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SUMMARY

I. Title

Development of individual genomic breeding value estimation and genetic improvement

system

II. Objective and Necessity of Research and Development

O

There are few cases applying genomic researches in livestock industry. Recently, new
technology called ‘Genomic Selection’ is introduced in development of economic traits
by advanced countries. Therefore, the improvement of the domestic breeding livestock
using genomic information is highly required.

The objective of this research is development of selection strategy for the young
animals using genomic information to select the sire in early lifetime of livestock
candidates. The final goal 1s to decrease the generation interval and economical
expense for growing and to increase efficiency of breeding improvement

In addition, applying genomic selection using SNP marker, the genetic composition of
population is consistently changed by generation. Changing of reference population
such as other breed, the accuracy of genomic selection will be decreased. Moreover,
gradual update of genomic data and genetic evaluation is required to apply our source
of livestock. Finally, GBLUP 1is essential research area for rapid improvement of

Hanwoo, dairy cattle and pig.

IM. Contents and Range of Research and Development

1. Contents

O

The estimation of breeding value using genomic and pedigree information in Korean

beef cattle (Hanwoo) and landrace pig

O Development of genetic evaluation using genomic information in Korean beef cattle
(Hanwoo) and landrace pig (reference population)

O Estimation of accuracy of candidate sire in early life time (candidate population)

O Development of genetic improvement system applying genomic information in Korean
beef cattle (Hanwoo) and landrace pig

2. Ranges

O Investigation of the genomic and carcass traits’ information in Korean beef cattle
(Hanwoo) (1,500 animals/ 5 years)

O Investigation of the genomic and reproduction traits’ information in Korean landrace pig
(1,000 animals/ 5 years)

O Development of genetic evaluation system using genomic information and simulation



study for accuracy of genomic selection

O Comparison of genomic estimated breeding value of carcass traits using genomic
information in Korean beef cattle (Hanwoo)

O Comparison of genomic estimated breeding value of reproduction traits using genomic
information in Korean landrace pig

O Deveolpment of genomic evaluation for young candidate sire of carcass traits using
genomic information in Korean beef cattle (Hanwoo)

O Deveolpment of genomic evaluation for young candidate sire of reproduction traits using
genomic information in Korean landrace pig

O Deveolpment of selection system of sire using genomic information in Korean beef cattle
(Hanwoo)

O Deveolpment of selection system of sire using genomic information in Korean landrace pig

IV. Results

1. Comparison of accuracy of genomic selection using simulated data

O The components to affect genomic estimated breeding value (GEBV) are dendity of
QTL), heritability, marker density, size of reference population and etc. Here, we applied
multiple methods of genomic selection to simulated data with 16 combination of above
component with 20 replication.

O As a result of study, density of marker and size of reference population were
suggested as essential component to affect the accuracy of genomic selection.
Especially, 13% difference of accuracy of genomic selection between 400 and 2000 of
reference population was reported.

O Therefore, this result suggested that consistent accumulation of genomic information
for reference population is most important factor to increase the accuracy of genomic
selection.

O The GBLUP using numerous marker information showed higher accuracy than
traditional BLUP wusing pedigree information. Especially, the accuracy of genomic
prediction in young animal without phenotype but genotype will facilitate the selection

of early lifetime.

2. Retainment of the genomic and accuracy of genomic selection for carcass traits’

information in Korean beef cattle (Hanwoo)

O A total 1,887 animals including Hanwoo steers and candidate sire for five years were
used in research of genomic selection. The blood sample, carcass trait and pedigree
information of theses animal was retained.

O The SNP gentyping using Illumina BovineSNP50 vl and vZ2 for 959 animals

_10_



andlllumina Bovine HD Beadchip for 720 animals was performed, thereby total 1,679

animals (1,500 animal planned).

Numer of genotyped animal
Year DNA Analysis Kit
Bulls Steers Total
2010 35 253 288 | BovineSNP50 V1 Beadchip
2011 39 297 336 | BovineHD Beadchip(700K)
2012 37 347 384 | BovineHD Beadchip(700K)
2013 35 301 336 | BovineSNP50 V2 Beadchip
2014 36 299 335 | BovineSNP50 V2 Beadchip
Total 182 1,497 1,679

O The quailty contorl and outlier checking for 50K and 700K SNP chip were performed
for GEBV calculation.

D The 50K SNPs were imputed to 700K including 735,239 SNPs. Then, quaility control

(QC) was performed with exclusion threshold which was monomorphic, minor allele

frequency < 5% and missing rate > 10%. After QC, 573,758 SNPs were remained. The

accuracy of GEBV of carcass traits using ssGBLUP was increased 4-6% than using
traditional BLUP for unphenotyped animals.

@ Common 30,748 SNPs between 50K and 700K chip after QC, the accuracy of GEBV

of carcass traits using ssGBLUP was increased 5-6% than using traditional BLUP for

unphenotyped animals.

O To validate the efficiency of low density chip, 8K SNPs using tag SNPs based on
LD is used to estimate the accuracy of genomic selection. the accuracies of GEBV of
carcass traits using ssGBLUP were 050, 052 and 0.53 for eye muscle area, backfat
thickness and marbling score, respectively.

O Therefore, GEBV wusing genomic selection for genetic improvement can help to
increase the accuracy of selection. To improve the accuracy of genomic selection at
70% which is accuracy of traditional EBV with phenotype, consistent update of

genomic information is required.

. Breeding system and industrial application applying genomic selection in Hanwoo

O Genomic selection using genomic information could be applied in early selection for
sire and cow .

O In sire selection, first selection (1,000/2,000 animals) based on GEBV of carcass traits
will have the additional profit of 6,400 million per year. And additional update of
genomic and phenotypic information for calf as 10,000 animal will increase the
accuracy of GEBV as 70%.

O In dam population, genomic selection can be applied to early selection in heifer calf

_11_



4.

and paternity test. Using 8K SNP chip in hanwoo, over 100,000animal/yvear would be
analyzed in 80,000won/animal. Moreover, in current genetic improvement system,
GEBV and genomic information could replace the ultrasound trait and progeny test,
espectively. And application of this system will have genetic improvement of the 2,700
million won per year.

Retainment of the genomic and accuracy of genomic selection for reproduction traits’

information in Korean Landrace

O A total 1,448 animals including Landrace sire for five years were used in research of

genomic selection. The blood sample, reproduction trait and pedigree information of

theses animal was retained.

O The SNP gentyping using Illumina PorcineSNP50 vl and v2 for 680 and 381 animals

was performed, thereby total 1,061 animals (1,000 animal planned).

DNA sample SNP Gentyped sample
Year DNA Analysis Kit
Sows | Boar | Piglet | Total | Sows | Boar Total
2010 245 21 266 219 21 240 | PorcineSNP60 v1 Beadchip
2011 207 29 236 224 29 253 | PorcineSNP60 v1 Beadchip
2012 200 22 222 172 15 187 | PorcineSNP60 v1 Beadchip
2013 144 9 70 223 144 0 144 | PorcineSNP60 vZ2 Beadchip
2014 Al 161 301 214 26 237 | PorcineSNP60 v2 Beadchip
Al 1,137 242 70 | 1,448 973 91| 1,061
O The quailty contorl and outlier checking for 60K v1 and vZ2 SNP chip were performed

for GEBV calculation.

Using common 33,433 SNPs between 50K vl and vZ2 chip after QC, the accuracy of
GEBV of carcass traits using ssGBLUP was increased 5-6% than using traditional
BLUP for unphenotyped animals.

To wvalidate the efficiency of low density chip, 6K SNPs using tag SNPs based on
LD is used to estimate the accuracy of genomic selection. the accuracies of GEBV of
reproduction traits using ssGBLUP were 057, 056, 055 and 055 for gastational
length(GL), total number of born (TNB), total number of born alive excluding
mummy (NBA1l) and number of born alive excluding mummy (NBAL), respectively.
The range of increase of accuracy of GEBV than EBV was 10-11%.

Moreover, correlation of GEBV between 60K and 6K SNP chip was 98% and the
level of accuracy anomg chips was similar.

Therefore, GEBV using genomic selection for genetic improvement can help to
increase the accuracy of selection. To improve the accuracy of genomic selection at
70% which is accuracy of traditional EBV with phenotype, consistent update of

genomic information is required.

_12_



5. Breeding system and industrial application applying genomic selection in pig

O

Genomic selection increase the efficiency of genetic improvement resulted from
increased accuracy of GEBV(>11%) and can be applied to breeding industry by low
density (6K) SNP chip.

In reproduction trait, genetic improvement is very hard, which i1s caused by low
heritability, long selection interval, sensitive inbreeding depression. And accuracy of
genetic evaluation is low since genetic evaluation using information of relative and
ancestor. Therefore, increased accuracy of selection (0.45—0.56) will make increased
genetic with 259% of breeding efficiency comparing current system. In economic
aspect, application of genomic selection will have additional profit of 10 billion
won/year.

Decreasing the price of SNP chip and developing imputation technology, 6K SNP chip
will be available 55,000 won/animal. And genomic selection can solve the problem of
same EBV in equal uterine offsprings. Therefore, genomic selection using 6K SNP

chip can be applied to piglet in GGP.

V. Research Outcome and Utilization Plan

O

@)

Annual update of SNP data of Hanwoo to achieve the 70% accuracy of genomic
selection (current: 50K with 1679 animals)

Application of selected SNP chip (8K) based on LD for estimation of GEBV
(accuracy of MS = 053) and usage for the selection system of cow in local farm
(substitution to current ultrasound method) - technology transfer and industrial
application

Using selected SNP chip apply to estimate GEBV for calf and resulted in
improvement of selection efficiency at 1% stage selection. — technology transfer and
industrial application (eg. Nonghyup)

Annual update of SNP data of pig to achieve the 709 accuracy of genomic selection
(current: 60K with 1061 animals)

Application of selected SNP chip (6K) based on LD for estimation of GEBV
(accuracy of TNB = 0.55), customization of selected SNP chip and improvement of
selection efficiency at 1% stage selection for piglet by increase in selection accuracy

and intensity - technology transfer and industrial application (eg. Sunjin Co., Ltd.)

_13_



_14_



CONTENTS

Chapter 1 Summary of Research Project
Clause 1 Necessity of Research

Clause 2 Objective, Contents, and Ranges of Research

Chapter 2 Outlook of Technology Development
Clause 1 International Status of Technology Development
1. Background of Genomic Selection
2. Livestock Improvement using Genomic Information
3. International Application of Genomic Selection Technique
Clause 2 Domestic Status of Technology Development

1. Domestic Application of Genomic Selection Technique by livestock species

Chapter 3 Contents and Results of Research

Clause 1 Comparison of Accuracy and Method of Genomic Selection using Simulation
Analysis
1. Comparison of accuracy of genomic selection for methods and influencing
factors using simulation data
2. Comparison of accuracy of genomic selection in simulated populations for Hanwoo
Clause 2 Application of genomic information for genetic improvement in Hanwoo

I. Material and Methods

1. Genomic, phenotypic carcass and pedigree data collection of candidate sire and
offsprings in Hanwoo
7}. Blood sampling and extraction of genomic DNA
L}, SNP genotyping
t}. Genomic data collection
2}. Phenotypic data
v}, Pedigree data
2. Estimation method of EBV and GEBV in Hanwoo

7}. Genomic data quality control
L}, Inspection of phenotype and pedigree data

t}. Construction of genomic relationship matrix

_15_



2}. Estimation of genetic parameter and breeding value, accuracy comparison

3. Accuracy comparison of genomic selection between high (HD) and low density
(LD) SNP chip

7}. Imputation to generate high density SNP data
L}, Generation of low density SNP data using tag SNP
II. Results and Disscussion

4. Estimation method of EBV and GEBV in Hanwoo
7}. Statistical analysis of pedigree and phenotype data, environmental factor analysis
L}, Estimation of genetic parameter in carcass trait
t}. SNP quality control
2}. Quality control using genomic relationship matrix
n}. Comparison of accuracy of GEBV according genomic data

5. Accuracy comparison of genomic selection between high (HD) and low density
(LD) SNP chip
7}. GEBV analysis using high density SNP data
L}. GEBV analysis using low density SNP data

Clause 3 Application of genomic information for genetic improvement in
breeding stock of Korean Ladrace pig
I. Material and Methods

1. Genomic data collection and genotyping analysis in Korean Ladrace pig
7}. Blood sampling and extraction of genomic DNA
L}, Genomic data collection
t}. Phenotypic data
2}. Pedigree data
2. Estimation method of EBV and GEBV in pig

7}. Genomic data quality control

L}, Inspection of phenotype and pedigree data

t}. Construction of genomic relationship matrix

2}. Estimation of genetic parameter and breeding value, accuracy comparison
3. Selection of low density SNP and comparison of accuracy of GEBV

II. Results and Disscussion
4. Estimation method of EBV and GEBV in pig

7}. Statistical analysis of pedigree and phenotype data, environmental factor analysis

_16_



1. Estimation of genetic parameter in reproduction trait
t}. SNP quality control
2}. Quality control using genomic relationship matrix
v}, Comparison of accuracy of GEBV according genomic data
5. Accuracy comparison of genomic selection and low density (LD) SNP chip
7}. SNP selection for low density (6K) SNP chip
1. Accuracy comparison of GEBV between 6K and 60K SNP chip

Clause 4 Economic effect and industrial application of genomic selection in
Hanwoo and pig
1. Economic effect of genemic selection in Hanwoo
7}. Econimic analysis of selection in proven bulls
L}, Econimic value of selection in proven bulls using genomic information
t}. Econimic value of selection in cow using genomic informatio
2. Economic effect and industrial application of genemic selection in pig

3. Application of GEBV in young animal using low density SNP effect

Chapter 4 Level of Achievement and Contribution to Related Area

Chapter 5 Research Outcomes and Plan to Utilization

Chapter 6 International Science and Technology Information during Research

Progress

Chapter 7 Research Facilities and Equipments

Chapter 8 References

_17_



_18_



r

A 7HA K571 £ AM2-(GBLUP) E JHEHAAl JHE

ATHEHA L e

Al %

el
Hr

7k
o

o
el

o

g
X

A2 Y Zledd 9%

4 3

=i
=X

AFALFY e

A 3%

BK

Al Ad B2YgAE

=0

I A

Mo

o
o

!

1. SNP chip ¥4 % Genotype €x

~
O

B
B

oy

E

o
N

B

H
o

=K

AU =(LD) chipel o

=i
7}. th X (Imputation)

9 %= (HD)

al

3.

_19_



II. 254 ¢ 3%

4 2 71E FF7HEBV) S Bl

7HGEBV) &

o ==
-5

s

°]-&

o

o

jfaxe)

)

i~
o
o)

o

7 ASE F4 L Ha

Mo
o

fvzel

-
)

ol A AR el o

Kol
=

7} HD(700K) chip

Tk

A B &

oF

of &

N
No

A3 A HA

]

&

2=
=7

g2t

737(

=1
=

L +A(SNP) A X

7} 21E 2 genomic DNA F=

i
X
0

Bl
22

I

o
B

o
T

B
2

o

3. AW %Z(6K) chip AE =4

7HEBV) H] 3L

=

o

b

[e)
T =

a3
P2 =

5% 7HGEBV)

|

%

o
4

4.

B

t}. SNPr}#] 9]

7} ARE 4 2L v

]

o

ol
=

5. A E(6K) chip 4

il

]

A

SNP<]

sk
. AU % (6K) chip? 60K chip 7+

9F

ol
T
il

—r

_—AH

b

ma

_]

o

_20_



o

il

A 7HA]

o
Tor

o

1.%,_
=0

oy

~

=K

_MOL

o
X

okl e 714

W

ATAE A R AAEE A

A5

SH71EA R

CPE!

s

AFAEHAGANN F3

A6

ATFAA -ZH] A%

AT

ey
]

Z

A 8 %

_21_



_22_



AT
7
i+

o1

;Q"_‘HI
GO N
Mnm_ﬂu @FEE
20 o ovwﬁi
T J O o 3
EE %@ﬂ MOM @E
JI» o
va Wré & = = Hfm up
7oL XﬂﬂoW Mm. Eoﬂm,A
NS = W R ’ - X z
LZAV 2 o 9 %ﬁrn__/ulﬂr Muuf
0 mﬁf o N HM ﬂ__o ) 0 ~T]EO1EI
m_fm %am o ifgmo ﬂwg_ﬁ =
ﬂm@ Bgur@ ﬂouHT WW@% Ajloﬁz %wm 1
) Ew% E%@mwﬂ@ %%wm ¥ o T B
ormﬂ ]JAE; c_i/cjl;oﬂmt L OM\DLF T mmoo mi ol
3 _,A_l _ 0 # XL &O ﬂ_% OL —— O] () — _Z Z.Tu o Cuﬁ \,H_Tm ° e
r G olp o By o —_ of R 2 S oF L o oo o TR
ke %oTﬁo 40%051H ﬂm@mﬂﬂ X B ﬂoaqaﬂ
H 500 R E O_L;% P _Mqu J;;g (- 133%
a < CA - o T o o o % Mo GG R0
Hr _%mn,}_nmoﬂﬂ mﬂ_waﬁ)ﬂﬂ ETW H%o_n1 Emﬂ %@_oﬁe%ﬁu
ng7ﬂﬂ@u Lﬁoﬁ.:omb}_u: ESMUmMJuw] g @ﬂao:oaﬂ
BK G No & = M < o X HE o g woE ol T T g v o
1ro _ wufuﬁop%;b mgo%mﬁ_o 3 ﬂlimumﬂ
. ;oT i N EE 1;1_ 0 U e »A‘._ m .zT N ‘w ey o Q _ ﬂAl.._ ﬂﬁ Oﬁ . ﬁ EE
o) o H I © hoﬁ 11,._ . wr J o=
~ ﬂpo,w?ﬂ;uf &:omﬂdﬂsiov ﬂmqwnuﬂoﬂxﬁﬂ. oWMo ‘;mﬁmvmﬂmo
o LA_.on_J%&oﬂ (ﬂ_@]En 9 mﬁongoM% 1o° o T T T
uoﬁzo = T X mo_qa am%LJc]rua T < o
il = 9 o Hfowuaﬂ@a% oﬂlwagﬁyl Ca) ﬂ%@&%
Pogaﬂmwii aﬂL,uTn:ooo ELPko.Cn_Alaﬂo goi JM;o ﬂue
) xoﬂomalﬁﬁ ] _,oTledﬂr mlgo% ﬂ@)ofrdﬂ T
I ‘MO#MuLHA_lElA ,H__#Muﬂrﬂj_,@_ﬁ,o(m\”_u,.ﬂ Ewm,_lryloﬁmloﬂa,o' _E,olAMoﬂﬁo,HOICT]
Gl m;a_%wﬁg aﬂa%wfm Em;m_é - o _Emﬂﬂéww
= o _gﬂoy%x&a. ow%oo;g_ga ﬂmﬂ@ olle .mﬁﬂmo}ﬂ17
o = =2 :ﬂAfzﬁ;ow mﬁmﬁﬂyE m;@ghﬂgz
M- .EW% d,me I e = o iNolc NJG o_im.7 o
‘meﬁmﬂﬂrm ‘mﬂdlLlJlMM fo ,mw,._,_x oy S —_ _HH/F? R PL.)Q .AL_zT E:i_a
dﬂ_ S ﬂ_l;oyﬁ &O‘H]ﬂHﬂWLQ H_AI.EJI_/]H% N;o — ﬂ_AIOM_ZT.
mﬂzﬂﬂﬂ‘_@%&oﬂﬂl o ME ﬂak] 7moh7|ﬁoxym_ﬂa SdoEimeg m_Jﬂl
" Hamjugzox Q_hﬂ o_io_:hnxnw fr.&uaﬁﬂwv mofafxﬂigoi
J&QST M Siiiesd Eq
— wﬁ%ﬂmmg L mbwﬂgﬂkﬁa mﬂa@ﬁ@@ @@maﬂfﬂ
3 GHNCRS u%m?iﬂ é}@ﬂ@%@lk Lfaour%ﬂom W%@é@ﬁﬁi
— ~ ) Tﬂr Oﬁ HT_ OT ~ ~ ﬂ N q\)ﬂ,ﬂl ~ 1 m \loﬂ_u ‘WH OT UM
)OL‘NHO..T J.MO#E]r,aLE A ‘nr_Al,IlelL‘_._E.LLL ﬂq‘l‘# MOT\QI
8 g wu@qmuaw ﬂymw % 3 im%%qail
%wgﬂﬁmﬂw S v 52 @ﬂz@%mam
%(&MEH moam:;og.m gagqﬂ X
- ojn Sy i W ™ = NI )9 Iy % 1_. = 9| =
iy — = F = 8 b - i 7 W o % Gl ~ T N LL
~ ™ o K m4A1rErUD = N ol
—~ B~ mﬂ(x_. N ]n,.ﬂeéﬂ)7ﬁa§
N Zoﬁaﬂudlufﬂ]m.mxHJ OLW n_uE
ok 2 N = = N o - w o B
@nﬂLoHToﬁ1aﬁixBﬂ il
= A.]%] g A 5K o ATﬂw\ E]EXO
~ A]ﬂ_/uoeG‘mW:.ﬁ ]_,Tl,._.abf,.}l‘ur
/\] X .,o._
— o]dﬂ ]Luom.mﬁf
=~ = ZoXLI K
> s n_@_/ﬂbl
)o_uﬁﬁ]ﬂA
N X o
;OL

- 238 -



, SNPP}A A 1.

s

(5)

&K

of

;OL

| "ol A HEz $elele)

gol AAs
euet 3

S

o

dr

JJo

o

ICEEES

ol 483

= A

GBLUPA|

A=

2 9

ol

ol
oF
el
N

_24_



(GEBV, A% 70%°]7)

=
=

7l o
. FolH el mA

=z

LOL

sk GEBVel +A

of th?

j =
o;g'é‘

.

;00

jze]

o

43§90 FAwe £5 ALAA A

HE &

g

A

EREESE

iy

00

£o §44 Ausl

gt &

v}, GBLUP

NS

W

ﬁo

= NFAA AA

o

T8 A

S
=

Ab. GBLUP

A

3

A

[e)
=

AAAAC] &
J 50K SNP Markers®d X I

=]
=

21:]

o

o]

=
=

A9-°] SNP Marker? X

Njo
T

b
o

rvzel

] 9]

rvze)

i

Z}. GBLUP

vl t&e] SNP Markersol o

of i

+ SNP Marker

5|
pud

ol o

o] #

GBLUPF#

A =}

%

9] GBLUPZA A

=
=

A
5

nE TR

l

HE 283 GBLUP¥ BLUPFA A H

g

Z

dl

o 215
, A

d =

VZs

=
o

By
N

0

jruze]

!

o

0

Ko

H

o
rvze]

No

et e} GBLUP®| ¢

ar
=

HEERS A

i

o _
= &%

g

SR

k.

A

No

T

e

A

3

[e]
=

T EE AGAA AA

GBLUP¢| =

NI,

Zé;(

7F

o =
o

7} A4 =2 GBLUP¥ BLUP?9

1

E}. GBLUPe| ¢

_25_



_26_



H 2

Al 1

7}

3. A A= dfe] A8d
2

g =Ue J=iE siE

4 89 Ve/iE d%

:: o

37%‘4 Marker Mappings &3l 71A19 §458& dFaoch wA 1 440
= %

7 o FAFAFAARAANQTL)IZE AdEHF P o] =4 =, o wf JdFF vAS
3 QTLY =dE HA LR dFshs W
il

Gengler 5(2007)¢] F+3 A X7} gl 7l ﬂ A ARE o =3 = ¢
255 A¢rstelal, VanRaden 5(2008)0] w4 dAAFAE AL dags 3 4
A HFT7F AMEE S 71Esth Misztal 5(2009)0] 7€ F 4R} FHAAYR A%

dud]ES FHIFL dAAE= Liuy, Goddard 5(2014)0] SSSmodel =9
Single-setp genomic model Wl /\1 SNP 23=5 2AH F+4 & & A= WHS AA A
A =5d, g SolA =bes] FAE kel 871

ek Al guE 2E Adel o
AR AW GBLUP, el BE AR(RAA A i 2 v 0 A EDE sh
o xdlol Aol ¥41% Single step GBLUPHYO t@ A3 9 571342 214
@ A% fAA AE o gakel BT ol FEAR o7 Aol viske] Yes)
%0 wEkg 0w, Single step GBLUPS ol 83498 Wl #2871 408 24 % 7
Aol s BLUPS 4ol vls) 4es o 42 5 ek wug (Christensen

S, 2012).

et =] N 2= (Canadian Centre for Swine Improvement) : 60K SNP Chip<
o] g3t FHA AEE Tt AAUHS} FHARRE 25 2t = A A
(bl A 2+ SNP-J BIE FASL olF AAAR §lo] Tor;ﬂiﬂ Ju gtk Zh= 7HZ1]-4
A AAA )] ALste] 7]= BLUPH Y 9 &2 2wy 7h v
APGFANA FHA AR glo] £F7HE FA4eA S W 0359 A= E

E olgatde W 0399 AGER HGEst 4%F7HeAS W fA A 711%}o 1 11%
=7Fe] 237F Ao EJ_O]'M—tq T = 0559 0662 714 Zol 20%%

O

=

=
a2
=
ol
ol
o
o
fol
B=)
N
)
%0,
)
=
HI
n°1‘

F (CCS, 2013)

_27_



. PIC T =3]Ae $H =0l tiste] 300 - 400 7He] whA 9F F-E¢] 60K SNP Chip< &3l

Imputationdt= 7l&& BF3tlem o8 d e 4 /MEFES 7153 Al 5 3
i B stk Aol tiE] F-R9] 60K SNP chip EuE 74431 S H =0 o 3
A A S shale W 11%9) A gherh G W, S RE Ao 60K SNP chipi
HE ¥sto] B4 W 68%2 =S zt= Aom Wagk (PIC, 2013).
. Patrick Stratz's(2014)2 4] A wE&= Eol7] A% A& A=, o=
ATZAFe wEWH £ PietrainT®H A 8957l thate] A SNP(384 SNP)&
Markerzte] A2 & d5atA AT 459 AREF I (LD)e A7) 7Isste] g3 74
5 Hlug Ay}, dzpe] Fg-rh g2k A mop 534 SR ASe w9k
1= TR SR
CE2E A A A AA FAALE TRt 7] Wil =7F 3P frdeE
7be = AT EE 771 F(INTERBULL) 9] ef=iol @ate] st gl 2
olF® FA ARE xFste] EA A= VIV 240 HAeH FAA A
FATEAE AXA dA LI o=l A A7 AR s HH7HGMACE) S
Algkar 9lth =3 CDN(Canadian Dariy Network)oll A= #3414 2E &85}
q7F AaE w7l Algsta 9lem, v (USDA), A (VIT)s 2 w7l A=

=
170
BAARE A0 25 98,

2

i
Fx 2 L oo

:10
F_>|i 2
o

Ni
=

_28_



}

ko)
pal

g, o]

1

S

<]

it

=

=

?_
1071¢] DNA w}#

(RN
AR -

-

Toly Lee?t Vasco(2011)9]
A3t Fol

s

(€]

1}
A3

s
.

Z]l m] ok

o}

)

i

°
yal

-

R

[e)

T

(2014a)

o

of thgh A+

=1

P
=

& A7)
(M) el

=] A QTL¥# Markertr8el o

il
o

s
.

DNA v}AR &8 He A

g

s

o A

1}
|23 A3 BLUP¥} GBLUP®| A

PA

Aol b7t 2013
7 =LA e

A

1 %

LY

2

i

GBLUP®] 74 A® §lo]

1

T

2

°

7F

(e]

]

Ry

tol 7AA Sl Fde9=

9/]

s, 2014b).
J

BLUP

(el

3) )
4) 7Hgel T

=
AR

jang

)
2

ofy
;OO

3@-0

|
o

—_

N
Mo

-

.

H
stof Al
Hol

I8

=

=

2F

B4

A

-

=

}od Porcine SNP 60K

AT ES 5744
GOF el 9]

<]

4485l o
23

Fol vl gt

S

1% aeuelA

=]
il

2}

4

S
fa

GMF¥H (Ao |

E
al

o

T

A

g
oF B

(2013)
%

(@)
=

=
T

=
[€)

2013).
chip
(G05, GMF, GOF, GOF* % GN)°o. & +4

(1) °l

o} A4

1 345357171 7]

=
o

bol 7

083

il

A

t:;l_

stk GOF ol 9

A

B

—_
file)

oA AFF Q1 AT A =) =] oF A=z o]
— 29 —

391

=

A
pul

EUES

(2013)=

=

[€)

2) =



i3

‘&m%

= ox 12
o, |o

e Eal Aakd 41779 F2Rlds g A4ddds S4ska, A
3
o

E] llumina Porcine Snp 60K BeadChipS ©] &3}
(@

ox @ oo ofh Hl
A e

I FAAAG] dddrIvE o] FAAE gl ARAE dolR ko, ATl F

= agavel oe dndgRgs WAt Abd nAe AR, o714 o
ARk o)kl EAUA} A AFre] AWA BAS NG AT, AR
ZEHp<10 ) FEA A A7F BA(BWB), 358 (BW3), 10573 (BWI10) ¥ 2054 (BW20) A
ol A ztzE 65770, 84670, 4970, 122707F EAek= A o= Harstglty 53] Al B 35
# A Fol dFFete FANAE EA FAA(SSCYANA L= BAZ o2 (p<10 )
2 dehlE S #9071 9l dow FHHUL

_30_



A3 ARNELd Ug ¥ A

A1 A RAE #4S T AAALATHR Y] A= 2 THE HAA

BRI 1w e

201012 109 8y
Faeaan

al

L3l EA o (BayesA, BayesBl1
(Meuwissen, 2001), BayesB, BayesBfast, BayesC, BayesCpi, BayesCscale,
GBLUPgibbs(Fernando, 2010)), &A1& d 9 A AR W& 7P 19 29 2o

Low QTL density High = Low marker density of DNA chip High
- ] < P
- E
w
Smallnumberof QTLs Many QTLs with very Small reference Small reference
with small effects small effects g population with low population with high
= density DNA chip density DNA chip
2 Ve
= ) 3 \
3 s| | B W gy
= 3 s . )
H Traits 2 Genomic
z - . 3
Small numberof Many QTLs with # Usris tetariiae information Largelrf.feren.:::
QTLs with very smaliaffacts B T : popuiation wil
population with high density DNA
e driacy 8 low density DNA 9 y
» chip
;| DG B
5 g
v P J




7h Az RO

(1) #384 2E 44

Ao AbgEE BA0A § do Polste FAHIRAAY £ Y 29 A4 AR
o ¥¥Y ABE AL Y= AA 5= g2 3 1629 R HA4A4 A5E AAEY L,
o] §371s FAS L FSF7I9e] AAS T FAHUe AFEE ALe

Rojddd gt AFEE =olr] fste] 7 xI}EER U EE 203 HEAIS
AAstgon, o] ul AAEE w8 mo Ani= 7 2o e mE Jo AYARE MR
Z1L oy AT JIFes dH FAALNY AX AV AR g2A B
F 1 FHEAFAARNFQ), FAHM), EAAAFEM) 2 FxFddar(P)e] 714 9 Roxg

Or A & # o] 2= 3 x| o 2=
wonn éj% fa9 ”?;LZ)H EPREE
Q H M P
P Ao FAA HEe] Ao
QIHIMI1P1 600 400
QIHIMIP5 (0.5cM) 2,000
QIHIMSPI 01 3,000 400
QI1H1M5PS 60 (0.1cM) 2,000
QIH5MIP1 (5eMD) 600 400
Q1H5M1P5 (0.5cM) 2,000
QIH5M5P1 05 3,000 400
Q1H5Mb5P5 (0.1cM) 2,000
Q5HIM1P1 600 400
Q5HIM1P5 (0.5¢M) 2,000
QbH1Mb5P1 0.1 3,000 400
Q5HI1Mb5PS 300 (0.1cM) 2,000
QSH5MI1PL (1eM) 600 400
Q5H5M1P5 05 cM) 2,000
QSH5MBP1 05 3,000 400
Q5H5Mb5P5 (0.1cM) 2,000

B onoadztge] PAoME 34 A At st o, 2 dAAE MR 1
7ol b2/ 3k 110cM, 100cM, 90cMO2 Aolatgm, EANA= FAsA 915 A Ao,
QTLS o=z AAAAY. 2719 Fadde #E 10052 aAgstgoen, =33 4Ae 1119
g2 Qe Akt

Marker= 2.5x10 %, QTLE 25x10 °9 &= EdwWolE WAAZ 1, W A+= Haldane's
Axtel e Hd GAA el F Hel Markerzte wxrl dojd gER wAIAA
Hardy-Weinberg 3 & @(N, = 100) 2. Z A 10004t 71| A A At}

FAQJAS A9 E=dwe] 9 mAyp @A dgAol yetdAl HwW, QTLeY A¢
=ddol7 wAsH e E(gamma  distribution scale=1.66, shape=0.4)ol4 <Jozt&

_32_



WA A S 54 47 059 FEZ QTLEHE AT
1001-1002A ol M= SF7Fe 9o S deid xddAsE Ao, Iaak
) 1—h203
NO,c>)Z5H AR EA. A7NA 2= 480 il 45 Ue:T o7 Fhol
o AR E} o] AT 1001-102AHE FAFAES} FHAAAREE Ao,
10034t (progeny1)¢t 100441 o (progeny2) &= A A 59 A3 3L 1001710044t 2] -7 A
s 2 3AIAEE 8ot A mAAAEY 2 SFT7HE FASIAY. R EAAAA S

flo

n2

o]

o

22

% 4= (Parameter)
A A & 3
A Aol 90cM 100cM 110cM
27 334G A7) 1005
By B wa FARJMA - FewTd
QTL - d9&e
FEAJAAY] EdWol & 25 x10”
QTLY Ed®iol& 25 x10°
EdHo] a7 E¥IHA ZFmb i 3 (Scale=1.66,Shape=0.4)
A} 23 & (Haldane's map function) r=(1-¢29/2
1-1000A 7R Al J = 7) 100+
1001-1004X A 74A] A d A7 4005, 20005
AR\ % o] L H
Z Ads 10044 tj
TEdEH FH1A dojd A 1001 - 10024 ch
FAA dHeolHT B4 1003 - 10044 th

(2) FAA SF7F FALE

(7h) wWelA et WS o] &3 FAA SE7F 4 WEEE Aole 139 2o (Fernando,
2010), BayesA, GBLUPWH S 49 EE FZAUA] diete] Zd7F EAlcts Ao =
7}A 83l BayesB, BayesB1, BayesBfast, BayesC, BayesCpi, BayesCscale W& &3¢
¥ A QA ko] g 35 zh=thal(fraction=1-1) 7Fd 3} T}

(1}) BayesA, BayesB, BayesBl % BayesBfast W2 ZA Az EAS FH s
GBLUP# BayesC Ad W2 A FAA 4 & EAAATE Yo ARESh
ek GBLUPHH & ]

FAJNAFE o] BE ZAUAR A vfg- 2o 22 A7) #4ks 75
SR

F 3 lol Xt FEAM A ST FAEHE 7 R B4 v

=<
o

=]
BE EAAAE RFEEAR

it



FA A2 XA

A

Qs

Shia

d 5o FA|JAAPA A 7 FEAFE A (1-7)

Random-Individual
variance

2 2 2
U ~V Suaxl/a

Bayes A(BO0)
(a;l07) ~ N0, o%)

(o |1/ ,5'2)~1/ S%r

o’ a~ay,

BayesB, Bl(known )

2 N0, 02) Pr(1— ),
(aj|7r’aj){ 0 Pr(x)
MH sampling
BayesBfast(known )
sample 5j =1 with probability 0.5
MH sampling

Random-Constant
variance

Random-Constant var

(estimated )

2

O-(Y

Random-Constant var
(estimated m, scale)

2

O-(Y

2 2 -2
Oq NVO(SV Ty,

Bayes CO=GBLUP

( |V(x"5£2) V(k’sg 1/
BayesC(known =)

2 N(O o, ) Pr(l —71‘)
eyl ){:0 Pr ()
sample 6; =1 with probability 0.5

BayesCpi(estimated )

9 N0, o, 2) Pr(1 —7),
(gm0 ){:0 Pr(r)
sample 6j =1 with probability 0.5
sample © with beta distribution

BayesCscale(estimated )

N0, o7, 2) Pr(1 —x),
(a |7T’ (y){ O Pr( )
sample 6j =1 with probability 0.5
sample 7 with beta distribution
sample S(f with gamma distribution

* B0 : BayesB with MH sampling=0,

(t}) BayesCpi, BayesCscale®y] &

H] 8 3£ #] ¢] ZH(non-effective  marker)2]

o] &3}lH, BayesCscale W&
A3t AT

0.9 scale parameterE $13t ol HFAH L2 055 7HAsIF o Wi

scale parameterE 3

() E AFoAM e

upgl qo}

parameter= 7435}

CO : BayesC with #=0

FAA o] A3t 7834 A A effective marker) 2}
Hl &9 Agbel AEHE & FASHY
EAJAY] a9 E AMELSH7] s ZAJA G4

H
FAA SF7ME AL BayesCpi,

BayesCscale)3t %1 2™, Gibbs sampling 7|HS o] &3lo] 2 XA a3&5 F45

o= A
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3 o= FAHAE A9 LE(EH)E 5eM227, AMA1 L]
01=, FAUAS] (B )5 05cM2207l, FAAII e 5o =, Fxydde A7&
40052 7Pk Ao BayesA, BayesB, BayesBl, BayesBfast, BayesC, BayesCpi, BayesCscale,
GBLUPHY o2 #2438 A3E Yehlth GBLUPS Al¢eh vz whio A 25 63k 29o] &
It v Aom FAHHJSY O AV AR Aol Holve AL 1% 4 drvh. GBLUPHH 9

