mapping. Plant and Animal Genome XIII Meet-
ings, 2005, 860, 283.

Jannink JL. Selective phenotyping to accurately map quanti-
tative trait loci. Crop Sci, 2005, 45(3): 901-908.[DOI]

Xu Z, Zou F, Vision TJ. Improving QTL mapping resolu-
tion in experimental crosses by the use of genotypically
selected samples. Genetics, 2005, 170(1): 401-408.[DOI]
Yamashita S, Wakazono K, Nomoto T, Tsujino Y,
Kuramoto T, Ushijima T. Expression quantitative trait loci

Biometrics,

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

analysis of 13 genes in the rat prostate. Genetics, 2005,
171(3): 1231-1238.[DOI]

Fu J, Jansen RC. Optimal design and analysis of genetic
studies on gene expression. Genetics, 2006, 172(3):
1993-1999.[DOI]

Piepho HP. Optimal allocation in designs for assessing
heterosis from cDNA gene expression data. Genetics,
2005, 171(1): 359-364.[DOI]

LI Yao. Microarray and Functional Genomics. Beijing:
Chemical Industry Press, 2004, 77-100.

2004, 77-100.

Bilban M, Buehler LK, Head S, Desoye G, Quaranta V.
Normalizing DNA microarray data. Curr Issues Mol Biol,
2002, 4(2): 57-64.

Jia ZY, Xu SZ. Mapping quantitative trait loci for expres-
sion abundance. Genetics, 2007, 176(1): 611-623. [DOI]
Land ES, Botistein D. Mapping Mendelian factors under-
lying quantitative traits using RFLP linkage maps. Gene-
tics, 1989, 121(1): 185-199.

Zeng ZB. Theoretical basis for separation of multiple linked
gene effects in mapping of quantitative trait loci. Proc Natl
Acad Sci USA, 1993, 90(23): 10972-10976.[DOI]

Zeng ZB. Precision mapping of quantitative trait loci.
Genetics, 1994, 136(4): 1457-1468

Kao CH, Zeng ZB, Teasdale RD. Multiple interval map-
ping for quantitative trait loci. Genetics, 1999, 152(3):
1203-1216.

Dudoit S, Yang YH, Speed TP, Callow MJ. Statistical
methods for identifying differentially expressed genes in
replicated cDNA microarray experiments. Statistica Sinica,
2002, 12(1): 111-139.

Storey JD, Tibshirani R. Statistical significance for ge-
nomewide studies. Proc Natl Acad Sci USA, 2003, 100(16):
9440-9445.[DOI]

Brem RB, Kruglyak L. The landscape of genetic complex-
ity across 5700 gene expression traits in yeast. Proc Natl
Acad Sci US4, 2005, 102(5): 1572-1577.[DOI]
1235endziorski CM, Newton MA, Lan H, Gould MN. On
parametric empirical Bayes methods for comparing multi-
ple groups using replicated gene expression profiles. Sta-
tist Med, 2003, 22(24): 3899-3914.[DOI]

Newton MA, Noueiry A, Sarkar D, Ahlquist P. Detecting
differential gene expression with a semiparametric hier-
archical mixture method. Biostatistics, 2004, 5(2):
155-176.[DOI]

Carlborg O, Koning DJD, Manly KF, Chesler E, Williams
RW, Haley CS. Methodological aspects of the genetic
dissection of gene expression. Bioinformatics, 2005,
21(10): 2383-2393.[DOI]

Kendziorski C, Chen M, Yuan M, Lan H, Attie A. Statisti-
cal methods for expression quantitative trait loci (eQTL)
mapping. Biometrics, 2006, 62(1): 19-27.[DOI]


http://dx.doi.org/10.1038/nature02797
http://dx.doi.org/10.1111/j.1365-313X.2005.02630.x
http://dx.doi.org/10.1534/genetics.106.064972
http://dx.doi.org/10.1186/1471-2164-8-22
http://dx.doi.org/10.1111/j.1467-7652.2007.00253.x
http://dx.doi.org/10.1007/s00335-005-0175-z
http://dx.doi.org/10.1111/j.1541-0420.2005.00491.x
http://dx.doi.org/10.1111/j.1365-2052.2006.01478.x
http://dx.doi.org/10.1534/genetics.104.027524
http://dx.doi.org/10.1152/physiolgenomics.00106.2006
http://dx.doi.org/10.1534/genetics.106.057281
http://dx.doi.org/10.2135/cropsci2004.0278
http://dx.doi.org/10.1534/genetics.104.033746
http://dx.doi.org/10.1534/genetics.104.038174
http://dx.doi.org/10.1534/genetics.105.047001
http://dx.doi.org/10.1534/genetics.104.038448
http://dx.doi.org/10.1534/genetics.106.065599
http://dx.doi.org/10.1073/pnas.90.23.10972
http://dx.doi.org/10.1073/pnas.1530509100
http://dx.doi.org/10.1073/pnas.0408709102
http://dx.doi.org/10.1002/sim.1548
http://dx.doi.org/10.1093/biostatistics/5.2.155
http://dx.doi.org/10.1093/bioinformatics/bti241
http://dx.doi.org/10.1111/j.1541-0420.2005.00437.x

1236 £ f# HEREDITAS (Beijing) 2008 30

[45] Hoti F, Sillanpdd MJ. Bayesian mapping of genotype x [52] LiH, Lu L, Manly KF, Chesler EJ, Bao L, Wang J, Zhou
expression interaction in quantitative and qualitative traits. M, Williams RW, Cui Y. Inferring gene transcriptional
Heredity, 2006, 97(1): 4-18.[DOI] modulatory relations: a genetical genomics approach. Hum

