3aHATHe 2
[lonynaumMoHHaA reHeTUKa

TatbAHa TaTapuHoOBa




TaK uTo e Takoe GWAS? |

NccnepoBaHue NoJIHOFrEHOMHOM accoumaumm
Mwem SNP...
CBSA3aHHbIM C (DEHOTMIMOM.
e/lb:
O6BbACHATL
[loHMMaHUue
MexaHW3Mbl
Tepanua
[lpeackasbiBaTh
BMellaTenbCcTBO
[ipopunakTmKa




Accoumnaums

- Onpeaenenune

- Jltobasa cBA3b MeXay
IBYMSA U3MEPEHHbIMM Controls || |
BE/IMYMHAMMU, KOTOPAA ~ = = =ll=
Ae1aeT UX Cases _
CTAaTUCTUYECKM
3aBMCMMbIMM. Y

-~ HacneactBeHHOCTb individuals

- Jlona aucnepcuu,
00bACHAEMas
reHeTUKOM

- P=G+E+G*E

HacneactBeHHOCTb> O




Accoumnaums

- Onpepenenne

- Jliob6as CcBA3b MeXay
ABYMA U3MePEHHbIMU THETR] -
BE/IMYMHAMM, KOTOpas = = = 7.
Aenaet nx Cases
CTAaTUCTUYECKMU
3aBMCUMbIMMU.

-~ HacneactBeHHOCTb individuals

- flona pucnepcuum,
00bACHAEeMas
reHeTUKOU

PGSR EE. GYiE

HacnepacrtBeHHOCTb> O




[Toyemy?

OKpy>awLlasa cpeja, B3aMMOAENCTBME FeHOB M OKPYKalo
CNnoxHble 4yepTbl, HEOO/IbLIME 3P DEKTLI, pelKMe BapUaHT
YpPOBHM 3KCNpEeCCHMU reHoB

MeTtoaonorna GWAS?
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The case of the missing herital.:ility‘
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/In3zamH GWAS

Kenc-KoHTpoib
YeTKo onpeaeneHHbI «cnyqam»

M3BeCTHas Hac/eACTBEHHOCTb M |\

Bapuaumni

KonnyectBeHHble peHOTUMMYECKUE AaHHbIE
Hanpumep: PocT, KOHLUEHTpaLums 6MoMapKepoB
ABHble MoaEeNU

Hanpumep. JJOMUMHAHTHbIX MU PELIECCUBHbIN
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[lpouecc
- Busyanmsauma
- QunoreHeTnka
- PCA
- KoppeKuua aaHHbIX
~ [@HOMHbIWN KOHTPO/1b
- Perpeccmna no oCHOBHbIM
KomnoHeHTam PCA

CtpaTMduUKauma HaceneHmsa

Eigenvalues



YTOo e TaM, B Hawmx AaHHbIX? [TprMmeHnm PCA
MeToa rnaBHbIX KOMMNOHEHT
/lnAa Havyana pacCMOTPUM MPOCTbie NpUMepbI

MeTo/1 OCHOBHBLIX KOMIMOHEHT - NOAGOP HOBOM CUCTEMbI KOOPAMHAT, KOT
Mo3BOJIAET ONMCaTb HaM MHOFOMEPHbIE JJaHHbIE MEHbBLLMM KOIMYECTBO

nepemMeHHbIX.
y
A MoyeMy 3TO BO3MOXKHO: MHOIME M3 U3MEPEHMI 3aBUCAT APYr OT Apyra.
Hanpumep, y Bac ecTb AaHHbIe O JIErKOBbIX MallMHaXxX, M pacxoj 6eH3uHa
A b YKa3aH Kak B MMJISIX HA Fa/iJIoH, TaK U B KMIOMeTpax Ha nuTp. Koppensauus B

\/ 3TOM CJlyYae ujeasbHas.
MosToMy Ha nepeom ware PCA cuntaetca mMatpuua Koppenaumn. MotomM ansa

3TOM MATPMULIbl BbIYMCNIAOTCA COBCTBEHHbIE BEKTOPA M COBCTBEHHbIE
. X 3HayeHua (nMHenHana anreépal). Co6CTBEHHbIM BEKTOP, COOTBETCTBYIOLL,
Hanbo/blleMY COBCTBEHHOMY 3HAYEHMIO COBMAAAET C HanpaB/IeHNEM
HaMbONbLUErO M3MEHEHMSA.

HoBasi ocb PC1 cooTBeTCTBYET HanpaBneHnto HanborsbLLIENo N3MEHEHNS
B JaHHbIX.



[pumep: nnaHeTbl CONHEYHOM CUCTEMDI

MnaHeTta PacctosHn | Ouametp MnoTHOCTbL
e oo
conHua
Mepkypun 0.387 4878 5.42
BeHepa 0.723 12104 5.25
3emns 1 12756 5.52
Mapc 1.524 6787 3.94
lOnutep 5.203 142800 1.314
CatypH 9.539 120660 0.69
YpaH 19.18 51118 1.29
HenTyH 30.06 49528 1.64
MnyToH 39.53 2300 2.03

Kak Bbl AyMaeTe, eCTb KaKaA Koppenaunua Mexay Ko




[pumep: nnaHeTbl CONHEYHOM CUCTEMDI

Koppenauna mexay KoJIOHKamMm?

PaccTosiHme OnameTp MnoTtHocTb
[0 conHua
PaccTosiHue 1.00 -0.05 -0.59
[0 conHua
Aunametp -0.05 1.00 -0.71
MnoTHocTb -0.59 -0.71 1.00

MnaHeTta PacctosanHn | Ouametp MnoTtHoCcTbL
e oo
conHua
Mepkypun 0.387 4878 5.42
BeHepa 0.723 12104 5.25
3emnsa 1 12756 5.52
Mapc 1.524 6787 3.94
lOnuTep 5.203 142800 1.314
CartypH 9.539 120660 0.69
YpaH 19.18 51118 1.29
HenTyH 30.06 49528 1.64
MnyToH 39.53 2300 2.03

Tpu n3amepeHna ABHO U3ULLHU




YTO NnoKa3biBaeT

PCA?

nponopums ancnepcumn

PC1 PC2 PC2
CtaHgapTHOoe 1.379158 1.024481 0.219917
OTKITOHEHME
[Mponopumna gucnepcun 0.634025 0.349854 0.016121
Ha KOMMOHEHTY
CoBokynHas 0.634025 0.983879 1

CKOJIbKO KOMMNOHEHT OCTaBUThb? /lBa Noaxoaa

1. Bce co ctaHAapTHbIMU OTKJIOHEHMAMMK GoNbLLE 1
2. CoBoKynHasa nponopuma aucnepcum 6onbwe 0.9
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JdPEKT HOpMANM3aLUM: AAEM PABHbIU LLIAHC
pa3HbIM Fpynnam U3MepPEHMU

C HopMa/IM3aUMeEN 2 KOMMOHEHTbI

be3 HopMmanms
KOMMOHEHTa
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Tenepb Nonpobymte camm

# 3arpy3nte dpann ¢ JaHHbIMU NNaHeT

# planets.csv

Planets=read.csv('Planets.csVv', row.names = 1); Planets
cor(Planets)

pcaPlanets=princomp(Planets, cor=T)
summary(pcaPlanets)

biplot(pcaPlanets)

loadings(pcaPlanets)