IS AR 72 U] AREStER 1 AR A7|7F 27wl ZF 3EA]Q)

[e)
T L
Ad wIt b el wiste] Auldoz A Uehbs e HAY F AUk £ FAe] £
A4 549 FHFAAAF(AD)S f98, f0A Au) BAAAG(LE)} FxAwe) 27)7)
wAA mw FHel MAE GBS BASY] Siste] 74 29w AP dEsl @ melAHel
PEE olgstel 7 HAQAEY ENE FAT 23, 2 Y EAAR wH FAo]

% EAQA4Y B

QIHIMIP1 no.16, chromosomel, BayesA QIHIMIPI no.16, chromosome!, BayesB
08 08
06 ! i1
04 | 04
02 Bparker || 02 i W arer
0 1 | \‘H..“‘:. SO Y S S ) | 0 \‘. _||H “.‘ - Ll e - gL
02 02
04 04
06 -06
QIHIMIP1 no.16, chromosome, BayesBl QIHIMIP1 no.16, chromosome, BayesBfast
04 08
06 : 06
04 | 04
0 Bprker || 02 ‘ B marker
02 02
04 04
06 -06
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QUHIMLP1 no.16, chromosomel, BayesC QIHIMIPL no.16, chromosomel, BayesCpi
08 08
05 [ 06 f
04 | I 04 | I

| | | I
02 ‘ | ‘ ‘ | Brrker || 02 ‘ | ‘ ‘ ‘ B marker

0 || 2 ‘ “H'H‘L ety l . | ; e BQTL 0 | & ‘ ||u‘”'” " SR 1 ‘ BT
02 2
04 ‘ 04 ‘
{6 06
QIHIM1PL no.16, chromasomel, BayesCscale QIHIM1P1 no.16, chromosomel, GBLUP

08 08
06 ! 06
) | I u | |

| | | | I
02 ‘ | ‘ ‘ | Brrker || 02 ‘ ‘ ‘ ‘ ‘ B marker

0 “H "‘“' ke l 7 |' ; e BQTL 0 e ||H“H'” T ‘ l I T = BQTL
02 i 02 1
04 ‘ 04 ‘
{6 06
oy 3 AR HE A FdE 44 ¥ QIHIMIPL)

Q5M5H5P5 no.18, chromosomel, BayesCpi
A
3
2
. [ W marker
1
' | ; . | ‘ mam
0 :!. 'II!,!-‘!-:._ | = 1| |_' _|-Ii ﬁl-- !|"|' : 'I s |:..|'
i T il | ”‘I [T ||. ]‘|
-1 :
-2
O 4. BEA 2ol dd 2o BayesCpi S o] &3
¥AAA 23 FA4 oJQTL Ex=1cM, F732=0.5 Markerd==0.1cM, HT=7]=2000)
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(3) ZAAE 7H1EE A= Hlu

Zb zAdM ®Rol FHA AFE BayesA, BayesB, BayesBl, BayesBfast, BayesC, BayesCpi,
BayesCscale, GBLUP W& o] &ste] 2t HX|R1Ae &35 FA5ta o5 7 /MAEE Be
E AR FAAE A w8kl o] & el &35 7HGEBV, genomic estimated breeding value) S

A
AL
4% 7 9 gt AFT/hhe BB AWS Fokol ARET ANHL 7 melAue 27
H
=

T 2dstl A Ao welshs FA AR HR(F)7F 5eM 6071l A 1eM30071) &
A4 AgEst #aste RS vehidlon (L

o2 Ao we 2
¥ 5. HAH0 ¥% 43 2dld FHEot e AL FAL & AATHIY 6).

difference of GEBV accuracy between QTL density of 5¢cM and 1cM
1 | +0.033
0.95
0.9 :l_@ A
. -0.073
0.85 ~EF
08 -0.024 7
0.75
0.7 -0.014
065 4 0027 = B accuracy
: =
0.6 r 3 i
0.55 —EI:_I -
Bh o ; T T T T
N dy 2 Fo N gy e Be) N gy et
S F & FF FF S G
SO S S SN S SR SO SO S S S
& & & & & & & & & & & &

Q1, Q5 : ¥HPAHe] BE 1148 77 5eM @919t e d
%), H1, H5 : Fd=S 247 0. = 7H4, M1, M5 @ FA A B2 A4S 2H2F 05ecM @919k 0.1cM &9 = 7
A4 WA, PL P51 ey de] Feg zbzb 400°F, 20007 7H4)

.90 0.80

s %\ —e—EBayesa P -‘E\; —+—BayesA

-k\!‘ —®— BayesB \ —=—payesB
% —#  BayesBfast o —  BayesBfast
o700 +— = 3 == Bayessl 870 - - == BayesBl

“+#:* BayesC s+ #er BayesC
e —“—Bayescpi

o BayesCpi

—-+=— BayesCscale —-+= BayesCscale

GELUP GEBLUP

©.50 T T d 0.50

reference progenyl progenyz reference progenyl progenyz

AR #A9e "R 5eMolA IeME Wste AgoA FAE FHA SFFAA
&

DEERNETCE S SRS [E S Y
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(th) #AAAF(ExE)

Tdg 28t A BADAS] DE(F)7F 05ecMAlA 0.1cMo 2 F7hetds 4-F A
AYEr} Zrlets e Fold 4 glon Eo|xoz GBLUPHW S Aswsl =4 o
difference of GEBV accuracy between marker density of 0.5cM and 0.1cM
1 +0.020
el +0034 / +0027 ]
0.9
0.85
0.8 /
0.75 /
0.7 4 +0017 +0030
| |
0.55 accuracy
—
0.6
0.55 A
0.5 - — T
N ay 9 & Y aY N gy
P& CF L& L L4
§ § \*ﬁ @3‘5\ \2&3“\ <\‘°‘} &“\&‘b «\”‘b&@
dF e o & &
2% 9 BAAAY WEe] e 2oAPE §0A 8§57 FHAe) FUE W
090 090
I +0.046 >
0.85 0.85
080 0.80
075 _. == Bayesh 075 == Bayesh
Y =8 PBayest —8—pBayesB
—#& BayesBfast —& BayesBfast
0.70 =*= BayesB1 2.0 = %= BayesBl
<=7k BayesC =tk BayesC
065 = =BayesCpl 065 = =BayesCpl
— 1 BayesCscale — " BayesCscale
GBLUP GBLUP
060 0.60
0.55 0.55
050 T 1 050 T 1
reference progenyl progeny2 refarence progenyl progeny2
a9 100 FA DAY D=7 0.5cMol A 0.1cM=Z Waksh Aol A FAHE FA §F713F
Astwe AFAREd vaFEg 2L o & A4
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() FxHd 27

FzAwel 2717k 0059 AzlA AN BHE Fhed §3HE AdeE A9
20005 AREZ §3742 AdsE 49 Avdon Adus} 24 Frhet AL FAT
2.
difference of GEBV accuracy between reference population size of 400 and 2000
1 +0075 +0.078
0.95 +0.069 /l
0.9 +0.1%4 /
0.85 »
0.8 4 +0119
075 / +0122
0.7
/ B accuracy
0.65 - : 7
0.6 7
0.55 A
0.5 - — — — T
N N a0 N N P N gn
SF BF S5 B S
Fd T PP FFP P
dF e o & &
a9 1L AP av)d mhe maARd A4 §3 F
090 090
I +0.126 >
0.85 0.85
080 0.80 \
G —t—Bayash - \‘ —t—PBayesh
. =8 PBayest —8—pBayesB
N\ —#& BayesBfast —& BayesBfast
0.70 N =*= BayesB1 2.0 = %= BayesBl
<=7k BayesC =tk BayesC
065 - - = =BayesCpl 065 = =BayesCpl
. — 1 BayesCscale — " BayesCscale
GBLUP GBLUP
060 0.60
0.55 0.55
050 T 1 050 T 1
reference progenyl progeny2 refarence progenyl progeny2
a9 120 FEFG A7l wE FARAEHE §F3A4 537 FHAY g vuFEdd
W 20 ¥ AR
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—— BayesB

= BayesBfast
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—# BayesBfast

= BayesBl

BayesC

asilfasn

= ——BayesCpi

=+ BayesCscale

GBLUP

021

0.7e

o077

075

073

0.7L
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(7h) 8.99¥ §F7F FR3A Y v

BOAEH SF7F FAHA 9 AGEo| gt FAQ] Aot JEAE AAT
GLM<S ©]&3F duncan A4S HAASR o, Aib= & 49 2

F71 $18ke] SAS

o A 1 3 2t 5o
o 7 At 7
QTL Q1 (5cM) 0.765"° 0.693™ 0.657"°
density Q5 (1cM) 0757 0.688N° 0.654"°
H1 (0.1) 0.652" 0.536" 0.556"
heritability
H5 (0.5) 0.870° 0.795° 0.755°
marker M1 (0.5) 0.742" 0.667" 0.632"
density M5 (0.1) 0.780% 0.714% 0.679°
reference P11 (400) 0.710° 0.631° 0.594"
population
size P5 (2,000) 0.811° 0.750° 0.718°
BLUP 0.635° 0.442¢ 0.316¢
GBLUP 0.765" 0.701¢ 0.670°
BayesA 0.767" 0.711% 0.686™
BayesB1 0.774™ 0.720™ 0.698™
methods BayesBfast 0.775 0.722% 0.701%
BayesB 0.775™ 0.722% 0.701*
BayesC 0.785™ 0.731% 0.708%
BayesCpi 0.785% 0.732° 0.710°
BayesCscale 0.787% 0.734% 0.712%

NS : No significance, Different alphabets on superscript of same column
difference (p<0.001)
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2. #9040 FAAET 24 BN

o

H AFelA= @3 SNP chip?t frAReE Efo] Rojrta s AJAdste], o]& o]&d A £571 <=
ATE FHsIATE RoAH o2 SNPARAA F frdAkEel tigk pruning o] B o] 59} A
ST7F FAS SIg kg E 19y 9 BLUPHHO R 4% EBVE AAste A5/ 4939
Ae= vt 2o g AA dojAE QMSIm (Sargolzaei, M, & Schenkel, F. S.,2009,
Bioinformatics)S AH&sFR 3, 44 $F7HGEBV)S] 42 rrBLUP package (Endelman, J. B, 2011,

CEER-R T
(1) 2YAE AA
Oh B9 A2 4L 9T FAES

w Bojdedol = Bovine 50K SNP pannel¥} AFSH 334 HolBE Fdstlom, xdd et
QTLel g Fums 9 Tdd7Iohyd Markersoll tisl] & 59F o] 7HA&kdth

35 B9 2w A o] &3k B

Rises a7 gk
h? 0.3
QTL variance 0.3
Residual variance 0.7
Phenotypic variance 1
No. chromosomes 29
No. QTL in total 725
No. markers in total 53,998
oS FEl AAE Amol gk Aldid 72 BAXE the & 69 2tk
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¥ 6. X4, FSF71 (TBV), 72k, 457100 Ut 7% SA %

Phenotype TBV (QTL) Residual EBV
Gen Mean SD Mean SD Mean SD Mean SD
0 -0.069 0.968 0.000 0.548 -0.069 0.821 -0.021 0.290
1 -0.052 1.019 -0.055 0.522 0.003 0.860 -0.056 0.365
2 -0.141 0.976 -0.163 0.525 0.022 0.861 -0.149 0.372
3 -0.011 0.989 -0.075 0.576 0.064 0.821 -0.037 0.413
4 0.089 0.971 0.031 0.504 0.059 0.852 0.059 0.322
5 0.018 1.050 -0.001 0.501 0.019 0.909 0.017 0.329
6 0.001 0.998 -0.085 0.513 0.086 0.836 -0.009 0.334
7 -0.143 0.929 -0.129 0.49 -0.014 0.805 -0.116 0.275
8 0.127 1.020 0.064 0.481 0.063 0.856 0.098 0.310
9 0.111 0.997 0.089 0.493 0.021 0.825 0.103 0.323
10 0.150 1.000 0.158 0.532 -0.008 0.852 0.160 0.320
Overall 0.011 0.998 -0.016 0.524 0.026 0.846 0.005 0.332

TR YEANE 08T FASE/HEBVIS FHE/HIBVITE) AAFE) =

T X 77 Zom ROAFHA AdE A HuelA FEE 062, A ARE A HEkE 9,
10 Md]; genotyped animal)9] == 06002 F4 %At
7 21%Y AR E o83 FAFTZHEBV) 9 5F7HTBV)F] BaAS(r)
Gen {EBV TBY) r(EBV, TBV) r(EBV, TBV) r(EBV',T BV) r(EBV, TBV)
_Male _Female _Sire _Dam
0 0.530 0.810 0.519 0.000 0.000
1 0.655 0.642 0.669 0.922 0.611
2 0.659 0.648 0.669 0.919 0.691
3 0.737 0.738 0.736 0.958 0.689
4 0.615 0.632 0.598 0.764 0.765
5 0.623 0.641 0.609 0.968 0.609
6 0.656 0.653 0.662 0.746 0.633
7 0.574 0.585 0.572 0.751 0.705
8 0.550 0.577 0.519 0.463 0.621
9 0.605 0.659 0.545 0.827 0.598
10 0.649 0.637 0.655 0.858 0.623
VGA 0.601 0.624 0.573 0.716 0.614
Total 0.623 0.657 0.614 0.743 0.595

YGA : genotyped animal
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(2) 2ozt dA3

WE we] Are] AN Falol, ASA7 AL SNPRe Adale] Al o)galT. AA
F)Ee T 8)7 ov], AEA e 55 o] SNPS HAASEA 24 98 BA6l ol gaiel

wojzlg DNAAZS ZREH F74218 235 5204, MAF(Minor allele frequency)<10%,
Hardy-Weinberg B3 74 (p >0.0000D) 7|7+ 2210 thgk E2H7HQC) WY

Category Number of Marker

Genotyped SNP  marker 53,998
Hardy-Weinberg 33 4 (p > 0.00001) 11
Minor allele  frequency < 10 % 734
Percentage of missing genotype < 5 % 0
Selected SNP markers 53,253

(3) SFAEHIY(LD)S ©]&3F SNP pruning

e ko] SNPFollA M2 A¥HE(Linkage Equilibrium)S )55 SNPIHS- AWlél= pruning <
=3 low density markerS ©|-83F GEBVE F4& Folo] A== nH|wslzl st pruning 71+2
25 4 9% A4 (variance inflation factor(VIF))E ©]-8-32H, window size 50, moving size 5 71
2L VIF QAEE 28 AAsigith o714 VIF = V(I-R)oln Re ddadseltt (5, R = 050).
Pruning #4& E3ld, 4768 719 SNP subsets E3te], pruning A$2 4 HEEE 5 fold WA 4
& &oto] mlustdrh

(4 £FF W] e FAAFE $F7HGEBV)¢ A&k vlu

de-regressed proofs, national EBVs H+ MACE evaluations 5& 4] International Bull Evaluation
(Interbullel] AH&-&tar itk http:/interbull2.slu.se/www/vl/). £ 2&ox= 2] (72 RE FA% EBV

g WeurE AGSIS o, FAAFAEEI A AolS Mlwstas s
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1}, A3
pruning ¥, EBV/EAFe] 02 v 7149 290 v 5-fold e Askes hg} 2

1 CVir= 0.T0E te= 0642 20V 0714 te= 04827 + QVitr= 0,709 jie= 0.649 4 CVitr= 0.715 te= 0.536 5CVit=0.683 te=0.647
w
n - o
b = -
g - o
2 =
o =1 o
el g - > = e |
> (=]
§ i 8 s g 8
8 g
i o 3
7 . =
2 o r
L) -
= Y
® - v =1 e o =
| T T e | T I E s W | ) TN e ERT | P o g T ]
-10 0O 05 10 13 15 05 @5 15 -15 5 05 15 -15 -5 05 1§
TEV THV BV TEW THY

. = — == = - =
T%15. pruning $ ¢ 38Y HHE o] &3 GEBV &%=
1 C¥:tr= 0.641 ;te=0.666 2 CV;ir= 067 ;te= 0.537 3 CV;tr=0.655 ;te= 0644 4 CV tr= 0667 te=0.541 5 CVir= 0.638 [te= 0,658
=

GEav

a
=
T T T T T T T T p
-15 s bs 15
TBV TBV TBV 1BV TBV
716, pruning $-¢] EBV AHE o]-83te] 43¢ GEBVY| 5-fold WAt %
1 CV;tr= 0.641 ;te=0.666 2 CViir= 0.6 ;te= 0.537 3 CV;tr=0.655 ;te= 0.644 4 CV:ir= 0,667 ;te=0.541 5CVitr=0.638 ;te= 0.658
s e 0 #°% a
fest n“ B
S o | s
i° § 2
? 34 2
ap
< | o = =
] o = =
T T T T T T T Ll T T T T T T T [} T T T T T T T
-1.5 -5 0.5 15 1.5 s 0.5 1.5 -1.5 05 0.5 1.5 -1.5 05 05 15
TBV TBV TBV TBV
917, pruning Ao 33 ARE o] &3 GEBV 5-fold w4} A=
1 CVir= 0643 jte= 067 2 CV:tr= 0669 ;te= 0,531 3 CV;tr= 0,656 ;te= 0.656 £ CV:ir= 0.666 ;te= 0,569 5 CV:tr= 0,639 ;te= 0668
= = & 21
B fest 2
3 - -

GEav
Geay
0.0
I
acnyY
GEBY
g
L

]
1

g
L]
=10
a

T T T T T T T T T T T T T
-142 20 05 10 15 15 -5 oS 15

TBW TBW TBW TBW TEW

%18, pruning ¢ EBV AKRE o]-&3F GEBV 5-fold WA} H5

_46_



AAA oz v 74 45 TBV ti] 25 60-62%°] A= FdFHE7 l= HHcandidate) o 4]
el ew o vl 7HA] 9ol tigk GEBV F48Z23e] ZerE 390l vehich

3% 9. pruning A§ 2 ¥FF/EBVE HHTR 5191S o] A vl
Pruning Pruned Unpruned
y Phenotype EBV Phenotype EBV
Replicate  Reference Candidate Reference Candidate Reference Candidate Reference Candidate
CV1 0.71 0.64 0.64 0.67 0.72 0.66 0.64 0.67
Cv2 0.71 0.53 0.67 0.54 0.72 0.55 0.67 0.53
CV3 0.71 0.65 0.66 0.64 0.72 0.67 0.66 0.66
Cv4 0.71 0.54 0.67 0.54 0.72 0.59 0.67 0.57
CV5 0.68 0.65 0.64 0.66 0.69 0.66 0.64 0.67
Mean 0.71 0.60 0.65 0.61 0.71 0.62 0.65 0.62
SD 0.01 0.06 0.01 0.06 0.01 0.06 0.01 0.06

fol

Candidate§¥+e] F4A] $57F 42+ pruning AF=ol HI3F] unpruned AFEolA 1-2%48 8 Al
IE BYow HEgHgo]| w2 IV JYLE AYEY idd ARE ARESIE A9
EBVE A83t9-& wWRt} Referenced @A st e 5(6%)S EAoH Candidated doll A=

e
= a_
2polE Holx| gkt whEbaA, A =5=2] LD pruningg 3 &84 2 SNP pannel®] 7}FsAlo]l 98-S

-
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g

1
3

2013

343
1,887

299
1,703

44
184

]

o

T

1=

2013

H

e

X

A
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gDNA F%2& g 2mlZ5E modified IsopropanolF 0.2 F&3oH, 200ng/ulelAe] 15k, s
=9 DNAZ ¥4 #0lettt 59 gDNAE 19 193 go] #7935 HAAste] F549= &
It o 4B EAE o]8ste] F=et OD260/280, OD260/2302 7435ty #4S H7 A tHEE 11).

rUE
[P
i
-I U

11 @9 1,887 ta gDNA 5% Z7(Ly

Name Conc(ng/uL)  0OD260/280 0OD260/230 0OD260 0D280 0OD230
o01 667.95 1.91 2.12 13.443 7.077 6.394
502 320.69 1.91 2.09 6.44 3.378 3.096
503 348.8 19 1.99 7.035 3.722 3.96

504 264.97 1.92 1.98 5.33 2.788 2.7113
505 344.77 19 2.02 6.991 3.725 3.01

506 436.65 1.89 212 8.824 4.701 4.214
o507 301.71 19 2.04 6.082 3.227 3.009
508 330.55 1.88 1.95 6.645 3.95 3.427
509 449.51 1.9 2.13 9.037 4782 4.276
010 404.11 1.9 2.02 8.209 4.38 4.135
oll 584.58 1.91 2.14 11.712 6.134 5.48

ol2 308.09 191 2.06 6.136 3.199 2.963
513 472.29 1.89 2.05 10.036 5.58 5.189
ol4 431.25 19 2.13 8.676 4.588 4.099
[ 51 [ s02 s03 [ so4 [ sos [ se6 [ sor | ses [ s00 | s10 | su1 [ sz

| s13 [ s14 | s5 | si6 | 517 | si8 | s10 [ s20 | s21 | s22 | s23 | s24

[ sz | ses | soa | se5 | se6 | s
a9 19, A 7] % 5 (gel electrophoresm)/\}x] (d5)
gh9- sample 1,887 © thsle] Chip assayel AH&sl7] A4d3gk 507100 ng/ul® 3|4 at%lom,
0D260/2802] #ke] 1.8 mwkl =i tiste] Purifications % Alske] Chip assayE w08
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1. SNP chip 4 % Genotype &

9 FuRgel FAse] RAIARA 2HE AAES dFo AF o 6AARe] B
AFHste] DNAE F=3 tfs 5% DNA EES diydo=z o 50000719 @7 thE (Single
nucleotyde polymorphlsm, SNP)S Z+i= Tlumina BovineSNP50 Beadchip(V1, V2)¥} Bovine HD
chip (¢F 777,00070)& &-&3te] 7/NAE & FAAL(FAA) 24S A

BovineSNP50 Beadchip BovineSNP50 V2 Beadchip BovineHD Beadchip

- ligrivna 5 illurmina®
i L
54,001SNP 777,962SNP

9 20. thF3t Bovine Chipdll gt H]xL

SNP Chip #4& fst Ad8dx= a9 219 2o, 347 Adgst= 2o 7 3A4dE £4

yeo 19 219} 711;}

Bead studico

== e - = .

Dry bead chip

Arrangerment data

A% (%3], Nllumina USA)
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FIGURE 1: INFINIUM Il ASSAY PROTOCOL

1= 111101l GENOMIC DNA (750 ng)
B ; T paiea
= = Tafe<t
i i {1 1 €) Fragment amplified DNA
T Al <l

S 2

© Make amplified DNA

1 _. J U

O Procipitate & resuspend

3

£ &

© Prepare BeadChip

© Incubate amplified DNA

- (gDNA)
(identical probes
per bead type)

= TDNA)

*Indicates stain in red channel
*Indicates stain in green channel

Q Hybridize samples on BeadChip

1Y 22. SNP chip &4 #4¥ &

Chip assay Z}A oA sk
Az A AR SO 7|EAHE 2
X

H A sample A5 7]& 3HHA

(gDNA)

[gDNA)

© Extend/Stain samples on
BeadChip

o Image BeadChip

4

O Auto-call genotypes and
generate reports

SNP chip® ZH¥H Fx2+3 S|
gt} idat FLo] AAdsIH, o|n X FUL] Fg=
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Ao FA45E A5,
SNP Genotyping®] 7-%- Genome-Studio Z 2135 o]-&sto] 1§ 243 o] 73
data® ¥71= 789 ARG o HEsiqinh

M

Yoy
-
e
{ -
-
-
o
o | J
I
& -
3 " : e
2 .
. N
" o 2
e d Lol ] o ) )
PNarm Thata .
P —— R
i)
™
. N

73
E £
]
£ oum
™ :
I R
-
-
. "-’.
'
15 13 3
-
=) s
Pigaren, Thats =
" .
e —
@ s
N
-
=
| =
& v v &
! £
: £
e
-
i
-
7 7 .
"
s ! 3
E Harm Thets Ty A

1% 24. Genome-Studio E2 138 o]-&3F SNP2] genotyping (BB Homotype & 74-%-(4),
AB Heterotype 9 74-9(%), AA Homotype & 74-%-(3h)
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o FAARE 4

FAAE o7 HIHE 3
A ARE F 130 YER.
7b7) we] o] A
b o] HDFe| H&o] 3
A Hol 2 - 3AdE AT

24§44 dne dEet

A F-F2 16797 SNPE
1AdEol= % 3ol HDO #24u] o] wo] Eof
A EATFTE 587 kel 50K S ARE st 1
8l HDF < n)-go] ojde] 50KF H|-&3 A2 H:3)
S FHRE] dTstduh 4 - 53hd A 29 A

B
ki
o
i)
- K
rr
=5
[S—
N
i
m
o
=
[@)]
L
)

B oo
AT
o rif

ro

N

SUREY
N

¥ 12. BovineHD SNP chip #44 3(L4 )

Index Name Chr Position s
104021 104022 104060 104106 104107
1 ARS-BFGL-BAC-10172 14 6371334 AG AG AA AG AG
2 ARS-BFGL-BAC-1020 14 7928189 AG AG AA AG AA
3 ARS-BFGL-BAC-10245 14 31819743 GG GG GG GG GG
4 ARS-BFGL-BAC-10345 14 6133529 AA AA AA AA AA
5 ARS-BFGL-BAC-10365 14 27005721 CcC CC CcC CcC CcC
6 ARS-BFGL-BAC-10591 14 17544926 AG AA AG AG AA
7 ARS-BFGL-BAC-10793 14 29259114 CG GG GG CG CG
8 ARS-BFGL-BAC-10867 14 34639444 CcC CG CG CG CG
9 ARS-BFGL-BAC-10951 10 17911906 AA AA AA AA AA
10 ARS-BFGL-BAC-10952 10 18882288 AA AA AA AA AA
11 ARS-BFGL-BAC-10960 10 20609250 GG GG GG GG GG
12 ARS-BFGL-BAC-10972 10 20792754 GG GG GG GG GG
13 ARS-BFGL-BAC-10975 10 21225382 AA AA AA AA AA
14 ARS-BFGL-BAC-11000 10 79252023 AA AA AA AA AA
15 ARS-BFGL-BAC-11003 10 80410977 AA AA AA AA AA
16 ARS-BFGL-BAC-11007 10 80783719 AA AA AA AA AG
17 ARS-BFGL-BAC-11025 10 84516867 AC cC AC CcC AC

SNP 4

SR FNETPY TaaAe - DNA Analysis Kit
2010 35 253 288 | BovineSNP50 V1 Beadchip
2011 39 297 336 | BovineHD Beadchip

2012 37 347 384 | BovineHD Beadchip

2013 35 301 336 | BovineSNP50 V2 Beadchip
2014 36 299 335 | BovineSNP50 V2 Beadchip

Al 182 1,497 1,679
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2. &%9 7I1E(EBV) € FAHA(GEBV) §%7}

4

7h A dely 297}
FAA vlele o FAHE AA T JNE JNA S SNPuA ] gk FAE VLR Yt

(1) AA F2"7t
(7} Genome studioE Ea AAE FdxF dolEH(A, T, G, C, Missing) & ©| &3}
Eo] 10%°]3<1 7HA,
(L) 8E84dHE o]&ste] 743 AAFTIENRM) Y FHAGRE o] &3] FA A
ATl E(GRM)ZE HluLE F5te] Q75 T 7= JHA,
(e}

i
B\

=
EUA FE A= HAE S ¥ A ®

(th F4A4 AREs ggato] wdeet
= TAS AAEATH

(2) SNPHt#A F2H7}

(7}) Genome studio® E3] AR 423 dolel(A, T, G, C, Missing)& ©o]g3to] 4
0] 10%0°173<! mkA,

(W) 25 & 7 (@Al gl mha),

(t}) Minor allele frequency(MAF)7} 5%0]3FQ1 wlA,

(2}) Hardy-Weinberg equilibrium testoﬂ A p-valueZ} 10°%013FQ1 w1,

(vh) ©& mA AEe] =S Aus 2 vl diste] F487F AA sk

B\

U 238F % 8% ey A
(1) 8483 dolg HA
ZF @A V28 AE 4 2 BER g EE ol&ste] oA ARE AT o7
AN FEAEE 1
WA 40 - 123cr
A 1 - 35mn

T Aol obelst e Al el AL WA
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(1) 854 o] &3 FAdASF P4

318 A dA o dEARE Tabular method(Emik and Terrill, 1949)S o]-&3le] A A
P T4t o] T FHA BERE AT NAEY ddATE w2 Y] FHA #A
FgHI Hudd 5 s AT

(2) A BEE o] &3 AT FE

A AT PEL Ao SNPHRE o] &3t thg3 o] AA s

291 (locus)® &5 meolgtar &, P A7|= nolx €9 A7]+= msl M9
Ao wel MM (n#n) £+ MM(m*m)e] FJejZ AFEE 4 vt M3l &<
A AH(Miner allele)e] 53 H3gAAAM -1, b4 HHF DA Major allele)9]
agal o]PFFAE 02 74 FLholth. MM dES sk oAl
of 2zt WAl e FFHAAL] Folw, ntAd e e F A P FEoR Afdte

HAFAAe] ol ofo] wralA MM WS 7 #9le hE T

>~1

F

2t FHFA ] 5, v
< ME OgE #HoM vEor afrets dHFAdAe] Foltt A Helol F HA dHFA
7

NA 4S 2pi-05)F A9sd PE 0 o
Nz gel oigk mE gho] Ak d5E Mo dgfdx AdoA Iy FA%
g o= uetue Poll tigh AEe s ow A HY dEFA 23] Hito] 0o Y=
(Centered value) ZBES TAT = Stk oA Axtd ZE S o] &3] oflo} 22 520
oty GRM dZE& 4T 4 dth(VanRaden, 2007, VanRaden, 2008).

Z=M-P
77’

B 221’1(1 —Di)
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y=Xb+Za+e
A7NA yu EAFE(GAEHA, AT, SWAE R i #5A WE o], by 1A
W ats QINAIS] FF koI, ez AR o
FolA = AR e o] 27FA] M-S AAste] FARYES AA s AT
7F41: a~MVN(0,G®V)
72!
714 G 5 AHe o3 dAAFYE

¢ 5

A} 7] B

. AmA{z]G*A{QlAQl AIQAQZIG*} A[
G ARL'A, G” ’
AZIM An A ARE ZA @S A be] dE AR o7 FABAYE, Ans A
ARE zke MAES dFol 93 EAARYE G FH4 FAALEE Fod Aol
719 7HAR1 7HA20 A Al BEE e~ MVN(0HRR)2E 7Hg3tdon FAzke A
& e Aoz e
3 A7 7 2014 ARG SFE A ARE A #2 JHAl(a)d A RS

2t AR TRl REEAC We e ot 2

~ MVN|o0,
Ay

r

A11 + A12A231(G - Azz)AﬁlAm A12A2;1G QV
GAyp'A, G

qe 71Ee] F8H P osglen 7}

=
=
429] A4 thg 2ol FRHAS AA sk,

X'R™'X X'R™'Z HB]:[X’Rly}
ZR'X ZR'Z+H '@V !la Z'R ™y
0 0
Pl —1: -1
SERE H'=A +[0 oAzt

SAF L] AFE()E o ZE 29 A (Prediction error variance; PEV)S] 7S o] &31o] At
(=]

¢ —1-(PEY,

Oa
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3. 24 %(HD) 2 AYE(LD) chipdl W3 FA4 $F7 ZI= v

390l A -9 Ilumina Bovine 50K SNP chip¥} Bovine HD SNP chipd &4 ARE o]

g3lo] 1) 50KA KRS 700KHD)A B2 sl Imputationd 75 338k 12, o] W Imputation

T 9 oE 83 A A HI=E BHFgo RN 7]FE 50K chipte] A= 3}

ol & wlastg o, 2) 50K A HEoA ABEHP s o]&sle] Tag SNPS st

AYWE(BK) SNP dlolel & FA skt B3 FdA §F7F AMtS S5k, 8K, 50K, 7T00K7H 7

g vus Tl FAA Ao AYE JE@KY && JhsAdel s dolr k=Tl o]
1%

"

50K SNP (S8

a]| 700K SNP |5

N—

4
a9 25 A2 thE SNPAHHEE o] &

7}. X (Imputation)S ©] &3t

4= 344 deoly 84

%27] Imputation®] &x+ o] AAEA & F AZH" FHAAF st TAHL
Y

al
TR
FAFomn At BEAAT et AT A4

=l Tl thddk ok 7|l
HEde wet d&FY FAFRE S Fd4 F <t @&+ A HJow, FA47F w5
o d&Fe] FHAA ARE A7|o] &olstAl HATh ¥ 7] A AEEH o
2 24" A A ARE &857] ol dAAed wet o5 ARE JrAdsH sid
oA AAERY L JHAEE 59 HEE o839l Imputationdts= AF7F th S oM,
H = e a7]d 93 & ]JI putation® A== EAY ] Pl whet AP =
S Fo® By gt

#99 HD(T00K) AR 2 664%0 A2AW 72 o §ato] 50K 245 9259 3
AE7S U2 Flmpute program(Sargolzaei 5. 2011)2.2 Imputationd}$th. Imputation®] %
SrE dotRruz HDH O R 49 664F T Y& 5075 MA¥ste] AAFwow AAs%e
H, o]&9 @Y F449 Imputation?t X &S F3 A =(Accuracy)E ALt =d oo U
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& 4 obdst 2.

N.
imputed = observed
A 1mpute (%) N »<100
total

. Tag SNP2 °] &% ALE FAA dHeolg A4

Tag SNP> Genome’dell haplotype’d®] rAFst SNPZF =2 A4 (LDl 3] =1
o] SNPE A A3t} o5 Tag SNPS 54 180 th3h G472 Hol
F3to] A¥A BHolx ZE SNPHHE

(1) dFEHF F3

it o2 AABEHF] AV|E AZE o2 F dHFAAT AR daAH o] fAHE AEE
UERE gto 2 DS %331A171 D' (Lewontin, 1964) T+ r(Hill, 1968)& F4 3 4 it} 1
HU DS 53 ARE

=

E93 FAL Hdao a7 AAY gEFAANE T AL AS A
(Overestimate)® 4= 917] W&l (Hayes, 2008; McRae 5. 2002) r’E o] &3&}o]

g3ttt

dAA ] == 7 N dHFAA7E S48 = (biallelic) A= vHE F 29 A, B

Y
AAERE A7|(D)E= gt o] AAEY

2 _ D?
" T P(A) < P(A,) < P(B,) < P(B,)

1714, p(AD¥ p(A2) 2 pB)FH pBr)= AT W A == B F #99 2 ddfda W=
& YEWH, D= oS3 2

D=p(A,B,) *xp(4,B,) xp(A,B,) Xp(4,B,)

1714, p(AiB)Z p(AsB2) % p(AiB2) 7 p(AsB)= HAet Ul A 2 B 7 #9197 digFd=t
2 TAE duA ¥ Haplotype)2] W1=5 e
#ZH947F 242t @AY F #A9 T e A TEY AF A WE=E A
ek = glov F oY ¥ o]dd A -$(double heterozygotes):= DNA chipel &4 Ay g2
BABEH(ABI/ABy),  ARHEEI(ABY/AB)E  TEskAl o] wiite]l  EM  algorithm
(Expectation Maximization Algorithm)& ©]-&3tel  AiBi/AsB: 9F AiBy/AB 9 Z=1HF &8
Aatete] wsteko]l AR Y o](10°) 4T wWrkx WHE ikl AREH Yo Fe FAHNA
t} (Excoffier and Slatkin, 1995).

