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Mendelian traits

Phenotypes controlled by singular genes
No epistasis
No GE interaction

Complex traits

Phenotypes controlled by multiple genes
Epistasis (gene-gene interaction)
Gene-environment interaction

Genetic pleiotropy and heterogeneity
Low heritability

Limited statistical power



Genetic Mechanism for Complex Traits
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Linkage Analysis

Organismal phenotype
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QTL Mapping
Linkage Analysis

Marker

MRNA
eQTL Protein

POTL
Metabolite

Phenotype pQTL
QTL
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Linkage mapping of QTLs for seed yield, yield components and

developmental traits in pea (Pisum sativum L.)

Gail Timmerman-Vaughan!, A Mills1, TJ Frewl, R.C. Butlerl, J.A. McCallum1,
Sarah Murrayl, C.P. Whitfield!, A.C. RussellZ and D.R. Wilsont




Limitation of QTL Mapping Based on

Small Number of Markers
. Need linkage map of markers

. QTLs detected only for mapping population
derived from two parents

. Mapping results cannot be applied to other
parents and breeding populations

. QTL mapping cannot be conducted by
population involved selection/abnormal
segregation

. MAS may not be efficient if QTLs not closely
linked to markers

. QTL cannot be conducted for arbitrary
breeding populations and germplasm



From QTL Mapping to QTS Mapping

Linkage Analysis Association Analysis

Marker

eQTL Protein

POTL
Metabolite

Phenotype pQTL
OTL Phenotype

Google Scholar:
122,000 for QTL, 20,500 for GWAS




Published GVWWA Reports, 2005 — 972011
.
1000 Nature 31, Nature Genetics 87
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soo | Science 13
zoo - Other Nature journals 6
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soco PLoS Genetics 15

400
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Published Genome-Wide Associations through 09/2011
1,617 published GWA at p=5X10° for 249 traits 2011 3rd quarter

National Human Genome Research |

NHGRI GWA Catalog
www.genome.gov/GWAStudies

The mystery of missing heritability: Genetic

interactions create phantom heritability
(2012, PNAS)

{Eﬂr Zuk®, Eliana Hechter®, Shamil R. Sunyaev™®, and Eric 5. Lander™’
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Partitioning of Phenotypic Variation
V=u+E+ G+ GE +¢

G=aa+ad+(@aa+aaad++Q a dd)
GEZé ae+é de+(é é aae+é é ade++é édde)

Environment Effects (E):

QTL Effects (G):

Addtive (a), Dominance (d)

QTL-QTL Interaction (aa, ad, dd)

QTL-Env Interaction (GE)

ae, de, aae, ade, dde

Random Error (g)




GMDR-GPU Parallel Computation for
Genome-Wide Screening ~ 2k Candidate SNP
(n = 5,000, SNPs =1.0X10°%)

GPU computation for 1D searching: 1 X10° steps
Vi = m+qkukl +qe U, +e
GPU computation for 2D searching: 0.5X 10 steps
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Computing Simulation by CPU and GPU
for 10° SNPs and 5,000 persons

(Conducted at Microsoft Research Asia, Beijing, China)
Four years and eight months by
24 CPU and one computer
1 day by 400 CPUs and 80 computers
< 1day by 5 Tesla C2050 GPUs and




GPU-

ased Com

(e —————
[

3500X faster for screening one million

putation Software G

DR-

-y

SNP

S

U

\------------------------------------

[eoo

BelPrj

Root Help File Exec

gle|a|[isal[»