[loBTOpUM ynparKHEHME C JAHHbIMM O CTPaH

CtpaHa HaceneHnue, mun [oxoa Ha Aywy HaceneHus, Mnowapb, KM
aonn
4 -2 0 2 4
United States 292.6 38600 9809431 L L L L
© _|
China 1309 4910 9556100 =
- <
Japan 127.8 27400 377801
b N
India 1084 2850 3203975 o
Germany 82.75 26600 356955 :
Turkey Indonesia India - o
United Kingdom 59.77 26700 244101 g —
South Affigxico
South Korea
France 60.09 26500 547026 S span  Argenting
£ ; lat
S Unnw"‘ population
q) Italy 57.24 26500 301277 O o Netherian
o china [~ ©
la) Brazil 183.3 7820 8511996 )
I Brazil
I Russia 144.2 8620 17075400 &
S
(UE Mexico 105.8 9170 1967183 verage.income b — o
Canada 32.09 29500 9970610
g — Canada
Spain 40.97 22400 504750
United States Russias
South Korea 48.02 18800 99016 I I I I I I Al
04 02 0.0 02
Indonesia 230.9 3090 1948732
Comp 1
Australia 20.07 27900 7682300
South Africa 45.17 12200 1220662
Bonpochbli:
Turkey 71.54 6800 779452
Hy>HO /11 NpoBOAMTL HO
Netherlands 16.32 29800 41640
CKO/IbKO T/1aBHbIX KOM
Argentina 38.64 12300 2780400




Pe3syabTathl

Koppensauuna Hacenenne | Hoxoa Ha Mnowaab
ayuy

Hacenenue 1 -0.46375 0.274766

Jloxon Ha -0.46375 1 -0.11911

ayuly

Mnowaab 0.274766 -0.11911 1

PC1 PC2 PC3

CraHpgapTHoe 1.263472 0.946988 0.711935
OTKINOHEeHune

Mponopuus 0.53212 0.298929 0.168951
ancnepcum

CoBokynHas 0.53212 0.831049 1
npornopums
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[IlpocTada KapTta

install.packages(“maptools”)

library(maptools)

data(wrld_simpl)

myCountries = wrld_simpl@dataSNAME %in% row.names(Countries)

plot(wrld_simpl, col = c(gray(.80), "red”)[myCountries+1])




He coBcem npocTas KapTa

MAX_INCOME=max(CountriesSaverage.income)
# po6aBMIN KOJIOHKY
CountriesSindex=round(10*CountriesSaverage.income/MAX_INCOME); Countries
COL=rainbow(10) # 3aganu useTa
ALL_COUNTRIES=as.data.frame(cbind( as.character(wrld_simpl@dataSNAME ), gray(.80)))
head(ALL_COUNTRIES) # co3aann HOBbIM 06LEKT
names(ALL_COUNTRIES)=c('Name', "Color")
row.names(ALL_COUNTRIES)=ALL_COUNTRIESSName
for(i in 1:dim(Countries)[1]){

ALL_COUNTRIES[row.names(Countries)[i], Color']=COL[Countries[i,'index]]

3 . ¥
head(ALL_COUNTRIES)# ugeT 3aBMCMT OT A0x04a ,.-.i : 3
unique(ALL_COUNTRIESSColor)# ckosibko kaTteropmii? . ggggg o
plot(wrld_simpl, col = ALL_COUNTRIESS$Color) # Hapumcosanm kapTy $ 11580

= $19300
" $23160
= $27020

sort(unique(CountriesSindex))*MAX_INCOME/10, COL[sort(unique(CountriesSindex))] : gggggg

# nobaBman nereHay

legend(‘bottomleft’,
legend = paste("$",sort(unique(CountriesSindex))*MAX_INCOME/10),
col= COL[sort(unique(CountriesSindex))], pch=15)



K-MEANS

install.packages(“cluster”)

library(cluster)

Countries_clusters=kmeans(Countries[,1:3], centers=4, nstart=25)
clusplot(Countries, Countries_clustersScluster,labels=3, color=TRUE)

ccs=data.frame(sapply(Countries[,1:3], scale)) ##Hopmanmzauma
rownames(ccs)=rownames(Countries)
Countries_clusters_scaled=kmeans(ccs, centers=4, nstart=25)
clusplot(ccs, Countries_clusters_scaledScluster,labels=3, color=TRUE)
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Bo3BpalllaeMca K HYK1eoTuaam
CKavamTe AaHHble B Bally paboyyto
AUPEKTOPUIO

- sativas413.ped

- sativas413.fam

- sativas413.map

- sativas413.pheno

- sativas413.csv

Mactepckaa GWAS




buoamoTeku

#install packages

install.packages(c("poolr”,"qgman”,"BGLR","rrBLUP","DT", "dplyr"))

install.packages(c("rnaturalearth”, rnaturalearthdata’, rgeos’,'ggspatial’))

devtools::install_github("dkahle/ggmap”, ref = "tidyup")

if (IrequireNamespace("BiocManager”, quietly = TRUE))
install.packages("BiocManager”)

BiocManager::install("SNPRelate")




buoamoTeku

library(rrBLUP)
library(BGLR)
library(DT)
library(SNPRelate)
library(dplyr)
library(qgman)
library(poolr)
library(OpenStreetMap)
(

library(rjson)

library(rgdal)
library(RgoogleMaps)
library(mapproj)
library(sf)

(
(
(
(
library(OpenStreetMap)
library(ggplot2)
library(sf)
library(rnaturalearth)

(

library(rnaturalearthdata)




Llar 1. NMoarotoBka AaHHbIX SNP B R

rm (cnmcok = Is ())

setwd («# Baw paboyuni KaTanor, coaepawmm darmn»)
Geno<- read_ped ("sativas413.ped")

head(Geno)

# o6beanHAET faHHble MapkepHoro annens B dopmarte 0, 1, 2 1 3; 2 npeAcTaBAAET OTCYTCTBYOLWME AaHHbIE
p = GenoSp; p

n = GenoSn; n

Geno = GenoS$x; Geno

# MHdopmauma o NnpucoeanHEHUM

FAM <- read.table("sativas413.fam”); head( FAM )

# MHdopmauua 0 NONOXKEHMU CHUMNOB HA FreHOMe

MAP <- read.table("sativas413.map"); head( MAP )

# NepekoampoBaTb JaHHble B dann ped

Geno[Geno == 2] <- NA # [peobpa3oBaHMe OTCYTCTBYIOLMX AaHHbIX B NA

Geno[Geno == 0] <- 0 # Npeo6pa3zoBaHue 0 AaHHbIX B 0

Geno[Geno == 1] <- 1 # Npeo6pa3zoBaHre 1 B 1

Geno[Geno == 3] <- 2 # lNpeobpa3oBaHue 3 B 2

# Npeobpa3oBaHWe AaHHbIX MapKepa B MaTpuLy, TPaHCMOHUMPOBaHUE M NPOBEPKa pa3mepa
Geno <- matrix (Geno, nrow = p, ncol = n, byrow = TRUE)

eno<- t (Geno)

im(Geno)