—

>
\
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o. 234 ¢ 3%

4. 734 AEE °o]&3 FF7HGEBV) 4 H 7|€ §F7HEBV)9 B

% 6ol ZEIARE T FHE AU T 2 2" Aol diste] ®7]5kA
23296 = 3,11677F xle] Ho] Qo o5 gt H IR == 1.94% ez FAHE AT

Sex
Ancestor No. of inbreeding
Male Female Steer Total

14 1 1 0 0

13 2 0 0

12 1 3 0 4 0

11 14 26 0 40 0

10 33 71 0 104 0

9 ol 153 0 204 1

8 80 335 0 415 3

7 84 598 0 682 3

6 96 1,065 0 1,161 11

5 93 1,921 0 2,014 33

4 121 3,186 0 3,307 64

3 156 4,610 0 4,766 200

2 301 4,791 0 5,092 591

1 0 0 5,501 5,501 2,210
Total 1,033 16,762 5,001 23,296 3,116

ARAREI - 56415
7} 5536%F 2 °F 99.0%%1 3L, 3
= JNA7E 55 E AAHor dE

é“.:

ok
olrt
I
oot
N,
it
o)
=)
o
-{o
_O‘E
i
o

o
)
B
—_
®1l
—_
S
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=5
—
o
b
2
o,
o
o,
4
™,
i,
é
i‘ll
Lo
i
A
)
-
td
o,
f

5586 98.99 5586 98.99
(3, ok dokskox)
mel YRR RS REE A9
o HETS °r 1 0.02 5,587 99.01
(, *— *x——)
Mol 2R zmE mEl 7o
2T °r 1 0.02 5,642 99.03
(%, =% ——%x)
2R 9zpE pa= Ao
A=, 4 v 55 097 5,697 100.00

(¢, %k kxk——)

Gk, sk sk D 7| A H-R

=<

16.

b

A5 AE AR

il

30 HE ghvy Bop o2, REE Fo 2H 2EE 2T, xR
HAg A REE S REE S EE Al
(%, %% skokk)
(%, ®—, x%——) (%, =%, ——%x) (%, #% dx——)
23 106 13 119
24 181 7 188
25 166 10 176
26 164 3 172
27 79 2 31
28 143 1 144
29 116 116
30 144 144
31 100 100
32 158 2 160
33 146 1 147
34 143 143
35 146 146
36 148 148
37 140 140
38 161 161
39 183 183
40 184 184
41 173 3 176
42 176 176
43 199 4 203
44 191 1 192
45 191 191
46 204 204
47 172 172
48 186 1 187
49 168 168
50 199 1 200
51 197 197
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52 186 186

53 113 113
54 202 202
- 420 2 422

(e, sk s @ WA H-B R -ZH-9lFH-_olF 1)

F 17 o =AAEZE € 564157 tiste] dF F4 Aol diste] vEdllt 2 A3
Fddo] =Y MMAES F 597F e FEF-9F 5323F 9 FN2HY Hojd A= 2 e
o e SR ol iRk Fes BE Ha 1FAA A 367 AES Akl en,

Wit FREG o 05T ALS 2t AOE UEuTh EF FUSE R 159 Ae

o

F 17 =AARZE A8 NA ud F5 G sl dig NEx (FdPdely )

No. of offspring per sire Count No. of offspring per dam Count
1 9 1 5,,023
2 10 2 283
3 21 3 16
4 34 4 1
5 28
6 32
7 54
8 68
9 70
10 63
11 55
12 39
13 30
14 30
15 13
16 13
17 4
18 5
19 2
20 1
21 5
22 1
23 1
24 2
26 2
27 2
28 1
29 1
36 1

Number of sire 597 Number of dam 5,323
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9 24 - 543 FUAAS 5641F9 AR Rl 0P A%

B

il

T2 2L 267]LALo]

A4 el

o)

78.7+9.2cm”, 8.6%3.7mm,

3.2+1.6score® A5 9t}

No. Mean S.D. Min. Max.

Traits

EMA

123

40

9.2

8.7

5,214

35

3.7

8.6

5,219

BF
MS

1.6

3.2

3,383

el

|

AL
;OO

X
el

X
T

v
iod

7
o]

AL QA olell

of¢E 1% ool A

o
A7

of g &3}t

PN
T

A& Ao

Fa 1% frelssolr &=

S

A 9]

=
=

22

it

DF EMA BF MS

Source

51.8 370 7

482.0 ©

369

Batch”

20.0 &

02N

4495

: p<0.01;

; NS @ p>0.05;
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s

FAA BR Fhe wel e A AR "o wet vl

gekslen, 1

=
-

3hof

7leto 2 REMLHH O ¢

AHRE

H

A FA 550, LHAE
Fel 7}7F 3497, 580, 1.012 ERyT)

5
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Al 2718,

o

A

ol

G

|

=M

&y =7ieke] $R 2R

ATk o=

g

s

=
-

FANA 049, WA EAA 0.59=

LI

A=A 040, ZW A

p=2
[}

= o, 2010 Hrte A Ay

H.o]7]

=
=

0.50)2 tha Aol

e

WAl 557t

REML
BF

MS

EMA

(co)variances

Genetic

1.86
0.03
1.44

-2.20

27.18

EMA

5.50
0.03

-2.20

1.86

BF

MS

(co)variances

Residual

0.68
0.41
1.01
0.59

2.13
5.80
0.41
0.49

34.97
2.13
0.68

0.44

EMA

BF

MS

Heritability
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). SNPulA S FAH 7}

¥ el A Nlumina BovineSNP50 V1, V2& 95979 Alg 5ol tiste] Fd4 dolHE
AstR ov 7205+ Illumina Bovine HD BeadchipS ©]&3te] fdA K dolEZ 339t
FA TRAS LIl ARG o] ASEo] 10%°e]4 AAZE 73F EAske] Al A8k 1,606l
ekl SNPWHe o] FAR7EE AAeSlth %9 F4A4 dHolel= A& & Al F79 SNP
chip® chipzt F 55 = SNPel thate] zAbstglon 1 A= & 21°] HebWth 50K Version
(VD 75 54001712 SNP7} EAlst o, Version 2(V2)E 54,6097, HD+= 777,9627) <
SNP7} A8tk 50K V1 50K V27t T55= SNPY &5 <la 2 43 4818670 ¢ SNP
£ FTfrstal dRew, of T AAA AR % ALARIE FE 1479702k BN A vk
692712 A3 460157 TAZ 14402 AAEAT 4601570 SNPSF HDZF 7%=
SNPE ZAbste] 2 Ay 41878707F dRem, o F tFAol §l= wkA, Minor allele
frequency 7} 5%°l3tel  uwl#, ZAZEo] 10%°]42  wk#, high correlation® ©wkA,
Hardy-Weinberg equilibrium 7 A <] p-value7} 10°HT} AL npA 1526718 AQstn e
30,7487 €] FHA BEI} vhy A A AFEE AT

F 21 9% 50K SNPO| #4449 Az o dAe

A= R =US DR Number of SNP
BovineSNP50 beadchip versionl 54001
BovineSNP50 beadchip version2 54,609
=& SNP(versionl, version2) 48,186
AAA AR R AR ASY 1,479
AAA X, V)¢ 692
£497F (MAF, HWE 5)° 15,267
& SNP* 30,748

% %44 SNP : D-@-@
% #24 gAAS 92 @ FAYA

k9o AFMNAEZ A e px] A W 30,7487 2o FHAAE HARE o
7t A A49] F4 A (Genomic relationship matrix; GRM)$ SEAHE
Al 9= Zk(Numerical relationship matrix; NRM)S o] &3}o] o] 7} Al¥ %

TH® 26). 19 2600 AATE wpep o] Rop 227 EABA(NRM)= 05+a 22 LERE B
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F 22 AR AS5E0] 10201747 /hAl B EAHE L FRACl tE F2H7HQ0)

Category Number of animal

Genotyped animals 1,679
Percentage of missing genotype in animal < 10 % 73
Pedigree information error (=< 7)) 5)
Selected animal 1,601

i 484 AR §5%0 Be 248437 A%E 324 2 ¥m

(1) BLUP ¥ ssGBLUPHY &£%719 AS: 4 9 $F7F 4F vu

5 9 Ry 7o g A §FUME AN HBLUP), 8% 2 %

q 5F7

e
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e
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il
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R
g
73
0
)
o)
&
-
=z
X!
Ho
N

B Xd8E ARE Z2rE A dAdA 27 59

ol s W] wiEd Aol xdY dolHE HEfsta e A R wH(Reference

Population), #kx19] 3 dloly glo] vk w] 2p&0) 715 z2h= JHAl F H(Sire), AH419] #

A dolE7F fla A4 18y dolE7E §le MA HH(Candidate) 2 -i3ke] & 23] o

ebWith AA 16015 5 Sire o] 1405, Reference Fwro] 1,180%F, Candidte Fero] 281F &
%

ko
ro,
=

T ER e, BLUPY §37t5449 Agre] i Fit2 SireddolA s 45
0.75, SAHFAE 076, WA EE 0782 F45 911, Reference HerollA SAdH= 070,

2 YElst e, Candidated ol A SA@AA 042, SA Y7
043, ZHAYE 0432 B HATH 50K F4A4 RE o] &3S u Siredd® % Referenced

K
T BLUPH Rl Hlste] 0 - 2%% F7behe Aow &

)

S ELIE 3= I
AE)gen] fa4 dweld A% 28 Ao HAG dolEsl §lE Candidated Tl A

BLUPY Y H]&] 5 - 6% §F7F A8dxr) 4= Aoz BAHAT

3 23 =4 ¥4 BLUP# ssGBLUP %71 4% v

BLUP without genotypic data GBLUP with 50K SNP chip (ssGBLUP)

Sire Reference Candidate Sire Reference Candidate
N 140 1,180 281 140 1,180 281
EMA 0.75 0.70 0.42 0.76 0.71 0.47
BF 0.76 0.72 0.43 0.77 0.73 0.48
MS 0.78 0.77 0.43 0.8 0.77 0.49
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I1UE=(HD) 2 AEEZLD)AY H$ A4 SF7F A= v

i

7t. HD(700K) chip ©] &% FAA 5371 £
(1) 237}
A ARE FHT AE =< MAE AL v A 1,601
Fol tiate] 50K ARE zhe HDH & %%‘: A 71457 =,
Imputationd A o] doll & FEaA &< U}ﬂg Aleletr] st FHAH7E AAISAT
HD chip A 777,76271¢] SNPAEE i 9ow, o] F AAMAE A 207 A4
Al Wl 73523970 9] SNPABEZE A4 0] o] &HAnt. o] T v"ddel gle v (45.7227]), Minor
allele frequency 7} 5%°]3stel wA(11393670), AZEo] 10%°]4<el v (5,70270), high
correlation® ®}#1(203,9857), Hardy-Weinberg equilibrium 7742 p-value’} 10°Rt} 2& nf
712475 Al9lstaL 36587071 A HE7F Imputationtt ] B2 FHA FF7F B0 o] &

H =, 17 2890 50K< HD chipell @AAE fd7dxmel dis|A | Al sk oh
40000 180
- 180
30000 | il
- 120
e
% -
& - 100 2
6 20000 _E
2 80 2
E 2
=1
= - 60
10000 | _—
I I I [
0 -0
2 3456 7 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Chromosome
00K EEESOK —+—length

% 28 %% 50K ® HD(700K) chip®] AAAE mpA4 2 G2 A 2o

(2) SNP Genotype Imputation 3=

Imputation®l /] U =9 F(HD)E zE /A9 Fdo] %ZIXJ‘EF"]U% AT A=
Imputation®] A &ho] J&FS vt HD chipg %+ 745 T d9= 5055 AATS 50K
SNP chipollA] €2 AHe THE= SNPHHUWS HAAHS S & Imputatlon sk o AA HD
SNP A He} Hlwsl= WA o2 Imputation?] FI=E F48H4 =, I 3250 HHERA
v} 3 250 AAE vEe} o] ¢lo® AWH 50Fe] thik Imputation 143%11:.‘: 0925 - 0.992=
Byxstgon Hi 09649 AR AYE =& FE 2 Imputation®B S 2 F YA
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#25. 50K chipell A HD chip® & Imputationr] A& %=

N MEAN SD MIN MAX

Accuracy 50 0.964 0.017 0.925 0.992

(3) Imputation® X (HD chip)& ¢]&3 F3A §37 = v
T4 FFT7F ASEE Al xdy dHolHE HA

¢}
population), AA1e] @Y dlolE glo] Wl A=) V=S zh= JHAl AP (Sire), A %

ol
O
=
)
rlr
=
2
™
e
=
Q.
©)
=
o
=)
@)
¢}

A3 delgrt gla A2 e 2dF dolg7t gle MA FH(Candidate) 2 -3t 3% 269
el Wit} Imputation® -4 A ‘-“'F’é“7}"‘li‘ A9 AgEE Sired ol sAYHA 075 AT

A 077, SHALE 07982 YEsE o™ Referenced THoll A SAG¢AA 071, SAEF7 0.73, <
WA E 0772 YEskow Candidated Toll Al @A A 046, SAWF4 047, SHAIYE
048% A AT 50K FH4A HAHE o] &gt Aol vluste] K-S w, Sire, Reference,

ol
Candidatef &t =5 Aol 2 Apol7h Qe Aoz AU

3 26. 50K¢} Imputed SNP chip (HD)?F 34 557 A& = vl

ssGBLUP with 50K SNP chip ssGBLUP with Imputed HD SNP(700k)

Sire Reference  Candidate Sire Reference Candidate
N 140 1180 281 140 1180 281
EMA 0.76 0.71 0.47 0.75 0.71 0.46
BF 0.77 0.73 0.48 0.77 0.73 0.47
MS 0.80 0.77 0.49 0.79 0.77 0.48

. AME(8K) chips °]&% #HA §F7F £4
(1) LD chip A& 93 SNP A4
3“1‘: SNP chip& 7N&ehs WHols A Al 714 WHol A& o+ A3l
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70170 =A% SNPo| Wt A#EHE agi== 19 300 Yerdth 28 30 278 299 th=
Al AZ7F 7W7ke SNPerHAZE A#dEH ] A7 Bo] F4ES & 5 vk oy ARyF "2ojAd
|

A AFEHGHo] T AR SNPulA Z3to] HolA F+=4|, o] 50K SNP HAEE o]g3 LD +
A e FAEAAR o] 25k SNPrHAR 2o 327]ste] AA| ¥R -2 Fito|t) o]z gt
BEAAE AR U 8 4L £ 2 AUE A AT 5 Ao, SN A7 UR
ZoEW o] Eg A% FHA FHAEA G S wH Fo= dAdy o] AASHA skt
w3l 7 279 AAA 1Hel A 50K SK(A %) SNP chip?t 34 Agd AAEHEH =7]9
Hatol| tialA YeERWYE 50K chipel 4% A77F 0.05 Mb(Mega base pairs)©]3sltoll Al 0.2179] 3
T ATAEHE zHS 0.05 T 0.1Mbol A= 0.119, 0.1 T 0.2 MbollAd+= 0.053% 419 ¥wd 8K chip
o] A w3t 7%3101]/\1 Z+Zy 0.041, 0.072, 0.056= SNP w}AZF A#EHFHo] 50K chipoll B
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¥ 27 1 A A &4 A AFBEFE(LD) Hit 3 v

Mean of linkage disequalibrium(r”)

Distance(Mbp) 50K SNP chip 8K SNP chip
0.00 ~ 005 0217 0.041
0.05 ~ 0.10 0.119 0.072
0.10 ~ 0.20 0.053 0.056
0.20 ~ 0.30 0.033 0.059
0.30 ~ 040 0.036 0.051
0.40 ~ 050 0.015 0.049

(2) 297}

54,00171¢] SNP 7} (BovineSNP50 V1) % 54,6097 SNP #}# (BovineSNP50 V2)&
= 2% 9] Ilumina Bovine 50K chlpoﬂ A FRE 83670A12] 50K SNPAE F A= &
XJQL 48186709 wiA S M 3 T BAo FEeA L& wAS AYstr] Y3k =4
B7be AAskdv A7 AdEE vy T dAA AR e fAx(18) BER7F jle vt
7 TAT9NE AASA AL, 49 A5 X GAAE vheA ez Bisr] wiol 4
F71e] wtolol ~(bias) S Fol7] Al XA Wl w7 69270 F A AT Eg
Minor allele frequency”ZF 5% olakQl A 2 tpad Aol gle wkA 12731709 wlAE A
AstaRow, A71AA8e Tl & 33284709 SNP mtAE AEstdh

(3) AYE(8K) chips °] &3 F4A 371 &= v

TAA §F7HFEAY BFeE ALl 2dF HolHE HEistal v JHAl W (Reference
population), AF219] F&E dlo]E §lo] wrgu] z=o] 7|ES 2= JhA FJwk(Sire), ARl %
Ay dlolE7E 9l A2 19 dolE7E fl= MA I (Candidate) = F-i3ke] & 28] o
bWt AL E(8K) chipl® FA3 44 37 AFdrE Siredwold SAGHA 077, 5
AEA 078, FUHALE 0802 UEFREo ) Reference “i‘roﬂfﬂ SATEHA 0.72, AT
074, SHALE 0.782 YEF S ™, Candidate oA SAGEHA 050, SAEF7 052, U
AWME 0532 FAFHAT 50K FAA ARE o83 Azl nlusle] HOES ul Sire,
Reference oA el A= & Aol glo] FAFSHA YeEbwtoy, Fdd AR [l
Candidated @l Al 3 - 4%°] Age & 345 e

=
==

3 28. 50Kt A =(8K) chip gt F3A4 SF7HFA A9 Age v

ssGBLUP with 50K SNP chip ssGBLUP with LD chip (8K)
Sire Reference  Candidate Sire Reference Candidate
N 140 1180 281 140 1180 281
EMA 0.76 0.71 0.47 0.77 0.72 0.50
BF 0.77 0.73 0.48 0.78 0.74 0.52
MS 0.80 0.77 0.49 0.80 0.78 0.53
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F 20 9= FHIRS 2 S04 AE AH A

&= 2= A

2010 (12 =) 21 245 266
20113 (22 =) 29 221 250
20123 (32 =) 22 200 222
2013\ (42 =) 9 155 164
20143 (52 &) 161 341 502

= @A 242 1,162 1,404

(2) SNP Chip +4

Chip #415 ¢k A A= Iluminartoll Al A Al S SNP chip #4340l wpg} 785tk
Chip assay ZH8elA 28T = = LFE HAA4ssh7] flste] AP 2 APA 7IAAHE &
o] 7 AR W AFEHE A 9F¢] Lot no, Chip number A E.¢} chip Yol &% sample X7+ 7]
5 3tHA AFS sttt Chip 415 st A3 daks 393 st A 7 g
A &S 19 329 2o

it

Bead studio

Hybridization

Arrangement data

1% 32. SNP chip ¥4 34 22 % (&4, [llumina, USA).



Ao o] &% Chip2 ¢F 60,00071¢ @Y% 71t+E (Single nucleotyde polymorphism; SNP)-£
= Ilumina PorcineSNP60 Beadchip(V1, V2)& &g3ste] /MAE &3 AR (FAA) =4

N~
& AAssh

¥ 30. Ao wWE PocineSNP60 Beadchipel]l t)gh H] L

Chip version PorcineSNP60 V1 Beadchip PorcineSNP60 V2 Beadchip
No. of SNP 62,163 64,232

Chip Image

i
e
i
———r—
—
—
——
————
————
-
——
—ma—

(3) SNP chipo.25H SA48 A7
w0l k2% Chipg Scan 3HA W v3 27 333 22 ojux] U} idat HLo] A
AL oz Hde] FAeE= A7 FEE greenM I redd o F 7HA EE Ao R FAzt

¥ GenomeStudio Z2I1HS o]&3ste] 19 349} o] 7Hd FA¥ chip
AxP oz sy

1%l 33. Chip 93470370379] 278 AFx
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b FAARE

¥ 31. PocineSNP60 beadchip #2412 3}(

AAA = A3k % 319

)

2o

 5d7F A Landrace { o] £=

o

Am¥s

Index Name Chr Position LLOYG6OAS  LLOSI3I050 LLOOI7068  LLOYOTO019  LLOGISA064

1 ALGAO0000009 1 52297 AG GG GG GG GG

2 ALGA0000014 1 79763 TC CcC CcC CC CcC

3 ALGA0000021 1 209568 AC AA AA AA AA

4 ALGA0000022 1 292758 AG AA AA AA AA

5 ALGA0000046 1 747831 AG GG GG GG GG

6  ALGA0063147 11 53081518 TC TC CcC TC CcC

7 ALGA0063150 11 53093586 CC CcC TC CcC CcC

8  ALGA0063183 11 53340428 TG GG TG GG TG

9  ALGA0063194 11 53364705 AG GG AG GG AG
10 ALGA0063203 11 53441272 AC AA AC AA AC
11 INRA0045306 14 86227451 TG TG GG TT GG
12 INRA0045347 14 87300576 TC CcC TC TC TC
13 INRAO0045367 14 88065435 TT TT TT TT TT
14  INRAO0045371 14 88169829 CC CcC CcC CC CcC
15 INRA0045383 14 89081607 TG TT TG TT TG
16 INRAO0S5464 18 11780172 TC TC TC CcC CcC

3% 32. Ax™ SNP Chip +A44H
dE DNA sample SNP #4 -
B e | AbE A R &= Al

2010 245 21 266 219 21 240 | PorcineSNP60 v1 Beadchip
2011 207 29 236 224 29 253 | PorcineSNP60 v1 Beadchip
2012 200 22 222 172 15 187 | PorcineSNP60 v1 Beadchip
2013 144 9 70 223 144 0 144 | PorcineSNP60 v2 Beadchip
2014 341 161 501 214 26 237 | PorcineSNP60 v2 Beadchip

A 1,137 242 70 | 1,448 973 91| 1,061
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2. A9 71E(EBV) ¥ FAA(GEBV) §%7}

A
ol
o
o

b §24A4 doly EAR
A4 dolge EA%sbE 2A F Az AAe SNPukAel g AR Qe

(1) AA F2"7t

(7} Genome studioE Ead AAE FdxF dolEH(A, T, G, C, Missing)& o] &3le] A=
Eo] 10%°]3<1 7HA,

(th) €8 4RE o]&ste 4% dAATAEY FAALENRME o] &8t 4% I
AZ=8 D (GRM) 7} v a2 %8}01 LHE AN = A,

(th #4A AEE &t "yt 544 /75 A= HAE S & AA ®

= 4 e

o
Olt

A A

(2) SNPHt#A F2H7}

(7}) Genome studio® E3] AR 423 dolel(A, T, G, C, Missing)& ©o]g3to] 4
0] 10%0°173<! mkA,

(W) 25 & 7 (@Al gl mha),

(th) Minor allele frequency(MAF)7} 5%9]&}Q1 w}#,

(2}) Hardy-Weinberg equilibrium testoll A p value”} 10-6¢]3}Q1 wl#,

(vh) o2 wpAS} FEE] =2 RS 2 upAC diste] FEE 7 A

A\

4. 289 2 8% dHolg ¥4
(1) 289 deolg A4
7t gAE NxEAE 24 4 =
B AAS] A% 7 A FaAno] Hele okl o] HAste] oA AnE AAA
(7h) 441717k 102
(W) FAkArE1 05 - 22
(th) 42 5
() BEAASE 05 - 22
(2) 2% dHeolg 2
deguel g o5

b TSI 1H &R (9Z}FJ)

ft
o,
>~1
O
o,
N

| fiskel ofele) Agel v WAL HA

off

FA .

=
() A o

(th) M

o=
(ZH AMAeE B w= A 2o T2HEI} T o F
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o #AA ddAF 2 74

(1) @FAEE o] &% AT 34

FA" A AAe] dF5AHRE Tabular method(Emik and Terrill, 1949)& o]-&3lo] A%
FHES TSt o] F FHA ARE AT JHAIEY dAAFE "R FYste] FdA #A
FHI udd ¢ UAEF 53

(2) A BEE o] & AdAT FE

FAA dAAG dEL Ao SNPHRE o] g3t b3 o] AAEST

7H A 2 , #9(locus)® & molgtal sk, W] A7]= nojar do A7]= mel MY
gt F4 HAo] wgl MM (n#n) EE M'M(m*m)e] Fej2 AHEE 4 9tk MaE 9]

ZF e 24 dHFHAA(Miner allele)®] 3 FHsHAANA -1, o ¥ 7441}(Major allele) 9]

5 A1

,lali 1?‘5“&%%1]% 0= 749 Fdolth MM FHS TAsH tzhA

k=

< 20pi-05)= AYstH P= 0=
71 Aaxrg el digh gix=gte] "ok #H5E Mo digfdx FHolA 7" Fd
g Frow yetds Pl digk BEY e oW FA HW fHFdA 53e wito] 00
(Centered value) Z3 2 L& FAT & Qrh Yo ArE ZahHE o] &3slo] olgel 2o 24
oJste] GRM &S FAE 4 dth(VanRaden, 2007, VanRaden, 2008).

o

ol

=

(o

ot KU
)

rlr

P:2(p1—05) .......... @
Z:M—P ............ @
G— ZZ ........ @

(7h) Gos
GOS W& 4 @eIA% 2ol MAN PE Wt wae] HgHtk PALL ofehs} Lol i
A EANAY AR MRS F1F R 059 Bagel 28 FAFE Ao, oldF A% Uy

AAtgde] Hitgh(mean value of the allele effect)e] 0°.2 ¥ =3t¥th(VanRaden, 2008). GO5

Hog AAEE fHA BALEG)S ZZPBES FHA BAdE A E(scale)d]
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2ipi(1_pi)i A "ok
=1

P =2(p,—0.5)
(4) GMF
GMF 2 G5 ¥ w5 fAbsty =4 D] P

3 ot

st R A AN 5 7 (MAF)S o

dde AT o
=
=<

= 05 tiAl =
got= slow PYPHEL ot 2k
P =2(p,— MAF)
(th) GOF
GOF W2 G058 3 GMFYW#E d2A fd4 fAgRe) 2 (scale)d 2)p(1—p)
i=1
S FEAAAERE AE3Iste] A= 4 A HlE=(Observed Gene frequency)S 117 3 B o] t}
23 2t
GOF=ZDZ', Z=M-P, P= 2( —0.5),
o7]14 DayEe tztagdolr o] FHo] ivAl Ui Dy obelet 2ok
S S
& mf2p,(1—p)
(8}) GOF”
GOF" e de)A oz GOFat fAatshuh 47k Hlze] #4185 flate] WEtgsE A&
& Zoly vy g
GOF*= 77

— , Z=M-P, P=2(p,—0.5)
2.n1-n)
(0,— )2+ [ _ (a+,3+2 o

moln oy s zo]

R P

m

714 piz B dHFAA NEolw me FAJNAFIH, p, g heH 2t
__a _ __B _
E(p)_ (Oé+ﬂ) Do, E(Q)_ (OZ+6)_%
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("h) GN
GN W e 2y % d% ddAFgdy F44 AAPDS FASA Hs7] 95t
Nz dzke 1o 7PaA 238 Aoy, oSy 2

ZZprime

GN= trace[ZZ']/n’

Z=M-P, P=2(p,—0.5)

AZIM n2 FAA ARE 273 Aol trace= W@ E ] gholt

7§44 BARDS AA ke fACl AUA woh A Yt A5 wEH
(Singular Matrix)o]o}H 988 Axdoe] Brsane QEARE o] &3 AAFAL(A)] 7}

TA(W=090)F Folgto] 53 2ol dAAFEES M8 vh.(Aguilar &, 2011)
G=wG+(1—-w)A, G=G05 GMF,GOF,GOF*,GN

7y FAA AAGEYN e ol &gt dAAAREES FAS7] fste] AW ZEIaREs
gFortran ¢lolE&  ol&ste] AR JiEsiglen, dEARE o83 dAAF Ax
Henderson(1976)¢] A|¢tet =3k 20 (recursive method)E 483 23 W (tabular method)
o= 7F FAA #HAPE(G) Aguilar(2011)2] ORIG R el Forni(2011)7F AAI g 574 ¥

& Hgstol Awsenh

o
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% FRESF, 537 3 R %= vw
ofe] FAL FA 2 D FtRPS ofelish o] AAste fH R &4 ()M
3 FHRSE REMLY Y o2 43590

S el g e o]

F71 BgollA ES FHETe g ohee] 2744 7S st EAEYES AAs A
7F41: a~MVN(0,GRV)

7}42: a~MVN(0,H®V)

_[AARIG AL A, AlZAmlG*} :[

G Ayp'A,, G" ’ Agr Ay
A71A Ape FHA ARE 27 @2 A ko] AR g% FAAAYE, Apv FAA
ARE Zhz AAEY %o 9o dAdARYE, G FA ddAAPLE How Fo|uh
A719) A1 7200 ZApe] BEE e~ MVN(O,HRR)SZ 7HAsIG o dAd7ke] 4w
© gl Aow s

T3 A7 744 2004 AMAEY] SFVHE FAA ARE 224 Ze MA@ FAA ARE

e AR TR FEEA gg ge et g

a;
( )~ MVN(O,
Ay

], G*:G*AM

ot

Au + A12A2}1(G - A22)A231A21 A12A221G} ®V)

GAy A, G
719 71 A °14§ﬂr°ﬂ st B E L 7S §F8H Add 9sden 7t

X'R™'X X'R™'Z HB]:[X'RIy}
ZR'X ZR7'Z+H '®V 'lla

0 0
X *1: —1
A7 H'=A +[0 oAt

S AP e AFHE(r)E o Z=EAQ 2 (Prediction error variance; PEV)S] < o] &31o] AA
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3. AYXE(6K) chip A #¥ 2 {FA4A §F7F A= v

-

) A Landrace ¥ZFo)A] ¥ Ilumina PorcineSNP60 beadchip®t 60K 2 A 7 1 ol A
e & o] &3dte] Tag SNPS AHste] AWE(6K) SNP HeolHE A3t
b ALEE Fslel, 6KeF 60KZH 8% nwE Fa] f3A AwolA 6K chipe] &8 754
el golr A A om AAe BA L= 19350 e

{ Duplicated
60K SNP 60K SNP
Chip_V1

Imputation
(6K—60K)

60K SNP
Chip_V2

\c :' | |
L A \-_

935, HAe FHA $F FAAA

7t. Tag SNP& o] &¢& AEZ(6K) F+3A ulelg A4
Tag SNPZ A7l haplotyped AR SNP7F & AZA LD da 158 vl A
5 43l SNPE A A3tH, o]5 Tag SNP 574 5ol W3t w34 Wolg xistrlol %
I daA BH0lA = SNPARS thilol thie] Tag SNP= &8l #410] 7hsstH o8 &

sl BAAZE 2 SNPRA g #27b 7Hsahh 60K SNPOlA] o] F SNP7E BAE Apyy
o 3

)

Audon ARRAP At AR DB F OPaAA A% Aol fAHE 4ES
= Z DE ##347 D (Lewontin, 1964) £+ r(Hill, 1968)2 48 < gtk 1
U D B AnERg F4e Ave 277 AAY dYfARuEs} 2

Hayes, 2008; McRae 5. 2002) r’S o] &3l JdAEHHYS >

(Overestimate)® 4= 7] ol (
R =
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g A A8k F e WHFAAE SR 8= (biallelic) M= vE F 9] A, B

P
1714, p(AD¥ p(A2) R pBI pBz)= A W A = B F #99 4 ddrda W=
& YEuH, DE oS3 2

D=p(A,B,) *xp(4,B,) xp(A,B,) Xp(4,B,)

o] 714, p(AiBD¥ p(A:B2) B p(AiB2)# p(AB)w= A Wl A 22 B F #9019 24 i}
2 A" AuiAE (Haplotype)e] W1x=2 vERQIT

T FHAF 42 sdeoAY F AN T ostue fAAEe] $EY B duAE Y HEE A
Abek = gloy F ¢ ¥ o]ld A A 9-(double heterozygotes):= DNA chipe] #4] Ay =2+
FAFEH(AIBI/AB),  ERPTEI(AIBYABDE  TFEskAl XSkl wiEel  EM algorithm
(Expectation Maximization Algorithm)& ©]-&3t AB/A:B: 9 AiBY/AB 9 =% &8
Askalol wsteFo]l A o] dH(10 )74 WA WHE dAsksle] ApREHIPS g ]
t} (Excoffier and Slatkin, 1995).

(
—
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o. 234 ¢ 3%

4. +AA &F7HGEBV) 2 8% &Z7HEBV) Hx

7H A 2% 2 AAARA i V2FAEH 2 @48Ud 4

dEAE 245 Foto] At A=Y 2 Es ¥ 33, 349 2

3L

¥ 33. Landrace® & (E=)o] AR 2% 3 7254 FH(FS] %)

AR T Bk E=HA FHaw | o 2k
1998 159 1.55 1.69 0 7.72
1999 116 1.63 2.11 0 13.11
2000 123 2.82 2.27 0 9.41
2001 142 3.41 2.27 0 9.26
2002 126 3.88 1.81 0.24 9.74
2003 126 4.56 1.60 0.24 9.31
2004 108 5.10 1.42 2.36 9.84
2005 114 6.33 2.39 2.65 16.38
2006 105 6.75 2.36 3.54 17.25
2007 143 7.30 2.37 4.40 20.87
2008 128 6.71 1.17 5.28 11.53
2009 141 7.58 2.31 5.06 18.63
2010 172 .72 1.26 5.54 13.12
2011 158 8.30 1.37 6.04 13.38
A 1,861

# 34. Landrace® & (8#)°] 2AUER W& g 7|25 AFH (DS %)

=AdE A 3 o gk F=A1A FHag = o 2k
1998 8 0.96 0.74 0.12 2.08
1999 17 0.72 0.92 0 2.87
2000 12 2.73 1.78 0 6.12
2001 15 2.71 2.22 0 6.50
2002 11 4.00 1.24 2.02 5.91
2003 19 4.14 1.76 0.44 7.39
2004 22 5.59 177 1.98 9.84
2005 12 5.34 1.14 3.71 6.91
2006 22 5.58 0.96 4.00 7.69
2007 19 7.87 3.95 4.67 20.87
2008 16 7.73 2.11 5.43 12.19
2009 22 712 1.01 5.74 9.23
2010 23 7.79 1.54 5.89 13.52
2011 22 8.65 1.70 6.39 12.74
2012 6 9.18 1.66 7.18 11.15
7 246
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oA awEjEel dEME TaASst Fbba gom, AA qw o o

e

ol
Ml

0.08¢]

ok
2

|
s

LA

GGP W= o]

ﬁc

11.67= YEFRH.

P
T

AR}

jo

s

7 2]

=
=

11.35, wjo]g}t

o
R

Max

Min

SD

Mean

1.28 110 119
2.54

2.70
2.80

114.17

20
21

10.67
11.35
11.67

22

Trait

GL

NBA
TNB1

TNB2

ﬁo
e

Landrace

GL NBA TNB1 TNB2

df

170.54%x*

145.23%x*

120.51 %

13.69%x*

10
204
309

9.50x3 9.46%3 10.42%x*

0.0

9. 715
7.29

[.88%3% 9.31 %
6.84

6.03

2.88%3*
1.19

7,099

effect

PAR

YS

SS

Error

. non significant

1 P<0.05, NS

: P<0.01, =

K3k

i)

Ao vEh

-
T

|

g Kol

Fol (p<0.01)
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Yijrw —
AR RSl nA ' (e 1), YM= 2die—29 1das (585 207), SS,= HE
Sl g dgant ~N(0,Iol,), PE,,& 4734 Adad ~N(0,Io2,), a= AL A
7H AFAEI ~ N (0, A0y), 28I ey = A Ao eatasnt ~ N (0, lo])E 7HEEA

iz
rEI
rV

iy

|
e
=2
=
-

st AAPA ASA] p= AAHT, Par;e i

E 37 A HAYE A g wE FHARF FHA9
GL NBA TNB1 TNB2
Genetic (co)variances
GL 0.207 -0.096 -0.118 -0.112
NBA 0.928 0.930 0.958
TNB1 1.003 1.038
TNB2 symm. 1.087
PE (co)variances
GL 0.183 -0.049 -0.054 -0.054
NBA 0.442 0.505 0.513
TNB1 0.653 0.668
TNB2 symm. 0.700
SS (co)variances
GL 0.059 -0.020 -0.029 -0.029
NBA 0.084 0.083 0.075
TNB1 0.095 0.089
TNB2 symm. 0.088
Residual (co)variances
GL 0.884 -0.348 -0.408 -0.406
NBA 6.075 5.841 5.660
TNB1 6.582 6.439
TNB2 symm. 6.851
Heritability 0.155 0.123 0.120 0.125
Repeatability 0.293 0.283 0.282 0.276

TNBL: A &AL +AAE, TNB2: A 42+ A +1] 2F) NBA: A E4RS: GL:9J A1 717y, PE:Sd 1-3+7 & 3}, SS:ulv)-3-=
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). SNPulA ¢ FZH7}

B o to] A [llumina PorcineSNP60 V1 beadchip® & 1-32d % 744 68072 Ald o of
lo] FAAR dHolHE £y oen, 4-5xd o= Illumina PorcineSNP60 v2 beadchip< ©]

&3te] 38179 FHAARE HeolHE st T 11,0617 thste] SNPH9le] #A2H7E At
Atk 60K chip®] v1e]l - 62,16370¢] SNP7} EAlatow, v2+= 64,23271¢] SNP7F &4 5H3)
ot vy v23k SR EE SNP &5 g8 2 A3 61,17770¢] SNPE & fratal e, o 5
A AR g AGARIE AS5E 12577709 AGAMA ol EAsk= 1,320789] wAE Al st
L 4728070 Al BRIF thg Al A AREEH AT

i 38 e~ F=9 60K SNP| F348 A5 9 2A e
g 9 A g Number of SNP
PorcineSNP60 beadchip versionl 62,163
PorcineSNP60 beadchip version? 64,232
%% SNP(versionl, version2)” 61,177
AAA HE L AP AZY 12,577
AKX, Y)* 1,320
8 SNP* 47,280

(1) ¥l W& F314 A+ JEA-3195)
2532571 dEAEE © il |
H FAA ARE A 6807 23 HAA
FA A D AGAAAFe] A QAAE A A 680F 2] 40,65170 SNP A QAAE o] &3] 57}X]
44 TA B E(genomic relationship matrix; GRM)E FA st o] & %S o] &3 dAA S
SF vl eki.
MAE a4 R FEAS BB St eAAT oy FHA
SHploting) A3 1% 369 $1% ZHAA] x7]skale} o
MAEeC] TN, FR-2E %! =
o]Z2A o (05ta® YEYH, Mx-20] ¥& Ee B uid AS 0.25ta® JERUA |
E-fAdAe B3 (mismatch) o2 FdHE HAES d5dAAFE

AAFE 0taR YE= A5 vtdlz deddAas 02 Uauy a4 ddAss =4

o
_0|L
2
il

(numerical relarionship matrix; NRM)= -4 3}
|

2 gaztaE due FEadn. £ o4

b 7:” D:'E‘ Z z‘sé]uﬂo]

1

wet o



el A7 ol i " o]y MAES F 399 sty o]l F jACA CCHAAY
oy} A=A TTHAAF o2 YEh= Wdg]ol @ F(Mendelian error)E©¢] thg WA,
A&, DNAFZ, SNPchip #4], chip =7 % 328 FHo= ?iél:»]% Aol A wHAlell A
o] #7] 9 F(labeling error)ell ¢Jste] WAlE Aoz AlgHth HE-FAA H3H(mismatch)
A4S A% F 6807 #AA |48 JHA T 2077F S AH R} %ﬁiﬂ AE7F AR BEE s A
o7 Uety AlAst o, ojelg Axr NP3 FEA e AAAST ghol 0.70914 0.739°.= FF
ZHAT(HE 36).