MdrRawTxt#1 = MdrRawMNet#2 = MdrRawPre#3 XI MDR_MET =

Project Navigat...  4|»| | 4r|=
BclPrj 3D Interaction(s):
¢ COMdrPrj EESNP-l SNP-2  SNP-3  CVC Accuracy P - R
[|lsNP5 SNP12 SNP27 10/10 0.7380 <le-3 (0
O RAW_TXT | [syps SNP12  SNP53  10/10  0.8401 <le-3
{ISNP5 SNP12 SNPT2 7/10 0.7382 <le-3
} = RAW_NET |swP12  sSNP27 SNP53  10/10 0.7577 <le-3 (1)SNP12
[YMDR LOCs|:[snP12 SNP28 SNP53 10/10 0.7619 <le-3
- J|SNP12 SNP53 SNPT0 10/10 0.7601 <le-3
[(ARAW_INTS| |syp12 SNP53 SNP72  10/10 0.7567 <le-3 (2)5N827
§§SNP12 SNP53 SNP88 10/10 0.7657 <le-3
DRAW_PRE| | lcp12  snes3  swegs  10/10  0.7610 <le-3
[{MDR NET :[sNP12 SNP53 SNP95 10/10 0.7657 <le-3
- ) (3)SNP28
4D Interaction(s):
;ESNP—I SNP-2 SNP-3 SNP-4 cve Accuracy
§§SNP5 SNP12 SNP27 SNP53 10/10 0.8338 <1: (4)SHF33
{|SNP5 SNP12 SNPZ28 SNP53 10/10 D.8380 <L
:|sNP5 SNP12 SNP53 SNPT0 10/10 0.8351 <L
[SNP5  SNP12  SNP53  SNP72  10/10  0.8379 <L g cunao I
i[sNP5 SNP12 SNP53 SNP88 10/10 0.8347 <1
(|SNP5 SNP12 SNP53 SNP89 10/10 0.8280 <L
:|sup5 SNP12 SNP53 SNP95 10/10 0.8358 <1
JISNP12 SNP27 SNP53 SNPT2 10/10 0.7431 <1 (6)SHP72 . '
ilsup12 SNP28 SNP53 SNP89 5/10 0.7612 <1
jswep12 SNPZ28 SNP53 SNP95 10/10 0.7654 <1
5D Interaction(s): T = 11T
;SNP-I SNP-2  SNP-3  SNP-4 SNP-5 CVC Ac
‘[sups5 SNP12  SNP27  SNP28  SNP53 9/10 0. (8)sNP89 L -
‘[swps SNP12 SNP27  SNP53  SNPT0 9/10 0.
I Il |
(9)SHPIS L L -




QTXNetwork-GPU Parallel Computation for
Genome-Wide Gene Mapping
(n = 5,000, ~2 k SNPs )

360X faster for estimating genetic effects of genes

CPU computation for estimating gene effects in
full model: 2,000 permutations, 20,000 MCMC
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Mapping Software: QTXNetwork
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From QTL Mapping to QTX Mapping

Linkage Analysis

Marker

eQTL Protein

POTL
Metabolite

Phenotype pQTL
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Association Analysis
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QTT Mapping for Diallel Crosses of Cotton
Chinese Sci. Bull. 2012, V57
8 Parets, 10 Crosses (1X2,1X3,1X5,1X8, 2X5,3X5,4X5,
5X6,5X7,5X8)
MRNA obtained from Buds, QTT mapping for Lint yield
based on 20,000 transcripts. 6 largest QTTs listed

QTTID GeneBank ID Gene Description Effect 7*(%)

Q1999  DT049282 Amine oxidase, putative -13.59 31.62
Q1951  CO120827 Nodulin MtN3-like protein -10.64 19.38

UDP-glycosyltransferase 3
Q1271  CO127124 83A 1-like 744 949

Q1708  (CD486429 Alcohol dehydrogenase 6.39 6.99
Q1521  DWS05577.1  Skpl, putative 6.35 6.9