\ Mactepckaa GWAS

00 Homozygote "1"/"1"
01 Heterozygote

10 Missing genotype
11 Homozygote "2"/"2"




LLlar 2. CyntamTte aaHHble deHoTmna B R

## npounTaTb PeHOTMN
ris.pheno <- read.table ("sativas413.pheno”,
header = TRUE, stringsAsFactors = FALSE, sep = "\t")
# MpOCMOTpP NepBbIX HECKOJIbKMX CTOJIOLIOB U CTPOK AaHHbIX
ris.pheno [1: 5, 1: 5]
dim( ris.pheno)
# cpaBHUTb C PEHOTMMMYECKMM har/IOM
rownames (Geno) <- FAMSV2; head(Geno)
table(rownames (Geno) == ris.phenoSNSFTVID)

# Tenepb faBamTe M3BJIEYEM NEPBbIM (PEHOTUMN MPUMMLLEM Er0 0OBEKTY Y
y <- matrix (ris.phenoSFlowering.time.at.Arkansas) # 1cnosib3oBatb nepBbii (heHOTUN
rownames (y) <- ris.phenoSNSFTVID

index<-lis.na (y)

y <-y [index, 1, drop = FALSE] # 374

eno <- Geno [index,] # 374 x 36901
able(rownames (Geno) == rownames (Y))



Lar 3. dunbtpauma gaHHbIX SNP.....

# 34ecb Mbl 6yaeM Ucnosib3oBaTb UMKA for, YTobbl onpeaennTb HegocTarouwme 1 npeobpaso
3HaYeHMA No CTOJIOLAM.

for (j in 1: ncol (Geno)) {

Geno [, j] <- ifelse (is.na (Geno [, j]), mean (Geno [, j], na.rm = TRUE), Geno [, j])
3
# OUNbTp peakux anneneun. 3aecb Mbl byeM yompaTb annenm ¢ 4YacToTom <5% M coxpaHATb 06bEKT
# 3aTeM Mbl CONOCTaBUM M OTOPOCMM MapKepbl M3 (anna MHPOpMaLMM O KapTe M COXPaHUM €ro Kak
p <- colSums (Geno) / (2 * nrow (Geno))
maf <- ifelse (p> 0.5, 1 - p, p)

maf.index <- kotopbi1 (maf <0,05)

Geno1 <- Geno [, -maf.index]

dim(Geno1)

dim(Geno)

NOAMHOXEeCTBO Ha OCHOBE COXpPaHeHHbIX SNP
AP1 <- MAP [-maf.index,]; dim(MAP1)



Lar 4. CTpyKTypa nonyaaumm

# Co3aatb ban/1 reHomMaTpULbl M HA3HAYUTb MMEHA CTPOK M CTON6L0B M3 da
map

Geno1 <- as.matrix (Geno1)
sample<- row.names (Geno1)
length(sample)
colnames(Geno1) <- MAP1 S V2
snp.id <- colnames (Geno1)
length(snp.id)
snpgdsCreateGeno ("44k.gds”, genmat = Geno1, sample.id = sample, snp.id = snp.id,
snp.chromosome = MAP1 S V1, snp.position = MAP1 S V4, snpfirstdim = F
# Tenepb oTkpouTe damnn 44k.gds
geno_44k <- snpgdsOpen ("44k.gds")
snpgdsSummary (“"44k.gds")

Mactepckaa GWAS



LLlar 5. PCA

#PCA aHanus
pca <- snpgdsPCA (geno_44k, snp.id = colnames (Geno1))

# rpadmk pesynbtatoB PCA

pca <- data.frame (sample.id = row.names (Geno1), EV1 = pca S eigenvect [, 1], EV2 = pca $
2], EV3 = pca $ eigenvect [, 3], EV4 = pca S eigenvect [, 4], stringsAsFactors = FALSE)

plot(pca S EV2, pca S EV1, xlab = "co6cTBeHHbIM BekTOp 3", ylab = "cobcTBEHHBIM BEKTOP 4")
# no6aBUTb MHPOPMALUIO O HAaCE/IEHUM Ha YYaCTOK

pca_1 <- read.csv ("sativas413.csv", header = TRUE, stringsAsFactors = FALSE)
pca_2 <- pca_1 [match (pca $ sample.id, pca_1 S NSFTV.ID),]

# U3BneYb MHDOPMALMIO O HacesileHUM 1 fo6aBUTb BbixoaHoM damn PCA
ca_population <- cbind (pca_2 S Sub.population, pca)

olnames (pca_population) [1] <- "Population”
MocTponTe U 106aBbTE HA3BAHUA HAcCENEeHUs

ot(pca_population $§ EV1, pca_population $ EV2, xlab = "PC1", ylab = "PC2", col = c (1: 6) [fac
a_population S Population)])

end(x = "right", legend= levels(factor (pca_population SPopulation)), col = c (1: 6), pch

AAh e rmtrem e \AAIAC



Llar 5a. Busyanmsauyma PCA

# U3BneYb MHDOPMALMIO O MECTOMNOIOKEHMM U A06aBUTb BbiIXxoaHOM chamn PCA

pca_country <- as.data.frame(cbind(as.numeric(pcaSEV1),as.numeric(pcaSEV2),as.numeric(pcaSE
as.numeric(pcaSEV4),as.numeric(pca_2SLatitude),
as.numeric(pca_2SLongitude)));head(pca_country)

names(pca_country)=c('PC1,'PC2','PC3','PC4",'LAT','LONG’)

names(pca_country)

pca_country=na.omit(pca_country)

# Koppenaums c reorpacuen

cor (pca_country [, 1: 6], use= 'pairwise.complete.obs’)

#map

map()

# onpeaenvTtb UBeTa ANA KapThl

NCOLS = 1+max (unique (round (50 * (pca_country $ PC1 - min(pca_country $ PC1)))))

NCOLS

COL = rainbow(NCOLS)

pca_countrySind1=round (50 * (pca_country $ PC1 -min((pca_country $ PC1)))) +1

points(pca_countrySLONG,pca_countrySLAT, col=COLS[pca_countrySind1], pch=16)
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HapylleHne paBHOBECHA MO CLEn
(LD)

- Annenuv B oTAe/NIbHbIX JIOKyCaxX 3aBUCUMbI
APyr OT Apyra

~ [lpobnema? la v HeT

~ C/nwKomM MHoro LD - npo6siema o wym >>
CUrHa

- HekoTtopble (npeackasyemble) LD moryT
ObITb NOJIE3HbI O MO3BOJIAET MCMNOJIb30BaTb

«MapKepHble» SNP

SNP index




MeToAabl TeCTUPOBaHUA accou,mau,m

CtaHaapTHbIM GWAS
OgHOMepHble MeToAbl
Mcnonbsosarms saammonerictawit R ILEseRe s
MHorosapuaHTHble METOAbI
MeTtoab! wtpadHom perpeccum (LASSO)

dakTopmanbHble Metoabl (PC Ha ocHoBe DAPC)




OAHOMepHblie MeToAbl

CTaTUCTMKA UHAMBUAYATIbHBIX \YVY
TeCcToB I\
[lonpaBKa Ha MHOXeCTBEHHOE Controls
TeCTMpoBaHMe == =T
Cases
Y
Bapuauun n
TectupoBaHue individuals

TouHbIM KpUTEpMU duwepa, KpuTepuin TeHaeHUMn KoxpaHa-ApMUTUAKA, KPUTEPUIA XM-KBaApaT,
JANCNEPCUOHHbIM aHaNu3

30/10TOM CTaHAAPT - TOYHbIK TecT Puuepa
UcnpasneHue

boHdeppoHH

3onoToM cTaHAapT - FDR




OaHomMepHbIM GWAS- cHibHble M cnhabble

CUNbHble CTOPOHbDI HepocTtaTKu

[lpocToTa MHoOromepHasa cuctema,
OZiHOMepHasa CTPYKTypa

BbluncnMTenbHO 6bICTPO

Pasmep adpdeKkTa oTaeNbHbI
SNP MoKeT 6bITb C/IMLLKOM

KoHcepBaTUBHbIN Ma/IeHbKUM.

