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-G 0 &/.71.,( A () 1. (
(= 0 (1 , & )

o>, -, (- 10 o

B O e O (O R )-0), (.0 1,
ol @) &'->) #/-G (.(= 0 ./

- ("1 >( -# . (0 -)&

= # - (S H (G, #-)/ =

> 1 ="((&

/ o)L =) s (&

>+ (0 TH# > -, > #0  1# (

=) & (o ). O G |
(Yool .d o O"''e.

@) (&/.)(C. ) +>'001 ‘-, (->01/

(0 "o ((. .=/ ' +,> ) &I/

)+, > >)).0) , > @) K>
1, (= 1.0-H0(C +( 1
@ (+7 ")/ A 00 &

6532 &*

[.Yy.#1., 1 ., > ) ) &'0)

). # 1(+,((0"- [ ?2l+++& ; 'G &' | "0/

+1. - '"(1=& ., ' .. /0 "+ (#1) 0>
#' /= = .,('0+ 10 # +),(11. "
0->) ( - ‘0% - ) .0 (
)&

. #., 0-/C(+  -)& (o ,.->= >
wl>+ 1 0 & >- ] # ., d & &%&% /(&e ™)
N0 . I+ +& 1)) ,C (+.'= "
1) -A-N (- -N #'> 5 |6 (. 5,6

>&



Y. ). FY

Y, Y 1 @).0 - s
N.), =

. ( '/ +(+7 1
A&/  0+'= '[9

10,'+(+H +'*

&

+ (+

1>/



), l@).0 - =
). ). =1
" +0),> (). . L) '& /> A... >
[ .- ).( #0 A-,#A & ).f + @) )1 #.@ 56
+,*1.@ " (M& " A-,?
> sqrt(log10((9+1)"2))
+, ) .@) "'0&
[1] 1.414214
/[ . ... =7
> sqrt(LOG10((9+1)"2))
Error: couldn't find function "LOG10"
Y
0>)-* -.*# 1" (1> [y '+ 1/
*>1'('1 1*/,. > (' (#-= A (
., ) 1,0 (1 +#(, / ). 1
Y, *>H . ' -1." A (/ /
) *>&
), »/.'07) ++,1 1%*) L=> 0, - (&
+=#/ . +>'00 ( ( ; - () (
S =0 EH 0,1 0 (, &'
1L ') (.0% + (+.& -, (
C) #Y)LD#H L ( . "/
S, (+, )50 / ) 6&
C/=.1*.)(1= -, 09), 7G). . A,
0-), &+=#1 *. ).(- A .= > ? - (
J(1 *.&" A-,?
> quit()
+,, (>) '& += ?
> quit
+/0N /11 *.).?
function (save = "default”, status = 0, runLast =T RUE)
.Internal(quit(save, status, runLast))
<environment: namespace:base>
[..1. "0%-) '(+H1/.)+ [ > > quit().
>N n..# .' .> "+ - &

+& !



. /@)O [
). ), =10

/.0 ..'0>1"# ,,0+ /,".>- @) ,#1) + |/
/=(00 . )& /. *.- ). ('&
- =) (.
g;
Y
[..>1,. >(). [ (/5 -). 6 (/,0" /
+& /> ).(".. ),.0%-" ( 0/ +'
HIO+ T &
YA-L?

> my_first_result <- sqrt(log10((9+1)"2))

G). ).l -2
>
) [ >

> my_first_result
+ ) .?
[1] 1.414214

C /= (= 1,d mybfirst_result” (.. (/1 )0
N oL #). <t -, (1 =(1>

> sqrt(log10((9+1)"2))-> my_first_result

I > ( my_first_result =1, 0 (1,

- ), ‘& A-)?

> my_first_result"2

[1] 2

/. (d@) e>1 ./ (h51': [i' - *>1" (.6&
I.o0).( Lo (. Y1+ A (>
= 1,.#/ >+ 4+ > (5 1 1'>6
(+/ (= 1> +/5 - ( (
:—,O‘.': 6& '0" A-,?

P~G+E



. /@)O [
- )., =1 |

> A'. | = P.'1 A, (1I>+= .
0 G( E& @)=, >#+ .>/ P.(. 1(1> G+ /
A "A +HIIl.>A.)(+,1 =, &'/ -
1 #' |/
P~E

.10 P' EY% +> >..'0
= 0 E.O",*.),> [ [ = [* , )(6&

' 1 )2
P~G+E+G:E

( -1+ (& / 1 11 = (
P~G*E
S JAY(LHO A-+ L (O "H#OL1 (. 1(
1> ,)( 1 *( -&
//(d@),.e.>—1‘,.dWe&/..—'. ‘0 )(+/ - (.
:(O—‘l').O - & A-,+ ./, -
xlab="what you put here is used to label the x axis ina
graph”
- - (! l.&
/0 ,d@),e(. ' .dWWe& /. )> - .d. @), 'e# (.
(., "2 @), .+ .
ww
, ("ww 2
uw @),
Y /
g o
YW I @),
aw  , ../ ' @), '&
[.#' | +/dWWe .,0# (/ o -, .&I/>

> @) (0 >) . (G . > (1
I.)(&



Y. ). FY

V) Y T @).0 - =
. ), '=-1
0 (. -, + [/ ) (- (#>)
(XY - (] A, ?

> sqrt(log10
+
/[ .0/ '-( 1 (0 /X ?
> sqrt(log10
+ ((9+1)"2))
[1] 1.414214
>
(
A .(. )J(0-)1. (0- '- (1>1/7).'0
@) & /.,@) .70 AO' ()1, @ Y .d Ad+,, (‘#1) /
@) .-). - 1&
2 It
- 2 X;1Zf56 G). ,* A,
- (). 1 *? @) 5 .' & @) 56 L+
Q@) .. 9 .

