#Cai dat chuong trinh Rva Rstudio: Download the RStudio IDE - RStudio
#Cai dat package R/qtl

install.packages("qtl")

library(qtl)

HUHHH R

# Nhap dirliéu

# Tom tat thong tin vé sb liéu
BHASGHEHE TS S

#Nhap céc bo thong tin vao phan mém (dirliéu kiéu gene, di¥liéu kiéu hinh)
#Thong thudng, viéc nhap sb liéu vao phan mém R duot thuc hién bang I&nh: read.cross command
He.g.

mapthis <- read.cross("csv", "https://rqtl.org/tutorials", "mapthis.csv",estimate.map=FALSE)
# hoac

mapthis <- read.cross("csv", , file.choose(), estimate.map=FALSE)
#hoac
data(mapthis)

summary(mapthis)

B

# LOA BOCAC CHi THI VA CA THECO NHIBU SOLIEU B| THIEU#
B

plotMissing(mapthis)

par(mfrow=c(1,2), las=1)
plot(ntyped(mapthis), ylab="No. typed markers", main="No. genotypes by individual")
plot(ntyped(mapthis, "mar"), ylab="No. typed individuals", main="No. genotypes by marker")

#Loai bd cac ca thé cé it hon 51 két qua phan tich tlrcac chi thi phan tr
mapthis <- subset(mapthis, ind=(ntyped(mapthis)>50))

#Loai bd cac chi thi c6 két qua phan tich cla it hon 200 cé thé.
nt.bymar <- ntyped(mapthis, "mar"

todrop <- names(nt.bymar[nt.bymar < 200])

mapthis <- drop.markers(mapthis, todrop)

#Kiém tra sO chi thi duoc loai bo#


https://www.rstudio.com/products/rstudio/download/#download

summary(mapthis)

HHEHHH
# NHAN BIET CAC CA THEVA CHI THI B| LAP
B

#Nhan biét cac ca thé cd két qua kiéu gene xac di nh bang cac chi thi gibng nhau bang cach strdung cau
lénh comparegeno(). K&t qua clia cau lénh 13 mdt ma tran sé duoc dung dé tao ban do histogram bang
I&nh hist(). Lénh rug() 13 mot cach khac dé hién thi mat do cla s liéu trén ban do histogram. Phan dudi
bén phai clia ban dd duoc dung dé xac di nh cac chi thi c6 két qua kiém tra gibng nhau cao.#

cg <- comparegeno(mapthis)

hist(cg[lower.tri(cg)], breaks=seq(0, 1, len=101), xlab="No. matching genotypes")

rug(cgllower.tri(cg)])

# MOt sO cdp c6 két qua kiém tra gibng nhau dén hon 90%. Dé xac di nh rd nhiing cdp nay, chung ta st
dung Iénh which()#

wh <- which(cg > 0.9, arr=TRUE)

wh <- wh{wh[,1] < wh[,2],]

wh

g <- pull.geno(mapthis)
table(g[144,], g[292,])

table(g[214,], g[216,])
table(g[238,], g[288,])

#Gilrlai mOt ca thé va loai bd cac cac ca thé gidng vdi ca thé gibng nhau khac. #
for(i in 1:nrow(wh)) {
tozero <- lis.na(g[wh[i,1],]) & lis.na(g[wh[i,2],]) & g[wh[i,1],] != g[wh[i,2],]
mapthisSgeno[[1]]$data[wh[i,1],tozero] <- NA

}

mapthis <- subset(mapthis, ind=-wh[,2])

# Tiép theo, tim kiém cac chi thj gibng nhau, gitrlai mot chi thi va loai bd cac chi thi con lai. #
print(dup <- findDupMarkers(mapthis, exact.only=FALSE))

#mapthis <- drop.markers(mapthis, unlist(dup))

R R

# Tim kiém cac chi thi khéng tuan theo ty 1& phan ly

# Chi thi phan tlrxau

# Trong phan nay, chung ta tim kiém cac chi thj khong tuan theo ty I& phan ly. Luu y, day |a thé hé F2
nén ty 1& phan ly phai 13 1:2:1. Kiém tra gid tri p-value clia cac chi thi cd ty |& khéac biét véi 1:2:1.



gt <- geno.table(mapthis)
gt[gtSP.value < 0.05/totmar(mapthis),]

#Cac chi thi c6 pvalue<10™ sé bi loai bd khdi bang sb liéu. #
todrop <- rownames(gt[gtSP.value < 1e-10,])
mapthis <- drop.markers(mapthis, todrop)

HHHHHHHHH

#D& vé dd thi vé swphan bd cla céc tan sudt kiéu gene, cé thé strdung cac cau lénh sau:
g <- pull.geno(mapthis)

gfreq <- apply(g, 1, function(a) table(factor(a, levels=1:3)))

gfreq <- t(t(gfreq) / colSums(gfreq))

par(mfrow=c(1,3), las=1)

for(iin 1:3)

plot(gfreq[i,], ylab="Genotype frequency", main=c("AA", "AB", "BB")[il,

ylim=c(0,1))

#Cau Iénh phuc tap, nén chép va dan cau Iénh vao R.