[‘_1_4

Y=1.0038X-0.1831
RZ = 0.7085

T T T T T T T 1
1] ol oz a3 na s (1] o? os 049 I 11 1.2
HNRM

g Y=1.0229X-0.1867 ‘@i :
R2 = 0.7390 -»

a9 36 E@Es ol ddAlTe A ARE o] &3 AAFY Aolrf BAE HAE
A

ol A= JAsk] AAGT] AA($]) (k)] EAA S plot
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A2 wed A §A48 AEEACY, o3I T3E G

2% T
El AT A2 AFE3 A4
FARE AR WReR  fAAE WEeR /AR Wdes {ARE WHEeR

CC CC 0 CC 0 CC 0 CC 0
TC TC 0 TC 0 TC 0 TC 0
AG GG 0 AG 0 GG 0 GG 0
CcC TC 0 CC 0 CcC 0 TC 0
GG GG 0 GG 0 TG 0 GG 0
CcC CC 0 CC 0 TC 0 CC 0
GG AG 0 GG 0 GG 0 AG 0
AA AA 0 AA 0 AA 0 AA 0
GG AG 0 GG 0 AG 0 AG 0
TT TC 0 TT 0 TT 0 TC 0
CC TC 0 CcC 0 TC 0 TC 0
AG GG 0 AG 0 GG 0 GG 0
AG GG 0 AG 0 AG 0 AG 0
CcC CC 0 CC 0 CcC 0 CC 0
CC TC 0 CC 0 CcC 0 CcC 0
TT TC 0 TT 0 TT 0 TT 0

277 2 3 2

25 9AA A8 55 AL ZeHo] Qe JARHES)

g AFES AHE6 AFET A8
FARY AR HIReR  RAAR dWReR RAAR WRes /AR WReR
CC CC 0 CcC 0 CcC 0 CcC 0
CcC CC 0 TT 1 TC 0 TC 0
GG GG 0 AG 0 AG 0 GG 0
CcC CC 0 TC 0 CcC 0 CC 0
GG GG 0 GG 0 GG 0 TG 0
TT TT 0 TC 0 TC 0 TT 0
AA AA 0 AG 0 AG 0 AG 0
AA AA 0 AG 0 AA 0 AA 0
GG GG 0 AA 1 GG 0 AG 0
CcC CC 0 TC 0 TC 0 TC 0
CC CC 0 TC 0 CC 0 TC 0
GG GG 0 AG 0 AG 0 GG 0
GG GG 0 GG 0 AG 0 AG 0
TC TT 0 CC 0 TC 0 TC 0
CC CC 0 TT 1 CcC 0 CcC 0
CC CC 0 CC 0 CC 0 TC 0

5 3,258 3 6
A% AAT 6607 WE D FAA 4RI o] g AAAS Ao WZAs @ wy)
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3]
SN
=)
=
m d
rR
)
al
o2
it

of Al 712 EA

iR e

Mean Minimum Maximum Variance
A 1.077 1.048 1.186 0.000
GO05 0.979 0.790 1.183 0.003
GMF 2.756 2.302 2973 0.004
GOF 0.980 0.815 1.332 0.005
GOF 0.516 0.416 0.624 0.001
GN 1.000 0.806 1.208 0.003

IS

Mean Minimum Maximum Variance
A 0.181 0.088 0.723 0.004
GO05 -0.001 -0.199 0.661 0.005
GMF 1.775 1.440 2.473 0.008
GOF -0.001 -0.171 0.740 0.005
GOF -0.001 -0.105 0.349 0.002
GN -0.002 -0.203 0.676 0.006

ARE FF3 GGP ¥ 1997d Landrace &&= Y28t dA7MA] €59 FHx <]
TS5 flo] A wAES St A TR ditol EEBEE o] &3 dAAFolA
TuATFE B2 ACE YEEou A AERE ol &g dAAFAAN = oled FuAFT #
UEA] & As G908 & Aok 29 369 9% 2"} o] dEedAAgol e f4d
A AT A4 V&7 12 Yeg oy dyo] -018% dE5dAAlge A A
T7F & dA AR dFFRE o] &3 dAATE FuAFREE FAol o)Fd As I F
Atk o2k AFolo] AL Lee 520119 EAts EAZA oA FAJA Bert F7Hghel o

FAA FuAF7E A HEve @4 2 dA gl FdA Fs(genetic drift)o] Ay g
Aol gl FAA R FoAA HARAFQO)ANA AAS A4 BAYPE 74 Al G
A &7 W AR Ay 34 A "HE8stA ety A s FoEE A &
fsttha Al dnt

A BARE e AfolE BHW GMPERAE tizald 4o wito] Fom Ritf®
GOFxH ol A= vk Ao yepydtt yUmx] G05, GOF, GN'H | tiztad A4 Hde 585
o]-&5 dAATe FASHA yEtskow, 535 GNUR Y B¢ i Hato]l 12 FF3H5 0] 3
= s U F vk dAATFEEY] ads EEAAE S ol 8% FAAFS NRMoIA
7Hd A vEltow) f1A BRE o] &3 ATl s GOFxE AQg v x| W EelA =

Zrofl ik vl A3 NRM# GMFE A9 gk Y =] W EoflA] Eito] (o=

Yelgtom NRM-2 13362 A&3]Ae] Az AR #Hito] 0183 =2 YEyka, GMF+=
b A ddA

5 7+ Mlumina Porcine SNP60 beadchipS AF&-3F Forni(2011)e] 23k} wjj-$-
FARSHA YElst o, sk FHHGES A8 0](2012)9] Aot GOFxdlA zfolE Bttt GMF
W ofgk dAAT} W 2ol vgte] AA Yeue olf+ PYES 74T o VENIEE

=
. SRR APNEGFMAT)S ol§3b] weel Aoz Amgrh w3
GOFxe] ik qiie] Hitah AR BAAF Babol 4A AR 2 G5, GMFEEIA o]
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(scale)9! 2 ip; (1—p;) whalell #Ekg

HAx

29

A BA Y

3l
o
|

ofo

i=1

(2010)0] A%k

<ol 5

2} (Variance) 7} 274 JeERYG A

A

— =
Iy

A 52)

il

o

B

LHeRd

i

g A7lel wet ol

| EAA

Z

o

dAAset 57k 4

4%

1
T

Aok 19 37

=
T

st
=
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(2) 724 A+ FE(1-5AEx

1] (D el
PorcineSNP60 V1 beadchip

< A ddAls dEA-3Ad =)=

TR olH et 4-53hd =
beadchip AR HEE 3slo] = 10415 s &
A o] &3}

FHAE ol (F AtxE 9 3

=

£ AAR
A
HHNRM)

=
=

7]

GRM
1.0 12
GRM
04 0.6 08 12

0.2

0.0

NRM NRM

TY R WES o/ §¥ FAASNRM)S FA4 FRE ol &8 FAAFGRME Aol WAy
st JNAE o)A E At A AT A(R) (k)] AASG plot

T3 dAAS %Xéilﬂ Hag F3to Ay d84dRns 71 /A = R
o173 379 A5 2014do] AEA EQE FAAe] N FomA JF Aute] AAYo|
ol Aol A Xﬂs’ﬁhﬁofﬂ olo] et AHE= F 429 e
342, A e AFEo] 10%0]74 MA 2 dEAHE o F A g F2E 3 7HQC)
Category Number of animal
Genotyped animals 1,041
Percentage of missing genotype in animal < 10 % 3
Pedigree information error (%74 <) 3
Selected animal 1,035
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B AA AR FRe B2 FE%4F7 A% 3 2 wm

(1) BLUP ¥ ssGBLUPY $%7le] A% 24 @ $271 4% H=m
=

ol 3z
o~ AL

MAL] §EF7HE F459 2 (BLUP), 8%
t} (ssGBLUP). F45F7}9
£ zte AAe dQaA 327 59 294 wet

HolHE Hfsta e 7IA @ (Reference Populaiton), A4l

£
Ho
o\
)
il
o
ol
o
2

of xAF dloly glo] Wy A= 7 ES k= WA JEH(DAM, SIRE), AH419] A F dlo]
EI7F 9o A4 el 2d 9 dHolH7E gl 7iA e (Candidate) 2 723kl en, dAl 1,035F &

DAM #Ho 2 sire foto] Z}7; 139F 2 85F, Reference o] 660, Candidate o] 151
T2 BAEAT BLUPY FA4SF7F A+ 3% 439 YeERHSIT 60K F34 AHE o]&
39S W DAM % SIREF© 2 Referenced @] %7} A& == BLUPHWHA H|sle] 5 -
8% & S7tete Zlom FAHAOH, FA Atk A 7}72} A A 2AY dHolHF §l
+ Candidate® ©ell A= BLUP®W Rl vl3] 10 - 11% 5371 A=/ S5 = Aoz 24
ATt

343 W2 F29d BLUPH ssGBLUP %7F A% H|
GBLUP with 60K SNP chip

BLUP without genotypic data

(ssGBLUP)
Reference ) Reference )
DAM SIRE ] candidate DAM SIRE : candidate

Population Population
N 139 85 660 151 139 85 660 151
GL 0.66 0.62 0.65 0.46 0.72 0.70 0.71 0.57
NBA 0.65 0.62 0.64 0.45 0.71 0.69 0.70 0.56
TNB1 0.65 0.61 0.63 0.45 0.70 0.69 0.69 0.55
TNB2 0.65 0.61 0.63 0.45 0.70 0.69 0.69 0.55

GL : 9441717k NBA @ A&, TNBL: AEAAR+AE | TNB2 @ A S5+ A b m) a)
DAM : WH]EE Sire : nHj &=
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6. AEE(6K) chip A 2 FHA SF7F A= v
7h ARER E42 93 SNPe Ad

A% SNP chip MES %ﬂ SNP A& 9ste] 60K W o] %8s SNPwHA I A& 3
LD)EY S AAstdon, adzs a8 409 2or A4 1HREH 1I8AAE A4 oR
el o m xFS SNPUHARE A g, yH& AREAP@gto R dadth 2o B
gb o] HuwrHow Zp7ky Al & SNPZ AdEd o] A7|7F 3on, SNPrtAzE A
7b Hoixw Hojd s ddRad el fol AL AR YENTE SNPF g Pel =L =
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A A=7E 77k SNPrkAZE Ad-Esd 3] A7|7F Wol 4% T 3 ‘3} et A7 HojAd
ME AdEH o] Z AR SNPrkA zgo] HolA Hi=d], o] 60KAAME AR EA4Pd K-
o=l o] sk SNPupARE 2gzo] F7]etttR Y vEhbA] &2 Fitolth o] g F-E /A =
AAN Y7td o 22 75 2te AUE JS AR ¢ dAoy, SNPY A7 Ui FolEW o]
e A5 A AR e S vH Aom ddEo] AASHA Ut
T3 450] GAA 1Hol A 60KeF 6K(AZE) SNP chip?t §44 Azl A3EHE =79
Hatol| tialA YeERWTE 60K chipel 4% A7l7F 0.05 Mb(Mega base pairs)©]3sloll A 0.3469]
53138 S, 005 ~ 0.10Mbo A= 0345, 0.10 ~ 0.20 Mbol A= 03122 #4149 whd 6K
T3t A 27 0204, 0.215, 0.164% SNP vAZF A#EH3F o] 60K chipell H]
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F 45 1 AAACAM 7 A AdEREE Ft g Al

Means of Linkage Disequilibrium(r®)

Distance ; .

60K SNP chip 6K SNP chip
0.00 ~ 0.05 0.346 0.204
0.05 ~ 0.10 0.345 0.215
0.10 ~ 0.20 0.312 0.164
0.20 ~ 0.30 0.247 0.206
0.30 ~ 0.40 0.384 0.139
0.40 ~ 0.50 0.405 0.235
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Y. D =(6K) chip®} 60K chip 7t9] #FAASEF/} &= v
(1) SNP Genotype Imputation 3 &=
Imputation®] /] 60K chip HAEE zt= Ay Hoo] FzHuo] FERAG A7 =
Imputation®] A&%of FaS w Itk 60K chip AHE z2te= 14157 5 d9= 2+ 50%(521
), 70%(729°F), 90%(9377)5 At FxHAFo= star, 1 9ol Aol a4 6K chipel
A Ade AWl FHE= SNPHHETHS AASEo] thA] 60K=Z Imputationdt $o A A 60K chip
AEE GFAS) ' FALEFIT7Ie vt WA o2 Imputation®] HHEE FASAT &
460 AAE vl o] oz MYEE AA=Z 1047(10%)°] 3k Imputation A= Hf
0977% A3 =& AL Imputation® S £ 5 AATH
%46, WHEFolxa HAFGEAA (1,041F) AEEOGK) % 60K density chip HAgF4H
Impuation g &=of st EJAIF Hat L FF=HA1003] FHEA1FH)
anﬁ)rﬁ);ﬁgr%?h g(f)K No. of animals with No. of animals with Accuracy of imputation
o 6K SNP 60K SNP MEAN SD
0.50 520 521 0.97 0.001
0.70 312 729 0.97 0.001
0.90 104 937 0.98 0.002
(2) 6K chips o] &% A §F7F A= v
FAA ST/ AE=E A2 9y dHolHE HAsn e Al HE(Reference
population), Zt41e] TAE doly glo] Wkl &9 7| 5& Zte A JH(DAM, SIRE), A
Aol 589 dolE7E flal Aol x8Y dlolE7t fle A ;Q]‘&(Candidate)i TiEstel #
A7) Yetdlith 60K F3A ARE o] &3 ZAyel Hluste] Hks w, e HudAe BEgw
= 2 Aol glol(1%ell) FrAkskAl WERS T

¥47. A2 49 BLUPY ssGBLUP %71 A& % Hu
GBLUP with 60K SNP chip GBLUP with 6K SNP chip
(ssGBLUP) (ssGBLUP)
Reference i Reference )
DAM SIRE ] candidate DAM SIRE ] candidate

Population Population
N 139 85 660 151 139 85 660 151
GL 0.72 0.70 0.71 0.57 0.71 0.69 0.70 0.56
NBA 0.71 0.69 0.70 0.56 0.70 0.69 0.69 0.55
TNB1 0.70 0.69 0.69 0.55 0.70 0.68 0.69 0.55
TNB2 0.70 0.69 0.69 0.55 0.70 0.68 0.69 0.55
GL @ 941717k NBA @ AE4k214 TNBL: AE22F5+A4E | TNB2 @ AE A4 b v 2
DAM : uWH|E =, Sire : wWH|-$ &=
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F 52, 5 LY A A2ES T A4 NEFF (FAA AR glo] A
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Ha 30~355%9

iy FRH|ZH TAHY

DE MX4 HE 1055/%
550x 10.55/8 x 2458 /E (2= H|E 50% 7|5)

24912 550x 9.85 /5 x 2455/ (2= H| & 50% 7|F)
e REH BA
240123 SHEIR| : 45/ x 2452 X 5505
+=EjR]: 25 /8 x 2458 x 5505
70U 17} M
® J1E KM 837 AIRWRS)
i AR QTR KB 7IF 90% Mg
- SE{X|: QTR 8571 7IF 19% N2
o 1528% HYES
JIERAA R, XY 5, 98 5
ER| MG : 12%
16023 SEjR| Mg : 10%
SHEX| EfE : 8%
i EIX| SEfS

Ef K| ZEHE : 10%

29 49, GGPe 4 A A A8 A A

&2 SNPchip 7}4 0] A|&2 o7 rolx i 9l oW Imputation 7]<o] sto] wz} &4 6K
SNP/HE 553U Axol AWE chipS o] &3+ ol Aot vk GGPY 4% e A
=59 ABA} & FAAH Joy sEAETF Wol AR

F7h2 2R A EAS] dEe] daLer 4EPol meHE FAA AT PHe =g
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3. A9 WAEZAE o]&F o]d FHZ AYE SNP 7|9 §A44 FRASF7 4wt
7h AZ2AGE o] &3 vtA AR (u vector) FH

71Ee FAAE F
3l ssBLUPS ©]

RG22 E n/f9 tag SNPL o] 83 AWUE SNP nt7Ale] Adoe] 71
&3tel ol5 vl Wg adwE FAI o5 virle A= SNPHA

O

}&oll Azt 37 Aoy, o= F3ld] “Eﬁ} MAe F4A FAHSE/HGEBV)E ¥ &
ATH Bt olye} wid AaE S Ao deiMe fAAE B A8E JUoESIY F
Xé%%—ﬂﬂ A gato] Fxapsit

Y. 3R Z9 UL SNP FA4AE (G matrix) ¥4

FzAGo 2 RE HAAE AL SNP vlAAY HS A#ste], FRF A8 E4S 4
g3}, o] = ﬂﬂﬂ]TJ AGPE (Gl NFstes A28 PP A7) Y3t FA ot z+ SNP

o
i+ {aa, Aa, AA}S] FHAE wet {-1, 0, 1} == {0, 1, 2)& AT}
hoold FuEe 444 34§37 43
oA Qe G uF wetel AEAoR A GEBVE 2& F Atk

ol& &EolAM YEtWHE, stue] AMAE dz2 59 GE TAse 4 #aAEs 44 g, 22 g5 ..
gn o2t & w2 wAe BHE 44w, w, us . w2 FOW, AL FHAA FA ST

et 2.
GEBV = Gu = giu; + gouz ,* gsus * ... * gnun

olol tigk A& ofdf F 593 o] Ayshd v 2k

F 59, 2 SAE A F8A FA4F5T7HGEBY) FA (A
Genotype (G)
Index Chr  Position(bp) SNP_effect(u) Major_allele Animal_1 Animal_2 o Animal_n
SNP1 1 113,641 0.011994 A AA 1 AT 0 TT -1
SNP2 1 1,247,320 0.008446 G AG 0 AG 0 GG 1
SNP3 1 1,791,640 0.001023 T CC -1 TT 1 TT 1
SNP4 1 1,936,698 -0.002504 T TT 1 TG 0 TG 0
SNP5 1 2,019,348 0.001288 C CA 0 CcC 1 AA -1
SNP6 1 2,223,442 0.004370 G GG 1 GC 0 CcC -1
SNP6822 29 43,480,021 0.001668 G AG 0 AG 0 e GG 1
SNP6823 29 43,850,360 0.010366 Cc CA 0 cC 1 B AA -1
GEBV=* 0.013 0.013 -0.017

*GEBV= SNP1_genotype X effect + SNP2_genotype X effect + ... +SNPn_genotype X effect
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m1ssing rate(Number of Missing genotypes/Number of penotypes{NO.animal*NO.markers))

Nusber of markers with missing over

O>"

wesaBasic statisticgeevee
Number of markers on chromosome X

Number of markers on chromosome Y

Number of markers with Unknown marker location{position)
Total number of markers

Number of markers on atuosomal chromosomes

Mumber of selected{useful) markers

Number of outlier markers
husber of animals with missing over B.25%

waw poral wes

Nusber of all missing markers

Nusher of all homo_gendtype markers

Number of all hetero_genotype markers

Nusber of all homo_pénotype markers and missing over 18.96%
Mumber of all hetero_gemotype markers and missing over 19,80%
Wumber of markers with no missing

8
&
5]
a
@
]
Number of markers with missing over 19.68% m
Number of markers with minor allele freauency less than a.81 o

Nusber of markers with HWchisouare over 23.93

Number of markers with missing over 19.80% and HEchisguare over 23.93

Humber of markers with minor allele frequency less than 8.81 and WNchisguare over 23.93
Humber of markers with missinp over 18.86% and minor allele freguency less than 8.0
18.80%, minor allele freguency less than 8.01 and HWchisguare over 23,93

A¥s 8te] B w4 AR 84 d&s v

Minor allele frequency &, EX| QI X}ALO
O Az| Bz (0] &X HAH H.=)

st frequency of MAF sweos
number of total markers with Minor allel frequency
minor allele freguency < 8.1
8.1 €= minor allele freguency < 8.2
8.2 €= minor allele freaquency € 8.4
8.3 ¢= minor allele freauency < 0.4
8.4 <= minor allele freguency

number of selected markers with Minor allel freouencylexcent for unusual data)
minor allele frequency € 8.1 =

1 ¢=minor allele freguency < 6.2

2 {= minor allele freaguency ¢ 6.4

8.3 <= minor allele frequency < 8.4

8.4 <= minor allele freguency

8.
8.

o

wwkwe frequency of distance s
number of total markers with distance between adjacent markers

distance between adiacent markers < 1

1 <= distance between adjacent markers < 18
18 <= dizstance between adjacent markers 188
180 <= distance between adjacent markers ¢ 1888

1668 <= distance between adjacent markers

number of selected markers with distance between adiacent warkers{except for unusual datal
distance between adiacent markers € 1

1 <= distance between adiacent markers ¢ 18
18 <= distance between adjacent markers ¢ 16e
188 <= distance between adjacent markers < 1888

1898 <= distance between adjacent markers

A+ Fo MAFSH Q1% EAAA oo Ad MES Zeste] My 5

- 145 -

14886

517
a7
6972
7128

7338
GHIE
6827
6958

53
176

38142

s138
18



| | By Chromosome_A_B

khrosasone 1o NOM  AODAMB  AOMAF  AOIBC AOCSOHNT  AOPIC AOHE AOEH

chrososome 1 2925 53,6 0.20665 0.07406 42.88392 0.22466 ©.27562 B.27894

chrososone 2 235 57,6 0.20485 0.67474 42.69677 ©.22155 ©.27234  ©,2754%

chrososome 3 2062 58.3 0.20960 0.06508 37.59238 0.22812 ©.28087 ©,2834%

chrososome 4 2172 55.0  0.20843 0.07711 46.38416 0.22202 0.27560 9.27783

chrososome 5 1848 65.1 0.26211 0.6785 46.67867 0.21872 0.26885 B.27172

chrososome 6 2221 53,1 0.21618 0.06304 35,4174 0.23183 ©.28560 9.28880

chrososome 7 1944 57.3 0.20496 0.97578 42.41660 0.22887 0.27892 9.27472

chrososome 8 1998 56,1 0.20501 0.67130 42.23496 0.22365 ©.27454 8.27750

chronosome 9 1776 59.  0.20087 0.67451 43.16801 ©.21808 ©.26713  8.27006

(OI**II x‘u}l X-I) chrososcme 10 1789 57.3  0.20486 0.67028 41,8039 0.22181 0.27228 8.27547
e chromosome 11 1858 57.2 0.20835 0.67677 44.95185 ©.22313 ©.27551 B.27812

M E #X| Xt chromosome 12 1468 61.6 0.20282 6.08123 46.61858 0.22065 0.27004  B.27403

- HAAHZ, chromosome 13 1498 55.5 8.20504 9.86716 37.77251 6.22239 0.27387 B.27612
. T3 MAE chrosgsome 14 1569 52.5 B.21354 0.06793 42.26511 6.23830 ©.28584  8.28692
ST ) chrosgsome 15 1412 50.4 B.2035 0.67514 43.27682 @.22155 0.27218 8.27521

. F-statistics chromosome 16 1397 57.7 B.19946 0.08524 51.17747 @.21584 0.26499 B.26799
! chromosome 17 1304 57.9 0.20256 0.67135 40.52315 @.22254 0.27200 B.27586

+  HW_chigt chromosone 18 1886 59.8 @.21012 0.67377 42.86182 @.22647 ©.27938  ©.28205
. I PIC chromosome 19 1120 56,3 021188 0.06997 42.35153 ©.23822 0.28368 B.28622
= . chromosone 28 1299 S4.6 0.20995 0.67547 42.50047 @.22619 0.27742 ©.28136

+ M Observed heterozygosity | chrosesoe 21 187 59.5 B.21168 0.08627 49.43174 ©.22787 0.28876 B.28397
o : chromosome 22 1888 55.8 0.19834 0.0823 50.25576 ©.21618 0.26452 B.26766

® H o expected heterozygosity | chrososone 23 885 S8.6 0.22050 0.65038 33.72194 0.23637 0.29150 ©.29470
chrososome 24 1897 S6.2 0.20983 0.06835 39.66836 ©.22718 ©.27099 B.28255

chrososome 25 a1 52.2 D.22294 0.6731B 45.35887 ©.23322 0.2965) B.29235

chromosone 26 967 56.4 ©.20668 ©.07928 4B.61783 0.22480 0.27559 B.278%8

chrososone 27 885 55.9 0.21605 6.67333 43.83945 0.22522 0.27888  B.28657

chrososone 28 788 s3.1 0.20014 0.07938 48.14561 ©0.22618 0.27821 B.28132

chrososone 29 872 55.6 0.20684 6.06658 37.92678 0.22268 0.27567 B.27687

total 43548 57.6 0.26727 6.67323 42.85614 0.22412 6.27588  B.27865

oA AA Ao fFHA FAo B vx TAE FHIATH()FA AA AF vag)

Ol A7 2)
@K EX| QKb HAHALRE e
- HaAE,
- EHIF MAF ﬂ‘l-Tw'- F-statistics
- T3 HW_chigt, B PIC
- THA Observed heterozygosity
« HET expected heterozygosity

Chromosces WD L (1 ] Lo ] [ N ] NOOH_F WK HODE N W WOCRLF_H- WWOE_W_F  HODELMHF  HODN_AHD  WODELANE KOLAME BOMAF AJIBE  ADCSCAINT ASPIE MIHE MIEW
rhrososose s 2348 588 M ] 58 12 i 1 ] [ 66,0 0.2 REEI0S 285210 0 JE0%E 03383 @ 38
chrosonose 2 2334 1874 ada 8 289 LE2] 7 %3 2 2 ] [ T3 @.24862 48185 215333 & TS & Mg @ 33383
chicsosese 3 2082 1w 33 % 197 1 L s p 2 L L] .7 0.24B78  D.BDBOY 206242 0. 2EBEY 0. 3MMMA 0 334RS
chioeosome 4 FLE 1T 48 "W FLl &7 4 126 1 ] . L] €9.3 0.256%2 @.BETY 20358 BFTI0S 0.13EWY  BO3ETR
chrososces % ‘a4z 1447 LU " EEr 33 3 ng 2 & L L] B3.7 0.MN3 DWW 1L.5FEA D667 B,33271 9 O3ANT
chrososose an 1825 e n Fib] L] 1 183 (] (] [ [] 648 025506 BBEIA D3N3 0ITMA 0.3WS6 03N
chrososoee ¥ 1544 1538 aid m 178 35 (L3 182 i L] L] @ TiE 20199 BATIM  2.8M93F B DeE3A 9 33354 833506
thrososose & 1998 1583 &5 2 1S m 1 19 1 1 [] [] TE.5  0.4859 006637 ) ATODE 0. MEBEY 0. 13479 0 3361
chrososose 9 176 1483 n ril 01 f] i 7y 2 1 L} L] Téd  D.jAcd . BDEIR 207043 D 3642) D.EZETS 032840
chrososose 16 1967 1438 55 n 01 21 [ 184 ] ] # [ T4 0.24733  B.GETIZ 294201 B 26565 0,217 R.33000
thiosgsces 21 1838 £ ] aga th ] 233 £ k] T L] L] i L] T30 0.IUFRT 0OBEERE  J.GTIONF  BOJTXED 0 31082 034115
chrososoee 12 8% itas 319 14 L3 2 B (53 B L] ] ] ALY B.2NIND DoETIE  2.am13T 0 27048 B.3M02 033733
chrosasese. 13 1458 120 P H 15 156 e 1 (23] ¥ 2 L} L] £9.1  D.MTI5  DLMITIE  2.098624 0 M6 0. IR 0 3I4
chrososose 14 1569 1263 I % 175 e L 158 4 3 L} L} 65,1 B.25E14  0.08407 1.9TTE 027596 B MMEE 0 M40
chrosososs 1% 1457 1187 W ] 173 e s T ] (] " [] TE.0 0,04014  D.BUTI 2.GEEME b JERTI 0. 3NS14 033508
chosotoms 16 1397 102 an mn 1% 78 " 12 1 1 [ [] TH 0.2%1%  0.GRE3R 200079 026747 03338 @ 33358
chrososcee 17 3 155 248 14 =t 5 & i L] @ a L] .S .M g LMD boMIed SUEY
chrescsose 18 .0 MES 22 " 1% HH 3 185 L] L] L [} T5.2  B.25T5F  D.G00EB 207817 0.2MID BOMISE B3NS
chromoscss 19 1] ] F#1) 1" T4 ] i ] ] ] [ ] T2 B.FSEUN  D.GEESS  1.TIIRD 037469 DoBIBE 0 34177
throsonces 79 1299 L] %9 % 3% L ! 1% El L] L] B §8.0 B2UE L8NNI 2.TAEE DTREE B 3WTE B.3HNM
thrososome 21 18y LE) 249 13 139 m s 128 (] (] " [ TR D.26BM4  BBEEUY  LGEYTS 0 2I74% . MAME B 7
chrososcse - 12 - B33 IH w (¥51 a 4 T ] ] i [ ] H.3 .49 000923 2005138 62360 BRI 4 T
Ehromasome 23 BE% m 154 12 % (i) & 64 1 1 ° L] TO.E  0.05606 0.80754  1.97952 0TI D MM 034217
chicaosces 24 1897 A5 a2 17 1% 15 5 18 (] (] # [ TO.6  0.75190 W.8ETAS  1.B4TEE W70 033066 W 3394
chrosoose 24 g 629 m " [T 147 2 " 1 1 [ [ 66,1 Q2B B,EE562  1.79INS 0 2B26S D FSSdE 0o3%Sad
chrososose 24 sar 153 194 " 1t 1 1 £ 1 1 [ [ .0 0.25219  0.83BR?  2.873% 0 JTIED 033847 033899
chicesscse 27 BEs 643 a2 4 L 15 : L] L] L] L L MLT O OR2SE0Y  R.BDEES  TOEEIJA BRI B.MAE A M0M
chresososs I8 788 632 158 " 3 (L] » ) L] L] L} [] T8 9.25136  M.BOSE2  1.95710 @ 2059 §, 33715 0. 39642
chioegsose 29 LEFS ez L] X e 15§ F 43 1 1 L L] TI.F D.a0a¢ 0 eRE56  2.338B6 0 26753 0.333%2  B.33EM

rowal 13549 3478 BBAG 268 48B3 8067 0 L300 FES » ] [ M6 026085 B.BERGE  2.0835% @ 2606 0,334 033676

o)A AA o]Fo TAE EHstH, 4 ol FA AA AbrE WES AMAEE FHIAH
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o Zea9 35
(1)DDNAchipZ 3} #t59] o] Al A 2 fastPHASEZZ 13 F5& 93 A5 74
O DNAchip #4124 3¢l &2 SNP AU} 448 A8 & o4z A7

O #EA A AZ=%F, minor allele frequency, H W test chi_squaredt, 714 AZ59<] o] 4X

H
O A % Addd FAAA A5 7|2SAF At 3 &4

O AFAn tix Z2I99 fastPHASEA &5 9% A% format W7

I Name : Outlier Elimination, Basic Statistics of Genomic Raw Data & Preparation for fastPHASE

! Developed by : Joonho Lee - PhD working in Hankyong National Univ.(Korea) zoonolee@gmail.com,
+82-10-3408-2895

! Version : Linux 4.0 (2012-03-16)

! Contents : 1. Data reading(animal ID, SNP marker name, chromosome number, marker position,
phenotype(name, records))

! 2. Calculation of gene & genotype frequency

! 3. Unusual data elimination

! 4. Statistics of data & population genetics

! 5. Transformation of genotype data for fastPHASE

program OEGRDPF
integer::o,i,j,k,1,mn,0,p=0,q=0,r,iz,i1,i2, SMNBC=1 l!iostate & do_loop

integer::NOAC=0,XCN=19,YCN=20,UCN=99, ANO=0,EXCN=999 number of autosoal chromosomes & chromosome
number for X, Y, Unknown

integer::BC(5)

integer::GC(11)

integer::NOA,NOZ=0,NOZBC=0,NANO=0,NOMOAC=0,NOM,NOMA G=0,NOMIG=0,NOMIH=0,NOHE=0,NOMAH=0,
NOMG=0,NOMOXC=0,NOMOYC=0,NOMOUC=0,TNOMG=0 !counting
integer::XNOAMM=0,NOAMMBC=0,NONMM=0,NODM=0,NODMBC=0,NODA=0,NODMBOFOMGT=0,NODMBOAH
=0,NODMBOFOMIG=0,NODMBOCSOHWT=0,NODMBOAHE=0 !counting

integer:: ACNONMM=0,ACNOAMM-=0,ACNODMBOFOMGT=0,ACNODMBOAH=0,ACNODMBOFOMIG=0,ACNOD
MBOCSOHWT=0,ACNODMBOAHE=0 !counting

integer:: UCNONMM=0,UCNOAMM=0,UCNODMBOFOMGT=0,UCNODMBOAH=0,UCNODMBOFOMIG=0,UCNOD
MBOCSOHWT=0,UCNODMBOAHE=0 !counting
integer::SCNONMM=0,SCNOAMM=0,SCNODMBOFOMGT=0,SCNODMBOAH=0,SCNODMBOFOMIG=0,SCNODM
BOCSOHWT=0,SCNODMBOAHE=0 !counting
integer::NODMBO_M_H=0,NODMBO_F_H=0,NODMBO_M_F=0,NODMBO_MHF=0,NODMBO_HOM=0,NODMBO_
HEM=0 !counting

integer:: ACNODMBO_M_H=0,ACNODMBO_F_H=0,ACNODMBO_M_F=0,ACNODMBO_MHF=0,ACNODMBO_HO
M=0,ACNODMBO_HEM=0 !counting
integer::UCNODMBO_M_H=0,UCNODMBO_F_H=0,UCNODMBO_M_F=0,UCNODMBO_MHF=0,UCNODMBO_HO
M=0,UCNODMBO_HEM=0 !counting
integer::SCNODMBO_M_H=0,SCNODMBO_F_H=0,SCNODMBO_M_F=0,SCNODMBO_MHF=0,SCNODMBO_HOM
=0,SCNODMBO_HEM-=0 !counting
integer::NODMBOFOMGTBC=0,NODMBOAHBC=0,NODMBOFOMIGBC=0,NODMBOCSOHWTBC=0,NODMBOA
HEBC=0 !counting
integer::NODMBO_M_HBC=0,NODMBO_F_HBC=0NODMBO_M_FBC=0,NODMBO_MHFBC=0,NODMBO_HOMBC
=0,NODMBO_HEMBC=0 !counting
integer::NOSMWMAF1=0,NOSMWMAF2=0NOSMWMAF3=0NOSMWMAF4=0 NOSMWMAF5=0 NOTMWMAF1
=0, NOTMWMAF2=0 NOTMWMAF3=0NOTMWMAF4=0 NOTMWMAF5=0
integer::NODBAMI1=0,NODBAM2=0,NODBAM3=0,NODBAM4=0,NODBAM5=0,NODBASM1=0,NODBASM2=0,NO
DBASM3=0,NODBASM4=0,NODBASMb5=0

integer::CMPBC=0,EXMPBC=0

integer::CMPBC_S=0 EXMPBC_S=0
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integer*8::SODBAMBC=0,SOTDBAM=0,SODBAMBC_S=0,SOTDBAM_S=0

integer::NOMBC=0,MDG(4) ! for statistics

integer,allocatable::IOMC(:,:), GN(:,:) NOMGBA(:) NOSMBC(:) !data input & missing data output

real::GF(5),GTF(11),FOMAH,FOMIH FOHE,FOMAG,FOMIG,SOGF,SOGTF,FOMG,FOMGT IOL(4),SOPIC=0,AOPI
C=0 !frequencies

real::DBAMBC=0,DBAMBC_S=0
real::ENOMIH=0,ENOHE=0,ENOMAH=0,CSOHWT=0,EH=0,PIC=0,IBC=0,TMGR=0,AODBAMBC_S=0,AODBAMBC
=0,AOTDBAM_S=0,AOTDBAM=0 !statistics for population genetics
real::SOMAFBC_S=0,SOIBCBC_S=0,SOCSOHWTBC_S=0,SOPICBC_S=0,SOHEBC_S=0,SOEHBC_S=0
real::AOMAFBC_S=0,A0IBCBC_S=0,A0CSOHWTBC_S=0,AOPICBC_S=0,AOHEBC_S=0,AOEHBC_S=0
real::SOTMAF_S=0,SOTIBC_S=0,SOTCSOHWT_S=0,SOTPIC_S=0,SOTHE_S=0,SOTEH_S=0 Istatistics for
population genetics by chromosome

real ) AOTMAF_S=0,A0TIBC_S=0,AOTCSOHWT_S=0,A0TPIC_S=0,AOTHE_S=0,AOTEH_S=0 !statistics for
population genetics by chromosome
real::SOMAFBC=0,SOIBCBC=0,SOCSOHWTBC=0,SOPICBC=0,SOHEBC=0,SOEHBC=0,SOTMAF=0,SOTIBC=0,SO
TCSOHWT=0,SOTPIC=0,SOTHE=0,SOTEH=0 !statistics for population genetics by chromosome

real:: AOMAFBC=0,A0IBCBC=0,A0OCSOHWTBC=0,A0PICBC=0,AOHEBC=0,AOEHBC=0,AOTMAF=0,A0TIBC=0,
AOTCSOHWT=0,A0TPIC=0,AOTHE=0,AOTEH=0 !statistics for population genetics by chromosome
character(len=50)::MN, D1, D2, D3

character(len=1)=BAB)=(/"A",)T',G','C','Z' /) MABA MIBA MG
character(len=2)::GT(11)=(/"AA’,’AT''AG''AC',/TT' TG TC''GG' 'GC', 'CC','727' /) MAH MIH HE,CHNO
character(len=200)::GDD,0ODD,IDD,PDD

character(len=30)::GDFN,WF

character(len=15)::MWF(5)

character(len=6)::SOSM="NORMAL"

character(len=8)::OFT="_DEF0000”

character(len=230)::GDFNIP,0ODFNIP,IDFNIP PDFNIP,PFIP

character(len=20),allocatable::ID(:)

character(len=2),allocatable::GTS(:)

character(len=1),allocatable::GTDFFP(:,:)