h (1 (2>

w N ¢

WW " 1@):|
A ). @)' .
[.'0".N)('=()00 > A )&
«C'v>A. 0&#. @ # [ (.)."'0. O
-G (.-l ) &
65,4 $
* %
/ ->+>.0 I ( >+ &)
(.1.'>& .. 10+ (( 1 )- (0" - (. .&
>+ (- A-,(7? 0),.0- > ( + 1/
wI>1 .=, 1 (/1. -(,/. = 0
* &

yield height SNP1 SNP2
Stata 94.2 37 1 NA
sass 93.7 37 1 1



, ), l@).0 ' -'=-
). ). =1
R 115.1 19 2 1
genstat 90.1 32 1 1
Splus 91.2 33 1 1
S 99.2 27 1 2
SPSS 77.1 24 1 2
minitab  95.5 39 2 2
BMDP 87.2 36 1 2
mstat 119. 27 2 2
[ 10.'+/.0Y0,.7/1")- 1
) .=+ /=0=0,.71¢( /0 (. (1>
oo (L2010 ) O I
0).> 1)+ #' 1) [+->#>)). & A , - 0/
-l @) ?F o+ (] ot - (&
> 0. >0 /'+'0( .)@) ( 00O
[/ +& #/.( 0 . AO,#1) (1 )-1&
,.o 1.0 - L>1 0 ) 1> AT (. AO0,0"-
A #'1>) (. O0-A, "' ("C((&/
o=t -0 )l 00 (.
[, & 1 .- .1 (1" o)
/(.0 AO0/(&0. . @ # / I -+
@) .5 d SNP1le6' )1. ) /. +/ )(." 5 SNP_1)&
S (d NAe 0" SNP2%# > stata &/../7. ,'("
( - =).& .. =), "1, 0 .1, 0"
-0 )? ) /- ‘0 /0 ( '&
> ) ( (1= ."( / AO0,?
C:\Documents and Settings\x9901006\My
Documents\India\Rdemol.txt
I "#+0. ("1 [ S G
o,( '
' /[ "'0/10,&/1 .-,. +> o¢ /..t
., "0l +(+& , dI (] e# (/ 1'+.) ,
>0 (/7 ( '>T A > .>)4) (+ 1 >
C(+ *&/I . '--(, -/I(0 ¢ /."#+H 1
(K" )& " I*1 (' /!
( ">?
> getwd()
[1] "C:/Documents and Settings/x9901006/My Document s/India"
>
I '>."(.,>(C 1. (( C(+.- 2/
"(,- )1 . dle (' dLe& +.' >

(=, (0 1 [* > #+ de (T



. )Rl R
V), 1 @).0 - =
YY), =

0 ) " & 1-), .+ A
[ = (, # .+ ) 1)1 (

'L&
( 7C0,#). 1 - ( read.table ?

> datasetl<-read.table("Rdemol.txt")
>

oo )Y
( .0+ (' )& 0, -1
L@ &1 (0 1(.,>(1> >

> datasetl
+H ).

yield height SNP1 SNP2

stata 942 37 1 NA
sass 93.7 37 1 1
R 1151 19 2 1
genstat 90.1 32 1 1
Splus 912 33 1 1
S 99.2 27 1 2
SPSS 771 24 1 2
minitab 955 39 2 2
BMDP 872 36 1 2
mstat 119.0 27 2 2

I'$
"(.,>. 0 = 1, #+ /[-1> - .0,'+.?

> dataset1$height
[1] 37 37 19 32 33 27 24 39 36 27
>

"=(/ ()-'0 datasetl$ 0'''0=>= 1,#+
). /156

> height

Error: Object "height” not found

> attach(datasetl)

> height

[1] 37 37 19 32 33 27 24 39 36 27
> detach()

> height

Error: Object "height” not found

>

%



. ). ;Fl . ; N

Y, Y 1 @).0 - =
. ), '=-1
/).'0 detach() ' -=/,*1+ /( 0- (&
/. 1).0),"',)(C 0--), ,.9 0,. (+/
1+ /-&
r'¢o (.,> ., (. '0= 1,. => ) =&/
- ( subset() [ =.1#1) '=>, >?

> subset(datal,select=c(SNP1,SNP2))
SNP1 SNP2

statal 1 NA

sass 1 1

R 2 1

genstat 1 1

Splus 1 1

S 1 2

SPSS 1 2

minitab 2 2

BMDP 1 2

mstat 2 2

>

/.> A0/.'- (.0 > ) = 0-  c(SNP1,SNP2).
Cloverecyny) . - IO « ., > (.
) (@) A =&  ,1).(. - 10
) 0( (> &

I=1 ( “#l= .+ C = 1,

(L (=0, V1 2

harvest_index<-yield/height

> harvest_index

[1] 2.545946 2.532432 6.057895 2.815625 2.763636 3 .674074
3.212500 2.448718

[9] 2.422222 4.407407

(
1 -

>
+( %

/ +.-,-/rC0C 1.&1 .- b)) (.
o- 'C(" A #A >.>)H),(0O >'[ C (‘+.

, &

[, 8L, = B 0, -
7 (- C(+ , & - , .0 (.
(/ ... =,1,0 )1l @) ( ('

/[ .'0+ ;0>') I &



,. - 1I'('0 )-- >
> summary(datal)
yield height SNP1
Min. :77.120 Min. :19.00 Min. :1.00 Mi
1st Qu.: 90.38 1st Qu.:27.00 1st Qu.:1.00 1s
Median : 93.95 Median :32.50 Median :1.00 Me

Mean :96.23 Mean :31.10 Mean :1.30 Me

3rd Qu.: 98.28 3rd Qu.:36.75 3rd Qu.:1.75 3r

Max. :119.00 Max. :39.00 Max. :2.00 Ma
NA

>

1) [+.?

Min. : [ - -)>-=))

1st Qu.: /0. @) ,

Median : /-(

Mean : / -, =

3rd Qu.: /(@) ,

Max. A-)-=)&

ro.@ .#/7-( (/7(@)

1. = "#HK#ETH (107 +>(+ " (

/. :)# [+ 1]- -)#-A-)-

- - 0/ (. )"0/

( 7 %( o lo)->.0 1

- % ./ ,,,0@) >&/ .),.0 G).

= 1>

> summary(height)

Min. 1st Qu. Median Mean 3rd Qu. Max.

%<& 3& 48&' 4%8&% 4:&3! 4<&

Y

"0 ., (. '0= 1,.1> "1 ))--

> summary(subset(datal,select=c(yield,height)))

8
J-- .+
& -, - IC) .
J.1+ = 1,.
‘0 (.&
o( .?
SNP2
n. :1.000
t Qu.:1.000
dian :2.000
an :1.556
d Qu.:2.000
X. :2.000
's :1.000
, = 1=,)."01/
,.'0 /= 1,&
( = # =
& 0"N.#0 /
YN
,= 1, 1
>+ /)1, ?



Y. ). FY

Y, l@).0 -
. -

), '=-1

yield height
Min. :77.10 Min. :19.00
1st Qu.: 90.38 1st Qu.:27.00
Median : 93.95 Median :32.50
Mean :96.23 Mean :31.10
3rd Qu.: 98.28 3rd Qu.:36.75
Max. :119.00 Max. :39.00
Y

/I, @)=, 0 summary . / 1A '#' 1'A; (+ * '?