Q1778 DT466217 'Y RKY transcription 543 5.05
factor




The Contribute of QTT to Additive Effects

Parent Additive Contributed additive effect
Trait  effect T1999 | T1951 ! T1271 {T1780 t T1521 t T1778 {
LintYld 2.62° 2.12% 1.09*% 1.01% 0.12% -1.15%  0.08 ¢
A, Lint% 226% 1.07* -025% 1.01°*% -0.02* -0.78* -0.51°%
BollWt  0.17* -0.09*% 0.05% -0.13*% 0.06* 0.26°
LintYld -1.61° 022% 021% 0.07% -049*% 0.84* 0.10°
A, Lint% -0.35% -0.25% 0.03* 1.07% 072% 029% 0.00°*
Bolls 1.18* 0.12 7% 0.13° 0.37 % -0.01*
BollWt  -0.4*% -0.03* -0.02* -0.03* 0.06°* -0.08°
LintYld 8527 1.78% 481*% 046* 045* 329°
A Lint% 03+ 0.92 ¢ 099 % 1.28°
> Bolls 0827 0.57% 051% 0457 112 +%  -0.22°
BollWt  0.08 © -0.06* -0.13* 0.01* 0.00% -0.22*¢
LintYld -6.86" -4.88* -5.04*% -219% -1.93* -6.10*% -2.92°
As Bolls 322+ 221¢F 2.79 * 3.04 ¢
BollWt  0.47 % 012 F 040* 045% 045°




The Contribute of QTT to Dominance Effects

Cross Dominance Contributed dominance effect
Trait  effect T1999 | T1951 { I'1271 {1780 t1T1521 1t T1778 |
LintYld 19.07 " 10.19% 0.38% 2.00% 050% 13.63% 1.08*
D,., Lint% 0.687 0.73% -0.01% 0.28% 012% 0421
BollWt 0.19° 0.07% 0.05% -0.04% 0.03% 0.10% 0.02°
p. . Lintyld 14.27 ° 038 2.00% 0.50% 13.63% 1.081
"3 Lint% 0.90 0.01% 028% 0.12% 042°
D,.s LintYld 13.39 3.22% 6.32% 0.95% -094% 2.69% 6.89 ¢
BollWt 0197 0.07% 0.09° 0.01 ¥ -0.05*
p. . LintYld  6.84 “ 148 % 1.44% 3421 1031 252% 583¢°
¥ Lint% 0627 020% 0.11° 0.16 ° 0.02% 1.14°%
p.  LintYld 657" 1251% 7.66% -1.04*% -0.51% -548% 493"
> Lint% 0.84 % 093% 0.30% -0.19% 0.01 % -0.01% 0.84°¢
p. . LintYld 16727 -0.25% -741% 1.49% 226% -925% 0.39 ¢
7 Lint% 036 ° -0.01% -024% -0.12% -0.22% -0.18% 0.08*
LintYld 18.77% 4.99% 19.69% -595% 512% 16.80% -0.55"
Ds; Lint% 041 ° 010% 0.90% -057% 025" 038  -0.19°¢
BollWt 053¢ 021°% 043% 0.07% 024* 048% 0.02°




Estimates of QTS, QTT, QTP, and QTM for Chromium
In Tobacco Variety Test

Effect Predict -1g(P) h?*(%6)

ael -0.43 2.18

ae2 -0.37 1.72 el |L1V1

— e2 [L1V2

Phm1376 ae3 0.41 2_130.00 3 [LIV3

aed4 | 0.45 2.38 vy

QTS ae5 | 0.59 3.78 25 A%
aeb6 0.78 6.09 o6 | L2V3

aaed 0.41 2.09
Phm1053/Phm1471 aaes 0.47 2.551 11.24
aaeb -0.48 2.65

mMRNAZ2713 q 0.43 3.1 | 7.47
mMRNAZ2123 qed | 3.30 | 3.15| 72.67

QTT mMRNAZ2167 qes | 054 | 3.58| 1.93
miRNAS78 ged | 045 12.741 5,356

qeS -0.86 5.21

OTP Amino5S q -0.97 1.85 | 32.85
Amino5S qe6 -2.43 2.72 | 34.74
MetabAl4 q 0.34 9.3 0.01

QTM [MetabA21/MetabA23| qqe4| -31.53 | 1.76

99.96
MetabA21/MetabA23]| qqe6] 105.21 | 6.08




Quantitative Environment Effects of QTTs

One genotype with 31,100 transcripts, five
treatments of drug dose (Mean = 302.4)