HHHHHHH

# Tinh tan sb tai td hop (recombinant fraction, rf) #Tinh &dau
# SCrdung cau 1énh checkAlleles d& nhan biét cac ty |1& phan ly khong theo 1:2:1 #
HHHHHHHH

# W tinh gid tri tan sut tai t hop cla bd s6 liéu, bao gdm viéc kiém tra xem cac s liéu c6 bi chuyén
d6i (switched) hay khong.Diéu nay sé& thé hién thong qua viéc mot sd chi thi c6 lién két chat véi nhau
nhung lai c6 tan suat tai td hop bang 0.5 hodc I6n hon 0.5 rat nhiéu.

# Cau Iénh checkAlleles() cung cAp nhiéu thdng tin hon vé cac allele c6 thé khong tdt. Tuy nhién, cau
lénh nay chi strdung duoc voi quan thé F2.

mapthis <- est.rf(mapthis)

checkAlleles(mapthis, threshold=5)

# Tao d6 thi thé hién mbi tuong quan gilla LOD score va tan suét tai td hop udc tinh cho tat ca cac chi
thi . Strdung cau I&nh pull.rf() dé trich xuat divliéu vé tan suat tai t6 hop va LOD score va luu lai dudi
dang ma tran.

rf <- pull.rf(mapthis)

lod <- pull.rf(mapthis, what="Iod")
plot(as.numeric(rf), as.numeric(lod), xlab="Recombination fraction", ylab="LOD score")

R e s R T
# Buot dau xay dung cac nhom lién két #
R e s R T



#SCrdung cau 1énh formLinkageGroups() dé xay dung cac nhém lién két strdung két qua tircau 1énh
est.rf(). Trong cau |&nh formLinkageGroups() cé hai thanh phan 13 max.rf va min.lod; c6 thé dién gidi cau
I&nh nhwsau: hai chi thi s& duoc cho vao cling mot nhém lién két néu tan suét tai td hop udc tinh cla
hai chi thi nay <=35, va cd gid tri LOD score >=min.lod.

Ig <- formLinkageGroups(mapthis, max.rf=0.35, min.lod=6)
table(lg[,2])
Vi sao rf lai 1ay 12 0.35

#Sap xép cac chi thi vao cac nhém
mapthis <- formLinkageGroups(mapthis, max.rf=0.35, min.lod=6, reorgMarkers=TRUE)
plotRF(mapthis, alternate.chrid=TRUE)

#LAy mOt chi thi tlnhom 4, phan tich rf va LOD cla chi thi nay v6itat ca chi thi con lai.
rf <- pull.rf(mapthis)

lod <- pull.rf(mapthis, what="Iod")

mn4 <- markernames(mapthis, chr=4)

par(mfrow=c(2,1))

plot(rf, mn4[3], bandcol="gray70", ylim=c(0,1), alternate.chrid=TRUE)

abline(h=0.5, Ity=2)

plot(lod, mn4[3], bandcol="gray70", alternate.chrid=TRUE)
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#Cac van dé lién quan dén bang s0 liu#
HHHHH R R R R R

#Chang ta c6 thé xem xét van dé rd hon béng cach kiém tra mot s bang kiéu gene gf“)m 2 locus. Viéc
kiém tra duoc thuc hién bang lénh geno.crosstab()
geno.crosstab(mapthis, mn4[3], mn4[1])

mn5 <- markernames(mapthis, chr=5)
geno.crosstab(mapthis, mn4[3], mn5[1])

# Néu kiéu gene clla C3M13 dung, cac allele clia C3M16 bi trdo doi. Dung cau lénh switchAlleles() dé
chuyén doi alleles

toswitch <- markernames(mapthis, chr=c(5, 7:11))
mapthis <- switchAlleles(mapthis, toswitch)

#Sau khi sCdung cau |&nh switchAlleles(), ching ta phai chay lai cac Iénh ttrest.rf() trdvé sau.
mapthis <- est.rf(mapthis)
plotRF(mapthis, alternate.chrid=TRUE)

rf <- pull.rf(mapthis)
lod <- pull.rf(mapthis, what="Iod")
plot(as.numeric(rf), as.numeric(lod), xlab="Recombination fraction", ylab="LOD score")