> boxplot(yield.2,height)
>

[ (C." ) D, .
[ .+ (+(.,> [ [.J+1'+&C
I (P AP G A - B

I 1, - & 1AL
(1 (@) ,.&/, .A(0-/1
1./ I+1 (. " 1-A9) (-
w=# (=40, )
I (] 0> &/, ;.9 "1).
Y, 2 [ A-, 1 | 0 ",
(, | +1.="

[ )-->. . . =", =>1>)-
- (2, (1,+?

mean(x)
median(x)
quantile(x)
minimum(x)



Y. ). FY : K

) 1 @).0 - =
. ), '=-1

maximum(x)
) - (#A)(L )L ) (2> I @) (=
-& 0 +'= -, =#/)-> S=1=?
> mean(height,yield)
[1] 32,5
>
‘I @) *'0 ..+ 1,'+?
> mean(SNP2)
[1] NA
>
( > -l =)&) /
-. =)5--1/ 0 1/70.( 6# (.'1, =

1o ), = &I |/ (. + ((
+> ' + /. 0,'+.?
> mean(SNP2,na.rm=T)
[1] 1.555556
>

#/ ', ,= 1, &-5 =,1,# =6
/=, 50" )6? ,./H# =/ = )-10" ),
/- & )1 0"/ - (., @ / & 0
-().# /> /."'&

( A "'"/(0),1/=9" R (
, #+1Y o )10 = ?
> length(SNP2)
[1] 10
I=)0% . ) /") 1. )( [-.. =)& 1/
+* (0 /.. .+ 1,'+?

> length(SNP2)

[1] 10

> is.na(SNP2)

[1] TRUE FALSE FALSE FALSE FALSE FALSE FALSE FALS E FALSE
FALSE

> lis.na(SNP2)

[1] FALSE TRUE TRUE TRUE TRUE TRUE TRUE TRU E TRUE
TRUE

> sum(lis.na(SNP2))

[1] 9

>



) * 1 @).0 " -=
). ). =1
is.na() =) =) TRUE FALSE
( ¢ "+1 I=)0 = A.. &
lis.na() A o)) 0/=) .5 (.
" A.6&
- )y“#11; , TRUE/. =,)'0% ( FALSE /.

=,)0# sum() )./ )" # so sum(lis.na(SNP2))

) ./ =) '0<&

“')0),)->"-( ,.(1,+ ?
sum(x,na.rm=T) ) ./
var(x,na,rm=T) ) .=
sd(x,na.rm=T) )./ (((= &

[ - (/1= ,2 ,.(C ) [/ &-W' '&0/
T A (L S (&
-, +>0=+ /(. 1)"0 = ,# ( /.-
0-=/ >."0)->. . .. B
> hist(height)
>
$
(¢ (. "ol (+=) .., 0
( "N & /. ()
- ( sort ?

> sort(yield)



Y. )R L)
), I @).0 - =
NOY, =

[1] 77.1 87.2 90.1 91.2 93.7 94.2 95.5 99.

119.0
>

' ”># )), v ll*uo(
)& S#H.->1 - > =
I__ (?

> yield[order(SNP1,SNP2)]

[1] 93.7 90.1 91.2 99.2 77.1 87.2 94.2 115.

119.0
>

=. ' (,.'0> (& /.. A, (1
.?

> order(SNP1,SNP2)
1124567913810

)./'co/( 0O . 0.1
"+ 0)Y /= B
> %HE& (. (-, #Ht
. (56.'((0 ( HIA.
*(0 '"( 5%#61) 10 '(/

«',>A.. 011 .@)
).(" 0 "' (A. 0O ,- .0 =

> yield[5]
[1]91.2
)./ 00/ >'0> ,(#+,

> yield[c(5,9)]
[1] 91.2 87.2

y.100/ ( /,- &'

> yield[order(SNP1,SNP2)]

[1] 93.7 90.1 91.2 99.2 77.1 87.2 94.2 115.

119.0

) . yield (. 0(2>

* %

[, " '00 .0O-N""
/fo/ ,'J 1+ += 1,7

2 115.1
( A& #/
1 955

|+?

>SNP1/ 1>
S0
[l '> #&
A 5%# 6 .
5 #%6&

SNP2%: /).

1 *.PQ&/.
1,'0 '& 1.

1 955

order(SNP1,SNP2).
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), I @).0 - =
NOY, =

> cor(yield,height)
[1] -0.3913837

C I ( 0- - ( 1 , 0"
‘o0 . L, - (& 0/ )+ >
I'+=7?
> cor(datal)
Error in cor(datal) : missing observations in cov/c or
> cor(datal,use="complete.obs")
yield  height SNP1 SN P2
yield 1.00000000 -0.39403716 0.7602782 -0.076687 75
height -0.39403716 1.00000000 -0.2386212 0.027800 55
SNP1 0.76027819 -0.23862117 1.0000000 0.158113 88
SNP2 -0.07668775 0.02780055 0.1581139 1.000000 00
> cor(datal,use="pairwise.complete.obs")
yield  height SNP1 SN P2
yield 1.00000000 -0.39138365 0.7532037 -0.076687 75
height -0.39138365 1.00000000 -0.2896914 0.027800 55
SNP1 0.75320367 -0.28969140 1.0000000 0.158113 88
SNP2 -0.07668775 0.02780055 0.1581139 1.000000 00
>
/0. -0,1)+0,("* N -
1. =" SNP2Z /. '(- I'().. “complete observations”
[t > (+ - (0 >0 (& /. .1
(0), - (0" - - ,. . .0 >-&
A-, 1 #10. "(0(C .(. (( &I 1 (-1((C.
(. (-, (& A)N.O0- >0 >
1. ="' +/ ,."'0/ & D A-H
s #+H L ( %+,,11 ("% (
1= "H#HH, N, == +, 1 1.(" <&/
1 ), ,>).0,+ /A .=. . > (7=
o-~* BT, - *. ->1 0
, (0.7, = -0 (&
SH#E+ ), "0 , ' '00 .
R T e e [ [, 1+
+1 >= 1,.)/. SNP1 ( SNPZ& ' '= ' ,+),(1
1), [/ ( A > 1,& " += #0" ( #/
@) (", " '00 S0 |( (.(-.).%0
(@), 1)-1+ +HHSA -, =1 1.0
G).0o "5,/ A 1,01 =" (1

0- = (.(-. (, '6



l)l * /@j.ol,l —‘:_
')' ),':'1 !
", '00 . .-, +>0@) o> . .
1+ ¥= L&an=# .01 =)
) ?
> plot(height,yield)
>
), >).0), A .t -* 0 =->0/
@) *.'0 .?