JIerko MHTepnpeTmMpoBaTb MpenenbHble 3bdeKTb

oTAeNbHbIX SNP =
KOMOMHUPOBaHHbIE

3P PeKThI D
Wi







MHoroBapuaHTHblE METO/bl

HenpoHHbIe ¢
LITpacpHas perpeccus HelpoHHble ceTu,
[lapameTpu
lTpacHaa perpeccua LASSO ONTUMU3UPOBAHHbBIE An}%blBa}OIJJ, Wit
JNacTUYHaga ceTKa Azl er s K CKue ,qepéB
né)o%paMMM[ﬂBEﬁHﬁ
Perpeccusa xpebta (pmnax Perpeccus) bIGOP JIOrMYEeCKoM
=N bYHKLMM MoHTe-Kap
ANECOBCKMETTIORXO bl Jlornyeckaa perpeccuma Jlornyecka
BaMeEOBCKoe pasbueHue MoamdHumpoBaHHo@Erpeccus
baltecoBcKas ConocTaB/ieHMe nporpaMMmMpoBaHMe ..
JIOrUCTMHECKaA PETPeCCUBaiecoBCKOM accolmaLimm 3KCMNPeCCcUn reHoB &
C Bbl60P9M NnepEMEHHON anucTasa normyeckol peecegroe |
C/Iy4aMHOro nMomcKa YCTaHOBUTb CBARBorpammmpoBaHme and
rnoaxoA acCoUMaTUBHBIX
daKTopHble MeToabl HenapameTpuygciegosaH1M
S -PCA MeToz MHOroaKkToOpHOro o
parse Cnyuaiirhie neeh o
YMEHbLUEHMNA pa3MEPHOCTH OrpaHMYEeHHBIN

KoHTpoaupyembin PCA MeTo/, pa3aeneHu

®C Ha ocHose KOMGBMHATOPHBIN MeTog
DAPC (sn@ziwenme waHcos- pa36ueHms

Ha ocHoBe MDR

TecTMpoBaHKWe Ha accoLMaLmio




Puax perpeccua (Metoa

perynapmsauumn TUXOHOBA) C GWAS y=ul +>YXigi+e
Mcnoab3oBaHMeM nakeTa rrBLUP

Puax perpeccua BLUP
(Meuwissen et al. 2001)

¥i = Bo + Brw; + Baz; + €

Design matrix

https://rdrr.io/cran/rrBLUP/ma

n/GWAS.html ol .

Mozgenb MapKepHbIX 3 deKTOB Y €2
Y3 ,80 €3

Y - BEKTOP AaHHbIX e 8 |+ e

U - obuee cpeaHee Ys B €5

€6

1 - BEKTOp eaunHML Ye
. L Y7
X1 - MaTpuUa pacyeTa

g - FeHeTUYeCKMM 3PdEKT i-ro

MapKepa Puax perpeccus - 3To Cnocoo6 co3aaHua MOAENU, KOrga KOIMYECTBO
6 NepeMEHHbIX-NPeaMKTOPOB B Habope NnpeBbIaeT KOJIMYECTBO
€ - OLUMOKa HabAAEeHUM (CMTYaUMsA C HeJO0CTaTOYHbIM 06 EMOM JlaHHbIX).

E7




Koa R: yctaHoBMUTE U 3arpy3mTte Heobxoam

OMOJIMOTEKMU

install.packages (c («poolr», «ggman»,

«BGLR~», «rrBLUP~», «DT~», «SNPRelate~,

«dplyr», «RgoogleMaps~, «ggmap»,
«mapproj», «sf», "OpenStreetMap”,
'MHCTPYMEHTbI pa3pa60TqM|<a ))

install.packages (c ("rnaturalearth”,
‘rnaturalearthdata’, rgeos’, ‘ggspatial’))

library(rrBLUP)
library(BGLR)
library(DT)
library(SNPRelate)
library(rgeos)
library(ggspatial)

library(qgman)
library(nynnep)
library(OpenStreetMap
library
libra
libra
library(mapproj)
library(sf)
library(dplyr)
bubnuoteka (MHCTPYMEHTHI

devtools :: install_github
ref = "tidyup”)

(

(

(
(rjson)

(rgdal)
(RgoogleMaps)
(
(s

222



GWAS

# co3naem amn geno ana aHanmza GWAS naketa rrBLUP

geno_final <- data.frame (marker = MAP1 [, 2], chrom = MAP1 [, 1], pos = MAP1 [, 4], t (Gen
check.names = FALSE)

dim(Geno1)

# co3paem pbeHodbamn

pheno_final <- data.frame (NSFTV_ID = rownames (y), y = Y)
# 3anyctntb aHaim3 GWAS
myGWAS <- GWAS (pheno_final, geno_final, min.MAF = 0,05, P3D = TRUE, plot = TRUE)

Mactepckaa GWAS




Chromosome
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https://snp-seek.irri.org/

Ncnonb3oBaTb NOUCK MO SNP

v, S NILT OINM"9CCTN WJAdldAa>tT
A Home D Searchv = Browse ¥ E' My Lists ‘@ Order Seeds () Download ¢4 Help v

By using SNP-Seek, you abide by the data use license stated here , and development here

Rice ]
Ideogram

Search gene position by keyword

>
Enter keyword here... !
i} I 5.000,000

View type ' d
O Histogram @ Tracks i

> Trait genes

- 10,000,000
> QTL (from QTARO database)

B Rice Quantitative Trait Loci
B Bacterial blight resistance

Blast resistance Bl I
Cold tolerance
Culm leaf i
Drought tolerance B

Dwarf —
[~ 20,000,000

Eating quality
Flowering

Germination dormancy <3
Insect resistance

Lethality - 25,000,000

Lodging resistance

Morphological trait b

Other disease resistance

I <. o o o o o R O
EEEEEESFSFSEEEEER

- S
Other soil stress tolerance b 1 - 30,000,000

M Instructions ~ Settings "

How to use
* Select trait gene(s).

.




ECTb MHOIO HOBbIX UHCTPYMEHTOB

OAHako, ec/iM Bbl OCBOMTE CTapbiM A06pbIv rrBLUP, 3To NOMOXKeT NoHATb Apyrue.
Tenepb ynpa*KHeHUA
[TocMOTpUTE Ha AOCTYMNHbIE (DEHOTUNMDI, BbIGEPUTE OAMH U MOBTOPUTE YrparKHEHMA.