Main Effect Dose 5 Dose 10 Dose 20 Dose 25
QTT Gene D T W% TE hy%) TEs  h%) TEs h{%) TE  hi%) h¥’%)
1-801 1398500 AT -61.45t 2420 -85.42t 14.03 91637 370 4193
1-166 1369679 A AT -46.93t 14.11 14.11
199 1368695 AT -25.16 4.06 09.75*  8.83 12.89
1-531 1368829 AT  38.82t  9.66 9.6
1-223 1387221 AT 21.86°  3.06 3991 234 540
11704 1388493 AT 1392 1.4 2038 1.46 4190t 244 514
1-783 1370308 AT -18.94* 230 1804 045 275
1-988 1372306 AT 1581t 1.60 2139 0.72 2.32
1-394 1367780 AT -9.43+  0.53 4519t 032 085




SNP Mapping for Wheat F9 Population
F, Populations, SNPs = 146, N= 499

2012 Grain Weight Mean = 78.7 Total heritability = 90.8%
SNPID ) SNPID Type Effect -log(P) h*"2
BE490613_3A_1 a 390 36.19 8.46%
BE443010B_Ta_2_1 a -0.80 2.01 0.35%
d 1.33 1.55 0.98%
BE586140_1A BG274948D Ta 2 1 dd -513 455 14.58%
BE586140_1A BE445184_4B dd -557 5.27 17.23%

BE490613 3A 1 BE443010B Ta 2 1 aa -153 6.32 1.31%
dd -9.29 13.46 47.88%

2011Ear Humber  Mean =78.7 Total heritability = 53.5%
SNPID SNPID Type Effect -log(P) h*2
BE444579 _3B_1 a 5.68 2.89 2.39%
BE443010B_Ta_2_1 a 822 548 5.02%
d -1418 4.25 14.90%
BE442700_7B BE498985A Ta 2 1 ad -13.24 3.83 13.01%

dd -0.84 6.92 18.20%




GWAS for Maize NAM Populations

McMullen, et al. 2009. Science, 325(7) 737-740
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Detected Significant SNPs of Leaf Traits for Maize
NAM Population in 9 Environments (N=44,055, SNPs=0.47M)
124 SNPs located within genes and 44 SNPs close to genes

Trait Chrl Chr2 Chr3 Chr4 ChrS Chr6 Chr7 Chr8 Chr9 Chrl0 Total
SNPs 3 5 5 1 13 1 2 5 3 2 40

Leaf Angle h’(%) 0.77 22 356 013 456 157 089 121 089 0.68 16.46
h*'(%) 003 018 129 0 017 0.02 025 0 0 052 246

SNPs 11 2 8 6 10 3 1 5 6 5 57

Leaf Length h*(%) 4.4 028 3.69 1.64 4.84 089 0.18 273 3.6 3.61 25.86
h*(%) 077 0.02 055 002 013 0 0 0 061 0.66 2.76

SNPs 11 S 12 0 17 3 0 11 4 1 04

Leaf Width h*(%) 647 3.08 3.61 0 § 177 0 744 1.61 022 322
h*(%) 055 006 004 0 023 003 0 08 0 0 1. 71
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Top 10 Major SNPs with Large Additive
Effect for LUA in NAM Population

Upper leaf angle Effect logP h'(%) Putative function

§3 176350819(near
GRMZM2G133311)

S6 34565567(GRMZM2G180519)  -1.19
$3 167012412(GRMZM2G34613) 112
§5 29918479(near GRMZM2G386952) 1.07
§5 76727787(GRMZM2G398559)  -1.05
§2 4349171(GRMZM2GS2I862) 096
$ 7180843(GRMZM2GIISTOS) 085
§5 209467974(GRMZM2G359874) 078
§7 22261393(GRMZM2G140352) .69

S1 33287311(near GRMZM2G159110) 0.68

141

38.2

42.1
36.9
339
328
217
219
18.7
14.6

14.5

2.19

1.57
1.37
1.25
1.21
1.02
0.8

0.68
0.52

0.52

Transcriptional repressor, ovate (Leaf architecture)

UAA transporter family

Protein tyrosine kinase (Plant architecture)
Leucine Rich repeats (Plant defense)
Protein tyrosine kinase (Plant architecture)
Protein of unknown function

B lectintPkinase(Plant defense)

Brix domain (ribosome production factor 2)
FoP_duplication

Thaumatin family (Plant defense)