> pairs(datal)
>



Y. )R L)
), I @).0 - =
NOY, =

I A-, I+ # > .0 > ( (/1 0>
). #1) /1, > ), R
, (.0 ) )=> o
= (..& > (C /. A+ 1% = 1,.5 @)
9! '.6&
65> !
65> #
[y -, ("D.-/1(" .0 / (00 :
1+ + #' /(00 1+ / -0 .-, (
0 # .0 0 ,>. 0 & I+ (#(. 1
(60 ke, =) (.. ), '01(,)* .,
[ .-,.00 > .&
/
w (00
((C "'o(o0
', .-, .N#=)0Y +,'> ") 1>/ 1"
IR'0 A & =,)Y .10 G)(( 1 -"11>, ?/
(00 R (T (O . 0 /I'R,=.,&
# )'- ,>,), . /.11 , > >&
R E A "0/ ( o0 1 . (.
S D) & L #TD( L0 - & L H
/1 -)(. .00 '-,>( D # (L (>
= 0/ oot T # - =)t
o, + . "', (. )" '=((/. -,.N .-'( >
5 /I 1) %6&
CA-H L+ (0D 0% )1 .& /
)-1 +. (1> * /- 0%)C0O > (.01 (
-)yxr.& ., [ .1l , (-)1.
+ =>";'-#/- "0 .-,'0% ) /)>-1.. >
o - & 0O # ] >(>.0 - )y #'-,>(. 1) (
(-)1.+ 0 ( /.+>& 1 (>0 1/
(. 1"0-.'1T"'-,>(. 1 (. W (] -
/"-& A, .["), >0/ "-,( 1)
(,)/ (>0-> ) ! 1 /> >
(. 1) (70 A-, 0= " /> ),.0'-=
) #1/'> 0+,0 = 1>1 >



) @0 =
). ), =1 !
[0 -# (1 (-)1.0-+41 +.1), +
( #). [10,+ + ' (#+ I/ - (
1++ 0 A, "#1) +H [.[+]+-)] [ =+

"> 0+ - (&

> ml<-matrix(runif(10000),1000)

> hist(apply(m1,1,mean),

+ main="Distibution of mean of 10 random numbers",
+ xlab="mean of 10")

= - > = &' ./ (00 - .

> t.test(yield,height)
Welch Two Sample t-test

data: yield and height

t = 14.5809, df = 13.649, p-value = 1.037e-09

alternative hypothesis: true difference in means is not equal
to 0

95 percent confidence interval:

55.5265 74.7335

sample estimates:

mean of x mean of y

96.23 31.10
>
I'Y) =(. =)0 # =) "'. /. 0 0/
(00 - # (- .- =& (( "&<IR "0(
=, "=((&/. 0 "/ (00 1+ / +- &
@ 'ycr,, 1 N+ # A S#H<R

3%



. ). ;Fl . ; N

V) Y T @).0 - =
Y. ), =l
"0 ( =. ).> &C . |/
), <IR'0( =,0 -
)N(I) - =) <IR0O .&

"1 &

/ 1( .'00 (-5(06 .%489< (
1 &/..1). /(0) . O
R A I A W R ¢

/-.=. (00 & " O /.+
( .'00 (-&/../C,/= 'O/
L 0/)&

A [+ )

= R L T(=( " =

- # ] /(= 01 A (
ot =00 L #

> var.test(yield,height)
F test to compare two variances

data: yield and height

F = 3.5938, num df =9, denom df = 9, p-value = 0.0

alternative hypothesis: true ratio of variances is
tol
95 percent confidence interval:
0.8926393 14.4684590
sample estimates:
ratio of variances
3.593761

[ ; "'04&I<#+ /< (<( .'00 (
=, &36& "' / O var.test(height,yield)
+7,(1 &385%I4&!<61) / ;=,) +),(1)

/= . '. 0 ,>(00
&. 1 ,( O-"*/[."
> t.test(yield,height,var.equal=T)
Two Sample t-test
data: yield and height
t = 14.5809, df = 18, p-value = 2.069e-11

alternative hypothesis: true difference in means is
to 0

7035
not equal

not equal



Y. )R L)
), I @).0 - =
NOY, =

95 percent confidence interval:
55.74562 74.51438

sample estimates:

mean of x mean of y

96.23 31.10

>

[..1-)),0-01/ .7.=

S+ 0), ./ CIK= # '=((
r- &' [/ 1 ( .00 (-

/[ A-,.'0 /=1 "' > (+/
0 ,) =)..">2"">(. -

AN (. . > T =) -

.ol 1= >/.1 -) (01
N A
‘(.00 = >+,00 1/ &
+//.. > /(00 .1+ > (
(=0.& /- (00 A ('1N
(60 (.. (CC" 1) (
&) )= (7

> t.test(height,yield,paired=T)
Paired t-test

data: height and yield

t=-12.6765, df = 9, p-value = 4.82e-07
alternative hypothesis: true difference in means is
to0

95 percent confidence interval:

-76.75259 -53.50741

sample estimates:

mean of the differences

-65.13
[.;.0 ((#/1 . .0¢(
- & .- (- .- (1 A
6 LR+ ) & -
[ 1= > +-, &
1>) > =)0 /*+ " /

(=01,
> t.test(yield,mu=31.10)
One Sample t-test

data: yield
t =16.4852, df = 9, p-value = 4.956e-08

* 1Y
/1

A

[ 1&[1.1.1

N 3
()
(> (& /
7 '+
|(’

(+ /70 /

‘& /
0 (

e

)

not equal

34
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V), 1 @).0 - =
YY), =

alternative hypothesis: true mean is not equal to 3
95 percent confidence interval:

87.29265 105.16735
sample estimates:

mean of x

96.23
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> t.test(yield~SNP1,var.equal=T)
Two Sample t-test

data: yield by SNP1
t = -3.2387, df = 8, p-value = 0.0119
alternative hypothesis: true difference in means is
to0
95 percent confidence interval:
-33.351652 -5.610252
sample estimates:
mean in group 1 mean in group 2
90.38571 109.86667
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> Im(yield~height)

Call:
Im(formula = yield ~ height)

Coefficients:
(Intercept) height
119.305 -0.742
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> yield_height_regression<-Im(yield~height)
>

). @&c 0 )
> summary(yield_height_regression)

Call:
Im(formula = yield ~ height)

Residuals:
Min 1Q Median 3Q Max
-24.3979 -4.9509 0.8878 4.4355 19.7280

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 119.3048 19.5654 6.098 0.00029 **
height -0.7420 0.6168 -1.203 0.26338

Signif. codes: 0 ***' 0.001 **' 0.01 *' 0.05".