"Flowering.time.at.Aberdeen” "Flowering.time.at.Faridpur” "Flowering.time.at.Aberdeen’
“FT.ratio.of.Arkansas.Aberdeen” "FT.ratio.of.Faridpur.Aberdeen” " Culm.habit ™ Jlucr.
OnyweHue Flag.leaf.length ™ Flag.leaf.width ™ Awn.presence "

«4YUCno0 MeTenok Ha pacteHue» «BbicoTa pacTeHMA» «MHa MeTesIKn» «[lepBUYHOE YMCI0
BeTBEM>» «YMCN0 ceMAH Ha oJHY BeTBb>» «LIBETKM Ha oHY BeTBb>» «MeTesKa. [nogopoaune»
Seed.length ™ Seed.width ™ Seed.volume ™ Seed.surface.area "™ Brown.rice.seed.length ™
Brown.rice.seed.width ™ Brown.rice.surface.area ™ Brown .rice.volume ™
Seed.length.width.ratio ™ Brown.rice.length.width.ratio ™ Seed.color ™ Pericarp.color ™
Straighthead.suseptability ™ Blast.resistance "

"Amylose.content” "Alkali.spreading.value” "Protein.content”

“YearO7Flowering.time.at.Arkansas” "YearO6Flowering.time.at.Arkansas”

Mactepckaa GWAS



[loaxoa K NpOrHO3MpoOBaHMUIO
reorpapmyeckon CTPYKTYpbl HACE/IEHUS
(GPS)

JE€NaTb BblBOJ, O MPOMCXOXKAEHUMU YENOBEKA M3 NMOJIHOFEHOMHOM KOIEKLUM
MapKepoB, MHDOPMATMBHbBIX O MPOUCXOXKIEHMM.

Eritrea S293, Yemen

-
~Gulf of Aden

Mactepckaa GWAS




Admixture proportions (%)

OT1 SNP Kk 100aBKe

YT0oOBI cienarh BBIBOJ O CTPYKTYPE MOMYJISIIUM HA OCHOBE JIAHHBIX T€HOTHII
HEO00XO0AMMO CHaYaJia YMEHbBIIUTh pa3MEPHOCTh HA0Opa JJAHHBIX M3-3a ThICSIY
KOTOPBIE OH BKIIFOYAET.

Tbicayn SNP
[ |
HGDPOO98S HGDPOO985 0 0 1 e TTGGTCAGTCGGGGGACACCGGCAGGCCAGCCAGCCCCC
HGDPO1094 HGDP01094 0 0 1 6 CTGGTCAGTCGGGGGACACCGGCCGGCCAGTC CAGCCCCC
HGDPOO0OS982 HGDPOD982 0 0 1 6 CCGGTCAGCCGGGGEGGGCCCCGEGGAAAGCCAGTC CGGCCCCC
HGDPOO0O911 HGDPO0O911 0 0 1 e CTGGCCGGCCGGGGAAAACCGGCAAGACAGTCGGCACCT
HGDPO01202 HGDP01202 0 0 1 6 CCGGCCGGTCAGGGGGCCCCGGCCAACCGGTCGGCCCCC
K ceBepo-BocToKy CpeanseMHoMopb tOxHoadpuKkaHck tOro-3anaaHaa  KopeHHow lOrosoctouyHas  CeBepHbIM K tory ot Caxapbl
A3snaTckmm e 1% Asus aMepuKaHel OKeaHMYeckMM  Asus EBponeickmim AdpUKaHCKKM
HGDP00985 0,5253 0,0202 0 0,2222 0,0404 0,0101 0,0101 0,1717
HGDP01094 0,04 0,04 0 0,03 0,83 0 0,01 0,05
HGDP00982 0,0102 0,1531 0,0306 0,0714 0,0408 0,0102 0,2041

g

3

3

&

8

Lebanese
ranian
uvati
Greek
Romanian =
Buigarian 5
Danish
German
Finnish

Pamii (Tajkistan)
Teter (Russia)
Northern CR625380
Japen

Mongolan

Western Indisn
Northern Indian
Eastern Indian
Ni-Vanuatu (Vanuatu)

Yoruban (West Afican)
Papuan (Papua New Guinea)
Peruvians from Lima

Bougainville-Nasioi (Oceania)
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Geographic population structure analysis of
worldwide human populations infers their
biogeographical origins

Eran Elhaik, Tatiana Tatarinova, Dmitri Chebotarev, Ignazio S. Piras, Carla Maria Calo,
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[IpOrHO3 GUO-NMPOUCXOKAEHUS

~ 3HasA CBA3b MeXAy reorpaduyecKkMmMm 1 reHeTUYECKMMU PacCTOAHUAMM,
MOXHO /11 onpeaennTb reorpauyeckoe NpomMcxoXKaeHue YyesoBeKa ¢
M3BECTHbIM F€HOTMUIMOM?
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Mogenupyouwas

nob6aBKa

The GPS customization scheme

Assemble a diverse dataset with at least
500 markers genotyped in >2 populations
with >2 individuals in each population.

Run ADMIXTURE with various Ks. Choose
the k that represents the most biologically

correct divisions, rather than noise.
s L —

Generate k putative ancestral populations.

Apply all GPS tools
for individuals of unknown origins

Run GPS for the reference population
dataset and test the assignment accuracy.
High specificity and sensitivity indicate a
successful design.

Calculate the relationship between genetic
and geographic distances.

Create the reference population dataset
by keeping only the unmixed populations
with known geographical from the your
original dataset.

Associate your k putative ancestral
populations with geographic regions (e.g.,
North Africans, South Europeans).

"iﬁ o e
ANTARGTI
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1001 Genomes - KaTasnor reHeTn4yeckd

M3MeH4YmBocTH Arabidopsis thaliana.

Mbl B3aan 450 MHOGpeaHbIX WTaMmoB A. thaliana 13 22 cTpaH, ceKkBeHMpoBat
npoaHan3npoBaHHble MHCTUTYTOM Buonorum passntua Max-Plank 1 KomnaH
Monsanto 13 npoekrta 1001 Genomes

(http://1001genomes.org/projects/MCWan2013/)

e
y, _ 2 i
(e T
~ .(.‘ ‘ w7 ; vy s B

) 'S

O6pasLpl U3 22 cTpaH el e
o Atlantic

MaccuB SNP reHotmna 250K

KoopanHaTtbl TOUKM cbopa

South

macreperan Gwas AHTOH EniceeB / KpUCTMHa r 73 Atlantic

Ocean

KpuBoHOCOBa



CTpyKTypa Hace/sieHUA

o Q)
0.:0 c‘

0.05
0.05

PC:2
PC:2

0.00
1
0.00
1

-0.05
1

-0.05
1

-0.10 -0.05 0.00 0.05 -0.06 -0.04 -0.02 0.00 0.02 0.04

- MaTbto B. XopToH 1 ap. [NoNHOreHoMHble naTTepHbI
reHeTUYECKOU M3MEHYMBOCTM BO BCEM MUPE 06pasLIoB A.
thaliana 13 naHenn RegMap. Nat. Genet. 44 (2)
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Ounbtpayma SNP

Mbi B3aM bamnbl BapMaHTOB, AOCTYMHbIE Ha
http://1001genomes.org/data/MPI/MPICWang2013/releases/current/.

OT(MIbTPOBAHbI MHE/bl M HEAYTOCOMHbIE BapMaHTbl. O6HAPYKEHO 0K0J10 8 MJIH
BapWaHTOB.