Top 10 Major SNPs with Large Additive
Effect for LW in NAM Population

Leaf Width Effect -logP b*(%) Putative function
S1 34387071(GRMZM2G102483)  -1.53 1265 3.4

§5 33644874 (near GRMZM2G144420) 199 787
§3 166813357 CRMIMIGLA600) 19 78
§6 143981358(near CRMZM2GA424582) 166 55.6
) $18081T3(GRMIM2GOTSTT) 165 547
§3 155968214(near CRMIM2G161295) 147 435
58 6STS06T0GRMZMAGUANTY) 141 404
9 149745455(CRMZM2G095822) 138 389
) 60UTBOSHGRMZMAGO04) -3 4]

S8 47307917(GRMZM2G094558) 128 336

1Y
206
157
1.9
1.2
L13
109
0.95

0.4

EF hand (Plant defense)
Cation transporter/ATPase, N-terminus (Nitrogen uptake)

Protein kinase domain + Ankyrin repeats (Leaf morphogenesis)
DnaJ domain + Seco3 Brl domain

Protein of unknown function (DUF3095)

WD domain, G-beta repeat (Plant architecture)
Triose-phosphate Transporter family (Phosphate transport)
Protein of unknown function (DUF1624)

Hydroxyethylthiazole kinase family



Top 10 Major SNPs with Large Additive
Effect for LL in NAM Population

Leaf Length Effect -logP h'(%) Putative function

§5 S41008TGRMZMAGOT463) 1L
10 122267264(near GRMZM2G125424) -10.28
8§ (1200I826(CRMZM2GIG2163) 1023
§5 (371SIS29(GRMIMICO400) 8,63
S10 Q9602226 CRMZM2GO3YTST) 849
§9 [3T842UGRMIMICTS469) 831
S1 [194909GRMIMIG41636)  -8.16
89 28017219(near GRMZM2GO496%3) 792
S110T192455(GRMZM2C30489T) 1175

89 96774489(GRMZM2G301909) 173

484
414
413
296
288
276
206
AN
Ul

40

1.64
14

1.39
0.99
0.96
0.92
0.89
0.84
0.8

0.8

OTU-like cysteine protease(Nitrogen uptake,drought tolerance)
ABC transporter transmembrane (Plant defense)
Cd-dicarboxylate transporter/malic acid transport protein
GDSL-like Lipase/Acylhydrolase

NB-ARC domain (Plant defense)

PMRSN+PC-Esterase(plant freezing resistanceprotein)

NicO domain (High-attinity nickel-transport protein)
Multicopper oxidase

B lectintPkinaset§ locus glycop(Plant defense))

Domain of unknown function (DUF4131)



Additive X Evironment Effects of
SNPs In 9 Environments

Upper leaf
angle

ae (log P %) TearWidth

ae (logP,h* %) LeafLength  ae (logP,h’ %)

ael: 0.71 (2.3, 0.56) S6 143981358 ae3: -0.66 (1.7, 0.25) S5_84104987 ae: 5.44 (2.4, 0.40)

2¢2: 1.29 (6.6, 1.82)  58_65730670

83 176350819 aes: 0.59 (1.5, 0.38)

S6 34565567
§5 29918479
§5 76727787
§2 7180843

§1 33287311

ae: 1.80 (12.4, 3.5))
ae7: 118 (5.5, 1.53)
ae9: -1.38 (7.3, 2.08)

(
(
2¢3: 0.56 (1.6, 0.35)  S2_ 60078038
(
E §8 47307917

2¢8: 0.59 (1.6, 0.20) ael: 8.29 (39, 0.92)

a05: 0.66 (19,025 §10 69602226 ¢ 39 (4, L0B)
i 175 (17 2e6: 5.72 (2.2, 0.44)

NS 268: 11.57 (6.4, 1.78)
%f}h9éb1k£ ael: -4.78 (1.7, 0.30)
ae/: LUY (3.0, U, ae: 4.79 (1.6, 0.31)
29: 071(1.8,0.29) SLITPUS Jo. 51518, 0.39)

ae3: -0.40 (1.4, 0.18)
ae9: 0.46 (1.4, 0.23)
ael: -0.50 (1.9, 0.27)
ae6: 0.59 (2.3, 0.39)
ae6: 0.50 (1.8, 0.28)

ae9: -0.39 (2.8, 0.54)
ae3: 5.68 (2.2, 0.43)