Residual standard error: 12.19 on 8 degrees of free
Multiple R-Squared: 0.1532, Adjusted R-squared:
F-statistic: 1.447 on 1 and 8 DF, p-value: 0.2634
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> anova(yield_height_regression)
Analysis of Variance Table

Response: yield

Df Sum Sqg Mean Sq F value Pr(>F)
height 1 215.19 215.19 1.44710.2634
Residuals 8 1189.61 148.70
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> plot(height,yield)
> abline(yield_height_regression)
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> fitted(yield_height_regression)
1 2 3 4

5
8
91.85247 91.85247 105.20765 95.56224 94.82029
90.36856
9 10
92.59442 99.27201

> resid(yield_height_regression)
1 2 3 4
2.3475313 1.8475313 9.8923510 -5.4622410 -3
7 8 9 10
-24.3978767 5.1314403 -5.3944231 19.7279867
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> Im(yield~height+SNP2+SNP1)

Call:

Im(formula = yield ~ height + SNP2 + SNP1)

Coefficients:

(Intercept) height SNP2 SNP1
90.5966  -0.4235 -4.7109 19.5607

Nn>,. ( (.?

<&!< ;5&9 A/ /6759&3 A 6 X5%<&!:A %6

/] 000 %., - ('[-&

99.27201 101.49788

5 6
.6202865 -0.0720133
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> (Im(yield~SNP1+height+SNP2))
Call:
Im(formula = yield ~ SNP1 + height + SNP2)
Coefficients:
(Intercept) SNP1 height SNP2
90.5966  19.5607 -0.4235 -4.7109
+=#/.." 1 .0 .- .0. o ?
> anova(Im(yield~height+SNP1+SNP2))
Analysis of Variance Table
Response: yield
Df Sum Sg Mean Sq F value Pr(>F)
height 1217.41 217.41 2.2842 0.19109
SNP1 1 659.08 659.08 6.9248 0.04645 *
SNP2 1 47.86 47.86 0.5028 0.50994
Residuals 5 475.88 95.18
Signif. codes: 0 ***' 0.001 **' 0.01 *' 0.05 ". ‘0.1
> anova(Im(yield~SNP1+height+SNP2))
Analysis of Variance Table
Response: yield
Df Sum Sg Mean Sq F value Pr(>F)
SNP1 1 809.36 809.36 8.5038 0.03316 *
height 1 67.12 67.12 0.7052 0.43933
SNP2 1 47.86 47.86 0.5028 0.50994
Residuals 5 475.88 95.18
Signif. codes: 0 ***' 0.001 **' 0.01 *' 0.05 ". ‘0.1
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> anova(Im(yield~SNP1+height+SNP2))
/ 00 00 % .0 (0 .# (.0)¢( 1. . ,>. 0 ?
Df Sum Sg Mean Sq F value Pr(>F)
SNP1 1 809.36 809.36 8.5038 0.03316 *
0 0 I %00 #/ / .0 ( A ?
height 1 67.12 67.12 0.7052 0.43933
/ =,)'0&990// ./. O 0/ I# )
00 >00 0 %& ,>#/ 00 'O #0 0 17/ % (
/ /00 ..". O 7
SNP2 1 47.86 47.86 0.5028 0.50994
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Df Sum Sg Mean Sq F value Pr(>F)
SNP1 1 659.08 659.08 6.9248 0.04645 *
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> anova(Im(yield~height+SNP2+ SNP1))
Analysis of Variance Table

Response: yield

Df Sum Sg Mean Sq F value Pr(>F)
height 1217.41 217.41 2.2842 0.19109
SNP2 1 6.05 6.05 0.0636 0.81091
SNP1 1 700.88 700.88 7.3640 0.04209 *
Residuals 5 475.88 95.18

Signif. codes: 0 ***' 0.001 **' 0.01 *" 0.05 ". ‘0.1

% ..,. . ,>. 0 &'. O - 1 (" (
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> anova(Im(yield~SNP1))
Analysis of Variance Table

Response: yield

Df Sum Sg Mean Sq F value Pr(>F)
SNP1 1796.97 796.97 10.489 0.0119 *
Residuals 8 607.84 75.98

Signif. codes: 0 ***' 0.001 **' 0.01 *" 0.05 ". ‘0.1
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Variety SNP1 SNP2 haplotype
stata 1 NA NA
sass 1 1 11
R 2 1 21
genstat 1 1 11
Splus 1 1 11
S 1 2 12
SPSS 1 2 12
minitab 2 2 22
BMDP 1 2 12
mstat 2 2 22
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haplotype <- (SNP1*10+SNP2)
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> haplotype<-factor((SNP1*10+SNP2))

> haplotype

[1]<NA>11 21 11 11 12 12 22 12 2 2
Levels: 11 12 21 22
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> anova(Im(yield~haplotype))
Analysis of Variance Table

Response: yield
Df Sum Sq Mean Sq F value Pr(>F)
haplotype 3 872.48 290.83 2.7554 0.1517

Residuals 5 527.74 105.55
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> summary(Im(yield~haplotype))

Call:
Im(formula = yield ~ haplotype)
Residuals:

2 3 4 5
7 8 9 10

2.033e+00 -6.203e-16 -1.567e+00 -4.667e-01 1.137e
1.073e+01 -1.175e+01 -6.333e-01 1.175e+01

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 91.667 5.931 15.454 2.06e-05 **
haplotypel2 -3.833  8.388 -0.457 0.667
haplotype21 23.433 11.863 1.975 0.105
haplotype22 15583 9.379 1.662 0.157

Signif. codes: 0 ***' 0.001 **' 0.01 *' 0.05".

Residual standard error: 10.27 on 5 degrees of free
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Multiple R-Squared: 0.6231, Adjusted R-squared: 0.397
F-statistic: 2.755 on 3 and 5 DF, p-value: 0.1517
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> anova(Im(yield~factor(SNP1)*factor(SNP2)))
Analysis of Variance Table

Response: yield

Df Sum Sg Mean Sq F value Pr(>F)

factor(SNP1) 1 809.36 809.36 7.6682 0.03940 *
factor(SNP2) 1 55.68 55.68 0.5275 0.50022
factor(SNP1):factor(SNP2) 1 7.45 7.45 0.0705 0.80114
Residuals 5527.74 105.55
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> table(SNP1,SNP2)
SNP2
SNP112
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> SNPtable <- table(SNP1,SNP2)
> rownames(SNPtable) <-c("allele1","allele2")
> colnames(SNPtable) <-c("allele1","allele2")
> SNPtable
SNP2
SNP1 allelel allele2
allelel 3 3

allele2 1 2
>

(N, =1 )= (1]

> table(haplotype)
haplotype
1112 21 22
3312
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> chisg.test(table(SNP1,SNP2))

Pearson's Chi-squared test with Yates' cont
correction

data: table(SNP1, SNP2)
X-squared = 0.0563, df = 1, p-value = 0.8125
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Warning message:
Chi-squared approximation may be incorrect in:
chisg.test(table(SNP1, SNP2))

> chisq.test(SNPtable)$expected
SNP2

SNP1 allelel allele2

allelel 2.666667 3.333333

allele2 1.333333 1.666667
Warning message:
Chi-squared approximation may be incorrect in:
chisq.test(SNPtable)

1.=(. 1A ( /.-- ?