Mbi Bbi6pann 80 000 SNP 13 ncxoaHoro Habopa AaHHbIX U co3aanm damn PLINK.
Mcnonb3ya PLINK, mbl yaanmam SNP ¢ yactotom mmHopHoro annensa <0,05.
n panee yganun LD c r2> 0,2, ucnonb3ysa oKHO pa3mepom 50

Konnyectso octaBwmxca SNP - 40 518.

Mactepckaa GWAS




NOBABKA

Mactepckaa GWAS

MbI BbINOJIHWIM HECKONIbKO aHan3o0B ADMIXTURE ¢ ynciom npegkoBbix
nonynauun K ot 3 Ao 20, a 3aTem AN NocseayoLmMX aHa/IM30B 6bl10
BblopaHo K = 14, TaK Kak 3TO AaBaJi0 HAaMMEHbLLee MeMaHHOe pacCcTos
NpU NPOBEPKE UCKIKYEHMA MO OLHOMY.

3aTeM Mbl pPasAeInv HEKOTOPbIE M3 UCXOAHBIX NONynsaumm Ha 41
reHEeTMYECKM OHOPOAHYI0 Cy6nonyasumio ¢ nomoulbto K-cpegHux.



[IlpyMmech

0.019
0.018

0.017

admixture CV error

0.016

0.015
MacTepckaa GWAS 5 10 15

number of admixture component

0




[IpoBepKa GPS no oaHOMY pa3y

Mactepckaa GWAS

80

60

40

20

m95-p02.12.Q

0 20 40 60 80

Median distance: 199.2 km

[lpoueHT
nonynsaumm,
KOTOpble TOYHO
HaHeCeHb! Ha
KapTty 60% \

CpeHee
pacCToAHME A0
npaBUJIbHOIro

HaceneHna 200
KM



McxoaHaa rmnoTesa

[[eorpadpmyeckoe nonoxeHme Arabidopsis A0/TKHO
ObITb CBSA3aHO C X0J10J0yCTOMYMBOCTbIO. bonee
X0N04HbIM KAnmMaT B CeBepHOM NnoyLapmm
Habl0gaeTca B 60/1ee BbICOKMX LUMPOTaX.
PacTteHna MoryT agantMpoBaTbCa K 6os1ee
X0JIOAHOMY KIMMaTYy, peryampysa BpeMsa LUBETEHMUA.
ChnepoBaTeNlbHO, Mbl OXXMAAEM YBUAETb CBA3b C

reHamu, KOHTPOIUPYIOLMMM BPEMS U LLMPOTY
LBETEHMSA.

Mactepckaa GWAS




GPS-aHann3 0. sativa
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To4yHOCTb ANnA puca

<X

Subpopulations

B ADMIX @ IND e True origin
B AROMATIC @ TEJ X Predicted origin
Macrepcran GWAS WAl - TE CpefHee paccrosHue: 40

KM




[iporHo3upoBaHue GPS nocsie SNP #
reorpadmyeckon puabTpaumm

(.

CpeaHee
~ paccTosHue: 1141
KM

Subpopulations

B ADMIX. @ IND ® True origin
= "AROMATIC @ TEJ X Predicted orjgin
B AUS O TRJ

Mactepckaa GWAS




[ToueMy He paboTaeT C pUCOM?

P1C He MOXKET Bbl6paTb CBOO BTOPYIO MOJIOBUHKY, a apabuJoncmc MOKET.

SO y2ueos sy rulu) &

WO HINGUOOUED Wy daepeny Siulny

ESOOEB‘

"With me and Trixie it was
love at first smell,"

Mactepckaa GWAS




o . Habopbl AaHHbIX:
1 SoilDB

KOMMOHEeHTbI npuMecH 60/blie 3aBUCAT O
OT NapaMeTpoB MOYBbI.
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YacTb 1 3aKa04YeHne

Mbl ymeeM MogenmpoBaTb gUKHUe
BUAbl - HE TaK Y U MHOIO C
O0AOMalLUHEHHbIMU

KaumMaT 1 nodsa BAMAKOT HA
reHeTuKy (pa!l)

aaaaaaaaaaaaaa




'-CemencTBO 6060BbLIX (6060BbIX) pacTeHUN
B0O3MOXHOCTb YCTaHOBJEHUA KIy0eHbKOBOro cuMmbunosa
Bbicokasa cMHTeHUA K 6060BbLIM KynbkTypam

| Hebonbwon aunnouaHbiv reHom (500 MB) cekBeHnpoBaH
’Tang et al., 2014 (BMC Genomics)

MHorouncrneHHble reHOMHbIe pecypcChbl

RIL nonynauuwm

Konnekuun mytaHToB

| Bonblwune 6a3bl AgaHHbIX EST n RNASEQ
Pecypcbl HAPMAP Branca et al., 2011 (PNAS)
288 reHOMOB yXXe CeKBeHMpPOBaHbI

Medicago
truncatula

UHCTpyMeHTbI OMoTexHonorMu ansa Banuaaumm

bonbwoe buopasHoobpa3une Gentzbittel et al., 2015 (Front. PI.
Sci)

MacTtepckasa GWAS




[IpoeKT

Medicago truncatula

HAPMAP PROJECT

Home Hapmap

About this Project

We are developing a Medicago Hapmap as part of an
international consortium consisting of the University of
Minnesota, the National Center for Genome Resources
(NCGR), Boyce Thompson Institute (BTI), ). Craig Venter
Institute (JCVI) Hamline University, the University of
Southern California, INRA-Montpellier, ENSAT-Toulouse,
and the Noble Foundation.

Briefly, 384 inbred lines spanning the range of Medicago
diversity are being resequenced using lllumina next
generation technology. This provides a foundation for
discovering single nuclecotide polymorphisms (SNPs),
insertions/deletions (INDELs) and copy number variants

Mactepckaa GWAS

BbpaHka n gp., 2011 .

ISR LA NN

NSF HapMap

Tools Downloads Resources Contact

. short-read sequencing of

uncatula accessions. This
scovering single nucleotide
~deletions (INDELs) and copy
y high resolution among the
ase of sequence variants
population structure and
red ancestry (haplotypes) -

1, community resource for

News

June 2014
R108 Draft Sequence Available

July 2014

7th International Conference on Legume Genetics and
Genomics Congress and 6th International Food Legumes
Research Conference (Saskatoon, Canada).

April 2014
Updated SNPs against Mt4.0 now available.

January 2014
Blast search now available against draft R108 sequence.

sy

Tekyuiee cocTtosHue: 288
nocregoBaTernbHbIX
obpasLoB.

Ntoro: 16.516.721 SNP
30 cTtpok npn> 20X
OcTarnbcHble -




Bo6oBble - 3T0 OCHOBHbIE CE/IbCKOX03AMCTBEHHbIE
BHUAbl, MCMNOJIb3yeEMbI€ B NMNUTaHNN HEJIOBEKA U
'KNUBOTHDbIX.