9 96TI489 . 01 (14,020




Predicted P1, Best Lines & Superior Lines

Entry G G+GEl G+GE2 G+GE3 G+GE4 G+GES G+GE6 G1GE7 G+GE8 G+GE9
LeafAngle ~ Mean=61.0
P1 11.2 s 125 11 101 18 160 136 107 10.3

Best Line 17.7 190 190 184 le6 183 25 201 183 168
Superior Line ~ 21.2 235 n5 B U4 A8 04 16 2T 23

Select SNP ) T ) 3 5 ] 4 3 ) )
Leaf Width Mean =874
P2 -0.8 08 601 55 84 17 601 96 80 15

Best Line -28.8 309 -6 261 303 269 295 336 303 -30.2
Superior Line  -51.2 62 506 491 506 495 519 519 M3 -85
Select SNP 18 19 18 19 16 20 19 1§ AU 14
Leaf Length Mean="7517
P1 158 10 -8 -187 184 221 39 S5 79 -196
Best Line 1442 1464 1446 1342 1377 1349 1536 -1452 -1488 -1978
Superior Line ~ -2949  -321.2 3019 -290.6 2948 -301.7 3213 3051 -3289 344
Select SNP 13 13 12 11 13 IN N 17 14 13




Importance of Epistasis on

Chill Coma Recovery in Drosophila
SNPs=5.2M, Transcripts=10.1K, N=322

7 QTSs, 30 Epistasis QTSs, 5 GXE QTSs
Total h2(G+GE)=78.3%, h(A)=59.5%, h2(AA)=16.9%, _
R?=0.862, R;,;=0.892 for female, RZ,;,=0.872 for male
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Estimates of QTS & QTT for Chill Coma Recovery

QTS Gene Effect Predict -Log(P) h’%

X 5344003 SPR a 1.60  44.59 14.53
3R 17000695 SNF4Agamma a 124 2728 873
X 18462691 Bx a -123 2685 8.9
3L 1424581 Ptp61F a 120 2534  8.08

a -1.09 21.10  6.68
2L 11 11 t I I '

113803 between salm and salr el 049 284 068
2R 20211492 between betaTub60D and slbo a -1.08 20.81 6.58
3L 4163650 mas a -1.06 20.08 6.34

[between CG2083 and CG9973]/[between
L 2806345/X 81 : 4 1.4
3L_2806345/X 8175050 CG1636 and nAcRalpha-TE] aa 050 547 0
2L 4821516/2R 6453209  [between CG15628 and CG3225]/psq aa  -049 531 1.35
3R 4613737/3R 16925749  Pifl A/CG7044 aa 041 3.94 0.96
2R 13934484/X 2406170  CGS5767/trol aa 041 3.92 0.96
QTT Gene Effect Predict -log(P) h*%
1625763 AT CG2789 a -3.44 492 5.89

1634530 AT CG13040 a -11.46 4.10  65.43
1630088 AT CG16743 a -2.26 3.24 255
1637483 AT CG8736 a 2.76 2.81 378
1629234 AT éclair a -3.82 265 17.26
1628259 AT Not found a -4.38 1.63  9.56

32
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Estimates of tQTSs for Chill Coma Recovery