> chisq.test(SNPtable)$observed
SNP2

SNP1 allelel allele2

allelel 3 3

allele2 1 2
Warning message:
Chi-squared approximation may be incorrect in:
chisg.test(SNPtable)
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> chisg.test(SNPtable,simulate=T,B=1000000)
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Pearson's Chi-squared test with simulated p
(based on 1e+06
replicates)

data: SNPtable
X-squared = 0.225, df = NA, p-value =1
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> fisher.test(SNPtable)
Fisher's Exact Test for Count Data

data: SNPtable
p-value = 1
alternative hypothesis: true odds ratio is not equa
95 percent confidence interval:
0.06060903 156.52286969
sample estimates:
odds ratio
1.852496
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> (table(SNP1,haplotype))
haplotype
SNP1 11 1221 22
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>
> chisg.test(table(SNP1,haplotype))

Pearson's Chi-squared test

data: table(SNP1, haplotype)
X-squared =9, df = 3, p-value = 0.02929

Warning message:
Chi-squared approximation may be incorrect in:

chisg.test(table(SNP1, haplotype))
>

> chisg.test(table(SNP1,haplotype),simulate=T)
Pearson's Chi-squared test with simulated p
(based on 2000
replicates)
data: table(SNP1, haplotype)
X-squared =9, df = NA, p-value = 0.0004998
> fisher.test(table(SNP1,haplotype))
Fisher's Exact Test for Count Data
data: table(SNP1, haplotype)
p-value = 0.03571

alternative hypothesis: two.sided
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> demo(graphics)
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> plot(yield,height,main="Data set 1",sub="example
scatterplot”,ylab="height in cm",xlab="weight in ki los™)
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> pchisq(3.84,1,lower.tail=F)
[1] 0.05004352

/- .= pchisq #
4&89 =)o/ .. . &
% /( .'00 (-
J+“ &, 0. "5/(0)6/ ),
)y '/I=)'0/ .. . 7 &! ]
. 0 .o+ @) [/ '01/)

lower.tail=F &

) 1.@) (0 =)+ ).
> qchisq(0.05,1,lower.tail=F)
[1] 3.841459

@)

A-,.00 1 (. 1) J+1,+&

)( lower.tail=F

> pf(3.84,1,1000,lower.tail=F)
[1] 0.05032099

> (0f(0.05,1,1000,lower.tail=F)
[1] 3.850775
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> pnorm(1.96,lower.tail=F)
[1] 0.02499790
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V) R 1 @).0 - =
. ), '=-1

> pnorm(1.96,lower.tail=F)
[1] 0.02499790
> pnorm(-1.96)
[1] 0.02499790

=% . @ (') . 0 o/ &
11, . (>0 ( = 1,.+ /(00

(= . 01>, 0> |/ - (= &
pnorm(g,mean=x,sd=y) +//1 =.0) '?@ norm(p,mean=x,sd=y)
A+ & W F 1 ((0 @) (&/=,.0- ( O
(=" ). . 0(5)1L ) 0A (> pnorm ( gnorm6&
/(0), =,). (%&

SO L ?
> pt(1.96,1000,lower.tail=F)
[1] 0.02513659
> pt(-1.96,1000)
[1] 0.02513659
cC)),» =) +.(( . 7'+ @ ) [ .)-0/ '+

0O 11, 2@, + -./ Y B
/ =.0) '"0,+.7)),0- ( - ,) 7
> t(0.025,10000,lower.tail=F)
[1] 1.960201
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MapMaker
data type f2 intercross
118 1530
*T56p

DDDDDDDDDBDEDDDDDDDDDBDBBDBDDBDEBDBBDDDDDEDDEDBRDDDDDDDBDEDDDDDDBDBDDDDBDBD
DBDDBDBDBDDDDDDDDDDDDDBDDDDDDDDDDDD

*T57p
DBDDBBDDDBDDDDDBDDDBDBBEDBDDDBDDDDDBDDDDDDBDB
DDDDDDDDDDDDDDBDDDDBBBDBDBDBDDBDDDD

*T58p
DBDBDBDBDDBDDDDDDDDDBDBBBDEDEDDDDDBDDD DD DDDBEDEDNEDE DEDDBEDDDBDDDBBDDBDBBBDB
DBBDBDDBDBDDBDDBDDDBDDDDDDDDDDDDDDD

DDDDDDDDDDDDDDDDDDDDDDDD

0., . NN >&/."(, /.
I )1. /. (1> .,. 3/ 0. )1 5%%86
( /'), " .N# &/ )1 0" >0 + [/

( +/ 10,3/.'(=,) 5%!46 ( 1)1 0- ¢
JIL (=) (.1 )1 0@) = 5 6#
/. &

JoinMap

name = 15x399

popt = F2

nloc = 153

nind = 118

*T56p

DDDDDDDDDBDEDDDDDDDDDBDBBDBDDBDEBDBBDDDDDEDDEDBRDDDDDDDBDEDDDDDDBDBDDDDBDBD
DBDDBDBDBDDDDDDDDDDDDDBDDDDDDDDDDDD

*T57p
DBDDBBDDDBDDDDDBDDDBDBBDBDDDBDDDDDBDDDDDDBDB
DDDDDDDDDDDDDDBDDDDBBBDBDBDBDDBDDDD

*T58p
DBDBDBDBDDBDDDDDDDDDBDBBBDEDEDDDDDBDDD DD DDDBEDEDEDE DEDDBEDDDBDDDBEDDBDBBBDB
DBBDBDDBDBDDBDDBDDDBDDDDDDDDDDDDDDD

DDDDDDDDDDDDDDDDDDDDDDDD
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5> group
Linkage Groups at min LOD 3.00, max Distance 50.0

groupl= T56p S55p T173p

group4=T59p T78p T82p S19p S28p S31p S47p T21m T24
S29m S41m S51m S52m T121m T174m T176m T201m T189m T
S99m CAG4m T64p T68p T70p T182p S68p S88p S95p S97p