3epHOBbIE KopmoBble
00060BbIe 00060BbLIe
- Cos - [opox .
JlrouepHa
Knesep
Bbicokas
CernbCKOXO
35IMCTBEHH
as
LLeHHOCTb

Mactepckaa GWAS

3epHosble bobosbie oveHb 6orater 6enkom (ropox: B 3 pasa 60111:1.“

UM 3IMNAaKIA )




TosiHue: 288
flaHHble HapMap ana M. truncatjgteses cocroamue

# SNP
Chr1: 1,508,346
Chr2: 1.964.419
Chr3: 2.472.365
Chr4: 2.225.537
Chr5: 3.251.290
Chr6: 1.172.980
Chr7: 2.262.094
Chr8: 1.659.690

Utoro: 16.516.721

~ 40% SNP B Koaupyrowmx permoHax
18
CECTPUHCKUX

TaKCOHOB
BoT gaHHble, goctynHble ans 288 o6

Medicago, KoTopble yxe Obinu cek
NPUBENO K OOLLEMY KONNYECTBY
munnuoHoB SNP. Cpeaun Hux
CUITbHO OTNMYanucb OT ApYr.
nepekrnaccnuunpoBaHbl

TAVO-CNLULLI LACNATNG LI




M. truncatula cnoHTaHHO BCTpeYvaeTcsa rno Bcemy
CpeaAn3eMHOMOPCKOMY 6acce|71Hy.

"®oro: J-M Pros,
DpaHuus.

®ot0: J-M Prospéri, INRA Montpellier, ®oto: 3. Ayann, CBBC, TyHuc ®oro: J1. leHubuttens, ENSAT, Tynyaa,
dpaHuus. ®dpaHums.

Mactepckaa GWAS

HocTtynHo Heckonbko konnekunn: DZ, TN, FR, AU, US,.... Ha TbIC




HeKOTOpre HaC/1ieACTBEHHbIE TEHOMbI MOTYT ObITb
a4alNnTnMpoBaHbl K MECTHbIM OMOK/IMMAaTUYECKUM

84

BlO4: r = -0,42

*kk

BIO7:r=-0,31 °]

*kk

Mactepckaa GWAS

[eHOM «uMcnaHckoro nobepexpsa»
oTpuuaTenbHO KoppenupyeTt ¢ ce3oHHocTbio T ° C (BIO4),

n rogoson gmnanasoH T ° C (BIO7).

«[l'peyecknin» reHom

NMOMNOXUTENbHO KOPPENupyeT C ocagkamMn Camoro B
mecsua (BIO13),

Ce30HHOCTb ocagkos (BIO15),
ocajiku caMoro BriaxkHoro ksapTtana (BIO16)
1 ocaZikm camoro xonogHoro keaptana (BIO19).

eHom «HOxxHOro nobepexes TyHuca»
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Geographic distribution of the putative.
8 ancestral genomes of M. truncatula |

<«

Spanish-Moroccan
Inland (KB8),, e

‘ ® ‘ Q -
o © South Tunisian

tal (K5
5 out of 8 popula‘ﬁ?)sr?s(a}e

Maghreb as a putative center of diversity for
M. truncatula species

Gentzbittel et al., Genome biol. ,




Last glaciations & main glacial refugia may explai
truncatula population stri

.
-
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Figure 2. Mediterrancan basin hot-spots. 1: Canaries and Madeiran archipelagos. 2: High and Middle Atlas Mountains. 3: Baetic-Rifan complex. 4: Maritime and Ligurian Alps,
LS ’lyr:;mun wlands. 6: Southern and Central Greece, 7: Crete, 8: Anotolia and Cyprus. 9: Syria-Lebanon-lsraed. 10: Mediterranean Cyrenaic. The thick line defines the limits of
the Mediterranean area.
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Admixture components are correlated with curre

Annual Mean Temperature

Mean Diurnal Range

Isothermality

Temperature Seasonality

Max Temperature of Warmest Manth
Min Temperature of Colgest Manth
Temperalure Annual Range

Mean Temperatura of Wettes: Quarter
Mear Temperature of Drest Quarter
Mean Temperature of Warmest Quarter
Mean Temperature of Coldest Quarter
Arnual Precigitation

Precipilation ol Wellest Manlh
Praecipitation of Driest Manth
Precipitation Seasonality

Precipilation ol Wellest Quarter
Pracipitation af Driest Quarter
Precipitation of Warmest Quarter

GWAS workshop .
Precipitation of Coldest Quarter

bittel et al., Genome biol.,
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Verticillium sp. are soil-borne fungal pathogens

Soil-borne pathogens: Threats difficult to control

Wilt diseases in more than 300 plant species

EGZ\:} e T

Verticilium wilt in

Verticillium alfalfae Verticilfium wilt in Medicago alfalfa
fruncatula .
14
Site1
cud — Site2
Benetal, J Exp Bot (2013) — Site3
10+
£l
3
=
S




Ancestral genomes may present diff
levels of resistance to Verticillium wil

Phenotype MSSCorlLS

45

40

Latitude

35

30

-10 0 10 20

Longitude

V. alfalfae symptoms on susceptible M.truncatula
(Ben et al. 2013)



Ancestral genomes present different level
resistance to Verticillium wilt

Phenotype MSSCorlLS

g_
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L' M d I (2450 Mt 0 10 20 30 40
inear ode :
HA I imate  Std. Error  tvalue Pr(>|t|) sengliuee MSSCorLS ~ K2 + K5

Intercept 2.4541 0.0861  28.50  0.0000 + K7 + K8

GWAS Worksr%banish Coastal  -1.4147 0.2290 -6.18  0.0000

South Tunisian Coastal ~ -0.7222 0.2367 -3.05  0.0026
Greek 0.6017 0.1636 3.68  0.0003 2— -
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Use plant model (Medicago truncatula) to test applicability
of admixture framework to predict phenotypes.

55°N

GPS was used to predict provenance of 59 unknown M.
truncatula accessions, and MSS was inferred based on the
similarity of admixture profiles to the training set accessions
using WhoGem model.

50°N

45°N

M. truncatula was infected with V. alfalfae and wilting
symptoms recorded.

40°N

MSS (Maximum symptom score) ranges from 0 (healthy) to 4
(dead), 2 threshold.

35°N

30°N

25°N

V. alfalfae symptoms on susceptible \
M.truncatula (Ben et al. 2013)

We thank Jean-Marie Prospéri (INRA Montpellier, France) for



Experimental validation of predicted resistance levels
21/29 samples that are predicted to be resistant
oo ] 24/30 samples predicted to be susceptible were su
N N Chi-square P-value = 1.5.10™
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WhoGem models can be significant predictors of quantitative

traits in plants

V. alfalfae QDR plant height
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Comparisons of accuracy

for several quantitative
adaptive relevance in M.
using 5 Genomic Selectio
and our WhoGEM method.

Accuracy is computed usin
five-fold  cross-validation
methods.