Ireading parameters

print *
sfesi sk sk sk ki sk stk skok ok skkok ok

print *, "OEGRDPF_Lv4 : Outlier Elimination of Genomic Raw Data & Preparation for fastPHASE Linux
version 4.0”

print *, "Developed by Joonho Lee : zoonolee@gmail.com, +82-10-3408-2895"

print *, "Data format : (1st row) Markername Chromosome Position LL09066048 LL08131059

LL09147068 ... (Animal IDs)”

print *, "Data format : (2nd row) ALGA0000009 1 52297 AG GG GG

(Genotypes)”

print *, "Input data must be sorted by chromosome No.(1st) and Marker position(2nd)”

print *, "Sex chromosome and markers of unknown chromosome must be numbered more then the biggest
chromosome number”

print *, "Length of Output file tag must be 8 characters”

print *, "Please enter the name of parameter file including directory(ex) ./parGRDH”

print *)
1 s 5k sk sk 3k sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sksk sk sk sk sk sk sk sksk sksk sk sk sksk sksk sksk sksk sksk sksk sksk sksk skosk sk sk sksk skskskskskskskok skskskskskskskok sk skskosk sk sk ok

ok stk ok skoskok sk skokok ok skok

read *, PFIP

PFIP=adjustl(PFIP)

open (99, file=PFIP)

read (99,%) OFT !'Output file tag
read (99,%) NOA
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read (99,*) GDD

read (99,%*) GDFN

read (99,%*) ODD

read (99,%) IDD

read (99,%*) PDD

read (99,%) GT(11)

read (99,%) TOL(:)

read (99,%) NOAC

read (99,%) XCN, YCN, UCN

read (99,%) DXCN, DYCN, DUCN

read (99,%) MDG(:)

print *, "number of animals”, NOA

print *, "directory of genomic data file”, GDD
print *, "name of genomic data file?”, GDFN
print *, "directory of output file”, ODD

print *, "missing genotype”, GT(11)

print *, "range of outliers”

print * ”  marker-missing% : ", IOL(1)

print *, " minor allele frequency : ", IOL(2)

print *, 7 HW-chisquare(df=1) : ”, IOL(3)

print *, ”  animal-missing% : ", IOL(4)

print *, "number of autosomal chromosomes : ", NOAC

print *, "X chromosome No. , Y chromosome No. Unknown chromosome No. ", XCN, YCN, UCN
GDFN=adjustl(GDFN)

GDD=adjustr(GDD)

GDFNIP=GDD//GDFN

GDFNIP=adjustl(GDFNIP)

print *, "input genomic data file is ”,GDFNIP

print *, "Output file for Statistics will be created in”,ODD

print *, "Output file for Imputation will be created in”,IDD

print *, "Parameter file for Reformation will be created in”,PDD

ODD=adjustr(ODD)

IDD=adjustr(IDD)

PDD=adjustr(PDD)

close(99)

open(1,file=GDFNIP,status="unknown’)

ODFNIP=0DD//"Deleted_Markers”//OFT//" .out”

ODFNIP=adjustl(ODFNIP)

open(11,file=ODFNIP,status="unknown’)

write(11,fmt="(a50,6a10,2al5)") "Marker
Name”,"MarkerNO”,”"SOSM”,"FOMGT"”,"FOMIG","FOHE",”"CSOHWT",”chromosome”,"position”
ODFNIP=0DD//"Selected_Markers”//OFT//" .out”

ODFNIP=adjustl(ODFNIP)

open(12,file=ODFNIP,status="unknown’)

write(12,fmt="(a50,a10,2a15)’) "Marker Name"”,"MarkerNO","chromosome”,"position”
ODFNIP=0DD//"Deleted_Animals”//OFT//" .out”

ODFNIP=adjustl(ODFNIP)

open(13,file=ODFNIP,status="unknown’)

write(13,fmt="(a20,a10,2a15)’) "Animal ID ""Animal NO.”,”"NO.Missing”,"Missing rate”
ODFNIP=0DD//"Selected_Animals”//OFT//" .out”

ODFNIP=adjustl(ODFNIP)

open(14,file=ODFNIP,status="unknown’)

write(14,fmt="(a20,2a10)’) "Animal ID ”"Animal NO.””Animal NNO.”
IDENIP=IDD//"run_fastPHASE"//OFT//" run”
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IDFNIP=adjustl(IDFNIP)
open(10,file=IDFNIP,status='unknown’)
write(10,%) "cd "//adjustl(IDD)
do i=1,NOAC

iz=ichar('0’)

il1=floor(i/10.)+iz

i2=mod(i,10)+iz

CHNO(1:1)=achar(il)

CHNO(2:2)=achar(i2)

IDENIP=IDD//"To_fastPHASE"//CHNO(1:2)//OFT//" inp”

IDFNIP=adjustl(IDFNIP)

write(10,%) " /fastPHASE_Linux -T10 -S20 -H-4 -0"//CHNO(1:2)//OFT//"
/To_fastPHASE"//CHNO(1:2)//OFT//" inp”

open(i+20,file=IDFNIP,status="unknown’)
enddo
ODFNIP=0DD//"Basic_Statistics”//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(16,file=ODFNIP,status="unknown’)
ODFNIP=0ODD//"By_Chromosome_S"//OFT//".out”
ODFNIP=adjustl(ODFNIP)
open(17,file=ODFNIP,status="unknown’)
write(17,fmt="(al4,19a10)") "Chromosome
NO.”"NOM","NOSM" "NODM","NODM_M","NODM_F""NODM_H","NODM_M_H""NODM_F_H",&
&"NODM_M_EF”"NODM_MHEF","NODM_AHO" "NODM_AHE""AODAMB",”AOMAF","AOIBC",”AOCSOHWT" "A
OPIC","AOHE",”"AOEH"
ODFNIP=0ODD//"By_Chromosome_A"//OFT//" out”
ODFNIP=adjustl(ODFNIP)
open(20,file=ODFNIP,status="unknown’)
write(20,fmt="(al4,8a10)") "Chromosome
NO.""NOM",”"AODAMB",”AOMAF",”AOIBC","AOCSOHWT",”AOPIC""AOHE" " AOEH"
PDFENIP=PDD//"PIP"//OFT//" par”
PDFNIP=adjustl(PDFNIP)
open(18 file=PDFNIP,status='unknown’)
ODFNIP=0DD//"Whole_Results”//OFT//” .out”
ODFNIP=adjustl(ODFNIP)
open(19,file=ODFNIP,status='unknown’)
write(19,fmt="(ab0,a5,a15,3a10,3a5,3a6,3a10,2a5,2a6,6a10)") "Marker
Name”,"CHno","position”,"SOSM”,"FOMGT"”,"NOMGT”,"MAH","HE" &
"MIH","NOMAH","NOHE","NOMIH","FOMAH" "FOHE",”"FOMIH","MABA" "MIBA"”,"NOMAG","NOMIG""FOMAG
" "FOMIG","EH""CSOHWT" "PIC","IBC"
NOM=0
do

read(1,* iostat=io)
ifio/=0) exit
NOM=NOM+1

enddo
rewind(unit=1)
NOM=NOM-1
allocate(IOM(NOM,2),GN(NOM,NOA),GTDFFP(NOA#*2, NOM))
allocate(ID(NOA),GTS(NOA) NOMGBA(NOA),NOSMBC(NOAC))
NOSMBC=0
IOM=0
GN=0
NOMGBA=0

- 150 -




NODA=0
GTDFFP=" "'
read(1,*)D1,D2,D3ID
MG=GT11)(1:1)
NODM=0
do i=1,NOM
GTS=" '
GF=0.0
GTF=0.0
FOMGT=0.0, FOMG=0.0
read(1,*iostat=io) MN, IOM(,:), GTS
iflo/=0) exit
BC=0; GC=0; nMI=0; nMA=0; NOMIH=0; NOHE=0; NOMAH=0; NOMG=0
do j=1,NOA
if(GTS(G).EQ.GT(11)) GTSG)="2?"
do k=1,2
select case (GTS(j)(kk))
case("A”)
BC(1)=BC(1)+1
case("T")
BC(2)=BC(2)+1
case("G")
BC(3)=BC(3)+1
case("C")
BC(4)=BC(4)+1
case("?")
BC(5)=BC(5)+1
end select
enddo
select case (GTS())
case("AA")
GC(1)=GC(1)+1
case("AT")
GC(2)=GC(2)+1
case("TA")
GC(2)=GC(2)+1
case("AG")
GC(3)=GC(3)+1
case("GA")
GC(3)=GC(3)+1
case("AC")
GC(4)=GC(4)+1
case("CA")
GC(4)=GC(4)+1
case("TT")
GC(5)=GC(5)+1
case("TG")
GC(6)=GC(6)+1
case("GT")
GC(6)=GC(6)+1
case("TC")
GC(7)=GC(7)+1
case("CT")
GC(7)=GC(T)+1
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case("GG")
GC(8)=GC(8)+1
case("GC")
GC(9)=GC(9)+1
case("CG")
GC(9)=GC(9)+1
case("CC")
GC(10)=GC(10)+1
case("??")
GC(11)=GC11)+1
TNOMG=TNOMG+1
end select
enddo
GF=real(BC)/real(sum(BC(:4)))
GTF=real(GC)/real(sum(GC(:10)))
FOMG=real(BC(5))/real(NOA*2)
FOMGT-=real(GC(11))/(real(NOA))
FOMIH=0.0; FOHE=0.0; FOMAH=0.0; FOMIG=0.0; FOMAG=0.0;
MIH="??""MAH="??";HE="??",MIBA="?";MABA="?",SOSM="NORMAL'
do k=1,4
if(GF(k).NE.O .AND. GF(k)<0.5) then
MIBA=BA(k)
FOMIG=GF (k)
NOMIG=BC(k)
elseif(GF(k).NE.0 .AND. GF(k)>0.5) then
MABA=BA(k)
FOMAG=GF(k)
NOMAG=BC(k)
elseif(GF(k)==0.5) then
if(sum(GF(:k)).eq.0.5) then
NOMIG=BC(k)
MIBA=BA(k)
FOMIG=GF (k)
else
MABA=BA(k)
FOMAG=GF (k)
NOMAG=BC(k)
endif
endif
enddo
MIH=MIBA//MIBA
MAH=MABA//MABA
HE=MABA//MIBA
if (HE=="TA’) then
HE="AT"
elseif(HE=="GA’) then
HE="AG"
elseif(HE=="CA’) then
HE="AC"
elseif(HE=="GT’) then
HE="TG"
elseif(HE=="CT’) then
HE="TC"
elseif(HE=="CG’) then
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HE="GC"
endif
do k=1,10
if(GT(k)==MIH) then
FOMIH=GTF (k)
NOMIH=GC(k)
elseif(GT(k)==MAH) then
FOMAH=-GTF (k)
NOMAH=GC(k)
elseif(GT(k)==HE) then
FOHE=GTF (k)
NOHE=GC(k)
endif
enddo
if(EXCN.ne.XCN.and. EXCN.ne.YCN.and. EXCN.ne.UCN.and.EXCN.ne.999.and. IOM(j,1).ne. EXCN) then
AOMAFBC_S=SOMAFBC_S/real(NOSMBC(IOM(i-1,1)))
AOQIBCBC_S=SOIBCBC_S/real(NOSMBC(IOM(i-1,1)))
AOCSOHWTBC_S=SOCSOHWTBC_S/real(NOSMBC(IOM(i-1,1)))
AOPICBC_S=SOPICBC_S/real(NOSMBC(IOM(i-1,1)))
AOHEBC_S=SOHEBC_S/real( NOSMBC(IOM(i-1,1)))
AOEHBC_S=SOEHBC_S/rea(NOSMBCIOM(i-1,1)))
AODBAMBC_S=SODBAMBC_S/rea(NOSMBC(IOM(i-1,1))-1)
AOMAFBC=SOMAFBC/real(NOMBC)
AOIBCBC=SOIBCBC/real(NOMBC-NOZBC)
AOCSOHWTBC=SOCSOHWTBC/real(NOMBC-NOZBC)
AOPICBC=SOPICBC/real(NOMBC)
AOHEBC=SOHEBC/real(NOMBC)
AOEHBC=SOEHBC/real(NOMBC)
AODBAMBC=SODBAMBC/real(NOMBC-1)
write(19,fmt="(al)’) " "
write(17,fmt="(al0O,i1i4,121i10,f10.1,6f10.5)")
"chromosome” EXCN,NOMBC NOSMBC(IOM(i-1,1)) NODMBC,NODMBOFOMGTBC,NODMBOFOMIGBC,&

NODMBOCSOHWTBC,NODMBO_M_HBC,NODMBO_F_HBC,NODMBO_M_FBC,NODMBO_MHFBC,NODMBO_H

OM,NODMBO_HEM,AODBAMBC_S,AOMAFBC_S,AOIBCBC_S,&
AOCSOHWTBC_S,AOPICBC_S,AOHEBC_S,AOEHBC_S
write(20,fmt="(alo0O,id4d,i10,f10.1,6f10.5)" )

"chromosome” EXCN,NOMBC,AODBAMBC,AOMAFBC,AOIBCBC,AOCSOHWTBC,AOPICBC,AOHEBC,AOEHBC

NODMBOCSOHWTBC=0;NODMBOFOMGTBC=0;NODMBOFOMIGBC=0;NODMBO_M_HBC=0;NODMBO_F_HB
C=0;NODMBO_M_FBC=0;NODMBO_MHFBC=0;NOZBC=0
NODMBO_HOM=0;NODMBO_HEM=0

SODBAMBC=0;SOMAFBC=0;SOIBCBC=0;SOCSOHWTBC=0;SOPICBC=0;SOHEBC=0;SOEHBC=0;NOMBC=0;NO
DMBC=0

SODBAMBC_S=0;SOMAFBC_S=0;SOIBCBC_S=0;SOCSOHWTBC_S=0;SOPICBC_S=0;SOHEBC_S=0;SOEHBC_S=
0

end if

ENOMIH=(FOMIG#*:*2)+*real (NOMIH+NOHE+NOMAH))

ENOHE=(2+FOMIG+*FOMAG)*real (NOMIH+NOHE+NOMAH))

ENOMAH=(FOMAG#*x*2)*real (NOMIH+NOHE+NOMAH))

CSOHWT=((real(NOMIH)-ENOMIH)**2/ENOMIH)+((real(NOHE)-ENOHE)**2/ENOHE) +((rea(NOMAH)-ENOM
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AH)*+2/ENOMAH)
EH=1-(FOMIG**2+FOMAG**2)
PIC=1-(FOMIG##2+FOMAG**2)-2#((FOMIG#*#2)*(FOMAG#*:*2))
IBC=1-(real(NOHE)/ENOHE)

if(ENOMIH.eq.0.or. ENOMAH.eq.0.or. ENOHE.eq.0) then;
NOZ=NOZ+1;NOZBC=NOZBC+1;,CSOHWT=0;IBC=0;endif;
if(CSOHWT>IOL(3)) then;

NODMBOCSOHWT=NODMBOCSOHWT+1;SOSM="0OL_HWT";NODMBOCSOHWTBC=NODMBOCSOHWTBC+1
sendif;

if(FOMIG<IOL(2)) then;
NODMBOFOMIG=NODMBOFOMIG+1;SOSM="0OL_MAF";NODMBOFOMIGBC=NODMBOFOMIGBC+1;endif;
if(FOMIG<IOL(2).and. CSOHWT>IOL(3)) then;
NODMBO_F_H=NODMBO_F_H+1;SOSM="0OL_F_H";NODMBO_F_HBC=NODMBO_F_HBC+1;endif;
if(FOMGT>IOL(1)) then;
NODMBOFOMGT=NODMBOFOMGT+1;SOSM="OL_MGR";NODMBOFOMGTBC=NODMBOFOMGTBC+1;endif;
if(FOMGT>IOL(1).and. CSOHWT>IOL(3)) then;
NODMBO_M_H=NODMBO_M_H+1;SOSM="OL_M_H";NODMBO_M_HBC=NODMBO_M_HBC+1;endif;
if(FOMGT>IOL(1).and. FOMIG<IOL(2)) then;
NODMBO_M_F=NODMBO_M_F+1;SOSM="0OL_M_F";NODMBO_M_FBC=NODMBO_M_FBC+1;endif;
if(FOMGT>IOL(1).and FOMIG<IOL(2).and. CSOHWT>IOL(3)) then;

NODMBO_MHF=NODMBO_MHEF+1;SOSM="0OL_MHF";NODMBO_MHFBC=NODMBO_MHFBC+1;endif;
if(FOMGT.eq.1) then; NOAMM=NOAMM+1;SOSM="0OL_AMG";NOAMMBC=NOAMMBC+1;endif;

if(FOMAH.eq.1) then;
NODMBOAH=NODMBOAH+1;SOSM="0OL_AHO";NODMBOAHBC=NODMBOAHBC+1;endif;

if(FOHE.eq.1) then;
NODMBOAHE=NODMBOAHE+1;SOSM="0OL_AHE";NODMBOAHEBC=NODMBOAHEBC+1;endif;,

if(FOMAH.eq.1 .and. FOMGT>IOL(1)) then;
NODMBO_HOM=NODMBO_HOM+1;SOSM="0OL_HOM";NODMBO_HOMBC=NODMBO_HOMBC+1;endif;

if(FOHE.eq.1 .and. FOMGT>IOL(1)) then;

NODMBO_HEM=NODMBO_HEM+1;SOSM="0L_HEM";NODMBO_HEMBC=NODMBOA_HEMBC+1;endif;
if(FOMGT.eq.0) NONMM=NONMM+1
if(IOM(,1).ne.XCN.and.IOM(i,1).ne. YCN.and. IOM(i,1).ne. UCN) then
if(CSOHWT>IOL(3)) ACNODMBOCSOHWT=ACNODMBOCSOHWT+1
if(FOMIG<IOL(2)) ACNODMBOFOMIG=ACNODMBOFOMIG+1
if(FOMGT>IOL(1)) ACNODMBOFOMGT=ACNODMBOFOMGT+1
if(FOMIG<IOL(2).and. CSOHWT>IOL(3)) ACNODMBO_F_H=ACNODMBO_F_H+1
if(FOMGT>IOL(1).and. CSOHWT>IOL(3)) ACNODMBO_M_H=ACNODMBO_M_H+1
if(FOMGT>IOL(1).and. FOMIG<IOL(2)) ACNODMBO_M_F=ACNODMBO_M_F+1
if(FOMGT>IOL(1).and. FOMIG<IOL(2).and.CSOHWT>IOL(3)) ACNODMBO_MHF=ACNODMBO_MHF+1
if(FOMGT.eq.1) ACNOAMM=ACNOAMM+1
if(FOMGT.eq.0) ACNONMM=ACNONMM-+1
if(FOMAH.eq.1) ACNODMBOAH=ACNODMBOAH+1
if(FOHE.eq.1) ACNODMBOAHE=ACNODMBOAHE+1
if(FOMAH.eq.1.and FOMGT>IOL(1)) ACNODMBO_HOM=ACNODMBO_HOM+1
if(FOHE.eq.1.and. FOMGT>IOL(1)) ACNODMBO_HEM=ACNODMBO_HEM+1
elseif(IOM(j,1).eq.UCN) then
if(CSOHWT>IOL(3)) UCNODMBOCSOHWT=UCNODMBOCSOHWT+1
if(FOMIG<IOL(2)) UCNODMBOFOMIG=UCNODMBOFOMIG+1
if(FOMGT>IOL(1)) UCNODMBOFOMGT=UCNODMBOFOMGT+1
if(FOMIG<IOL(2).and. CSOHWT>IOL(3)) UCNODMBO_F_H=UCNODMBO_F_H+1
if(FOMGT>IOL(1).and.CSOHWT>IOL(3)) UCNODMBO_M_H=UCNODMBO_M_H+1
if(FOMGT>IOL(1).and. FOMIG<IOL(2)) UCNODMBO_M_F=UCNODMBO_M_F+1
if(FOMGT>IOL(1).and. FOMIG<IOL(2).and.CSOHWT>IOL(3)) UCNODMBO_MHF=UCNODMBO_MHF+1
if(FOMGT.eq.1) UCNOAMM=UCNOAMM+1
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if(FOMGT.eq.0) UCNONMM=UCNONMM+1
if(FOMAH.eq.1) UCNODMBOAH=UCNODMBOAH+1
if(FOHE.eq.1) UCNODMBOAHE=UCNODMBOAHE+1
if(FOMAH.eq.1.and FOMGT>IOL(1)) UCNODMBO_HOM=UCNODMBO_HOM+1
if(FOHE.eq.1.and. FOMGT>IOL(1)) UCNODMBO_HEM=UCNODMBO_HEM +1
elseif(IOM(,1).eq.XCN.or.JOM(,1).eq.YCN) then
if(CSOHWT>IOL(3)) SCNODMBOCSOHWT=SCNODMBOCSOHWT+1
if(FOMIG<IOL(2)) SCNODMBOFOMIG=SCNODMBOFOMIG+1
if(FOMGT>IOL(1)) SCNODMBOFOMGT=SCNODMBOFOMGT+1
if(FOMIG<IOL(2).and. CSOHWT>IOL(3)) SCNODMBO_F_H=SCNODMBO_F_H+1
if(FOMGT>IOL(1).and.CSOHWT>IOL(3)) SCNODMBO_M_H=SCNODMBO_M_H+1
if(FOMGT>IOL(1).and. FOMIG<IOL(2)) SCNODMBO_M_F=SCNODMBO_M_F+1
if(FOMGT>IOL(1).and. FOMIG<IOL(2).and.CSOHWT>IOL(3)) SCNODMBO_MHF=SCNODMBO_MHF+1
if(FOMGT.eq.l) SCNOAMM=SCNOAMM+1
if(FOMGT.eq.0) SCNONMM=SCNONMM +1
if(FOMAH.eq.1) SCNODMBOAH=SCNODMBOAH+1
if(FOHE.eq.1) SCNODMBOAHE=SCNODMBOAHE+1
if(FOMAH.eq.1.and FOMGT>IOL(1)) SCNODMBO_HOM=SCNODMBO_HOM+1
if(FOHE.eq.1.and. FOMGT>IOL(1)) SCNODMBO_HEM=SCNODMBO_HEM+1
endif
ifQOM@,1) .eq. XCN) then; NOMOXC=NOMOXC+1;SOSM="0OL_XCH";endif,
ifQOM(@,1) .eq. YCN) then; NOMOYC=NOMOYC+1;SOSM="0L_YCH";endif;
ifQIOM@,1) .eq. UCN) then; NOMOUC=NOMOUC+1;SOSM="0L_UCH";endif;
write(19,fmt='(a50,i5,i15,a10,f10.6,i10,3a5,316,3f10.6,2a5,2i16,31f10.6,f10.3,2f10.6)")
MN,IOM(},1),IOM(@,2),SOSM,FOMGT,GC(11),&

&MAH,HE MIH,NOMAH,NOHE, NOMIH,FOMAH,FOHE, FOMIH,MABA ,MIBA,NOMAG,NOMIG,FOMAG,FOMIG,E
H,CSOHWT,PIC IBC
if(IOM(j,1).ne. DXCN.and.IOM(j,1).ne. DYCN.and.IOM(1,1).ne. DUCN) then
NOMOAC=NOMOAC+1
NOMBC=NOMBC+1
if(FOMIG .LT. 0.1) then
NOTMWMAF1=NOTMWMAF1+1
elseif( FOMIG .GE. 0.1 .and. FOMIG .LT. 0.2) then
NOTMWMAF2=NOTMWMAF2+1
elseif(FOMIG .GE. 0.2 .and. FOMIG .LT. 0.3) then
NOTMWMAF3=NOTMWMAF3+1
elseif(FOMIG .GE. 0.3 .and. FOMIG .LT. 0.4) then
NOTMWMAF4=NOTMWMAF4+1
elseif(FOMIG .GE. 0.4 ) then
NOTMWMAF5=NOTMWMAF5+1
endif
CMPBC=IOM(,2)
if(NOMBC.ne.1) then
DBAMBC=real(CMPBC-EXMPBC)/1000.0
SODBAMBC=SODBAMBC+DBAMBC
SOTDBAM=SOTDBAM+DBAMBC
if(DBAMBC .LT. MDG(1)) then
NODBAM1=NODBAM1+1
elseif(DBAMBC .GE. MDG(1) .and. DBAMBC .LT. MDG(2)) then
NODBAM2=NODBAM?2+1
elseif(DBAMBC .GE. MDG(2) .and. DBAMBC .LT. MDG(3)) then
NODBAM3=NODBAM3+1
elseif( DBAMBC .GE. MDG(3) .and. DBAMBC .LT. MDG(4)) then
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NODBAM4=NODBAM4+1
elseif(DBAMBC .GE. MDG(4) ) then
NODBAM5=NODBAM5+1
endif
endif
EXMPBC=CMPBC

SOMAFBC=SOMAFBC+FOMIG; SOIBCBC=SOIBCBC+IBC;SOCSOHWTBC=SOCSOHWTBC+CSOHWT;SOPICBC
=SOPICBC+PIC;SOHEBC=SOHEBC~+FOHE; SOEHBC=SOEHBC+EH

SOTMAF=SOTMAF+FOMIG;SOTIBC=SOTIBC+IBC;SOTCSOHWT=SOTCSOHWT+CSOHWT;SOTPIC=SOTPIC
+PIC;SOTHE=SOTHE+FOHE;SOTEH=SOTEH+EH
endif

if(FOMGT>IOL(1).or. FOMIG<IOL(2).or.CSOHWT>IOL(3).or. FOHE.EQ.1.0or.IOM(,1).eq.DXCN.or.IOM(,1).eq.DYC
N&
&.or.JOM(,1).eq.DUCN) then
NODM=NODM-+1
NODMBC=NODMBC+1
write(11,fmt="(a50,i10,a10,3f10.7,10.3,2i15)") MN,i,SOSM,FOMGT , FOMIG,FOHE,CSOHW T, JOM(j,1),IOM(,2)
else

SOMAFBC_S=SOMAFBC_S+FOMIG;SOIBCBC_S=SOIBCBC_S+IBC;SOCSOHWTBC_S=SOCSOHWTBC_S+CS0O
HWT;
SOPICBC_S=SOPICBC_S+PIC;SOHEBC_S=SOHEBC_S+FOHE;SOEHBC_S=SOEHBC_S+EH

SOTMAF_S=SOTMAF_S+FOMIG;SOTIBC_S=SOTIBC_S+IBC;SOTCSOHWT_S=SOTCSOHWT_S+CSOHWT;
SOTPIC_S=SOTPIC_S+PIC;SOTHE_S=SOTHE_S+FOHE;SOTEH_S=SOTEH_S+EH
NOSMBC(IOM(1,1))=NOSMBC(IOM(j,1))+1
CMPBC_S=IOM(,2)
if(NOSMBC(IOM(,1)).ne.1) then;

DBAMBC_S=real(CMPBC_S-EXMPBC_S)/1000.0
SODBAMBC_S=SODBAMBC_S+DBAMBC_S
SOTDBAM_S=SOTDBAM_S+DBAMBC_S
if(DBAMBC_S .LT. MDG(1)) then
NODBASMI1=NODBASMI1+1
elseif DBAMBC_S .GE. MDG(1) .and. DBAMBC_S .LT. MDG(2)) then
NODBASM2=NODBASM2+1
elseif DBAMBC_S .GE. MDG(2) .and. DBAMBC_S .LT. MDG(3)) then
NODBASM3=NODBASM3+1
elseif DBAMBC_S .GE. MDG(3) .and. DBAMBC_S .LT. MDG(4)) then
NODBASM4=NODBASM4+1
elseif(DBAMBC_S .GE. MDG(4) ) then
NODBASM5=NODBASM5+1
endif
endif
EXMPBC_S=CMPBC_S
p=p+l
write(12,fmt="(a50,i10,2i15)") MN,i,IOM(1,1),IOM(,2)
do 1=1,NOA
GTDFFP(1%2-1,p)=GTS(1)(1:1)
GTDFFP(12,p)=GTS(1)(2:2)
if(GTS(.eq.”??’) NOMGBA()=NOMGBA(1)+1
enddo
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if(FOMIG .LT. 0.1) then
NOSMWMAF1=NOSMWMAF1+1
elseif(FOMIG .GE. 0.1 .and. FOMIG .LT. 0.2) then
NOSMWMAF2=-NOSMWMAF2+1
elseif(FOMIG .GE. 0.2 .and. FOMIG .LT. 0.3) then
NOSMWMAF3=NOSMWMAF3+1
elseif(FOMIG .GE. 0.3 .and. FOMIG .LT. 0.4) then
NOSMWMAF4=NOSMWMAF4+1
elseif(FOMIG .GE. 04 ) then
NOSMWMAF5=NOSMWMAF5+1
endif
endif
EXCN=I0M(j,1)
enddo
AOTMAF_S=SOTMAF_S/real(NOM-NODM)
AOTIBC_S=SOTIBC_S/real(NOM-NODM)
AOTCSOHWT_S=SOTCSOHWT_S/real(NOM-NODM)
AOTPIC_S=SOTPIC_S/real(NOM-NODM)
AOTHE_S=SOTHE_S/real(NOM-NODM)
AOTEH_S=SOTEH_S/real(NOM-NODM)
AOTDBAM_S=SOTDBAM_S/real(NOM-NODM-NOAC)
AOTMAF=SOTMAF/rea(NOMOAC)
AOTIBC=SOTIBC/rea(NOMOAC-NOZ)
AOTCSOHWT=SOTCSOHWT/rea(NOMOAC-NOZ)
AOTPIC=SOTPIC/real(NOMOAC)
AOTHE=SOTHE/rea(NOMOAC)
AOTEH=SOTEH/real(NOMOAC)
AOTDBAM=SOTDBAM/real(NOMOAC-NOAC)
write(17,fmt="(al4,12i10,f10.1,6£10.5)") "total
" NOMOAC,NOM-NODM,NOMOAC-(NOM-NODM),ACNODMBOFOMGT,ACNODMBOFOMIG,&
ACNODMBOCSOHWT,ACNODMBO_M_H,ACNODMBO_F_H,ACNODMBO_M_F ACNODMBO_MHF,ACNODMB
O_HOM,ACNODMBO_HEM,AOTDBAM_S AOTMAF_S,&
&AOTIBC_S,AOTCSOHWT_S,AOTPIC_S,AOTHE_S,AOTEH_S
write(20,fmt="(al4,i10,f10.1,6f10.5)") "total
" NOMOAC,AOTDBAM,AOTMAF,AOTIBC, AOTCSOHWT,AOTPIC AOTHE AOTEH
print *, "Done with the outlier marker elimination : ", NODM, 'markers were deleted”
do m=1,NOA
if((real(NOMGBA (m))/real (NOM-NODM))).GT.IOL(4)) then
NODA=NODA+1
write(13,fmt="(a20,i10,i15,f15.7)") ID(m),m,NOMGBA (m),real(NOMGBA (m))/real(NOM-NODM))
else
NANO=NANO+1
write(14,fmt="(a20,2i10)") ID(m),m,NANO
endif
enddo
if(NOA-NODA.It.10) then
write(MWF(3),fmt="(a4)") '(al)’
elseif(NOA-NODA.ge.10.and NOA-NODA.1t.100) then
write(MWE(3),fmt="(a4)") '(a2)’
elseif(NOA-NODA.ge.100.and. NOA-NODA.1t.1000) then
write(MWE(3),fmt="(a4)’) '(a3)’
elseif(NOA-NODA.ge.1000.and. NOA-NODA.1t.10000) then
write(MWF(3) fmt="(a4)’) '(a4)’
elseif(NOA-NODA .ge.10000.and. NOA-NODA 1t.100000) then
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writeMMWF(3) fmt="(a4)’) '(a5)’
endif
write(MWF(1),fmt="(i10)") NOA-NODA
MWEF(1)=adjustliMWF(1))
do 0=1,NOAC
write(o+20,fmt=MWF(3)) MWF(1)
if(NOSMBC(0).1t.10) then
write(MMWF(3) fmt="(a4)’) '(al)’
elseif(NOSMBC(0).ge.10.and. NOSMBC(0).1t.100) then
writeMMWF(3) fmt="(a4)’) '(a2)’
elseif(NOSMBC(0).ge.100.and. NOSMBC(0).1t.1000) then
write(MWF(3),fmt="(a4)’) '(a3)’
elseif(NOSMBC(0).ge.1000.and. NOSMBC(0).1t.10000) then
write(MMWEF(3) fmt="(a4)’) '(ad)’
elseif(NOSMBC(0).ge.10000.and. NOSMBC(0).1t.100000) then
write(MWEF(3),fmt="(a4)') '(ab)’
elseif(NOSMBC(0).ge.100000.and.NOSMBC(0).1t.1000000) then
write(MMWTF(3),fmt="(a4)’) '(ab)’
endif
write(MWEF(2),fmt="(110)") NOSMBC(o)
MWF(2)=adjustiMWF(2))
write(o+20,fmt=MWZF(3)) MWF(2)
writeMMWFE(5),fmt="(al,i10,a3)’) '(', NOSMBC(o0),’al)’
MWE(5)=trim(MWF(5))
MWE(5)=adjustlMWF(5))
print *, "Number of markers on chromosome No.”,0,NOSMBC(o) MWF(5)
ANO=0
do m=1,NOA
if((real(NOMGBA (m))/real (NOM-NODM))).LE.IOL(4)) then
ANO=ANO+1
write(MWF (4),fmt="(110)") ANO
MWF (4)=adjustlMWF(4))
if(ANO.1t.10) then
writeMMWF(3),fmt="(al0)’) '(a4,1x,al)’
elseif(ANO.ge.10.and.ANO.1t.100) then
writeMMWF(3),fmt="(al0)") '(a4,1x,a2)’
elseif(ANO.ge.100.and. ANO.1t.1000) then
write(MWTF(3),fmt="(al0)’) '(a4,1x,a3)’
elseif(ANO.ge.1000.and.ANO.1t.10000) then
write(MWTF(3),fmt="(al0)’) '(a4,1x,a4)’
elseif(ANO.ge.10000.and. ANO.1t.100000) then
write(MWTF(3),fmt="(al0)’) '(a4,1x,a5)’
endif
write(0+20,fmt=MWF(3)) "# id", MWF(4)
write(0+20,fmt=MWF(5)) GTDFFP(m*2-1,SMNBC:(SMNBC+NOSMBC(0)-1))
write(0+20,fmt=MWF(5)) GTDFFP(m*2,SMNBC:(SMNBC+NOSMBC(0)-1))
endif
enddo
SMNBC=SMNBC+NOSMBC(0)
close(0+20)
enddo
print *, "Done with the outlier animal elimination : " NODA,"animals were deleted”
write(16,fmt="(al20)’) "+xx**Raw data & parameter descriptionsssx"
write(16,fmt="(al20,i15)") "number of animals”, NOA
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write(16,fmt="(al120,a230)’) "directory of genomic data file”, GDD

write(16,fmt="(al120,a230)’) "name of genomic data file”, GDFN

write(16,fmt="(a120,a230)") "directory of output file”, ODD

write(16,fmt="(al20,a15)’) "missing genotype”, GT(11)

write(16,fmt="(al20,i15)") "range of outliers”

write(16,fmt="(al120,{15.3)’) ”  marker-missing% :”, IOL(1)

write(16,fmt="(al20,f15.3)") ” minor allele frequency :”, IOL(2)

write(16,fmt="(a120,£15.3)") " HW-chisquare(df=1) :", IOL(3)

write(16,fmt="(al20,f15.3)") ”  animal-missing% :”, IOL(4)

write(16,fmt="(al20,i15)") "number of autosomal chromosomes :”, NOAC

write(16,fmt="(al120,3i5)") "X chromosome No. , Y chromosome No. Unknown chromosome No. ", XCN,
YCN, UCN

write(16,fmt="(a120)') " "

write(16,fmt="(al20)’) "s****Basic statistics##sx"

write(16,fmt="(al20,i15)") "Number of markers on chromosome X" NOMOXC

write(16,fmt="(al20,i15)’) "Number of markers on chromosome Y”NOMOYC

write(16,fmt="(a120,i15)") "Number of markers with Unknown marker location(position)” NOMOUC

write(16,fmt="(al20,i15)’) "Total number of markers”, NOM

write(16,fmt="(al20,i15)") "Number of markers on atuosomal chromosomes”, NOMOAC

write(16,fmt="(a120,i15)") "Number of selected(useful) markers”’, NOM-NODM

write(16,fmt="(a120,i15)") "Number of outlier markers”, NODM

write(16,fmt="(al09,f10.2,a1,i15)") "Number of animals with missing over " IOL(4),"%", NODA