[46] Kendziorski C, Wang P. A review of statistical methods Mol Genet, 2005, 14(9): 1119-1125.[DOI]
for expression quantitative trait loci mapping. Mamm Ge- [563] Cheung VG, Conlin LK, Weber TM, Arcaro M, Jen KY,
nome, 2006, 17(6): 509-517.[DOI] Morley M, Spielman RS. Natural variation in human gene

[47] Subramanian A, Tamayo P, Mootha VK, Mukherjee S, expression assessed in lymphoblastoid cells. Nat Genet,

Ebert BL, Gillette MA, Paulovich A, Pomerosy SL, Golub 2003, 33(3): 422-425.[DOI]
TR, Lander ES, Mesirov JP. Gene set enrichment analysis: [54] Ghazalpour A, Doss S, Sheth SS, Drake LAI, Schadt EE,
a knowledge-based approach for interpreting genomewide Lusis AJ, Drake TA. Genomic analysis of metabolic
expression profiles. Proc Natl Acad Sci USA, 2005, pathway gene expression in mice. Genome Biol, 2005,
102(43): 15545-15550.[DOI] 6(7): R59.[DOI]

[48] Gao SG, Wang XJ. TAPPA: topological analysis of path- [55] Wyrick JJ, Young RA. Deciphering gene expression
way phenotype association. Bioinformatics, 2007, 23(22): regulatory networks. Curr Opin Genet Dev, 2002, 12(2):
3100-3102.[DOI] 130-136.[DOI]

[49] Draghici S, Khatri P, Tarca AL, Amin K, Done A, [56] Zhu J, Lum PY, Lamb J, GuhaThakkurta D, Edwards SW,
Voichita C, Georgescu C, Romero R. A systems biology Thieringer R, Berger JP, Wu MS, Thompson J, Sachs AB,
approach for pathway level analysis. Genome Res, 2007, Schadt EE. An integrative genomics approach to the re-
17(10): 1537-1545.[DOI] construction of gene networks in segregating populations.

[50] Tomarken AJ, Waller NG. Structural equation modeling: Cytogenet Genome Res, 2004, 105(24): 363-374.[DOI]
strengths, limitations, and misconceptions. Annu Rev Clin [57] Schadt EE, Lamb J, Yang X, Zhu J, Edwards S, Gu-
Psychol, 2005, 1: 31-65.[DOI] haThakkurta D, Sieberts SK, Monks S, Reitman M, Zhang

[51] Baldwin NE, Chesler EJ, Kirov S, Langston MA, Snoddy C, Lum PY, Leonardson A, Thieringer R, Metzger JM,
JR, Williams RW, Zhang B. Computational, integrative, Yang L, Castle J, Zhu H, Kash SF, Drake TA, Sachs A,
and comparative methods for the elucidation of genetic Lusis AJ. An integrative genomics approach to infer
coexpression networks. J Biomed Biotechnol, 2005(2): causal associations between gene expression and disease.
172-180.[DOI] Nat Genet, 2005, 37(7): 710-717.[DOI]

) Ay A% NERYY
RLIT 5 2009 £ (#RALFLE)
, 1955
“ 7 CA AJ ZR JST CSCD 20
(
)
, 25 , 16 128 25 300
CN11-1908/s, 82-6; ISSN1001-7488, BM44

BAZi: LR FTHFLETERFEES GRLAZ)Y %HiEHN
BR4: 100091

#,7%: (010)62889820 62888579

E-mail: linykx@forestry.ac.cn
HF) ER: http://lyke.chinajournal.net.cn
#F)H# % http://blog.sina.com.cn/linykx


http://dx.doi.org/10.1038/sj.hdy.6800817
http://dx.doi.org/10.1007/s00335-005-0189-6
http://dx.doi.org/10.1073/pnas.0506580102
http://dx.doi.org/10.1093/bioinformatics/btm460
http://dx.doi.org/10.1101/gr.6202607
http://dx.doi.org/10.1146/annurev.clinpsy.1.102803.144239
http://dx.doi.org/10.1155/JBB.2005.172
http://dx.doi.org/10.1093/hmg/ddi124
http://dx.doi.org/10.1038/ng1094
http://dx.doi.org/10.1186/gb-2005-6-7-r59
http://dx.doi.org/10.1016/S0959-437X(02)00277-0
http://dx.doi.org/10.1159/000078209
http://dx.doi.org/10.1038/ng1589

	遗传与基因表达数据的整合—— eQTL的方法及应用 
	刘刚, 彭惠茹, 倪中福, 秦丹丹, 宋方威, 宋广树, 孙其信 
	关键词：eQTL; 个体选择; 基因芯片实验设计; 作图方法 
	Integrating genetic and gene expression data: methods and applications of eQTL mapping 
	LIU Gang, PENG Hui-Ru, NI Zhong-Fu, QIN Dan-Dan, SONG Fang-Wei, SONG Guang-Shu, SUN Qi-Xin 
	Keywords: eQTL; individual selection; experimental design of microarray; mapping methods 
	 
	1  eQTL的研究方法 
	1.1  个体选择 
	1.2  基因表达分析的方法 
	1.3  eQTL作图方法 
	1.4  eQTL定位结果分析 

	2  eQTL的应用 
	2.1  估计基因表达遗传率 
	2.2  确定eQTL热点和筛选候选基因 
	2.3  构建调控网络 

	3  eQTL研究的局限性 
	4  结 语 
	参考文献(References):  