SNP Gene Effect Predict -log(P) h’% mRNA Gene
chillcoma
2L 11380311 between salm and salr a -0.10 32,92 31.38 1625975 at CG31052
2R 20211492 :f;;”ee“ betaTub60D and 029 13.73 41.63 1638991 at  CG5506
ael -0.26 6.18 57.90 1635129 at CG6332
a 0.09 541 2638 1626253 ar ~ ClutathioneS
transferase D4
ael -0.23 8.36 72.93 1640649 at CG15878
A Pl CG30497 a -0.17 12.26 36.86 1634444 at CG12736
ael -0.15 8.47 72.87 1639860 at Unknown
a -0.13 5.10 24.73 1627059 at uninitiated
a -0.08 8.22 22.82 1639748 at CG15922
a 0.09  6.62 14.22 1632245 a at crneprotease
- inhibitor 4
2R 12981799 GstS1 a -0.06 14.58 44.70 1636814 at Unknown
a -0.07 7.12 13.79 1640463 at Unknown
a 0.16 6.42 30.03 1641465 at CG6153
2R 16439355 (CG13430 acl -0.22 9.85 80.89 1640044 at CG7329
3L 1519297 Psa a -0.20 6.89 18.33 1623398 at CG4830
Gram-negative
3L 8283282 between CG7201 and cert a 0.10 594 22.11 1631633 a at bacteria binding
protein 2
3R 4613737 Pifl A or PiflB a -0.19 14.79 32.81 1637366 at CG16876
3R_10857239 between CGIAS6T and a 0.06  6.02 28.49 1636121 _at CG12924
- RpL10Aa -
a -0.16 6.92 17.33 1634158 at CGoloe4
s ALECRISI R a 024 2816 38.06 1629199 ar  ‘nugens-
- related 2
2R 18181213 CG5819 a 0.26 24.70 35.85
3L 612891 between CG42719 and a 022 19.05 27.32 1630088 AT CG16743
Reg-2
between CG17650 and
2L 1763460 Gr22e a -0.21 94.39 50.94 1637483 AT CG8736
2L 3854056 between CG3964 and slp2 a 0.14 42167 122435 34
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Impact of Smoking on Genetic Architecture

of BMI Behavior (1)
Table 1. Detected SNPs for no cofactor and

smoking cigarettes per day as cofactor
No cofactor CigPD cofactor

SNPID Gene Name Effect Predict -L(P) h’% | Predict -L(P) h’%

3 rs2620535 ZNF385D d -1.11 3.20 2.09 -1.13 3.56 1.80
7 rs2178628 SDK1 d -1.31 424 2.90 -0.82 2.06 0.94
d -0.92 234 144 -0.71 1.65 0.71

del -0.99 1.71 1.65 -1.22 2.39 2.10

12 rs1902753 CDK17 d -1.77 7.27  5.30 -1.39 512  2.73
13 rs7983587 GPR12 d 1.97 8.85 6.57 1.57 6.34 3.47
14 rs10873029 Cl4orf182 de2 1.14 2.00 2.19 1.22 234 2.09
a 0.39 1.31 0.26 0.60 2.50 0.51

d -1.01 274 1.74 -0.81 2.02 091

19 rs3848535 SLC8A2 d 1.02 2.78 1.77 0.96 2.67 1.29
X rs5957379 LAMP2 d -1.68 6.61 4.77 -1.21 3.97 2.04

9 rs10514834 GAS1

14 rs4905888  CYP46Al1




Gene Network for BMI Not Affected by Smoking

PICK1
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Impact of Smoking on Genetic Architecture

of BMI Behavior (2)
Table 2. Detected SNPs for only setting no cofactor

SNPID Gene Name Effect Predict -L(P) h’%
3 rs2620535 ZNF385D a 0.44 1.71  0.33
d 1.02 277  1.76

4 rs7674804 GPR125
B del 1.13 1.97  2.16
12 _rs10778062 ANO4 d 1.2 275 175
B del 1.08 1.88 1.96
13 rs7983587 GPR12 ael 0.80 227  1.09
13 rs9580631 SACS d 1.25 392  2.65
14 rs10873029 Cl140rf182 aael 1.60 416 4.34
18 rs1982114 C18orf62 d -1.36 452 312
X rs5957379 LAMP2 ael -0.68 1.63 0.79

dd 2.33 353  9.22

3 1rs2620535/14 rs10873029 ZNF385D/C14orf182
- - aael 1.60 4.16 4.34




Gene Network for BMI Caused by Smoking
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Advantage of Mapping QTX Based on

Genome-Wide OMICS Data
. No need for linkage map

. QTX mapping can be conducted for arbitrary
breeding populations and germplasm

. Mapping results can be applied to parents
and breeding populations

. QTX mapping can be conducted by
population involved selection/abnormal
segregation

. Not MAS but SNP/ /Protein/Metabolite
selection can be applied
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