TMGR=real(TNOMG)/real(NOM*NOA)

write(16,fmt="(al120,{15.10)’)  "Total — missing rate(Number of Missing genotypes/Number  of
genotypes(NO.animal*NO.markers))” , TMGR

write(16,fmt="(a120)") " "

write(16,fmt="(al20)’) "#** total ***"

write(16,fmt="(a120,i15)’) "Number of all missing markers”, NOAMM

write(16,fmt="(al20,i15)") "Number of all homo_genotype markers”, NODMBOAH

write(16,fmt="(a120,i15)") "Number of all hetero_genotype markers”, NODMBOAHE

write(16,fmt="(al09,f10.2,a1,i15)’) "Number of all homo_genotype markers and missing over ",
I0L(1)*100,"%", NODMBO_HOM

write(16,fmt="(al109,f10.2,a1,i15)’) "Number of all hetero_genotype markers and missing over 7,
IOL(1)%100,"%", NODMBO_HEM

write(16,fmt="(a120,i15)") "Number of markers with no missing”, NONMM

write(16,fmt="(al09,f10.2,al,i15)") "Number  of  markers with  missing over” IOL(1)%100,"%",
NODMBOFOMGT

write(16,fmt="(al10,f10.2,i15)’) "Number of markers with minor allele frequency less than”IOL(2),
NODMBOFOMIG

write(16,fmt="(a110,f10.2,i15)") "Number of markers with HWchisquare over” IOL(3), NODMBOCSOHWT

write(16,fmt="(a78,f10.2,a22,{10.2,i15)’) "Number of markers with missing over”,IOL(1)%100,"% and
HWchisquare over” IOL(3),&

NODMBO_M_H

write(16,fmt="(a79,f10.2,a21,f10.2,i15)") "Number of markers with minor allele frequency less than”,JOL(2),&

" and HWchisquare over” IOL(3),NODMBO_F_H

write(16,fmt="(a62,10.2,a38,{10.2,i15)") "Number of markers with missing over " IOL(1)*100,&

"% and minor allele frequency less than” ,JIOL(2)NODMBO_M_F

write(16,fmt="(a35,9.2,a35,f10.2,a21,f10.2,i15)') "Number of markers with missing over”,JOL(1)*100,&

"%, minor allele frequency less than” IOL(2),” and HWchisquare over”,IOL(3), NODMBO_MHF

write(16,fmt="(al20)") " "

write(16,fmt="(al20)’) "#** on autosomal chromosome *#*"

write(16,fmt="(al20,i15)’) "Number of all missing markers”, ACNOAMM

write(16,fmt="(al20,i15)") "Number of all homo_genotype markers”, ACNODMBOAH

write(16,fmt="(al20,i15)") "Number of all hetero_genotype markers”, ACNODMBOAHE
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"

write(16,fmt="(al09,f10.2,a1,i15)’) "Number of all homo_genotype markers and missing over 7,
IOL(1)*100,"%5", ACNODMBO_HOM

write(16,fmt="(al09,f10.2,a1,i15)’) "Number of all hetero_genotype markers and missing over 7,
IOL(1)%100,"%", ACNODMBO_HEM

write(16,fmt="(a120,i15)") "Number of markers with no missing”, ACNONMM

write(16,fmt="(a109,f10.2,al,i15)") "Number  of  markers with  missing over” IOL(1)%100,"%",
ACNODMBOFOMGT

write(16,fmt="(al110,f10.2,i15)’) "Number of markers with minor allele frequency less than”IOL(2),
ACNODMBOFOMIG

write(16,fmt="(al10,f10.2,i15)") "Number of markers with HWchisquare over” IOL(3), ACNODMBOCSOHWT

write(16,fmt="(a78,10.2,a22,f10.2,i15)’) "Number of markers with missing over”IOL(1)%100,"% and
HWochisquare over” IOL(3),&

ACNODMBO_M_H

write(16,fmt="(a79,f10.2,a21,{10.2,i15)’) "Number of markers with minor allele frequency less than” IOL(2),&

" and HWchisquare over”,JOL(3),ACNODMBO_F_H

write(16,fmt="(a62,f10.2,a38,f10.2,i15)") "Number of markers with missing over ”,JOL(1)*100,&

"% and minor allele frequency less than” ,JOL(2),ACNODMBO_M_F

write(16,fmt="(a35,19.2,a35,f10.2,a21,f10.2,i15)’) "Number of markers with missing over”,JOL(1)%100,&

"%, minor allele frequency less than” JOL(2),” and HWchisquare over” IOL(3), ACNODMBO_MHF

write(16,fmt="(a120)") " "

write(16,fmt="(al20)’) "#** on unknown chromosome s

write(16,fmt="(al20,i15)") "Number of all missing markers”, UCNOAMM

write(16,fmt="(al120,i15)’) "Number of all homo_genotype markers”, UCNODMBOAH

write(16,fmt="(al20,i15)") "Number of all hetero_genotype markers”, UCNODMBOAHE

write(16,fmt="(al09,10.2,a1,i15)’) "Number of all homo_genotype markers and missing over 7,
IOL(1)%100,”%", UCNODMBO_HOM

write(16,fmt="(al09,f10.2,a1,i15)’) "Number of all hetero_genotype markers and missing over 7,
IOL(1)%100,"%", UCNODMBO_HEM

write(16,fmt="(al20,i15)") "Number of markers with no missing”, UCNONMM

write(16,fmt="(al09,f10.2,al,i15)") "Number of markers with missing over” IOL(1)%100,”%",
UCNODMBOFOMGT

write(16,fmt="(al10,10.2,i15)’) "Number of markers with minor allele frequency less than”,JOL(2),
UCNODMBOFOMIG

write(16,fmt="(al110,f10.2,i15)") "Number of markers with HWchisquare over” IOL(3), UCNODMBOCSOHWT

write(16,fmt="(a78,f10.2,a22,f10.2i15)’) "Number of markers with missing over”IOL(1)%100,"% and
HWchisquare over” IOL(3),&

UCNODMBO_M_H

write(16,fmt="(a79,f10.2,a21,f10.2,i15)") "Number of markers with minor allele frequency less than”,IOL(2),&

" and HWchisquare over” IOL(3),UCNODMBO_F_H

write(16,fmt="(a62,{10.2,a38,f10.2,i15)") "Number of markers with missing over ”,JOL(1)*100,&

"% and minor allele frequency less than” ,JOL(2),UCNODMBO_M_F

write(16,fmt="(a35,19.2,a35,f10.2,a21,f10.2,115)’) "Number of markers with missing over”,JOL(1)*100,&

"%, minor allele frequency less than” ,JOL(2),” and HWchisquare over”IOL(3), UCNODMBO_MHF

write(16,fmt="(al20)’) " "

write(16,fmt="(al20)’) "##* on sex chromosome *#*"

write(16,fmt="(a120,i15)’) "Number of all missing markers”, SCNOAMM

write(16,fmt="(al20,i15)") "Number of all homo_genotype markers”, SCNODMBOAH

write(16,fmt="(al20,i15)") "Number of all hetero_genotype markers”, SCNODMBOAHE

write(16,fmt="(al09,f10.2,a1,i15)’) "Number of all homo_genotype markers and missing over 7,
I0OL(1)*100,"%", SCNODMBO_HOM

write(16,fmt="(al09,£10.2,a1,i15)’) "Number of all hetero_genotype markers and missing over ”,
IOL(1)%100,"%", SCNODMBO_HEM

write(16,fmt="(al20,i15)") "Number of markers with no missing”, SCNONMM

write(16,fmt="(al09,{10.2,al,i15)") "Number  of  markers with  missing over” IOL(1)%100,"%",

”
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SCNODMBOFOMGT

write(16,fmt="(al10,f10.2,i15)’) "Number of markers with minor allele frequency less than”IOL(2),
SCNODMBOFOMIG

write(16,fmt="(a110,f10.2,i15)’) "Number of markers with HWchisquare over”,IOL(3), SCNODMBOCSOHWT

write(16,fmt="(a78,f10.2,a22,{10.2,i115)’) "Number of markers with missing over”,IOL(1)%100,"% and
HWchisquare over” IOL(3),&

SCNODMBO_M_H

write(16,fmt="(a79,f10.2,a21,f10.2,i15)") "Number of markers with minor allele frequency less than” IOL(2),&

" and HWchisquare over” IOL(3),SCNODMBO_F_H

write(16,fmt="(a62,f10.2,a38,f10.2,i15)") "Number of markers with missing over " IOL(1)*100,&

"% and minor allele frequency less than” ,JOL(2),SCNODMBO_M_F

write(16,fmt="(a35,9.2,a35,{10.2,a21,10.2,i15)") "Number of markers with missing over” IOL(1)*100,&

"9, minor allele frequency less than” IOL(2),” and HWchisquare over”,IOL(3), SCNODMBO_MHF

write(16,fmt="(a120)") " "

write(16,fmt="(al20)’) "#xxxx frequency of MAF sosis”

write(16,fmt="(al20)’) "number of total markers with Minor allel frequency”

write(16,fmt="(al20,i15)") " minor allele frequency < 0.1 : ", NOTMWMAF1
write(16,fmt="(al20,i15)’) "0.1 <= minor allele frequency < 0.2 : ", NOTMWMAF2
write(16,fmt="(a120,i15)") "0.2 <= minor allele frequency < 04 : ”, NOTMWMAF3
write(16,fmt="(a120,i15)") "0.3 <= minor allele frequency < 0.4 : ", NOTMWMAF4
write(16,fmt="(al20,i15)") "0.4 <= minor allele frequency . " NOTMWMAF5

write(16,fmt="(a120)') " "
write(16,fmt="(al120)’) "number of selected markers with Minor allel frequency(except for unusual data)”

write(16,fmt="(al20,i15)") " minor allele frequency < 0.1 : ", NOSMWMAF1
write(16,fmt="(al20,i15)’) "0.1 <= minor allele frequency < 0.2 : ", NOSMWMAF2
write(16,fmt="(al20,i15)’) "0.2 <= minor allele frequency < 04 : ", NOSMWMAF3
write(16,fmt="(a120,i15)") "0.3 <= minor allele frequency < 0.4 : ", NOSMWMAF4
write(16,fmt="(a120,i15)") "0.4 <= minor allele frequency : " NOSMWMAF5

write(16,fmt="(a120)") " "

write(16,fmt="(al20)") "s#s5x frequency of distance s

write(16,fmt="(al20)’) "number of total markers with distance between adjacent markers”

write(16,fmt="(50x,a55,2i15)") " distance between adjacent markers < ”MDG(1), NODBAMI1

write(16,fmt="(50x,i15,a40,2i15)’) MDG(1),”<= distance between adjacent markers <" MDG(2), NODBAM2

write(16,fmt="(50x,i15,a40,2i15)") MDG(2),”"<= distance between adjacent markers <" MDG(3), NODBAMS3

write(16,fmt="(50x,i15,a40,2i15)") MDG(3),”<= distance between adjacent markers <”,MDG(4), NODBAM4

write(16,fmt="(50x,i15,a55,i15)") MDG(4),"<= distance between adjacent markers "
NODBAMb5

write(16,fmt="(a120)") " "

write(16,fmt="(al20)’) "number of selected markers with distance between adjacent markers(except for
unusual data)”

write(16,fmt="(50x,a55,2i15)") " distance between adjacent markers <”MDG(1), NODBASM1

write(16,fmt="(50x,i15,a40,2i15)") MDG(1),"<= distance between adjacent markers <”,MDG(2), NODBASM?2

write(16,fmt="(50x,i15,a40,2i15)") MDG(2),"<= distance between adjacent markers <” MDG(3), NODBASM3

write(16,fmt="(50x,i15,a40,2i15)") MDG(3),”<= distance between adjacent markers <" MDG(4), NODBASM4

write(16,fmt="(50x,i15,a55,i15)") MDG(4),"<= distance between adjacent markers "
NODBASMb5

write(18,fmt="(al0)’) """//OFT//"""

write(18,%) ANO

IDD="""//adjustl(IDD)

write(18,*) IDD//"""

ODD="""//adjustl(ODD)

write(18,%) ODD//""”

write(18,fmt="(al8)") "'"//"Selected_Markers"//"""

PDD="""//adjustl(PDD)
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write(18*) PDD//"""
write(18,fmt="(4110.5)") IOL(:)
write(18,fmt="(4i15)") MDG(:)
write(18,#) NOAC
do r=1,NOAC
write(18,%) NOSMBC(r)
enddo
print*, "Done with Outlier Elimination”
print*, "Run fastPHASE ex) ./fastPHASE_Linux -T10 -S20 -H-4 -001 ./To_fastPHASE01”//OFT//" inp”
print*, "Parameter file for 3_Post_Imputation is ",PDD
print*, "Parameter file name for 3_Post_Imputation is ”,"PIP"//OFT//" par”’
end program OEGRDPF
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! Name : Post Imputation & Basic Statistics Analysis

! Developed by : Joonho Lee - PhD working in Hankyong National Univ.(Korea) zoonolee@gmail.com,
+82-10-3408-2895

! Version : Linux 4.0 (2012-03-21)

! Contents : 1. Converting Imputation Results -> 0,1,2

! 2. Calculation of gene & genotype frequency

! 4. Statistics of data & population genetics

program RIRnBSA

integer:ii,j,k,iz,i1,i2,p,q,r,s liostate & do_loop

integer:NOAC=0,SMNBC=1,NOA=0,ANO=0,NOM=0,MNO=0 !number of chromosomes, animals and markers &
chromosome, animal and marekr number

integer:BC(4)

integer::GC(10)

integer::CMPBC=0EXMPBC=0MDG(4)
integer::NODBAM1=0,NODBAM2=0,NODBAM3=0,NODBAM4=0,NODBAM5=0
integerm:NOMWMAF1=0,NOMWMAF2=0 NOMWMAF3=0,NOMWMAF4=0 NOMWMAF5=0,CMP=0,EXMP=0,CN=0
JEXCN=999, SODBAM=0,NOMBCN=0 ! for statistics
integer::NODMBOFOMGT=0,NODMBOAH=0,NODMBOFOMIG=0,NODMBOCSOHWT=0,NODMBONP=0,NODMB
OAHE=0,EXCNO=0

integer,allocatable::G012DS(:,:),CG101DS(:,:)) NOSMBC(:) IOM(:,:) !data input

real::GF(4),GTF(10), FOMAH FOMIH,FOHE FOMAG,FOMIG,IOL(4) !frequencies
real:HWD=0,CSOHWT=0,EH=0,PIC=0,IBC=0 !statistics for population genetics
real::SOMAFBC=0,SOIBCBC=0,SOCSOHWTBC=0,SOPICBC=0,SOHEBC=0,SOEHBC=0,SOTMAF=0,SOTIBC=0,50
TCSOHWT=0,SOTPIC=0,SOTHE=0,SOTEH=0 !statistics for population genetics by chromosome
real::SSOMAFBC=0,SSOIBCBC=0,SSOCSOHWTBC=0,SSOPICBC=0,SSOHEBC=0,SSOEHBC=0,SSOTMAF=0,SSO
TIBC=0,SSOTCSOHWT=0,SSOTPIC=0,SSOTHE=0 !statistics for population genetics by chromosome
real:SSOTEH=0 !statistics for population genetics by chromosome
real:AOMAFBC=0,AOIBCBC=0,AOCSOHWTBC=0,AOPICBC=0,AOHEBC=0,AOEHBC=0,AOTMAF=0,AOTIBC=0,
AOTCSOHWT=0,AO0TPIC=0,AOTHE=0,AOTEH=0 !statistics for population genetics by chromosome
real::SDOMAFBC=0,SDOIBCBC=0,SDOCSOHW TBC=0,SDOPICBC=0,SDOHEBC=0,SDOEHBC=0
real::SDOTMAF=0,SDOTIBC=0,SDOTCSOHWT=0,SDOTPIC=0,SDOTHE=0,SDOTEH=0 !statistics for population
genetics by chromosome

real:MINOMAFBC=0,MINOIBCBC=0,MINOCSOHW TBC=0,MINOPICBC=0,MINOHEBC=0,MINOEHBC=0
realMINOTMAF=0,MINOTIBC=0MINOTCSOHWT=0MINOTPIC=0 MINOTHE=0MINOTEH=0 !statistics for
population genetics by chromosome
real::-MAXOMAFBC=0,MAXOIBCBC=0,MAXOCSOHWTBC=0,MAXOPICBC=0,MAXOHEBC=0,MAXOEHBC=0
real MAXOTMAF=0MAXOTIBC=0MAXOTCSOHWT=0MAXOTPIC=0MAXOTHE=0MAXOTEH=0 !statistics
for population genetics by chromosome
real(10)::SODBAMBC=0,SOTDBAM=0,SSODBAMBC=0,SSOTDBAM=0,MINODBAMBC=0,MAXODBAMBC=0,MI
NOTDBAM=0,MAXOTDBAM=0
real(10)::DBAMBC=0,AODBAMBC=0,SDODBAMBC=0,AOTDBAM=0,SDOTDBAM=0
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character(len=1)=BA(4)=(/"A’,)T',’G’,’C'/), MABA MIBA
character(len=2)::GT(10)=(/"AA’,AT'/AG'AC',/TT'/TG',TC''GG',GC','CC'/),MAH MIHHE CHNO
character(len=8)::OF T NOAF
character(len=12):"-WF1,WF2 WF3
character(len=24)::IDFN="01_DEF0000_genotypes.out’
character(len=300)::Dummy
character(len=220)::IDD,0DD,GDD
character(len=16)::GDFN
character(len=15)::MWF
character(len=250)::IDFNIP,GDFNIP, ODFNIP,PF
character(len=1),allocatable:GDS(:,:)
character(len=2),allocatable:GTDS(:,:)
character(len=50),allocatable::MN(:)
Ireading parameters
print *
7 s sk s sk sk s s s sk sk sk sk ok sk s st sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk s sk skl s sk sk sk sk sk st ok sk sk st sk sk sk sk sk sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk sk st sk skl sk sk ik skt stk sk ok skok sk okokok ok
sk stokok sk okok skok ook sk ook sk
print *, "RIRNBSA_Lv3 : Reformation of Imputation Results & Basic Statistics Analysis Linux version 3.0”
print *, "Developed by Joonho Lee : zoonolee@gmail.com, +82-10-3408-2895"
print *, "Data form is the results of fastPHASE”
print *, "Please enter the name of parameter file including path(ex) ./parGRDH"
print *,
sk stk ok skokok ok skoskok ok skok
read *, PF
PF=adjustl(PF)
open (99, file=PF)
read (99,%) OFT
read (99,%*) NOA
rewind(unit=99)
read (99,%) OFT
print *, "file tag”, OFT
read (99,%) NOAF
print *, "number of animals”, NOA
read (99,%) IDD
print *, "directory of imputed genomic data file ", IDD
read (99,%*) GDD
print *, "directory of previous data file ", GDD
read (99,%*) GDFN
print *, "name of selected marker information file ", GDFN
read (99,%) ODD
print *, "directory of output file”, ODD
read (99,fmt='(4f10.5)") IOL(:)
print *, "Outliers : MAF<" IOL(2),”"HW-chisquare>",JOL(3)
read (99,fmt="(4i15)") MDG(:)
read (99,%) NOAC
print *, "number of autosomal chromosomes : ", NOAC
allocate(NOSMBC(NOAC))
do i=1,NOAC

read (99,%) NOSMBC()

NOM=NOM+NOSMBC()
enddo
close(99)
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print *, "number of markers”, NOM
do p=1,NOAC

print *, "Number of markers on chromosome No.”p,” : ", NOSMBC(p)
enddo
IDD=adjustr(IDD)
allocate(GDS(NOA#*2 NOM))
allocate(GTDS(NOM,NOA))
allocate(G0O12DS(NOM,NOA))
allocate(CG101DS(NOM,NOA))
allocate(IOM(NOM,3))
allocate(MN(NOM))
WF1=’ "TWE2=' "TWEF3=' "
write(WF1,fmt="(al2)") '('//adjustr(NOAF)//'i1)’
write(WF2,fmt="(al2)") '(’//adjustr(NOAF)//’a3)’
write(WF3,fmt="(al2)") '(’//adjustr(NOAF)//'i3)’
print *, WF1
ODD=adjustr(ODD)
GDD=adjustr(GDD)
ODFNIP=0ODD//"Genotype012"//OFT//" out”
ODFNIP=adjustl(ODFNIP)
open(98 file=ODFNIP,status='unknown’)
ODFNIP=0ODD//"Genefrequency”//OFT//".out”
ODFNIP=adjustl(ODFNIP)
open(97 file=ODEFNIP,status="unknown’)
write(97,fmt="(2al5)") "0","1”
ODFNIP=0ODD//"Genotypefrequency”//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(96,file=ODFNIP,status="unknown’)
write(96,fmt="(3al5)’) "0","1","2"
ODFNIP=0ODD//"GT_maching_012"//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(95,file=ODFNIP,status="unknown’)
write(95,fmt="(3a3)") "0","1","2"
ODFNIP=0ODD//"G_maching_01"//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(94,file=ODFNIP,status="unknown’)
write(94,fmt="(2a3)") "0","1"
ODFNIP=0ODD//"Pop_Gen_Stat"//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(93,file=ODFNIP,status="unknown’)
write(93,fmt="(8al5)’) "MARKER NO.”,"MAF","IBC","CSOHWT","PIC","O_HE","E_HE","DBAM"
ODFNIP=0ODD//"Pop_Gen_Stat_BC"//OFT//".out”
ODFNIP=adjustl(ODFNIP)
open(92,file=ODFNIP,status="unknown’)

w r i t e (9 2 , f m t = " ( a 5 , 2 8 a 1 5 ) ' )
"CHNO",”AMAF""SDMAF""MINMAF","MAXMAF"” AIBC","SDIBC","MINIBC","MAXIBC",”ACSOHWT","SDCS
OHWT"&

&,"MINCSOHWT” "MAXCSOHWT”,” APIC”,"SDPIC”,"MINPIC""MAXPIC",”AHE" "SDHE" "MINHE" "MAXHE" "
AEH","SDEH","MINEH""MAXEH"&

&,"ADBAM","SDDBAM",”"MINDBAM","MAXDBAM"

ODFNIP=0ODD//"Genotype"//OFT//".out”

ODFNIP=adjustl(ODFNIP)

open(91,file=ODFNIP,status='unknown’)
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ODFNIP=0DD//"CenteredGT_101"//OFT//" out”
ODFNIP=adjustl(ODFNIP)
open(90,file=ODFNIP,status='unknown’)
GDEFNIP=GDD//GDFN//OFT//" out”
GDFNIP=adjustl(GDFNIP)
open(89,file=GDFNIP,status="old’)
ODFNIP=0DD//"Statistics"//OFT//" out”
ODFNIP=adjustl(ODFNIP)
open(88 file=ODFNIP,status="unknown’)
do g=1, NOAC
iz=ichar('0’)
il1=floor(q/10.)+iz
i2=mod(q,10)+iz
CHNO(1:1)=achar(il)
CHNO(2:2)=achar(i2)
IDFN(3:10)=0OFT(1:8)
IDFN(1:2)=CHNO(1:2)
IDFNIP=IDD//IDFN
IDFNIP=adjustl(IDFNIP)
open(q+20,file=IDFNIP,status="old")
print*,"reading” IDFNIP
do r=1, 21
read(q+20,fmt="(a300)’ jostat=i0) Dummy
if(io/=0) exit
enddo
do s=1, NOA
read(q+20,fmt="(a300)’ jostat=io) Dummy
read(q+20,* jostat=i0) GDS(s*2-1,SMNBC:(SMNBC+NOSMBC(q)-1))
read(q+20,* iostat=i0) GDS(s*2,SMNBC:(SMNBC+NOSMBC(q)-1))
enddo
print *"Reading imputed genotype from”,SMNBC,”th marker to " ,(SMNBC+NOSMBC(q)-1),"th marker”
SMNBC=SMNBC+NOSMBC(q)
print *"Reading imputed genotype file” q,"finished”
close(gq+20)
enddo
SOTMAF=0;SOTIBC=0;SOTCSOHWT=0;SOTPIC=0;SOTHE=0;SOTEH=0
SSOTMAF=0;SSOTIBC=0;,SSOTCSOHWT=0;SSOTPIC=0;SSOTHE=0;SSOTEH=0
AOTMAF=0;A0TIBC=0;A0OTCSOHWT=0;AOTPIC=0;AOTHE=0;AOTEH=0
SDOTMAF=0;SDOTIBC=0;SDOTCSOHWT=0;SDOTPIC=0;SDOTHE=0;SDOTEH=0
MINOTMAF=0;MINOTIBC=0;MINOTCSOHW T=0;MINOTPIC=0;MINOTHE=0;MINOTEH=0
MAXOTMAF=0;MAXOTIBC=0;MAXOCSOTHWT=0;MAXOTPIC=0;MAXTOHE=0;MAXOTEH=0
read(89,fmt="(a300)’,iostat=io) Dummy
print *, Dummy
do i=1, NOAC
SOMAFBC=0;SOIBCBC=0;,SOCSOHWTBC=0;SOPICBC=0;SOHEBC=0;SOEHBC=0
SSOMAFBC=0;SSOIBCBC=0;SSOCSOHWTBC=0;SSOPICBC=0;SSOHEBC=0;SSOEHBC=0
AOMAFBC=0;A0IBCBC=0;AOCSOHWTBC=0;A0PICBC=0;,AOHEBC=0; AOEHBC=0
SDOMAFBC=0;SDOIBCBC=0;SDOCSOHW TBC=0;SDOPICBC=0;SDOHEBC=0;SDOEHBC=0
MINOMAFBC=0;MINOIBCBC=0;MINOCSOHW TBC=0;MINOPICBC=0;MINOHEBC=0;MINOEHBC=0
MAXOMAFBC=0;MAXOIBCBC=0;MAXOCSOHWTBC=0;MAXOPICBC=0;MAXOHEBC=0;MAXOEHBC=0
SODBAMBC=0;SSODBAMBC=0;AODBAMBC=0;SDODBAMBC=0;MINODBAMBC=0;MAXODBAMBC=0;
DBAMBC=0;CMPBC=0;EXMPBC=0
do j=1, NOSMBC()
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MNO=MNO+1
read(89,fmt="(a50,110,2i15)") MN(QMNO),IOM(MNO,1),IOM(MNO,2),IOM(MNO,3)
GF=0.0,GTF=0.0;BC=0;,GC=0;
do k=1, NOA
GTDS(MNO,k)=GDS (k*2-1,MNO)//GDS (k*2 MNO)
select case (GDS(k*2-1,MNO))
case("A")
BC(1)=BC(1)+1
case("T")
BC(2)=BC(2)+1
case("G")
BC(3)=BC(3)+1
case("C")
BC(4)=BC(4)+1
end select
select case (GDS(k*2,MNO))
case("A”)
BC(1)=BC(1)+1
case("T")
BC(2)=BC(2)+1
case("G")
BC(3)=BC(3)+1
case("C")
BC(4)=BC(4)+1
end select
select case (GTDS(MNO,k))
case("AA")
GC(1)=GC(1)+1
case("AT")
GC(2)=GC(2)+1
case("TA")
GC(2)=GC(2)+1
case("AG")
GC(3)=GC(3)+1
case("GA”)
GC(3)=GC(3)+1
case("AC")
GC(4)=GC4)+1
case("CA")
GC(4)=GC(4)+1
case("TT”)
GC(5)=GC()+1
case("TG")
GC(6)=GC(6)+1
case("GT")
GC(6)=GC(6)+1
case("TC")
GC(7)=GC(7)+1
case("CT")
GC(7)=GC(N)+1
case("GG")
GC(8)=GC(8)+1
case("GC")
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GC(9)=GC(9)+1
case("CG")
GC(9)=GC(9)+1
case("CC")
GC(10)=GC(10)+1
end select
enddo
GF=real(BC)/real(sum(BC(1:4)))
GTF=real(GC)/real(sum(GC(1:10)))
FOMIH=0.0; FOHE=0.0; FOMAH=0.0; FOMIG=0.0; FOMAG=0.0;
MIH="??".MAH="??"HE="??"MIBA="?";MABA="""
do 1=14
if(GF(1).NE.0 . AND. GF(1)<0.5) then
MIBA=BA(1)
FOMIG=GF(1)
NOMIG=BC(1)
elseif(GF(1).NE.0 .AND. GF(1)>0.5) then
MABA=BA()
FOMAG=GF()
NOMAG=BC()
elseif(GF(1)==0.5) then
if(sum(GF(:1)).eq.0.5) then
NOMIG=BC(1)
MIBA=BA()
FOMIG=GF(1)
else
MABA=BA()
FOMAG=GF(1)
NOMAG=BC()
endif
endif
enddo
MIH=MIBA//MIBA
MAH=-MABA//MABA
HE=-MABA//MIBA
if (HE=="TA’) then
HE="AT"
elseif(HE=="GA’) then
HE="AG"
elseif(HE=="CA') then
HE="AC"
elseif(HE=="GT’) then
HE="TG"
elseif(HE=='CT’) then
HE="TC"
elseif(HE=="CG') then
HE="GC”
endif
do 1=1,10
if(GT(1)==MIH) then
FOMIH=GTF()
NOMIH=GC(1)
elseif(GT(1)==MAH) then
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FOMAH=GTF(1)
NOMAH=GC()
elseif(GT()==HE) then
FOHE=GTF()
NOHE=GC(1)
endif
enddo
do 1=1,NOA
if(GTDS(MNO,1)==MIH) then
GO012DS(MNO,1)=0
CG101DS(MNO,1)=-1
elseif(GTDS(MNO,1)==MAH) then
GO012DS(MNO,1)=2
CG101DS(MNO,1)=1
else
GO012DS(MNO,1)=1
CG101DS(MNO,1)=0
endif
enddo
write(98,fmt=WF1) G012DS(MNO,1:NOA)
write(90,fmt=WF3) CG101DS(MNO,1:NOA)
write(97,fmt="(2F15.10)") FOMIG,FOMAG
write(96,fmt="(3F15.10)") FOMIH,FOHE,FOMAH
write(95,fmt="(3a3)’) MIH,HEMAH
write(94,fmt="(2a3)’) MIBA,MABA
write(91,fmt=WF2) GTDS(MNO,1:NOA)
ENOMIH=(FOMIG**2)*real(NOMIH+NOHE+NOMAH))
ENOHE=(2+FOMIG*FOMAG)*real (NOMIH+NOHE+NOMAH))
ENOMAH=(FOMAG#%*2)*real (NOMIH+NOHE+NOMAH))

CSOHW T=((real(NOMIH)-ENOMIH)»**2/ENOMIH)+((real NOHE )-ENOHE )**2/ENOHE) +((real(NOMAH) -ENOM
AH)#*2/ENOMAH)

EH=1-(FOMIG**2+FOMAG**2)

PIC=1-(FOMIG#*#2+FOMAG#*%2)-2%(FOMIG**2)*(FOMAG*%2))

IBC=1-(real(NOHE)/ENOHE)

if(FOMIG<IOL(2).or.CSOHWT>IOL(3).or. FOHE.eq.1) print *, "Marker” MNO,"looks

unusual”, FOMIG,FOHE CSOHWT

if(FOMIG .LT. 0.1) then
NOSMWMAF1=NOSMWMAF1+1

elseif( FOMIG .GE. 0.1 .and. FOMIG .LT. 0.2) then
NOSMWMAF2=NOSMWMAF2+1

elseif(FOMIG .GE. 0.2 .and. FOMIG .LT. 0.3) then
NOSMWMAF3=NOSMWMAF3+1

elseif(FOMIG .GE. 0.3 .and. FOMIG .LT. 0.4) then
NOSMWMAF4=NOSMWMAF4+1

elseif(FOMIG .GE. 0.4 ) then
NOSMWMAF5=NOSMWMAF5+1

endif

CMPBC=IOM(MNO,3)

if(j.ne.l) then
DBAMBC=real(CMPBC-EXMPBC)/1000
SODBAMBC=SODBAMBC+DBAMBC
SSODBAMBC=SSODBAMBC+DBAMBC:*x*2
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if(DBAMBC .LT. MDG(1)) then
NODBAM1=NODBAM1+1
elseif( DBAMBC .GE. MDG(1) .and. DBAMBC .LT. MDG(2)) then
NODBAM2=NODBAM?2+1
elseif DBAMBC .GE. MDG(2) .and. DBAMBC .LT. MDG(3)) then
NODBAM3=NODBAM3+1
elseif(DBAMBC .GE. MDG(3) .and. DBAMBC .LT. MDG(4)) then
NODBAM4=NODBAM4+1
elseif DBAMBC .GE. MDG(4) ) then
NODBAM5=NODBAM5+1
endif
if(j.eq.2) then;
MINODBAMBC=DBAMBC
MAXODBAMBC=DBAMBC
endif
MINODBAMBC=MIN(MINODBAMBC,DBAMBC)
MAXODBAMBC=-MAX(MAXODBAMBC,DBAMBC)
endif
EXMPBC=CMPBC
if(j.eq.l) then;

MINOMAFBC=FOMIG;MINOIBCBC=IBC;MINOCSOHW TBC=CSOHW T;MINOPICBC=PIC;MINOHEBC=FOHE;MI
NOEHBC=EH

MAXOMAFBC=FOMIG;MAXOIBCBC=IBC;MAXOCSOHWTBC=CSOHWT;MAXOPICBC=PIC;MAXOHEBC=FOH
E;MAXOEHBC=EH
endif

MINOMAFBC=MIN(MINOMAFBC,FOMIG);MINOIBCBC=MIN(MINOIBCBC,IBC); MINOCSOHW TBC=MIN(MINO
CSOHWTBC,CSOHWT);

MINOPICBC=MIN(MINOPICBC,PIC);MINOHEBC=MIN(MINOHEBC,FOHE); MINOEHBC=MIN(MINOEHBC,EH)

MAXOMAFBC=MAX(MAXOMAFBC,FOMIG);MAXOIBCBC=MAX(MAXOIBCBC,IBC);MAXOCSOHWTBC=MA
X(MAXOCSOHWTBC,CSOHWT);

MAXOPICBC=MAX(MAXOPICBC,PIC);MAXOHEBC=MAX(MAXOHEBC,FOHE);MAXOEHBC=MAX(MAXOEH
BCEH)
SOMAFBC=SOMAFBC+FOMIG
SOIBCBC=SOIBCBC+IBC
SOCSOHWTBC=SOCSOHWTBC+CSOHWT
SOPICBC=SOPICBC+PIC
SOHEBC=SOHEBC+FOHE
SOEHBC=SOEHBC+EH
SSOMAFBC=SSOMAFBC+FOMIG*x*2
SSOIBCBC=SSOIBCBC+IBCx*3*2
SSOCSOHWTBC=SSOCSOHWTBC+CSOHW T2
SSOPICBC=SSOPICBC+PICs*x*2
SSOHEBC=SSOHEBC+FOHE**2
SSOEHBC=SSOEHBC+EH**2
write(93,fmt='(i15,7F15.7)") MNO,FOMIG,IBC,CSOHWT PIC FOHE,EH,DBAMBC
enddo
AOMAFBC=SOMAFBC/real(NOSMBC(i))
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AOQIBCBC=SOIBCBC/real(NOSMBC())

AOCSOHWTBC=SOCSOHWTBC/real(NOSMBC())

AOPICBC=SOPICBC/real(NOSMBC(i))

AOHEBC=SOHEBC/real(NOSMBC(i))

AOEHBC=SOEHBC/real(NOSMBC(i))

AODBAMBC=SODBAMBC/real(NOSMBC(i)-1)
SDOMAFBC=(SSOMAFBC-SOMAFBC#**2/real(NOSMBC(i)))/real(NOSMBC(i))
SDOIBCBC=(SSOIBCBC-SOIBCBCx**2/rea(NOSMBC()))/real(NOSMBC(i))
SDOCSOHWTBC=(SSOCSOHW TBC-SOCSOHW TBC#*2/real(NOSMBC(i)))/real(NOSMBC(i))
SDOPICBC=(SSOPICBC-SOPICBCx*#2/rea(NOSMBC(i)))/real(NOSMBC(1))
SDOHEBC=(SSOHEBC-SOHEBC##2/real(NOSMBC(i)))/real(NOSMBC (1))
SDOEHBC=(SSOEHBC-SOEHBC#*#2/real(NOSMBC(i)))/real(NOSMBC(i))
SDODBAMBC=(SSODBAMBC-SODBAMBC#x2/real(NOSMBC(i)-1))/real(NOSMBC(i)-1)

w r it e (9 2 , fm<t¢ =" 1i5b5 , 2 8 1 5 . 5 ) ")
1,AOMAFBC,SDOMAFBCMINOMAFBCMAXOMAFBC,AOIBCBC,SDOIBCBC,MINOIBCBC,MAXOIBCBC,&

AOCSOHWTBC,SDOCSOHWTBC MINOCSOHWTBCMAXOCSOHWTBC,AOPICBC,SDOPICBC,MINOPICBC,M
AXOPICBC,AOHEBC,SDOHEBC,&

MINOHEBC,MAXOHEBC,AOEHBC,SDOEHBC,MINOEHBC MAXOEHBC,AODBAMBC,SDODBAMBC,MINODBA

MBC,MAXODBAMBC
SOTMAF=SOTMAF+SOMAFBC
SOTIBC=SOTIBC+SOIBCBC
SOTCSOHWT=SOTCSOHWT+SOCSOHWTBC
SOTPIC=SOTPIC+SOPICBC
SOTHE=SOTHE+SOHEBC
SOTEH=SOTEH+SOEHBC
SOTDBAM=SOTDBAM+SODBAMBC
SSOTMAF=SSOTMAF+SSOMAFBC
SSOTIBC=SSOTIBC+SSOIBCBC
SSOTCSOHWT=SSOTCSOHWT+SSOCSOHWTBC
SSOTPIC=SSOTPIC+SSOPICBC
SSOTHE=SSOTHE+SSOHEBC
SSOTEH=SSOTEH+SSOEHBC
SSOTDBAM=SSOTDBAM+SSODBAMBC
if(i.eq.l) then;