group6=T76p S7p S8p T108m T110m S10m S17m S46m T18
T163p T199p S58p S89p S93p S100p S102p B1_PDR1

group8= T111p S1p S5p S30p S32p S42p T12m S22m S26m
T194m S64m S69m S104m T74p T166p T179p T197p S59p S

groupl0= S21p S27p S36p S38p S54p S2m S20m S49m T16
T67p T73p T171p T202p S82p CAG1p

unlinked= T158pm

[.>)+ "1, ... ("0
Yol ) |- (.02
Y . .@ ,,
3y (0), , * !
8Y )
c/l/ $0("1/)yr'0,*

TR ) #1048

8> group
Linkage Groups at min LOD 2.00, max Distance 50.0

groupl= T56p S9p S12p S55p S53m S84m T173p S74p S94

groupd=T59p T76p T78p T82p S7p S8p S19p S28p S31p

T11m T13m T108m T110m S10m S17m S18m S29m S41m S46m
T176m T181m T201m T188m T189m T195m S60m S70m S73m
S99m CAG4m T124p T127p T64p T159p T68p T70p T163p T
S76p S88p S89p S93p S95p S97p S98p S100p S102p S107

m T60m T9m T11m T13m S18m
195m S60m S70m S77m S83m S86m
S98p CAG5p

5m T187p S80p

1m T188m S73m S79m S91m T124p

S34m S39m S44m S50m T168m T169m
103p CAG7p

5m T183m S67m S78m S105m T66p

6p S107p

/ )10, *

). - 0('3

S45p S47p T21m T24m T60m TOm
S51m S52m T121m T162m T174m
S77m S79m S83m S86m S90m S91m
167p T182p T198p T199p S58p S68p
p CAGS5p B1_PDR1

%
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NOY, =

group5= T200p T77p S21p S27p S35p S36p S38p S54p T8
T165m T170m T183m S67m S75m S78m S85m S105m T66p T6
S80p S82p CAG1p

group7=T111p S1p S5p S30p S32p S42p T12m S22m S26m
T194m S64m S69m S104m T74p T166p T179p T197p S59p S

unlinked= T158pm

(> =)L)
0 A-,#/.->-*.] ->" 0
o( /,* . .1 '
+/0+ -* . [ 1,%("/
) D T A
L) & L ) - o)
&
Moo+ ?
<Y .@ ,
%Y (0),,* 91
%%Y ')
11> group

Linkage Groups at min LOD 4.00, max Distance 50.0

groupl= T56p S55p T173p

group4=T59p T78p T82p S19p S28p S31p S47p T21m T24
S29m S41m S51m S52m T121m T174m T176m T201m T189m T
S99m CAG4m T64p T68p T70p T182p S68p S88p S95p S97p

group6=T76p S7p S8p S10m S17m S46m T181m T188m S73
S89p S93p S100p S102p B1_PDR1

group8= T111p S1p S5p S42p T12m S22m S26m S34m S39m
S64m S69m S104m T74p T166p T179p T197p S59p S103p

groupl0= S21p S27p S36p S38p S54p S2m S20m T165m T1
T171p T202p S82p CAG1p

unlinked= S3m T199p S65p T158pm

7m S2m S3m S4m S20m S49m T40m
7p T73p T171p T187p T202p S65p

S34m S39m S44m S50m T168m T169m
103p CAG7p

$.,+& )
1,*&'/=
[=->,* ).
e & -,
>)+,,. 0)/
$.'.'04"

m T60m T9m T11m T13m S18m
195m S60m S70m S77m S83m S86m
S98p CAG5p

5m T187p S80p

m S79m S91m T124p T163p S58p

S44m S50m T168m T169m T194m

83m S78m S105m T66p T67p T73p

6p S107p

% %
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14> group

Linkage Groups at min LOD 4.00, max Distance 0.316

groupl= T56p S55p T173p

group4=T59p T78p T82p S19p S28p S31p S47p T21m T24
S29m S41m S51m S52m T121m T174m T176m T201m T189m T
S99m CAG4m T64p T68p T70p T182p S68p S88p S95p S97p

group6=T76p S7p S8p S10m S17m S46m T181m T188m S73
S89p S93p S100p S102p B1_PDR1

group8= T111p S1p S5p S42p T12m S22m S26m S34m S39m
S64m S69m S104m T74p T166p T179p T197p S59p S103p

groupl0= S21p S27p S36p S38p S54p S2m S20m T165m T1
T171p T202p S82p CAG1p

unlinked= S3m T199p S65p T158pm

I . %%Y (%9Y [ .-#0'
(. 0! .@=, '-A) "1
8&4%:&

= (70,79 .
o/ .) - (.
c@ > ( '>( .+

Y% | /.4
_* D

>, -

/(@) *>

%Y .@ ) %
%Y $ 1,

>+
(.,>1>

m T60m T9m T11m T13m S18m
195m S60m S70m S77m S83m S86m
S98p CAG5p

5m T187p S80p

m S79m S91m T124p T163p S58p

S44m S50m T168m T169m T194m

83m S78m S105m T66p T67p T73p

6p S107p
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16> Lod table

Bottom number is LOD score, top number is recombina

T56p
S55p

S55p 0.187

6.16
T173p 0.018 0.177

22.91 6.59
/ 1,0 +. -1 '0@) ..
(%34 /=1 .., * 5&%86# I

58%836'0 / 4-* #.1'( )
S, AR
0( /. 1 '0@) >=,).&

c/ +, -* (D
cl/4-* + [ - .?

%3Y -.'00 -
%8Y ' ( C -,
%<Y . @ Mm% 44 % %n
Y -
20> map
Map: 1 Apriori
Markers Distance Prob Candidate Error

1 T56p 0.014 rf

tion fraction:

T

(10 /.
16 %34 &/
L+ =

S

121 T173p 0.176 rf 1.0% [#107 D-B--1.7 3] [#85 B-D-D 1.12]
33 S55p e
23.2cM 3 markers log-likel ihood=-50.90
Map: 2 Apriori
Markers Distance Prob Candidate Error s
121 T173p 0.009 rf
1 T56p 0.179rf 1.0% [#85 D-B-D 2.37 1[#107 B-D-- 1.75]
33 S55p e
23.1cM 3 markers log-likel ihood=-51.00
Map: 3 Apriori
Markers Distance Prob Candidate Error s
121 T173p 0.142 rf
33 S55p 0.151rf 1.0% [#9 D-B-D 1.23] [#11 D-B-D 1.23] 15 more
1 T56p  ——-—---
34.7 cM 3 markers log-likel ihood= -65.63
L #- 4 (L% 3..0 '>
4+ /5001, = = 6& %' '/ Il 1)
o, (1= 4 000, O1, .= &
w1k [ 1 0@ .1 (]