Phenotypic data from:
Mazurier et al, in preparation
Stanton-Geddes et al., 2013
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Bonhomme et al., 2013




What is missing?
Distance between two points should not be just geomet
distance. Add:
1. Mode of propagation (e.g. Medicago seeds stick to goat
2. Soil
3. Climate

\ 4. Geography

&*{} Atla waoe ﬁ

. 0 lm ‘- N
Indian Ocean &T ) C:P‘“ byl £ ™ - ‘
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MAX MIN
correlatio|correlatio| Positively correlated | Negatively correlated
n n with with
Precipitation of Wettest
K1 0.42 -0.31 Isothermality Quarter
Mean Diurnal Range
Precipitation in February| (Mean of monthly (max
K2 0.42 -0.46 temp - min temp))
K3 0.40 -0.25 Precipitation in August | Precipitation in March
Precipitation in May / Min. temperature in
K4 0.67 -0.40 June November
Temperature Annual
K5 0.34 -0.31 Range Precipitation in March
Precipitation of Wettest
K6 0.74 -0.31 Latitude Quarter
Temperature
Seasonality/Max
K7 0.59 -0.51] Temperature in July |sothermality
Precipitation in
B December/ January /
K8 0.63 -0.59 Coldest Quarter Longitude




MAX MIN
correlatio|correlatio| Positively correlated | Negatively correlated
n n with with
K1 0.16 -0.10 material limiting use factor
K2 0.32 -0.24 Usage/Slope texture, grain size
K3 0.13 -0.21 limiting use factor |erodibility
soil crusting texture
K4 | 0.27 -0.20 factor slope s B oo
K5 0.15 -0.24 root obstacle Jjepth erodibility
v ok
6 0.28 -0.52 material subsurface
7| 0.46 -0.21 slope Crusting
0.56 -0.27 Texture slope

umntic
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Part 2 conclusions

» Large proportion of phenotypic variation between individuals may be best
explained by population admixture.

» Variation in genome admixture proportion explains most of phenotypic variation
for quantitative functional traits.

« We experimentally confirm the prediction of differences in quantitative disease
resistance levels in the wild model legume Medicago truncatula.

« Admixture components were found to be significantly related to climate and
geography, also positive selection at the species level might not explain current
adaptation.

* Phenotypes can be predicted using genome-wide patterns of admixture, when
incorporating covariates such as individuals' provenance.

« This insight contributes to the understanding of adaptation, and can accelerate

_plant and animal breeding, and biomedical research programs

This methodology may serve as a basis for analyses in other plant species and for other functional
quantitative
%s of interest.

GWAS workshop I




Practice

Admixture.csv

Pheno.csv

GWAS workshop




ADM=read.csv("Admixture.csv”,row.names = 1)

# Instruction to name bars:

barN —
ret
for
if

)
text(..

GWEAS Wrkshop """
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Merge datasets

ADM=read.csv(‘Admixture.csv',row.names = 1); TEST=subset(ADM,
is.na(ADMSLat))

REF=subset(ADM, !is.na(ADMSLat)); Phen=read.csv('pheno.csv',row.names = 1);
head(Phen)

#merge reference adm with pheno

AMDPH=na.omit(merge(REF, Phen, by="row.names’))

GWAS workshop




DATA=AMDPH[,c(4:6,8:15,17)];

cor(DATA)

0.248445 -0.04453_ 0.39841

0.069882
0.025256

-0.02408

-0.15113

-0.27647

-0.18434

-0.19251

-0.25092

Lat Long Elev K1 K2 K3 K6 K7
Lat -0.0795 0.031188 -0.05421  -0.15353 -0.20474- -0.13096  -0.15013
Long -0.1208 -0.15237- 0.075826  0.004852
Elev -0.08527  -0.19809 0.31451 -0.07847 -0.18658 0.268594 -0.23606 0.001009 -0.18933
K1 -0.0795 -0.15237 0.31451 -0.10838 -0.1018 -0.11645 -0.12181 -0.09978  -0.15409
K2 0.031188- -0.07847  -0.10838 -0.09725 -0.19296 -0.13028 -0.10436 -0.16469
K3 -0.05421 0.075826  -0.18658 -0.1018 -0.09725- -0.12727  -0.06539  -0.11848  -0.14095
K4 -0.15353  0.004852 0.268594 -0.11645 -0.19296 -0.12727- -0.14567  -0.19199 -0.26904
K5 -0.20474 0.248445  -0.23606 -0.12181 -0.13028 -0.06539  -0.14567 -0.14277  -0.04562
K6 -0.04453 0.001009 -0.09978 -0.10436 -0.11848 -0.19199 -0.14277 -0.14562
K7 -0.18933  -0.15409 -0.16469 -0.14095 -0.26904 -0.04562 -0.14562
K8 0.069882 0.025256  -0.02408  -0.15113  -0.27647 -0.18434  -0.19251  -0.25092
MSS 0.031638 0.39841 -0.004  0.030009 0.152299 0.056788  -0.09248 0.086721 0.343465

GWAS workshop

MSS

0.031638

-0.004
0.030009

0.152299

0.056788

-0.09248

0.086721

0.343465

-0.30013



##GPS
M=25;
for(iin 1:dim(TEST)[1]){
Y=TEST[i,7:14];Y
DIST=c()
for(j in 1:dim(AMDPH)[1]){
Z=AMDPH[j,8:15];Z
d=sum((Y-Z)"2);d
DIST=c(DIST,d)
3
I=order(DIST)[1:M];I
Ph=AMDPHSMaxSymptomScore[l];Ph
Dist=DIST[I]+1.E-15;Dist

w=min(Dist)/Dist;w

predPh=sum(w*Ph)/sum(w);predPh
predLat=sum(w*AMDPHSLat[I])/sum(w);predLat;  predLon=sum(w*AMDPHSLong[l])/sum(w);predLo
output=paste(row.names(TEST[i,]), TESTSPop[i], TESTSCountry[i],predPh,predLat,predLon, sep=",")
write.table(output,”"GPS_RES.csv",append = T, row.names = F, col.names = F, quote=T)




GWAS workshop

Sample Pop Country MSS Lat Lon

HM112 SA28097 Cyprus 2.972435 36.44321 26.17896
HM115 Cyprus_C Cyprus 2.972435 36.44321 26.17896
HM313 P1660408SSD Cyprus 2.972435 36.44321 26.17896
HM111 SA27192 Italy 2.840499 36.70259 22.93486
HM293 P1660411SSD Italy 2.609747 36.17789 21.94247
HM197 SA12455 Italy/Sardinia 2.011748 39.83869 7.174536
HM262 P1564941SSD Morocco 1.728855 36.17965 -5.39374|
HM280 D1.2.3 Syria 3.185377 38.69052 23.28353
HM256 P1442895SSD unknown 0.966927 37.095 -5.132
HM269 P1660470SSD unknown 2.699733 36.65048 20.22743
HM290 P1577640SSD unknown 2.972435 36.44321 26.17896
HM316 P1660421SSD unknown 2.972435 36.44321 26.17896
HMO019 Borung Unknown-Cultivar 2.887806 36.3135 8.496228|
HM207 Caliph Unknown-Cultivar 3.182311 36.43172 24.90595
HM208 Paraggio Unknown-Cultivar 2.134387 33.83131 26.18263|
HM209 Sephi Unknown-Cultivar 2.972435 36.44321 26.17896
HM101 Al7 Varma Unknown-Reference 0.966927 37.095 -5.13Z|




#GLM

library(lmtest); library(dplyr); library(car); library(rcompanion)

#set up formulas
formula=formula(MaxSymptomScore~K1+K2+K3+K4+K5+K6+K7+K8)
formula0=MaxSymptomScore ~ 1

#initialize models

model.null = glm(formula0, data=AMDPH); summary(model.null)
model.full = glm(formula, data=AMDPH); summary(model.full )

#perform stepwise reduction

S=step(model.null, scope = list(upper=model.full), direction="both", test="Chisq", data=
summary(S)

#final model

model.final = glm(SSformula, data=AMDPH);model.final
summary(model.final)

AMDPHSpredy = predict.glm(model.final, newdata = AMDPH, type="response" )
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