MINOTMAF=MINOMAFBC;MINOTIBC=MINOIBCBC;MINOTCSOHW T=MINOCSOHW TBC;MINOTPIC=MINOP
ICBC;MINOTHE=MINOHEBC;MINOTEH=MINOEHBC

MAXOTMAF=MAXOMAFBC,MAXOTIBC=MAXOIBCBC;MAXOTCSOHWT=-MAXOCSOHWTBC;MAXOTPIC=
MAXOPICBC;MAXOTHE=MAXOHEBC,MAXOTEH=MAXOEHBC
MINOTDBAM=MINODBAMBC;MAXOTDBAM=MAXODBAMBC;
endif

MINOTMAF=MIN(MINOMAFBC MINOTMAF); MINOTIBC=MIN(MINOIBCBC,MINOTIBC);MINOTCSOHWT=M
IN(MINOCSOHWTBC,MINOTCSOHWT);

MINOTPIC=MIN(MINOPICBC,MINOTPIC);MINOTHE=MIN(MINOHEBC,MINOTHE);MINOTEH=MIN(MINOEH
BC,MINOTEH)

MAXOTMAF=-MAX(MAXOMAFBCMAXOTMAF);MAXOTIBC=MAX(MAXOIBCBC,MAXOTIBC);MAXOTCSO
HWT=MAX(MAXOCSOHWTBCMAXOTCSOHWT);
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MAXOTPIC=-MAX(MAXOPICBC MAXOTPIC);MAXOTHE=MAX(MAXOHEBC,MAXOTHE);MAXOTEH=MAX(
MAXOEHBC MAXOTEH)
MINOTDBAM=MIN(MINODBAMBC ,MINOTDBAM);MAXOTDBAM=-MAX(MAXODBAMBC MAXOTDBAM);
print *,"Reading marker information on”,JOM(MNO,2),"th chromosome”
print *"Converting imputed genotype file and analyzing statiscics of chromosome” i,”finished”
enddo
AOTMAF=SOTMAF/real(NOM)
AOTIBC=SOTIBC/real(NOM)
AOTCSOHWT=SOTCSOHWT/real(NOM)
AOTPIC=SOTPIC/real(NOM)
AOTHE=SOTHE/real(NOM)
AOTEH=SOTEH/real(NOM)
AOTDBAM=SOTDBAM/real(NOM-NOAC)
SDOTMAF=(SSOTMAF-SOTMAF**2/real(NOM))/real(NOM)
SDOTIBC=(SSOTIBC-SOTIBCx**2/real(NOM))/real(NOM)
SDOTCSOHWT=(SSOTCSOHWT-SOTCSOHW T3#2/real(NOM))/real(NOM)
SDOTPIC=(SSOTPIC-SOTPIC**2/real(NOM))/real (NOM)
SDOTHE=(SSOTHE-SOTHE#*2/real(NOM))/real(NOM)
SDOTEH=(SSOTEH-SOTEH**2/real(NOM))/real(NOM)
SDOTDBAM=(SSOTDBAM-SOTDBAM:**2/real(NOM-NOAC))/real(NOM-NOAC)
write(92,fmt="(a5,28f15.5)")

"Tot" AOTMAF,SDOTMAF MINOTMAF MAXOTMAF,AOTIBC,SDOTIBC,MINOTIBC,MAXOTIBC,&
AOTCSOHWT,SDOTCSOHWT MINOTCSOHWT MAXOTCSOHWT,AOTPIC,SDOTPIC MINOTPIC,MAXOTPIC,
AOTHE,SDOTHE MINOTHE MAXOTHE,&
&AOTEH,SDOTEHMINOTEHMAXOTEH,AOTDBAM,SDOTDBAM,MINOTDBAM,MAXOTDBAM

write(88,fmt="(al20)’) "s#x%xx frequency of MAF s
write(88,fmt="(al20)’) "number of markers with Minor allel frequency”

write(88,fmt="(al120,i15)") " minor allele frequency < 0.1 : ", NOSMWMAF1
write(88,fmt='(al20,i15)’) "0.1 <= minor allele frequency < 0.2 : ", NOSMWMAF2
write(88,fmt='(al20,i15)’) "0.2 <= minor allele frequency < 04 : ", NOSMWMAF3
write(88,fmt='(al20,i15)’) "0.3 <= minor allele frequency < 0.4 : ", NOSMWMAF4
write(88,fmt='(al20,i15)’) "0.4 <= minor allele frequency . ", NOSMWMAF5

write(88,fmt="(a120)’) " "
write(883,fmt="(al20)’) "###** frequency of distance ##s#s#x*"
write(88,fmt="(al20)’) "number of total markers with distance between adjacent markers”
write(88,fmt="(50x,a55,2i15)") " distance between adjacent markers < ”MDG(1), NODBAMI1
write(88,fmt="(50x,i15,a40,2i15)") MDG(1),”<= distance between adjacent markers <" MDG(2), NODBAM?2
write(88,fmt="(50x,i15,a40,2i15)") MDG(2),”<= distance between adjacent markers <" MDG(3), NODBAM3
write(88,fmt="(50x,115,a40,2i15)") MDG(3),”<= distance between adjacent markers <” MDG(4), NODBAMA4
write(88,fmt="(50x,i15,a55,i15)") MDG(4),”<= distance between adjacent markers "
NODBAMb5
end program RIRnBSA
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! Name : Extent of Linkage Disequilibrium

! Developed by : Joonho Lee - PhD working in Hankyong National Univ.(Korea) zoonolee@gmail.com,
+82-10-3408-2895

! Version : Linux 1.0 (2012-03-26)

! Contents : 1. Calculation of Haplotype frequency

! 2. Estimation of Haplotype frequency using EM algorithm

! 3. Calculation of Linkage Disequribrium

! 4. Estimation of Effective Population Size

program EOLD

integer::CNO,MNO1,MNOZ NE] iter, Dummyl,iz,il,i2 NONEG liostate & do_loop
integer::NOA=0,ANO=0,NOM=0,MNO=0,NOHTBC=0,CBPTCM=1000000 !'number of animals and markers &
animal and marekr number

integer::nMIHMIH,nMIHHE, nMIHMAH,nHEMIH,nHEHE nHEMAH,nMAHMIHnMAHHE,nMAHMAH
integer,allocatable::G012DS(:,:), SEMNBC(:,:) MP(:), NOSMBC(:), NEGA(:,:),CNEG(:) !data storage
real::D=0,rsquare=0,CONV=0,DLFLDD=0HG=0,DFNEG=0,EPS=0

real:nMIMI,nMIMA nMAMI nMAMA

real::MIMIf MIMAf MAMIf MAMAf newMIMIf,newMIMA f new MAMIf,newMAMAf prMIMIMAMA ,prMIMAMAM
Ldiff=0.0

real(10)::SLDBC=0,ALDBC=0,SALDBC=0,AALDBC=0,STLD=0,ATLD=0,STALD=0,ATALD=0
real,allocatable::GF(:,:) NEG(:,:),SNEG(:),ANEG(:) loutput data

character(len=2)::CHNO

character(len=50)::MN

character(len=8)::OF T NOAF

character(len=16):WF1

character(len=300)::Dummy

character(len=220)::MDD,0ODD,GDD

character(len=30)::GDFN1,GDFN2 MDFN

character(len=250)::MDFNIP,GDFNIP,ODFNIP,PF

character(len=20),allocatable::ID(:)

Ireading parameters

print %,
1 s sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sksk sk sk sk sk sk sk sksk sksk sksk sk skosk sksk sk skosksksk skosksksk skoskosksk skoskosksk skokoskskoskoskoskskskoskoskoskoskokoskokoskoskskoskoskosk ok
sfesi sk sk sk sk sk stk stk sk skkok ok’

print *, "EOLD_Lv1 : Extent of Linkage Disequilibrium Linux version 1.0”

print *, "Developed by Joonho Lee : zoonolee@gmail.com, +82-10-3408-2895"

print *, "Data form is the results of Post_fastPHASE and of converted genotype 0,1,2"

print *, "Please enter the name of parameter file including path(ex) ./parGRDH"

print *)
1 s s s sk e e sk sk ok sk ok ok ok sk s ook ok sk sk ok sk ok sk sk ok ok sk st sk ok sk sk ok sk ok skt s ok skl s ok sk ok sk sk sk ok sk s st sk ok sk sk sk sk ok sk sk ok sk sk st sk sk sk sk ok sk ok sk sk s ok skl s ok sk sk ok stk sk sk sk skok sk okokok ok
st sk stk ko sk stk stk ok skkok ok

read *, PF

PF=adjustl(PF)

open (99, file=PF)

read (99,%) OFT

print *, "file tag ", OFT
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read (99,%) NOA
rewind(unit=99)
read (99,%) OFT
read (99,%) NOAF
print *, "number of animals”, NOA
read (99,%*) NOM
print *, "number of markers”, NOM
read (99,%*) GDD
print *, "directory of Post_Imputation output file ”, GDD
read (99,%) GDFN1
print *, "name of allelic coding data file(example : Genotype012_OUT_TAG.out) ", GDFNI1
read (99,%) GDFN2
print *, "name of allele frequency data file(example : Genefrequency_OUT_TAG.out) ”, GDFN2
read (99,%) MDD
print *, "directory of Selected markers file ", MDD
read (99,%*) MDFN
print *, "name of Selected markers file(example : Selected_markers_OUT_TAG.out) ", MDFN
read (99,%) ODD
print *, "directory of output file ", ODD
read (99,%*) CONV
print *, "convergence of haplotype frequency estimation ", CONV
read (99,%) CBPTCM
print *, "1 centi morgan(cM) to base pair(bp) (example 1000000)) ”, CBPTCM
read (99,%) DLFLDD
print *, "distance limit for LD decay (unit : ¢cM) ”, DLFLDD
read (99,%*) NOAC
print *, "number of autosomal chromosomes : ", NOAC
allocate(SEMNBC(NOAC,2))
allocate(NOSMBC(NOAC))
allocate(GO12DS(NOM,NOA))
allocate(MP(NOM))
allocate(GF(NOM.,2))
ODD=adjustr(ODD)
GDD=adjustr(GDD)
MDD=adjustr(MDD)
MNO=0
do CNO=1,NOAC
read (99,+) NOSMBC(CNO)
SEMNBC(CNO,1)=MNO+1
MNO=MNO+NOSMBC(CNO)
SEMNBC(CNO,2)=-MNO
print *, "Marker nomber on chromosome No.”,CNO,” from ", SEMNBC(CNO,1),” to ", SEMNBC(CNO,2)
print *, "Number of markers on chromosome No.”,CNO,” : ”, NOSMBC(CNO)
iz=ichar('0")
i1=floor(CNO/10.)+iz
i2=mod(CNO,10)+iz
CHNO(1:1)=achar(il)
CHNO(2:2)=achar(i2)
print *, "Name of LD analysis result of chromosome No.”,CNO,” : ""LD_CH_"//CHNO(1:2)//OFT//".out”
ODFNIP=0ODD//"LD_CH_"//CHNO(1:2)//OFT//" .out”
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ODFNIP=adjustl(ODFNIP)
open(CNO+20,file=ODFNIP,status="unknown’)
enddo
read (99,%) NONEG
print *, "number of groups for NE estimation : ", NONEG
allocate(NEG(NONEG,?2))
allocate(NEGA(NONEG,2))
allocate(CNEG(NONEG))
allocate(SNEG(NONEG))
allocate(ANEG(NONEG))
do i=1,NONEG
read(99,*) NEGA(,:)
NEG(,1)=1/real(NEGA(1,1)*2)*100;NEG(,2)=1/real(NEGA(},2)*2)*100
print *, "effective population size from " NEGA(,1),” to " NEGA(,2),” generations ago
print *, "using average LD of distance between "NEG(1),” and " NEG(,2)
enddo
close(99)
WF1=' !
write(WF1,fmt="(al6)") '('//adjustr(NOAF)//'il )’
print *, "reading format for Selected markers file is @ ",WF1
GDFNIP=GDD//GDFN1
GDFNIP=adjustl(GDFNIP)
open(98 file=GDFNIP,status="old")
GDFNIP=GDD//GDFN2
GDFNIP=adjustl(GDFNIP)
open(97 file=GDFNIP,status="old’)
MDFENIP=MDD//MDFN
MDFNIP=adjustl(MDFNIP)
open(96,file=MDFNIP,status="old")
ODFNIP=0ODD//"LD_Decay”//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(95,file=ODFNIP,status="unknown’)
ODFNIP=0ODD//"LD_STAT_BC"//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(94,file=ODFNIP,status='unknown’)
ODFNIP=0DD//"NE _estimation”//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(93,file=ODFNIP,status="unknown’)
ODFNIP=0DD//"LD_Adjacent”//OFT//" out”
ODFNIP=adjustl(ODFNIP)
open(92,file=ODFNIP,status="unknown’)
read(97,#*) Dummyl, Dummyl
read(96,*)
do MNO=1, NOM
read(98,fmt=WF1) GO12DS(MNO,:)
read(97,%) GF(MNO;:)
read(96,*) MN,DummyI DummyI, MP(MNO)
enddo
do CNO=1, NOAC
NOHTBC=0

"

- 177 -




write(92,%) "chromosome No. ”, CNO
SLDBC=0;ALDBC=0;SALDBC=0;AALDBC=0
do MNO1=SEMNBC(CNO,1), SEMNBC(CNO,2)
do MNO2=MNO1+1,SEMNBC(CNO,2)
HG=real MP(MNO2)-MP(MNO1))/CBPTCM
NOHTBC=NOHTBC+1

nMIHMIH=0;nMIHHE=0;nMIHMAH=0;nHEMIH=0;nHEHE=0;nHEMAH=0;nMAHMIH=0;nMAHHE=0;nMAHMAH=
0
do ANO=1,NOA
select case (GO12DS(MNO1,ANO))
case(0)
select case (GO12DS(MNO2,ANO))
case(0)
nMIHMIH=nMIHMIH+1
case(1)
nMIHHE=nMIHHE+1
case(2)
nMIHMAH=nMIHMAH+1
end select
case(1)
select case (GO12DS(MNO2,ANO))
case(0)
nHEMIH=nHEMIH+1
case(1)
nHEHE=nHEHE+1
case(2)
nHEMAH=-nHEMAH+1
end select
case(2)
select case (GO12DS(MNO2,ANO))
case(0)
nMAHMIH=nMAHMIH+1
case(1)
nMAHHE=-nMAHHE+1
case(2)
nMAHMAH=-nMAHMAH+1
end select
end select
enddo
nMIMI=2:nMIHMIH+nMIHHE+nHEMIH+real(nHEHE)/2
nMIMA=nMIHHE+2*nMIHMAH+real(nHEHE)/2+nHEMAH
nMAMI=nMAHHE+2+nMAHMIH+real(nHEHE)/2+nHEMIH
nMAMA=2:nMAHMAH+nMAHHE +nHEMAH+real(nHEHE)/2
do iter=1,50
MIMIf=nMIMI/(nMIMI+nMIMA+nMAMI+nMAMA)
MIMAf=nMIMA/(nMIMI+nMIMA +nMAMI+nMAMA)
MAMIf=nMAMI/(nMIMI+nMIMA +nMAMI+nMAMA)
MAMAf=nMAMA/(mMIMI+nMIMA+nMAMI+nMAMA)
prMIMIMAMA =(MIMIf*MAMAS)/(MIMIf*MAMA)+(MIMAf+*MAMIf))
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prMIMAMAMI=(MIMA f+xMAMIf)/(MIMIf+MAMAS)+(MIMA f+MAMIf))
nMIMI=2+nMIHMIH+nMIHHE +nHEMIH+(nHEHE *prMIMIMAMA)
nMIMA=nMIHHE+2:*nMIHMAH+(nHEHE *prMIMAMAMI)+nHEMAH
nMAMI=nMAHHE+2+nMAHMIH+(nHEHE*prMIMAMAMI)+nHEMIH
nMAMA=2snMAHMAH+nMAHHE+nHEMAH+(nHEHE*prMIMIMAMA)
newMIMIf=nMIMI/(nMIMI+nMIMA +nMAMI+nMAMA)
newMIMAf=nMIMA/(nMIMI+nMIMA +nMAMI+nMAMA)
newMAMIf=nMAMI/(nMIMI+nMIMA +nMAMI+nMAMA)
newMAMAf=nMAMA/(nMIMI+nMIMA+nMAMI+nMAMA)
DIFF=2*abs(newMIMIf-MIMIf)
if( DIFF < CONV ) exit
enddo
D=(newMIMIf+newMAMAf)-(newMIMA fsnewMAMIf)
rsquare=(D##2)/(GF(MNO1,1)*GF(MNO1,2)*GF(MNO2,1)*GF (MNO2,2))
SLDBC=SLDBC+rsquare
write(CNO+20,fmt="(2i15,f15.10,f15.12)") MNO1,MNO2,HG,rsquare
if(HG.le. DLFLDD) write(95,fmt="(2f15.10)") HG, rsquare
if(MNO2-MNOl.eq.1) then
SALDBC=SALDBC+rsquare
write(92 fmt="(2f15.10)") HG, rsquare
endif
do NEJ=1, NONEG
if(HG.gt. NEG(NE]J,2).and HG.gt. NEG(NE]J,2)) then
CNEG(NE])=CNEG(NE])+1
SNEG(NE])=SNEG(NE]) + rsquare
endif
enddo
enddo
enddo
print *"haplotype frequency calculation of chromosome”, CNO, "is finished”
print *"haplotype number on chromosome”, CNO, "is”", NOHTBC
close(CNO+20)
ALDBC=SLDBC/real(NOHTBC);AALDBC=SALDBC/real(NOSMBC(CNO)+1)
STLD=STLD+SLDBC;STALD=STALD+SALDBC
NOTHT=NOTHT+NOHTBC
write(94,fmt="(al2,i5,i10,2f15.10)’) 'chromosome’,CNO,NOHTBC,ALDBC,AALDBC
enddo
ATLD=STLD/real(NOTHT);ATALD=STALD/real(NOM-NOAC)
write(94,fmt="(a27, 2f15.10)") "total’, ATLD, ATALD
write(93,%) 'Estimated effective population size’
do NEJ=1, NONEG
ANEG(NE])=SNEG(NE])/CNEG(NE])
EPS=(1/((NEG(NEJ,1)+NEG(NE],2))/200))*((1/ANEG(NE]))-1.0)
write(93,fmt="(i4,a3,i4,10x,{20.10)") NEGA(NE],1),” ~ " NEGA(NE],2),EPS
enddo
end program EOLD
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I Name : Single Marker Regression

! Developed by : Joonho Lee - PhD working in Hankyong National Univ.(Korea) zoonolee@gmail.com,
+82-10-3408-2895

! Version : Linux 1.0 (2012-04-09)

! Contents : 1. Estimation of marker effect

! 2. Test of significant using F distribution

program SMR

integer:: ANO=0,NOM=0,MNO=0,NOR=0,RNO=0,NOTR=0,TRNO=0,FENO=0,NOFE=0,Dummy,PCHNO=1,MAXP=0,S
G !numbers and counting variables

integer,allocatable:: TG012DS(:,:),G012DS (:,:), NOA (), FEDS(:,:) JOM(:,:), NOMWSGC(:,:),OMN(:), NOSM(:) !data
storage

real:: Jt],JtX Xt], XtX,JtY,XtY,YtY,det,mu_hat,g_hat,FF_val tmp,P_val logl0P_val, CLOP

real,allocatable:: PRDS(:)

character(len=3),allocatable::NAOTR(:)

character(len=8),allocatable::NOAF(:)

character(len=50),allocatable::MN(:)

character(len=8)::OF T,NOMF ,NOFEF,NOTRF

character(len=4):MAXPF

character(len=16):"-WF1,WF2 WF3 WF4, WF5

character(len=220)::MDD,0DD,GDD1,GDD2,PDD

character(len=30)::GDFN1,GDFN2,PDFN,MDFN
character(len=250)::MDFNIP,GDFNIP1,GDFNIP2,ODFNIP,PDFNIP,PF

Ireading parameters

print *)
stk sksk sk sfokosk ok kosk skt skokosk skok

print *, "MGP_Lv1 : Extent of Linkage Disequilibrium Linux version 1.0”

print *, "Developed by Joonho Lee : zoonolee@gmail.com, +82-10-3408-2895"

print *, "Genotype data form is the results of Post_fastPHASE and of converted genotype 0,1,2"

print *, "Maximum number of trait is 20”

print *, "Phenotype data form is animallD, Fixedeffect..., Trait...”

print *, "Fixed effect must be numbered as integer”

print *, "Trait name must be consisted of 3 character ex) EMABFT,...”

print *, "Please enter the name of parameter file including path(ex) ./parGRDH"

print )
1 s s sk sk sk s sk sk sk sk ok ot ok ok s ook ok sk sk ok sk ok sk ok st ok ok sk st sk ok sk sk sk sk ok sk o ok skl s sk sk sk sk sk st ok sk sk ook sk sk sk ok sk ok sk st ok sk sk s ok sk sk sk sk sk ok sk sk ook skl sk sk skok sk stk skok ok skok skokokok ok
sk stk ok skoskok ok skokok ok ok

read *, PF

PF=adjustl(PF)

open (99, file=PF)

read (99,%) OFT

print *, "file tag ", OFT

read (99,%*) NOM

read (99,*) MAXP
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read (99,%) CLOP
read (99,%*) NOTR
allocate(MN(NOM))
allocate(OMN(NOM))
allocate(IOM(NOM,2))
rewind(unit=99)
read (99,%*) OFT
read (99,%*) NOMF
read (99,%) MAXPF
read (99,%) CLOP
read (99,%*) NOTRF
print *, "number of markers”, NOM
print *, "number of traits”, NOTR
allocate(NAOTR(NOTR))
allocate(NOA(NOTR))
allocate(NOAF(NOTR))
allocate(NOSM(NOTR))
allocate(NOMWSG(MAXP+1,NOTR))
read (99,%) NAOTR(:)
print *, "name of traits and number of records”
do TRNO=1LNOTR
read (99,%) NOA(TRNO)
backspace(unit=99)
read (99,%*) NOAF(TRNO)
print *, NAOTR(TRNO),NOA(TRNO),NOAF(TRNO)
enddo
read (99,%) GDDI1
print *, "directory of matched genotype and phenotype data file ”, GDD1
read (99,%) GDD2
print *, "directory of Selected_Markers file ", GDD2
read (99,%) GDFN2
print *, "file name of Selected_Markers ", GDFN2
read (99,%*) ODD
print *, "directory of output file ", ODD
close(99)
ODD=adjustr(ODD)
GDD1=adjustr(GDD1)
GDD2=adjustr(GDD2)
GDFN2=adjustl(GDFN2)
GDFNIP2=GDD2//GDFN2
GDFNIP2=adjustl(GDFNIP2)
open(98 file=GDFNIP2,status="old’)
read(98 *)
do MNO=1,NOM
read(98,%) MN(MNO),OMN(MNO),JOM(MNO,1),JOM(MNO,2)
enddo
WF1=' "WE2=’ "TWE3=' "TWEF4=’
write(WF1,fmt="(al6)’) '(’//adjustr(NOMF)//'il )’
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write(WF2,fmt="(al6)’) '(a9,’//adjustr(NOTRF)//"al5)’
write(WF3,fmt="(al6)’) '(i9,'//adjustr(NOTRF)//’i15)’
write(WF4,fmt="(al6)") '(a9,’//adjustr(NOTRF)//'i15)’
print *, "reading format for matched genotype file is : ", WF1
print *, "writing format for number of signigicant markers file is : ", WF2 WEF3,WF4
ODFNIP=0DD//"SM_frequency”//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(97 file=ODFNIP,status="unknown’)
write(97,fmt=WF2) "-logl0_P”", NAOTR(:)
ODFNIP=0DD//"SM_numbers”//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(96,file=ODFNIP,status="unknown’)
NOMWSG=0
NOSM=0
do TRNO=1, NOTR
WEF5=' !
write(WF5,fmt="(al6)’) '('//adjustr(NOAF(TRNO))//'il )’
GDFNIP1=GDD1//"GT"//NAOTR(TRNO)//OFT//".out”
GDFENIP1=adjustl(GDFNIP1)
open(TRNO+10,file=GDFNIP1,status="old’)
GDFNIP1=GDD1//"PR"//NAOTR(TRNO)//OFT//" .out”
GDFNIP1=adjustl(GDFNIP1)
open(TRNO+30,file=GDFNIP1, status="old")
ODFNIP=0ODD//"ME"//NAOTR(TRNO)//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(TRNO+70,file=ODFNIP,status='unknown’)
write(TRNO+70,fmt="(a50,7a15)")"Marker
Name”,”Chromosome”,"Position”,”Mu_hat”,"Me_hat”,"F_val”,"P_val”,”-log10P_val”
allocate(TG012DS(NOA(TRNO),NOM))
allocate(G012DS(NOM,NOA (TRNO)))
allocate(PRDS(NOA(TRNO)))
do ANO=1,NOA(TRNO)
read(TRNO+10,fmt=WF1) TG012DS(ANO;:)
read(TRNO+30,*) PRDS(ANO)
enddo
G012DS=transpose(TG012DS)
close(TRNO+10)
close(TRNO+30)
ODFNIP=0ODD//"RG"//NAOTR(TRNO)//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(TRNO+10,file=ODFNIP,status='unknown’)
ODFNIP=0ODD//”"RM"//NAOTR(TRNO)//OFT//".out”
ODFNIP=adjustl(ODFNIP)
open(TRNO+30,file=ODFNIP,status="unknown’)
JtJ=NOA(TRNO)
I print *, "Jt]",Jt]
JtY=sum(PRDS)
I print * "JtY" JtY
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YtY=sum(PRDS**2)
I print * "YtY" YtY
do MNO=1,NOM
JtX=sum(TG012DS(: MNO))
Xt]J=JtX
! print *, "Xt] and JtX" Xt], JtX
XtX=sum(TG012DS (: MNO)#x*2)
! print *, "XtX" XtX
XtY=dot_product(TG012DS(:; MNO),PRDS)
! print *, "XtY" XtY
det=1/(Jt]+XtX-Xt]**2)
! print *, "det”,det
mu_hat=(XtXxJtY-JtX*XtY)*det
g_hat=(JtJ*XtY-XtJ*JtY)*det
F_val=(NOA(TRNO)-1)*abs(g_hat)*XtY/(YtY-abs(g_hat)*XtY)
tmp=(NOA(TRNO)-1)/((NOA(TRNO)-1)+1*F_val)
P_val=-BETAI((NOA(TRNO)-1)/2.,1/2.tmp)
log10P_val=log10(P_val)*(-1.0)
if(P_val.lt.CLOP) then
NOSM(TRNO)=NOSM(TRNO)+1
write(TRNO+30,fmt="(a50,i10,2i15,f15.10)") MN(MNO),OMN(MNO),IOM(MNO,1),IOM(MNO,2),P_val
write(TRNO+10,fmt=WF5) G012DS(MNO,:)
endif
do SG=1, MAXP
if(log10P_val.ge.(SG-1).and.log10P_val1lt.SG) NOMWSG(SG, TRNO)=NOMWSG(SG,TRNO)+1
enddo
if(log10P_val.ge. MAXP) NOMWSG(MAXP+1,TRNO)=NOMWSG(MAXP+1,TRNO)+1
if(PCHNO.neIOM(MNO,1)) then
print *, "Association test of trait-",NAOTR(TRNO),” using markers on chromosome” PCHNO,"is
finished”
endif
PCHNO=IOM(MNO,1)
write(TRNO+70,fmt="(a50,2i15,5f15.8)’) MN(MNO),JOM(MNO,1) IOM(MNO,2),mu_hat, g_hat, F_val, P_val,
log10P_val
! print '(5al15)’,"mu_hat”,"g_hat""F_val”,"P_val”,"log10P_val”
! print *, mu_hat, g_hat, F_val, P_val, loglOP_val
enddo
deallocate(TG012DS,G012DS, PRDS)
enddo
print *, "Association test of trait-", NAOTR(NOTR),” using markers on chromosome” PCHNO,"is finished”
do SG=1, MAXP
write(97,fmt=WF3) SG, NOMWSG(SG,:)
enddo
write(97,fmt=WF4) "over"//MAXPF NOMWSG(MAXP+1,:)
write(97,fmt=WF4) "recordsNo”,NOA(:)
write(97 fmt=WF4) "No.SM" NOSM(:)
write(96,fmt="(2a20)’) "Trait”,”Significant markers”
do TRNO=1, NOTR
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write(96,fmt="(a20,i20)’") NAOTR(TRNO),NOSM(TRNO)
enddo
end program SMR
!*******************************************************************
Returns the value In(Gamma(xx)) for xx>0. Full accuracy is obtained
lfor xx > 1. For 0<xx<1, the reflection formula can be used first:
" Gamma(l-z) = pi/Gamma(z)/sin(pi*z) = pi*z/Gamma(l+z)/sin(pi*z)
!*******************************************************************
Function GAMMLN(xx)
real*8 cof(6),stp,half,one,fpf,x,tmp,ser !internal arithmetic in double precision
data cof,stp/76.18009173D0,-86.50532033D0,24.01409822D0, &
-1.231739516D0,.120858003D-2,-.536382D-5,2.50662827465D0/
data half,one,fpf/0.5d0,1.d0,5.5d0/
X=XX—0ne
tmp=x+{pf
tmp=(x+half)*log(tmp)-tmp
ser=one
do j=1,6
X=X+one
ser=ser+cof(j)/x
end do
GAMMLN=tmp+log (stp*ser)
return
End
!********************************************
'Returns the incomplete beta function Ix(a,b)
!********************************************
Function BETAI(a,b,x)
if(x.1t.0..or.x.gt.1.) print *, ' Bad argument x in function Betal.’
if(x.eq.0..or.x.eq.l.) then
bt=0.
else
tmp=gammln(a+b)-gammln(a)-gammln(b)+a*alog(x)+b*alog(l.-x)
bt=exp(gammln(a+b)-gammln(a)-gammln(b) &
+axalog(x)+b*alog(l.-x))
end if
if (xlt.(a+1.)/(a+b+2.)) then 'use continued fraction directly
BETAI=bt*BETACF(a,b,x)/a
return
else
BETAI=1.-bt+*BETACF(b,a,1.-x)/b !use continued fraction after
return 'making the symmetry transformation
end if
End
!******************************************************************
! Continued fraction for incomplete beta function (used by BETAI)
!******************************************************************

Function BETACF(a,b,x)
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Parameter(MAXIT=100,EPS=3e-7,FPMIN=1e-30)
gab=a+b; gap=a+1.0; gam=a-1.0
c=1.0
d=1.0-qab*x/qap
if (abs(d) < FPMIN) d=FPMIN
d=1.0/d; h=d
do m=1, MAXIT
m2=2*m
aa=m*(b-m)*x/((gam+m2)*(a+m2))
d=1.0+aax*d
if (abs(d) < FPMIN) d=FPMIN
c=1.0+aa/c
if (abs(c) < FPMIN) c=FPMIN
d=1.0/d
h=hx*dx*c
aa=—(a+m)*(qab+m)*x/((qgap+m2)*(a+m2))
d=1.0+aa*d
if (abs(d) < FPMIN) d=FPMIN
c=1.0+aa/c
if (abs(c) < FPMIN) c=FPMIN
d=1.0/d
del=dx*c
h=hx*del
if (abs(del-1.0) < EPS) goto 10
end do !'m loop
10 if (m>MAXIT) then
print *," a or b too big, or MAXIT too small.’
else
! print *’ Number of iterations: ', m
end if
BETACF=h
return
END
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I Name @ Making Genomic Relationship Matrix

I Developed by : Joonho Lee - PhD working in Hankyong National Univ.(Korea) zoonolee@gmail.com,
+82-10-3408-2895

! Version : Linux 4.0 (2012-06-15)

I Contents 1. Ordering Animal information for Genomic Relationship Matrix

! 2. Making Genomic Relationship Matrix

! 3. Inversion of Genomic Relationship Matrix

! 4. Statistics of Relationship

program MGRM

integer:i,j,l,mk,an,ErrorF liostate & do_loop

integer:NOA=0,ANO=0,NOM=0,MNO=0 !number of animals and markers & animal and marekr number
integer,allocatable::MT(::) !data storage
real(10)::GF1=0,GF2=0,SEH=0,SG05=0,SGMF=0,AOMAF=0,SGF1,SSGF1,AGF1,VGF1,ALPHA BETA,P0,Q0,KGOFS,
TRGO5 !gnen frequencies & expected heterozygosity

real(10)::SOIBCG05=0,SSOIBCG05=0,A OIBCG05=0,SDOIBCG05=0,MINOIBCG05=0,MAXOIBCG05=0 !statistics for
population genetics
real(10)::SOIBCGMF=0,SSOIBCGMF=0,AOIBCGMF=0,SDOIBCGMF=0,MINOIBCGMF=0,MAXOIBCGMF=0
Istatistics for population genetics
real(10)::SOIBCGOF=0,SSOIBCGOF=0,AOIBCGOF=0,SDOIBCGOF=0,MINOIBCGOF=0,MAXOIBCGOF=0 !statistics
for population genetics
real(10)::SOIBCGOFS=0,SSOIBCGOFS=0,A0IBCGOFS=0,SDOIBCGOFS=0,MINOIBCGOFS=0,MAXOIBCGOFS=0
Istatistics for population genetics
real(10)::SOIBCGN=0,SSOIBCGN=0,AOIBCGN=0,SDOIBCGN=0,MINOIBCGN=0,MAXOIBCGN=0 !statistics  for
population genetics

real,allocatable::G05(:,:), JGO5(:,:), IBCGO5(:), W05(:,:), WMF(:,:) loutput data

real,allocatable::GMF(:,:) IGMF(:,:), IBCGMF(:)

real,allocatable::GOF(:,)) IGOF(:,:) IBCGOF(:)

real,allocatable::GOFS(:,:) IGOFS(:,:) IBCGOFS(:)

real,allocatable::GN(:,:) IGN(:,:),IBCGN(:)

real,allocatable::k(:),DII(:)

character(len=8)::OF T,NOAF

character(len=16):"-WF1,WF2 WF3

character(len=300)::Dummy

character(len=220)::ADD,0DD,GDD

character(len=30)::GDFN1,GDFN2,ADFN

character(len=250):: ADFNIP,GDFNIP,0DFNIP,PF

character(len=20),allocatable::ID(:)

Ireading parameters

print *
7 st s s s ke st sk sk sk sk st sk st st sk stk sk sk skt sk sk stk sk sk skt skt stk stk skt skt sk stk stk skosk kst sk sk skl stk sk kst skt skl stok skok kst sk sk kol stk sk skt skoskoskoskskok skl skskokskokok ok sk

sk stk ok stk sk sk okskokokskokskok”
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print *, "MGRM_Lv2 : Making Genomic Relationship Matrix & Basic Statistics Analysis Linux version 2.0”
print *, "Developed by Joonho Lee : zoonolee@gmail.com, +82-10-3408-2895"

print *, "Data form is the results of Post_fastPHASE and of converted genotype 0,1,2”

print *, "Please enter the name of parameter file including path(ex) ./parGRDH"

print *,

sfesi sk sk sk ki sk stk skok ok skskok ok

read *, PF

PF=adjustl(PF)

open (99, file=PF)

read (99,%) OFT

print *, "file tag ", OFT

read (99,%) NOA

rewind(unit=99)

read (99,%*) OFT

read (99,%) NOAF

print *, "number of animals”, NOA

read (99,%*) NOM

print *, "number of markers”, NOM

read (99,%*) GDD

print *, "directory of Post_Imputation output file ", GDD
read (99,%) GDFN1

print *, "name of allelic coding data file(example : Genotype012_OUT_TAG.out) ”, GDFN1
read (99,%) GDFN2

print *, "name of allele frequency data file(example : Genefrequency_OUT_TAG.out) ", GDFN2
read (99,%) ADD

print *, "directory of Selected animals file ", ADD
read (99,%) ADFN

print *, "name of Selected animals file(example : Selected_Animals_OUT_TAG.out) ", ADFN
read (99,%) ODD

print *, "directory of output file ", ODD

close(99)

allocate(ID(NOA))

allocate(MT(NOM,NOA))

allocate(GO5(NOA,NOA))
allocate(IGO5(NOA,NOA))

allocate(IBCGO5(NOA))

allocate(W05(3,NOM))

allocate(k(NOA))

allocate(GMF(NOA,NOA))
allocate(IGMF(NOA,NOA))
allocate(IBCGMF(NOA))

allocate(WMF (3,NOM))

allocate(GOF(NOA,NOA))
allocate(IGOF(NOA,NOA))
allocate(IBCGOF(NOA))

allocate(DII(NOM))

allocate(GOFS(NOA,NOA))

- 188 -




allocate(IGOFS(NOA,NOA))
allocate(IBCGOFS(NOA))
allocate(GN(NOA,NOA))
allocate(IGN(NOA,NOA))

allocate(IBCGN(NOA))

G05=0;1G05=0

GMF=0;IGMF=0

GOF=0;IGOF=0;

GOFS=0;IGOFS=0;

GN=0;IGN=0

WF1=' "TWE2=' "WE3='
write(WF1,fmt="(al6)") '(’'//adjustr(NOAF)//'115.11)’
write(WF2,fmt="(al6)’) '('//adjustr(NOAF)//'£22.15)’
write(WF3,fmt="(al6)') '(’//adjustr(NOAF)//'i1 )’
print *, WF1,WF2,WF3