HUHHH R

# Xay dung cac nhom lién két #

# Thirtwcac chi thi trén chromosome 5 #
HUHHH R

# Xay dung ban do lién két

Ig <- formLinkageGroups(mapthis, max.rf=0.35, min.lod=6)
table(lg[,2])

# Sap xép lai cac chi thi
mapthis <- formLinkageGroups(mapthis, max.rf=0.35, min.lod=6, reorgMarkers=TRUE)

plotRF(mapthis)
# Xac di nh thirtwcta céc chi_thi trén chromosome 5.
mapthis <- orderMarkers(mapthis, chr=>5)

pull.map(mapthis, chr=5)

# Strdung lénh ripple() dé kiém tra cac thlrtwcd thé cé khac.
rip5 <- ripple(mapthis, chr=5, window=7)
summary(rip5)

# Xem xét cdc kha nang xay ra cla céc trinh twkhac nhau
rip5lik <- ripple(mapthis, chr=5, window=4, method="likelihood",
error.prob=0.005)

summary(rip5lik)

# Két qua tuong ddi nhay véi xac suat sai sO. Xac suat sai s6 cang nhd, chiéu dai DNA sé& cang 16n.

compareorder(mapthis, chr=5, ¢(1:7,9,8), error.prob=0.01)
compareorder(mapthis, chr=5, c(1:7,9,8), error.prob=0.001)
compareorder(mapthis, chr=5, ¢(1:7,9,8), error.prob=0)

#D0i trinh twchi thi s68vas69
mapthis <- switch.order(mapthis, chr=5, ¢(1:7,9,8), error.prob=0.005)
pull.map(mapthis, chr=>5)

HEHHHHE R R
# Trinh twchi thi trén chromosome sb 4 #
HHHHHHE R

mapthis <- orderMarkers(mapthis, chr=4)
pull.map(mapthis, chr=4)
rip4 <- ripple(mapthis, chr=4, window=7)



summary(rip4)

rip4lik <- ripple(mapthis, chr=4, window=4, method="likelihood",
error.prob=0.005)

summary(rip4lik)

mapthis <- switch.order(mapthis, chr=4, c(1:8,10,9), error.prob=0.005)
pull.map(mapthis, chr=4)

HEHHEH ]
# Trinh twcac chi thi trén chromosome sb 3 #
HAHHHHHHH R

mapthis <- orderMarkers(mapthis, chr=3)

pull.map(mapthis, chr=3)

rip3 <- ripple(mapthis, chr=3, window=7)

summary(rip3)

rip3lik <- ripple(mapthis, chr=3, window=4, method="likelihood",
error.prob=0.005)

summary(rip3lik)

HHHHHHHHH

# Trinh twchi thi trén chromosome sb 2 #

HHHEH T H R

summary(rip2)

pull.map(mapthis, chr=2)

rip2 <- ripple(mapthis, chr=2, window=7)

summary(rip2)

rip2lik <- ripple(mapthis, chr=2, window=4, method="likelihood",
error.prob=0.005)

summary(rip2lik)

pat2 <- apply(rip2[,1:24], 1, paste, collapse=":")

pat2lik <- apply(rip2lik[,1:24], 1, paste, collapse=":")

rip2 <- rip2[match(pat2lik, pat2),]

plot(rip2[,"obligX0"], rip2lik[,"LOD"], xlab="obligate crossover count",
ylab="LOD score")

R A R A
# Trinh twchi thi trén chromosome 1 #
R A R A

mapthis <- orderMarkers(mapthis, chr=1)
pull.map(mapthis, chr=1)

ripl <- ripple(mapthis, chr=1, window=7)
summary(rip1)



ripllik <- ripple(mapthis, chr=1, window=4, method="likelihood",
error.prob=0.005)
summary(rip1lik)

HEHHHH R
# Buoc cudi cung trong 18p ban db lién két #
HEHHHH R

summaryMap(mapthis)
plotMap(mapthis, show.marker.names=TRUE)

plotRF(mapthis)

#Loai bd chi thj c6 nghi van va dénh gia swthay dbi cla chiéu dai chromosome.
dropone <- droponemarker(mapthis, error.prob=0.005)

par(mfrow=c(2,1))

plot(dropone, lod=1, ylim=c(-100,0))

plot(dropone, lod=2, ylab="Change in chromosome length")

# Nhan biét cac chi thj co thé dan dén swthay dbi chiéu dai chromosome
summary(dropone, lod.column=2)

# Loai bo cac chi thi xau
badmar <- rownames(summary(dropone, lod.column=2))[1:3]
mapthis <- drop.markers(mapthis, badmar)

newmap <- est.map(mapthis, error.prob=0.005)
mapthis <- replace.map(mapthis, newmap)
summaryMap(mapthis)