ODD=adjustr(ODD)

GDD=adjustr(GDD)

ADD=adjustr(ADD)

GDFNIP=GDD//GDFN1
GDFNIP=adjustl(GDFNIP)

open(98 file=GDFNIP,status="old")
GDFNIP=GDD//GDFN2
GDFNIP=adjustl(GDFNIP)

open(97 file=GDFNIP,status="old")
ADFNIP=ADD//ADFN
ADFNIP=adjustl(ADFNIP)
open(96,file=ADFNIP status="old")
ODFNIP=0DD//"G05"//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(95,file=ODEFNIP,status="unknown’)
ODFNIP=0DD//"1G05"//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(94,file=ODFNIP,status="unknown’)
ODFNIP=0DD//"IBCG05"//OF T//" .out”
ODFNIP=adjustl(ODFNIP)
open(93,file=ODFNIP,status="unknown’)
write(93,fmt="(2a20)’) "Animal ID","Inbreeding coeff”
ODFNIP=0DD//"G05RC_selected”//OF T//" .out”
ODFNIP=adjustl(ODFNIP)
open(92,file=ODFNIP,status='unknown’)
ODFNIP=0ODD//"GMF"//OFT//" out”
ODFNIP=adjustl(ODFNIP)
open(91,file=ODFNIP,status="unknown’)
ODFNIP=0ODD//"IGMF"//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(90,file=ODFNIP,status="unknown’)
ODFNIP=0ODD//"IBCGMF"//OFT//" out”
ODFNIP=adjustl(ODFNIP)
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open(89,file=ODFNIP,status="unknown’)
write(89,fmt="(2a20)’) "Animal ID","Inbreeding coeff”
ODFNIP=0DD//"GMFRC_selected"//OFT//".out”
ODFNIP=adjustl(ODFNIP)
open(88,file=ODFNIP,status="unknown’)
ODFNIP=0ODD//"GOF"//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(87,file=ODFNIP,status="unknown’)
ODFNIP=0ODD//"IGOF"//OFT//" out”
ODFNIP=adjustl(ODFNIP)
open(86,file=ODFNIP,status="unknown’)
ODFNIP=0ODD//"IBCGOF"//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(85,file=ODEFNIP,status="unknown’)
write(85,fmt="(2a20)’) "Animal ID”,"Inbreeding coeff”
ODFNIP=0DD//"GOFRC_selected”//OFT//".out”
ODFNIP=adjustl(ODFNIP)
open(84,file=ODFNIP,status="unknown’)
ODFNIP=0ODD//"GOFS"//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(83,file=ODFNIP,status="unknown’)
ODFNIP=0ODD//"IGOFS"//OFT//" out”
ODFNIP=adjustl(ODFNIP)
open(82,file=ODFNIP,status='unknown’)
ODFNIP=0ODD//"IBCGOFS"//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(8l,file=ODFNIP,status="unknown’)
write(81,fmt="(2a20)’) "Animal ID”,"Inbreeding coeff”
ODFNIP=0DD//"GOFSRC_selected”//OF T//" .out”
ODFNIP=adjustl(ODFNIP)
open(80,file=ODFNIP,status="unknown’)
ODFNIP=0ODD//"GN"//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(79,file=ODFNIP,status="unknown’)
ODFNIP=0DD//"IGN"//OFT//".out”
ODFNIP=adjustl(ODFNIP)
open(78,file=ODFNIP,status="unknown’)
ODFNIP=0ODD//"IBCGN"//OFT//" .out”
ODFNIP=adjustl(ODFNIP)
open(77 file=ODFNIP,status='unknown’)
write(77,fmt="(2a20)’) ”"Animal ID”,"Inbreeding coeff”
ODFNIP=0DD//"GNRC_selected”//OF T//" .out”
ODFNIP=adjustl(ODFNIP)
open(76,file=ODFNIP,status="unknown’)
read(97,%) GF1,GF2
SGF1=0;SSGF1=0
do mk=1, NOM

read(98, fmt=WF3) MT(mk,:)
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read(97,%) GF1,GF2
AOMAF=AOMAF+GF1
SEH=SEH+(GF1+GF2x2)
DII(mk)=1.0/(NOM*GF1+GF2*2)
WO05(1,mk)=GF2x(-2)
WO05(2,mk)=1.0-GF2x*2
WO05(3,mk)=2.0-GF2x*2
SGF1=SGF1+GF1
SGF2=SGF2+GF2
SSGF1=SSGF1+GF1#x2
I SSGF2=SSGF2+GF 22
enddo
AGF1=SGF1/NOM
IAGF2=SGF2/NOM
VGF1=(SSGF1-(SGF1#*2/NOM))/NOM
IVGF2=(SSGF2-(SGF2++2/NOM))/NOM
ALPHA=AGF1%(AGF1%(1-AGF1)/VGF1-1)
BETA=(1-AGF1)*(AGF1%(1-AGF1)/VGF1-1)
AOMAF=AOMAF/NOM
Q0=ALPHA/(ALPHA+BETA)
PO=BETA/(ALPHA+BETA)
KGOFS=NOMx*((P0-Q0)*+2+(SEH/NOM)*((ALPHA+BETA+2)/(ALPHA+BETA)))
close(98)
close(97)
k=SEH
do mk=1, NOM
WMF(1,mk)=AOMAF*2-GF1%2-1.0
WMF(2,mk)=AOMAF*2-GF1x2
WMF (3,mk)=AOMAF*2-GF1%2+1.0
enddo
print *, "reading genotype is finished”
TRGO05=0
read(96,%)
do i=1,NOA
read(96,%) ID(i)
do j=1NOA
SG05=0
SGMF=0
SGOF=0
do 1=1,NOM
SG05=SG05+WO05(MT(LiD)+1,D)*WO0s(MT(1j)+1,1)
SGMF=SGMF+WMF(MT(1,)+1,)*WMFMT(1,j)+1,1)
SGOF=SGOF+WO05(MT(1,1)+1,D*WO05(MT(1,j)+1,)*DII(1)
enddo
IF(i.EQ.j) TRG05=TRG05+SG05
GO05(1,))=SG05/sart(k(D)*k(j))
GO05(j,1)=G05(,j)
GMF(1,))=SGMF/sqrt(k(i)*k(j))
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GMF(j,1)=GMF(,j)
GOF(,))=SGOF
GOF(j,)=GOF(,j)
GOFS(1,))=SG05/KGOFS
GOFS(j,)=GOFS(,j)
GN(1,j)=SG05
GN(,1)=GN(G,j)
enddo
enddo
GN=GN/(TRGO05/NOA)
close(96)
print *, "making genomic relationship matrix is finished ”
CALL FindInv(GO05, 1G05, NOA, ErrorF)
if(ErrorF.It.0) print *, "error status during inversion”
print *, "making inverse genomic relationship matrix is finished -G05”
CALL FindInv(GMF, IGMF, NOA, ErrorF)
if(ErrorF.1t.0) print *, "error status during inversion”
print *, "making inverse genomic relationship matrix is finished ~-GMF”
CALL FindInv(GOF, IGOF, NOA, ErrorF)
if(ErrorF.1t.0) print *, "error status during inversion”
print *, "making inverse genomic relationship matrix is finished ~-GOEF”
CALL FindInv(GOFS, IGOFS, NOA, ErrorF)
if(ErrorF.1t.0) print *, "error status during inversion”
print *, "making inverse genomic relationship matrix is finished ~GOFS”
CALL FindInv(GN, IGN, NOA, ErrorF)
if(ErrorF 1t.0) print *, "error status during inversion”
print *, "making inverse genomic relationship matrix is finished -GN”
do j=1, NOA
IBCG05(j)=G05(j,j)-1.0
SSOIBCGO5=SSOIBCGO5+IBCGO5(j)**2
write(93,fmt="(a20,20.10)") ID(j),IBCG05(j)
write(95,fmt=WF1) G05(j,:)
write(94,fmt=WF2) 1G05(,:)
do i=1,NOA
if(i.ge.j) write(92,fmt="(2i10,f15.10,2a22)") j,i, G05(j,),ID(),ID@)
enddo
enddo
AOIBCGO5=sum(IBCG05)/NOA;SDIBCG05=(SSOIBCGO5- (sum(IBCG05)#+2/NOA))/NOA
MINOIBCGO5=minval(IBCG05); MAXOIBCGO05=maxval(IBCG05)
write(93,fmt="(4a20)") "AOIBC”,"SDIBC”,"MINOIBC","MAXOIBC”
write(93,fmt="(4£20.10)") AOIBCG05,SDIBCG05MINOIBCG05,MAXOIBCGO05
do j=1, NOA
IBCGMF(j)=GMF(j,j)-1.0
SSOIBCGMF=SSOIBCGMF+IBCGMF (j)*%*2
write(89,fmt="(a20,f20.10)") ID(;),IBCGMF(j)
write(91,fmt=WF1) GMF(,:)
write(90,fmt=WF2) IGMF(,:)
do i=1,NOA
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if(i.ge.j) write(88,fmt="(2i10,f15.10,2a22)") j,i, GMF(j,),ID(j),ID()
enddo
enddo
AOQIBCGMF=sum(IBCGMF)/NOA;SDIBCGMF=(SSOIBCGMF - (sum(IBCGMF) #*2/NOA))/NOA
MINOIBCGMF=minval(IBCGMF);MAXOIBCGMF=maxval(IBCGMF)
write(89,fmt="(4a20)’) "AOIBC",”SDIBC”,”"MINOIBC"”,"MAXOIBC"
write(89,fmt="(4120.10)") AOIBCGMF ,SDIBCGMF MINOIBCGMF MAXOIBCGMF
do j=1, NOA
IBCGOF (j)=GOF(j,j)-1.0
SSOIBCGOF=SSOIBCGOF+IBCGOF (j)#x2
write(85,fmt="(a20,20.10)") ID(j),IBCGOF(j)
write(87 fmt=WF1) GOF(j,:)
write(86,fmt=WF2) IGOF(,:)
do i=1,NOA
if(i.ge.j) write(84,fmt="(2i10,f15.10,2a22)") j,i, GOF(j,),ID(j),ID()
enddo
enddo
AOIBCGOF=sum(IBCGOF)/NOA;SDIBCGOF=(SSOIBCGOF - (sum(IBCGOF)*%2/NOA))/NOA
MINOIBCGOF=minval(IBCGOF);MAXOIBC=maxval(IBCGOF)
write(85,fmt="(4a20)’) "AOIBC",”SDIBC”,”"MINOIBC"”,"MAXQIBC"
write(85,fmt="(4120.10)") AOIBCGOF,SDIBCGOF MINOIBCGOF MAXOIBCGOF
do j=1, NOA
IBCGOFS(j)=GOFS(j,j)-1.0
SSOIBCGOFS=SSOIBCGOFS+IBCGOFS(j)**2
write(81,fmt="(a20,20.10)") ID(;),IBCGOFS(j)
write(83,fmt=WF1) GOFS(j,:)
write(82 fmt=WF2) IGOFS(j,:)
do i=1,NOA
if(i.ge.j) write(80,fmt="(2i10,15.10,2a22)") j,i, GOFS(j,i),ID(j),ID@)
enddo
enddo
AOQIBCGOFS=sum(IBCGOFS)/NOA;SDIBCGOFS=(SSOIBCGOFS-(sum(IBCGOFS)**2/NOA))/NOA
MINOIBCGOFS=minval(IBCGOFS);MAXOIBCGOFS=maxval(IBCGOFS)
write(81,fmt="(4a20)’) "AOIBC",”SDIBC”,”"MINOIBC”,"MAXQIBC"
write(81,fmt="(4f20.10)") AOIBCGOFS,SDIBCGOFS ,MINOIBCGOFS ,MAXOIBCGOFS
do j=1, NOA
IBCGN(j)=GN(j,j)-1.0
SSOIBCGN=SSOIBCGN+IBCGN(j)**2
write(77,fmt="(a20,20.10)") ID(j),IBCGN(j)
write(79,fmt=WF1) GN(,:)
write(78,fmt=WF2) IGN(,:)
do i=1,NOA
if(i.ge.j) write(76,fmt="(2i10,£15.10,2a22)") j,i, GN@,1),ID(j),ID(i)
enddo
enddo
AOIBCGN=sum(IBCGN)/NOA;SDIBCGN=(SSOIBCGN-(sum(IBCGN)#**2/NOA))/NOA
MINOIBCGN=minval(IBCGN);MAXOIBCGN=maxval(IBCGN)
write(77,fmt="(4a20)’) "AOIBC","SDIBC","MINOIBC"”,"MAXOIBC"
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write(77,fmt="(4£20.10)") AOIBCGN,SDIBCGN,MINOIBCGN,MAXOIBCGN
print *, "estimating inbreeding coefficient is finished ”
end program MGRM
ISubroutine comes here
ISubroutine to find the inverse of a square matrix
!Author : Louisdal6th ak.a Ashwith J. Rego
Reference : Algorithm has been well explained in:
'http://math.uww.edu/ mcfarlat/inverse.htm
'http://www.tutor.ms.unimelb.edu.au/matrix/matrix_inverse.html
SUBROUTINE FINDInv(matrix, inverse, n, errorflag)
IMPLICIT NONE
!Declarations
INTEGER, INTENT(IN) :: n
INTEGER, INTENT(OUT) :: errorflag !'Return error status. -1 for error, 0 for normal
REAL, INTENT(IN), DIMENSION(n,n) :: matrix !'Input matrix
REAL, INTENT(OUT), DIMENSION(n,n) :: inverse !Inverted matrix
LOGICAL : FLAG = .TRUE.
INTEGER : i, j, k, 1
REAL ' m
REAL, DIMENSION(n,2*n) :: augmatrix 'augmented matrix

lAugment input matrix with an identity matrix

DOi=1n
DO j =1, 2xn
IF (j <= n ) THEN
augmatrix(i,j) = matrix(i,j)
ELSE IF ((i+n) == j) THEN
augmatrix(ij) = 1
Else
augmatrix(i,j) = 0
ENDIF
END DO
END DO

'Reduce augmented matrix to upper traingular form
DO k =1, n-1
IF (augmatrix(k,k) == 0) THEN
FLAG = FALSE.
DO i = k+1, n
IF (augmatrix(ik) /= 0) THEN
DO j = 1,2#n
augmatrix(k,j) = augmatrix(kj)+augmatrix(i,j)
END DO
FLAG = .TRUE.
EXIT
ENDIF
IF (FLAG .EQV. FALSE.) THEN
PRINT*, "Matrix is non - invertible”
inverse = 0

errorflag = -1
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return

ENDIF
END DO
ENDIF
DO j = k+1, n
m = augmatrix(j,k)/augmatrix(k,k)
DO i =k, 2#n
augmatrix(j,i) = augmatrix(j,i) - m*augmatrix(k,i)
END DO
END DO
END DO

Test for invertibility
DOi=1n
IF (augmatrix(i,i) == 0) THEN
PRINT*, "Matrix is non - invertible”
inverse = 0
errorflag = -1
return
ENDIF
END DO
'Make diagonal elements as 1
DOi=1,n
m = augmatrix(i,i)
DOj =1, (2 =*n)
augmatrix(i,j) = (augmatrix(i,j) / m)
END DO
END DO
'Reduced right side half of augmented matrix to identity matrix
DO k =n-1, 1, -1

DO i =1, k
m = augmatrix(i,k+1)
DO j = k, (2#n)
augmatrix(i,j) = augmatrix(i,j) —augmatrix(k+1,j) * m
END DO
END DO
END DO
Istore answer
DOi=1,n
DOj=1n
inverse(i,j) = augmatrix(ij+n)
END DO
END DO
errorflag = 0

END SUBROUTINE FINDinv
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program G_matrix

use typedef

implicit none

integer 1, j, k, 1o, ii, jj, NUL

integer :: chro, nmk, tnmk, n_nmk
integer, parameter :: nid=1232, nchro=18
character(len=128) :: filenamel, filename?2
character(len=10000) :: ex

integer :: unitF
character(len=1):BASE4)=(/"A’,’T''G’,'C’/)
type GENOV

character(1) :: INFOO

character(11):: INFO1

character(len=1) :: HAP(2nid)

integer :: GENOT(nid)

integer : temp(4)

real :: FREQ(4)

character(len=1) :: MaMi(2)

end type GENOV
type(GENOV),allocatable:: GENOC(:)
integer, allocatable :: GENOTYPE(:,:)
real, allocatable :: g_matrix(:,:)

do chro = 1, nchro
filenamel=iofname3(’gzip —d exam.MarkOl.phased.gz’ chro)
CALL system(filenamel)
filename2 = filenamel(9:26)
nmk=N_recf(filename2)
nmk = nmk-1
tnmk = nmk + tnmk
enddo

allocate(g_matrix(nid,nid), GENOTYPE(nid,tnmk))
tnmk = 0; n_nmk = 0; g_matrix = 0.0;

GENOTYPE = 0;
do chro=1, nchro

filenamel = iofname3(’'gzip —d exam.MarkOl.phased.gz’,chro)

filename2 = filenamel(9:26)
nmk=N_recf(filename2)
nmk = nmk-1
unitF=fopen(filename?2)
allocate(GENO(nmk))
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read(unitF, *)

print *, "chromosome=", chro, "nmk=", nmk

do i=1, nmk
read(unitF,* jostat=i0) GENOG)%INFO0, GENOG)%INFO1, &
((GENOG)%HAP(, k),j=1,2),k=1,nid)
iflo .ne. 0) exit
enddo

do i =1, nmk
GENO(i)%temp = 0;
do j= 1, nid
dok=1,2
select case(GENOG)%HAP(k,j))
case("A")
GENO(i)%temp(1) = GENO(i)%temp(1) + 1
case("T")
GENO(1)%temp(2) = GENOG)%temp(2) + 1
case("G")
GENO(i)%temp(3) = GENO(i)%temp(3) + 1
case("C")
GENO(1)%temp(4) = GENOG)%temp(4) + 1
end select
enddo
enddo
NUL = 0;
dojj=14
GENOG)%FREQ(j) = real(GENOG)%temp(jj)) / real(nid * 2.0)

if(GENOG)%FREQ(jj) > 0.5) then
GENO(1)%MaMi(1) = BASE(j))

else if(GENOG)%FREQ(j) .eq. 0.5) then
NUL = NUL + 1
GENO(G1)%6MaMi(NUL) = BASE(j)

else if(GENOG)%FREQ(j) .ne. 0.0) then
GENO(1)%MaMi(2) = BASE(j))

endif

enddo

enddo

do 1 = 1, nmk
n_nmk = n_nmk + 1
doj =1, nid
if(GENO()%HAP(1,j) .ne. GENOG)%HAP(2,j)) then
GENO()%GENOT(j) =1
else if(GENOG)%HAP(1,j) .eq. GENO()%HAP(2,j)) then
if(GENOG)%HAP(1,j) .eq. GENO(1)2%6MaMi(2)) then
GENO(1)%GENOT(j) = 0
else if(GENOG1)%HAP(1,j) .eq. GENO(1)%MaMi(1)) then
GENO®1)%GENOT(j) = 2
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else
GENOG1)%GENOT(j) = 5 ! This is error code
endif
endif
GENOTYPE(j,n_nmk) = GENO()%GENOT(j)
enddo
enddo

deallocate(GENO)
close(unitF)

enddo

open(50, file="./genotype.out’)

doi=1, nid
write(50, fmt="(50000(i2))") GENOTYPE(, :)
enddo

g_matrix=GOF(GENOTYPE)

open(5l1, file="./GOF.out’, status="unknown’)

doi=1, nd
do j = 1, nid
write(51, fmt="(2i5, 50000f8.4)") i, j, g_matrix(i,j) ! row, col, value
enddo
enddo

contains

function GOF(GENOTYPE) result(g_matrix)

integer : 1, j, nid, nmk

integer :: GENOTYPE(,:)

real : pq2

real, allocatable :: p_matrix(:,:), pi(:), p(:), z_matrix(:,:)

real, allocatable : tz_matrix(:,:), ztz_matrix(:,:), g_matrix(:,:)

nid = size(GENOTYPE,1)
nmk = size(GENOTYPE,2)

allocate(p_matrix(nid,nmk), pi(nmk), p(nmk), z_matrix(nid,nmk))
allocate(tz_matrix(nmk,nid), ztz_matrix(nid,nid), g_matrix(nid,nid))

pi = 0.0; p = 0.0; p_matrix = 0.0; z_matrix = 0.0;
pa2 = 0.0; tz_matrix = 0.0; ztz_matrix = 0.0;

GENOTYPE = GENOTYPE -1
do i=1, nmk
pii) = real(sum(GENOTYPEC(:i)) + nid) / real(nid*2)
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enddo

do i=1, nmk
p()=(pii) - 0.5)%2.0
p_matrix(:,i) = p(i)
enddo

z_matrix=GENOTYPE-p_matrix

do i=1, nmk
pa2 = (2.0 * pi) * (1.0-pi))) + pg2
enddo

tz_matrix = transpose_m(nid,nmk,z_matrix)
ztz_matrix=matmul(z_matrix,tz_matrix)

g_matrix = (ztz_matrix / pq2)

end function

function iofname3(nfile,iv) result(fname)
character(len=29)::nfile
integer:iv,il,i2,iz
character(len=29)::fname
character(len=2)::ch1
11=0; 12=0; 1z=0;
iz=ichar('0")
il=floor(iv/10.) +iz
i2=mod(iv,10)+iz
chl(1:1)=achar(il)
ch1(2:2)=achar(i2)
fname(1:17)=nfile(1:17)
fname(18:19)=ch1(1:2)
fname(20:29)=nfile(20:29)
fname=trim(fname)

end function

function transpose_m(nrow, ncol, matrix) result(t_matrix)
integer i n, i, nrow, ncol
real '@ matrix(nrow, ncol), t_matrix(ncol, nrow)
t_matrix=0.0;
do i=1, nrow
t_matrix(:,i) = matrix(i,:)
enddo
end function

end program
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program simgen4

I This program is to simulate haplotype data by generation and
| calculate linkage diseqilibrium by map distance and generation
! programed by Deukhwan Lee(May 1, 2009)

use prob; use kinds

implicit none

real,parameter::tolerance=1.0e-8 lengthU=1000,infinity=lengthU=*1000
integer,parameter::slength=9

integer,allocatable::PNTHAPC(:,:,:), PROHAPC(:,:,:), PED(.,),popgen(:)
integer,allocatable::ChromL(:),nmarker(:),nqtl(:),nloci(:), LOCATION(:),LOCATE(:),genotype(:)
integer-:PNT(2),RY(5),cross(100)

real,allocatable: EFFECT(:),PNTQTL(:,:;,:),PROQTL(:,:,)), ALFREQ(:), TALFREQ(:),Chr(:),BV(:,:)
real(r8),allocatable:: varG(:,:),varE(:)
integer::popsize,nbaseP,ngen,startgen,lastgen,igen,anim,nanim,maxchrL nsir,ndam,nupro,tanimal
integer::maxmarker,maxqtl,maxloci,mdist,scatterl,scatter2,wild,nchr,ichr,fromgen,togen,maxM,maxQ
integer::pnsir,pndam,pnupro,egen
integer::locusl,locus2,next,id,io,ir,ic,icount,gamete,locus,mlocus,which,ncross,LDopt
logical,allocatable::CHKMKR(:),CHKQTL(:)

real::rand,mutateM, mutateQ,sumco,Mdis,Qdis,val heri,phe,bvt,r2

real(r8)::scal,shap

integer kkk

linteger::startld, interld

character(len=50)::parfile

character(len=slength)::genfile

write(*,’(a)’ ,advance="no’)’ name of parameter file?’
read '(a)’ parfile

parfile=adjustl(parfile)

open(66,file=parfile)

read(66,*)

read(66,*)nbaseP
read(66,*)popsize
read(66,*)nsir,ndam,nupro
read(66,*)pnsir,pndam,pnupro
read(66,*)ngen
read(66,*)egen
allocate(popgen(0:ngen))

read(66,*)Mdis,Qdis ! 1cM distance(1,000,000bp) unit
read(66,*)scatterl,scatter2 ! 1cM distance(1,000,000bp) unit
read(66,*)scal,shap ! 1cM distance(1,000,000bp) unit
read(66,*)maxM,maxQ ! maximum number of alleles on Marker and QTL locus
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read(66,*)mutateM, mutateQ
mutateQ=mutateQ*Qdis/Mdis
read(66,*)fromgen,togen ! mutation time(from and to)
read(66,*)LDopt I LD calculate(1=calculate, others= no calculate)
read(66,*)startgen,lastgen
Iread(66,*)startld, interld
read(66,*)heri
read(66,*)nchr ! number of chromosomes
allocate(Chr(nchr),ChromL(nchr),nmarker(nchr),nqtl(nchr),nloci(nchr))
do ichr=1,nchr

read(66,*)Chr(ichr) I 1cM distance(1,000,000bp) unit
enddo
do ichr=1,nchr

ChromL(ichr)=Chr(ichr)*lengthU

nmarker(ichr)=Chr(ichr)/Mdis

nqtl(ichr)=Chr(ichr)/Qdis

nloci(ichr)=nmarker(ichr)+nqtl(ichr)
enddo
maxchrL=maxval(ChromL)
maxmarker=maxval(nmarker)
maxqtl=maxval(ngtl)

maxloci=maxval(nloci)

allocate(LOCATE(maxchrL) LOCATION (maxloci), CHKMKR (maxloci), CHKQTL(maxloci), EFFECT (maxloci),&
ALFREQ(maxloci), TALFREQ (maxloci),genotype(maxmarker))

call initseed()

call genped(popgen)
print*,'finished generating pedigree, generation & total animal=' ngen,popgen(ngen)

tanimal=popgen(ngen)
allocate(BV (tanimal,nchr),varG(0:ngen,nchr),varE(O:ngen))
BV=0.0; varG=0.d0; varE=0.d0

open(19, file="./locus_var”,status="unknown") Iy
open(21, file="/QTL_effect” status="unknown”) HHn
open(29, file="./tlocus_var” status="unknown”) |
do ichr=1,nchr

call set_seed(ChromL(ichr))

open(l,file="./simped.dat’,status="unknown’)

genfile=iofname(' HAPLOTYPE' ichr)

open(2,file=genfile,status="unknown’,recl=5000)

genfile=iofname(' GENOTYPE' ichr)

open(3 file=genfile,status="unknown’,recl=5000)

genfile=iofname(' LDCALC’ ichr)

open(4 file=genfile,status="unknown’)

call posit(ChromL(ichr),nmarker(ic
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! Bayesian program
! programed by Chungil CHO

program Bayesian
use prob; use kinds

implicit none

integer, parameter :: no_chro=29, numiter=10000
integer :: allele(10000)

integer, allocatable :: x(:,:)

real(kind=8), allocatable :: y(:), truea(:)
character(10) :: filename0

integer i 1, j, k, s, 10

integer i nmarker, nmk, nid

character(5000) :: aaa

real(kind=8) :: mean2pq, vara, scalea, xb
real(kind=8), allocatable :: b(:), meanb(:), var(:), ycorr(:)

integer : iter

real (kind=8) :: vare, rhs

real (r8):: v, invlhs, mean

real (kind=8), allocatable :: xb1(:)
integer :: locus

real (kind=8):: txy, txx, lhs

real (kind=8)::summ, accuracy
real (kind=8), allocatable :: ahat(:)
call random_seed

call initseed()

nid=0

open(2, file="./pheno’)
do

read(2, *, iostat=io)
if(io .ne. 0) exit
nid=nid+1

enddo

print *, nid

close(2)

nmk=0;

do s=1, no_chro
filenameO=iofnamel('geno’,s)
open(l, file=filename0)
read(l, *) aaa

nmarker=len_trim(aaa)
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nmk=nmarker+nmk
aaa=" '
print *, '‘chromosome=', s, 'nmk=", nmarker
close(1)
enddo
print *, 'nid=’, nid, 'nmk=', nmk
nmk=nmk+1
allocate(x(nid, nmk), y(nid), truea(nid))
open(2, file="./pheno’)
do i=1, nid
read(2, *) y(@)
enddo
x=1
do s=1, no_chro
filenameO=iofnamel('geno’,s)
open(l, file=filename0, iostat=io)
do 1=1, nid
read(1, fmt="(10000i1)’ iostat=io) allele
x(i, (nmarker#*(s-1)+2):(nmarker*(s—1)+nmarker+1))= allele
enddo
close(1)
enddo
mean2pq=0.5; vara= 1.0/20.0;
scalea =0.5%vara / (nmk*mean2pq)
allocate(b(nmk), meanb(nmk), var(nmk), ycorr(nid))
b=0.0; meanb=0.0; var=0.0; ycorr=0.0
b(1)=sum(y)/real(nid)
do i=1, nid
xb=0.0
do j=1, nmk
xb=x(1,))*b(j)+xb
enddo
yeorr(i)=y(i)-xb
enddo
allocate(xb1(nid), ahat(nid))
vare=0.0; v=1.0
do iter=1, numiter
do i=1, nid
vare=(ycorr(i)*ycorr(i))+vare
enddo
vare=vare/gen_chisq(v,(nid+3))
do i=1, nid
xb1(i)=x(,1)*h(1)
enddo
do i=1, nid
yeorr(i)=ycorr(i)+xb1(i)
enddo

rhs=sum(ycorr)/real(vare)
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invlhs=1.0/(nid/vare)
mean=rhs*invlhs
b(1)=gen_normal_scalar(mean, invlhs)
xb1=0.0
do i=1, nid
xb1(1)=x(1,1)*b(1)
enddo
do i=1, nid
ycorr(i)=ycorr(i)-xbl(i)
enddo
meanb(1)=meanb(1)+b(1)
do locus=2, nmk
var(locus)=(scalea*4.0+b(locus)*b(locus)) / gen_chisq(v,5)
enddo
do locus=2, nmk
xb1=0.0
do 1=1, nid
xb1(i)=x(i,locus)*b(locus)
enddo
do i=1, nid
yeorr(i)=ycorr(i)+xb1(i)
enddo

txy=0.0
do i=1, nid

txy=x(i, locus)*ycorr(i)+txy
enddo

rhs=txy / vare

txx=0.0
do i=1, nid

txx=x(i, locus)*x(i,locus)+txx
enddo

lhs=(txx / vare) + (1.0 / var(locus))

invlhs=1.0 / lhs
mean=invlhs*rhs
b(locus)= gen_normal_scalar(mean, invlhs)
xb1=0.0
do i=1, nid
xb1(1)=x(i,]ocus)*b(locus)
enddo
do i=1, nid
ycorr(i)=ycorr(i)-xb1(i)
enddo
meanb(locus) = meanb(locus) +b(locus)
enddo
if(mod(iter,100) .eq. 0) then

I 4+1
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print *, "iteration=", iter
print *, "b(locus)= ", b(1:3)
endif
enddo

do i=1, nmk
meanb(i) = meanb(i) / real(numiter)
enddo

do i=1, nid
summ=0.0
do j=1, nmk
summ=x(i,j)*meanb(j)+summ
enddo
ahat(i)=summ
enddo

open(3, file='./truea’, iostat=io)
do i=1, nid

read(3, *) truea(i)
enddo

accuracy=corr(truea, ahat)

print *, "corr=", accuracy

open (51, file="./ahat.out’)

open (52, file="./meanb.out’)

do i=1, nid

write (51, fmt="(f10.6)") ahat(i)
enddo
do i=1, nmk

write (52, fmt="(f10.6)") meanb(i)
enddo

contains

function iofnamel(nfile,iv) result(fname)
character(len=+)::nfile

integer:iiv,il,i2,iz
character(len=6)::fname
character(len=2)::ch1

i1=0; i2=0; iz=0;

iz=ichar('0")

i1=floor(iv/10.)+iz
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i2=mod(iv,10)+iz
chl(1:1)=achar(il)
ch1(2:2)=achar(i2)
fname(1:4)=nfile(1:4)
fname(5:6)=ch1(1:2)
fname=trim(fname)

end function

function corr(truea,ahat) result(accuracy)

real(kind=8)::truea(:),ahat(:),accuracy

real(kind=8)::sm(2),ss(2,2)

integer:nr,ir

nr=size(truea,l)

sm=0.0; ss=0.0; accuracy=0.0

do ir=1,nr
sm(1)=sm(1)+truea(ir)
sm(2)=sm(2)+ahat(ir)
ss(1,1)=ss(1,1)+truea(ir) *truea(ir)
ss(1,2)=ss(1,2)+truea(ir)*ahat(ir)
ss(2,2)=ss(2,2)+ahat(ir)*ahat(ir)

enddo

accuracy=(ss(1,2)-sm(1)*sm(2)/nr)/sqrt((ss(1,1)-sm(1)*sm(1)/nr)*(ss(2,2)-sm(2)*sm(2)/nr))

end function

function average(x) result(z)
real::x(:),z,sm
integer:nr,ir
nr=size(x,1)
sm=0.0; z=0.0
do ir=1,nr
sm=sm+x(ir)
enddo
z=sm/nr

end function

end program
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! BLUP and GBLUP
! programed by Chungil CHO

library ("MASS")
desgn <- function(v) {
if(is.numeric(v)){
va=v
mrow = length(va)
mcol = max(va)
}
if(is.character(v)){
vf = factor(v)
va = as.numeric(vf)
mrow = length(va)
mcol = length(levels(vf))
}
X = matrix(data=c(0), nrow=mrow, ncol=mcol)
for(i in I'mrow){
ic = valil
Xliic] = 1
}
return(X)
}
ainv = function(pedi){
n = nrow(pedi)
Ainv = matrix(c(0), nrow = n, ncol = n)
for ( 1in 1:n) {
animal = pedili,1]
sire = pedili,2]

dam = pedi[i,3]

if (sire == 0 & dam == 0) {
alpha = 1
Ainv[animal,animal] = alpha + Ainv[animal,animall]

}

else if (sire '= 0 & dam == 0) {
alpha = 4/3
Ainv[animal,animal] = alpha + Ainv[animal,animall
Ainv[animal,sire] = -alpha/2 + Ainv[animal,sire]
Ainv(sire,animall = -alpha/2 + Ainv[sire,animal]
Ainv[sire,sire] = alpha/4 + Ainv[sire,sire]

}

else if (sire == 0 & dam != 0) {
alpha = 4/3
Ainv[animal,animal] = alpha + Ainv[animal,animall

—alpha/2 + Ainv[animal,dam]

Ainv[animal,dam]

Ainv[dam,animal] —alpha/2 + Ainv[dam,animal]
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Ainv[dam,dam] = alpha/4 + Ainv[dam,dam]
}

else {
alpha = 2
Ainv[animal,animal] = alpha + Ainv[animal,animal]
Ainvl[animal,sire] = -alpha/2 + Ainv[animal,sire]
Ainv[sire,animal] = -alpha/2 + Ainv[sire,animall

Ainv[animal,dam] —alpha/2 + Ainv[animal,dam]

Ainv[dam,animal] —alpha/2 + Ainv[dam,animal]
Ainvl[sire,sire] = alpha/4 + Ainvlsire,sire]

Ainv(sire,dam] = alpha/4 + Ainv|[sire,dam]
Ainv[dam,sire] = alpha/4 + Ainv[dam,sire]

Ainv[dam,dam] = alpha/4 + Ainv[dam,dam]

)
return(Ainv)
}
gma=function(gped){
library (MASS)
library (GeneticsPed)
M1=gped
M= M1[,2:ncol(M1)]-1
pl=round((apply (M,2,sum)+nrow(M))/(nrow(M)*2),3)
p=2#(pl-.5)
P = matrix(p,byrow=T,nrow=nrow (M),ncol=ncol(M))
7 = as.matrix(M-P)
b=1-pl
c=pl*b
d=2+#(sum(c))
77t = 7 %*% t(Z)
G = (ZZv/d)
return(G)
}
a_matrix=function(ped){
NRM-=matrix(0,nrow(ped),nrow (ped))

for(i in l:nrow(ped)){
a=ped[i,1]
s=ped[i,2]
d=pedli,3]
if(s > 0 && d > 0)f
for(j in 1:(a-1))N{
NRMIj,al = 0.5+(NRMIj,s]+ NRMIj,d])
NRM[a,j] = NRM[j,al
}
NRMla,a] = 1 + 05 * NRM[sd]
} elsel
if (std > 0 && s*d == 0){
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for(j in 1:(a-1))X{
NRM[j,a] = 0.5 * NRM][j,s+d]
NRMla,j] = NRM][j,al

}
NRM[a,al = 1.0

return(NRM)
}
data=read.table("data.dat”)
ped=read.table("data.ped”)
sigma_a = 0.1
sigma_e = 0.9
alpha = sigma_e / sigma_a
X = desgn(datal,2])
7 = desgn(datal,1])
y = datal,3]
y=as.matrix(y)
ai = ainv(ped)
LHS = rbind(
chind(t(X) %%% X, t(X) %*% Z),
chind(t(Z) %+*% X, t(Z) %*% Z + ai * alpha)
)
RHS = rbind(t(X) %*% vy, t(Z) %% y)
gi_LHS = ginv(LHS)
sol = gi_ LHS %%*% RHS
gped=read.table("marker.geno”)
gped=gpedl[,c(-1)]
gm = gma(gped)
gi = ginv(gm)
LHS = rbind(
chind(t(X) %+%% X, t(X) %*% Z),
chind(t(Z) %+% X, t(Z) %% Z + gi * alpha)
)
RHS = rbind(t(X) %*% vy, t(Z) %*% v)
gi_LHS = ginv(LHS)
soll = gi LHS %%*% RHS
tbv=read
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