# Viéc loai bd cac chi thi xAu gitp rat ngan chiéu dai clia ban dd tlr650 cM con 524cM.

# Nhan biét cac ca thé c6 van dé
plot(countXO(mapthis), ylab="Number of crossovers")

# Phat hién hai ca thé c6 73 va 86 trao di chéo. Loai bd cac ca thé c6 nhiéu hon 50 trao dbi chéo.
mapthis <- subset(mapthis, ind=(countXO(mapthis) < 50))

#Trén Iy thuyét, can 18p lai qua trinh xac di nh thirtwcla cac chi thi . Trong trudng hop nay, ching ta
chi kiém tra thtrtwcac chi thi &chromosome 5.
summary(rip <- ripple(mapthis, chr=5, window=7))

summary(rip <- ripple(mapthis, chr=5, window=2, method="likelihood",
error.prob=0.005))



# Chung ta thay rang thirtwcla chi thi th(r8 va 9 can duoc trao doi.
mapthis <- switch.order(mapthis, chr=5, c(1:7,9,8), error.prob=0.005)
pull.map(mapthis, chr=5)

#Xay dung ban do di truyén 1an nia
newmap <- est.map(mapthis, error.prob=0.005)
mapthis <- replace.map(mapthis, newmap)
summaryMap(mapthis)

HHHH
#Udt tinh xac suat sai sO (error rate) #
HHHH

loglik <- err <- ¢(0.001, 0.0025, 0.005, 0.0075, 0.01, 0.0125, 0.015, 0.0175, 0.02)
for(i in seq(along=err)) {

cat(i, "of", length(err), "\n")

tempmap <- est. map(mapthis, error.prob=errli])

loglik[i] <- sum(sapply(tempmap, attr, "loglik"))

}
lod <- (loglik - max(loglik))/log(10)

plot(err, lod, xlab="Genotyping error rate", xlim=c(0,0.02),
ylab=expression(paste(log[10], " likelihood")))

#Nhan biét cac chi thi c6 trao d6i chéo déi - c6 ty 1é sai s6 khac biét so vdi cac chi thi con lai clia bd
sOliéu

mapthis <- calc.errorlod(mapthis, error.prob=0.005)

print(toperr <- top.errorlod(mapthis, cutoff=6))

plotGeno(mapthis, chr=1, ind=toperrSid[toperrSchr==1],
cutoff=6, include.xo=FALSE)

#Cac sb liéu nay khong duoe loai bd khdi bd sb liéu. Tuy nhién, néu mudn loai bd thi strdung cau Iénh &
bén dudi (nh&loai bd ky tw“#”)

#mapthis.clean <- mapthis

#for(i in 1:nrow(toperr)) {

# chr<-toperrSchrli]

# id <- toperrSid[i]

# mar <- toperrSmarkerfi]

# mapthis.cleanSgeno[[chr]]Sdata[mapthisSphenoSid==id, mar] <- NA

#}

B
# Kiém tra ty 1& phan ly khéng hop ly/ khac biét #
B



gt <- geno.table(mapthis, scanone.output=TRUE)
par(mfrow=c(2,1))

plot(gt, ylab=expression(paste(-log[10], " P-value")))
plot(gt, lod=3:5, ylab="Genotype frequency")
abline(h=c(0.25, 0.5), lty=2, col="gray")
HHHHHHHHH

#Xong phan xay dung ban do lién két#
HHHHHHH ]



Budk 1: Xtply dirliéu trude khi xay dung cac nhém lién két.

- Tom tat bd divliéu phan tich

- Loai bdcathéva chi thi bj thiéu dirliéu

- Loai bd ca thé va chi thi trung 18p (loai bd 1 ca thé/chi thi va gilrlai ca thé/chi
thi con lai)

- Kiém tra kha ndng ty 1& phan kiéu gene &F2 va mic do lién két gilia cac cap chi
thi

Buot 2: Xay dung cac nhom lién két va thiptwcac marker.

- Xay dung cac nhom lién két

- Kiém tra ting c3p chi thj lién két va nhan biét cac allene bi chuyén doi

- Sap xép thlrtwcac chi thi trong tiing nhom lién két
- Xac di nh thtrtwcac chi thi y nghia nhat

Budx 3: Kiém tra cac nghi van ban dolién két ban dau.

- Kiém tra khodng céch 16n trén cac chromosome

- Xem xét sb luong trao déi chéo quan sat ¥mdi ca thé
- Kiém tra marker cé xdy ra trao ddi chéo déi

- Kiém tra y nghfa cUa ty 1& phan ly kiéu gene

Budx 4: Xay dung ban do lién két cudi cung.