%34 I +/ /.- % 1=&

% 4
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Y ) .- R

A

23> map

/] OA(. @)

Map: Apriori

Markers Distance Prob Candidate Error
1 T56p 1.4cM

121 T173p 21.8cM 1.0% [#107 D-B--1.7
33 S55p -

S

3][#85 B-D-D 1.12]

23.2cM 3 markers log-likel ihood= -50.90
9y >,
24> genotypes
Genotypes:
000000000000000000000000000000000 00000000000000000
000000000111111111122222222223333 33333344444444445
123456789012345678901234567890123 45678901234567890
T56p DDDDDDDDDBDBDDDDDDDDDBDBBDBDDBDBB DBBDDDDDBDDDDDBDD
14cM
T173p 1.0% DDDDDDDDDBDBDDDDDDDDDBDBBDBDDBDBEYBBDDDDDBDDDDDBDD
21.8cM
S55p DDDDDDDDBBBBDDDD-DDDD-DDBDDDDDDBD DDBDBDDDDDDDDDB-D
#Recs: 000000000000000000000000000000000 00000000000000000
000000000000000000000000000000000 00000000000000001
55555555566666666667 7777777778388 88888899999999990
123456789012345678901234567890123 45678901234567890
T56p DDBDBDDDDDDDDBDBDDDDDDBDBDDDDBDBD  DBDDBDBDBDDDDDDDD
14cM |
T173p 1.0% DDBDBDDDDDDDDBDBDDDDDDBDBDDDDBDBmMDDDBDBDBDDDDDDDD
21.8cM |
S55p DDDDBDDDDDDDDBDBDDDDDDDDBBDDDBDBB  DDDDBDBDBBDDDD-BD
#Recs: 000000000000000000000000000000000 00000000000000000
11111121211211111211
000000000111111111
123456789012345678
T56p DDDDDBDDDDDDDDDDDD
14cM
T173p 1.0% DDDDDBBDDDDDDDDDDD
21.8cM
S55p DB-D-B-DDDDDDDDDDB
#Recs: 000000000000000000
[Yy)o'-/ > .- (S+. ] ( =0, '>
(= &0 L = .11,

(( '.0-/ )5 Y-6&
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S0 o> L YA
), (=0,.&/.. .> 0
Cl=- (NY%# '++ +,-="""
-*&/.)1 0-*.."->0
>+ /=00 Y%&'0) " -
0 (.N(21)#," 1.'+
A+ 4+, ),..'0)1.?
Y -.'00
Y .@ ,,
3y )

27> group
Linkage Groups at min LOD 3.00, max Distance 0.316

groupl=133121

YO9W 4891821233034 3537 3839415155586364
9194 97 100 103 106 109 113 114 123 132 137 141 14

8Y B G
<Y .@ {231436770 N m ,,.
4Y -

30> compare

Best 20 orders:

: 677023143 Like: 0.00
672703143 Like:-0.03
67 70 24331 Like: -0.15
672704331 Like:-0.31
67 7031 43 2 Like: -1.50
267703143 Like: -1.57
67 7031 243 Like: -1.64
677043 231 Like:-2.18
677043 312 Like:-2.19
10: 672317043 Like:-2.23
11: 267704331 Like:-2.35
12: 267317043 Like:-2.42
13: 673170243 Like:-2.52
14: 673170432 Like:-2.66
15: 433126770 Like:-3.37
16: 314326770 Like:-3.42
17: 433167270 Like:-3.88
18: 673127043 Like:-4.23
19: 314367270 Like:-4.29
20: 243316770 Like:-4.77
orderl is set

CcoNoaRONME

A%Y . @' (%
4Y -

2143 149

-1

1.) .( (0"

* '/'
(. 0/
I 1* '.&
[ 1.
- * '/(,
-* .10+
*+ -.'00

66 76 77 80 83 86 87

% !



|’ )’ * / @) . Ol 1 o=
') . ) , '=-1 |
32> map
Map: Apriori
Markers Distance Prob Candidate Error s

67 T126m 0.198 rf
70 T72m 0.053rf 1.0% [#66 A-C-D 1.05
2 T57p 0.194rf 1.0% -
31 S48p 0.074rf 1.0% -
43 T89m -
63.3cM 5 markers log-likel

ihood=-124.04

44Y .@:33 4%94
49Y >8%

34> try 81

|-23.07 |
67 | |
|-25.39 |
70
|-4.91]
2 | |
|-0.14 |
31 ||
| 0.00 ]|
43 ||
|-0.15|

INF |-24.70 |

BEST -129.44

/) .) . I1.' '0 8%<
- % 49%5986 (9458<-6#. > /.7

41 .@:33 4% 8% 94

I..10A((

%8!-6 .1 +

4Y -
36> map
Map: Apriori
Markers Distance Prob Candidate Error s

67 T126m 0.198 rf
70 T72m 0.049rf 1.0% [#66 A-C-D 1.07
2 T57p 0.193rf 1.0% -
31 S48p 0.063rf 1.0% -
81 T185m 0.018rf 1.0% [#117D-C-A 2.21
43 T89Mm -

63.2cM 6 markers log-likel

1[#106D-C-A 1.55] 1 more

ihood=-129.44
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37> lod table
Bottom number is LOD score, top number is recombina tion fraction:
67 70 2 31 81
70 0.206
6.62
2 0.167 0.049
3.30 5.02
31 0.3000.1420.177
1.80 4.83 7.66
81 0.4000.281 0.049 0.048
0.57 3.38 4.40 5.80
43 0.389 0.288 0.049 0.048 0.025
0.78 3.44 4.85 6.42 24.20
ML r0@) >( 1. . ("0~ (.
R R A T A
48Y '> .
38> genotypes
Genotypes:
000000000000000000000000000000000 00000000000000000
000000000111111111122222222223333 33333344444444445
123456789012345678901234567890123 45678901234567890
T126m CCCACCAACCCCACCCCCACCCCCCACCCCACC cCAAccceAcecececcecececea
25.2 cM X X
T72m 1.0% CCCACCCACCCAACCCCCACCCCCCAACCC T cAACccAcceeeeeeAa
51cM
T57p 1.0% DBDDBBDDDBDDDDDBDDDBDBBDBDDDBDDDDDBDDDDDDBDDBDDBDD
24.4 cM
S48p 1.0% DBDDBBDDDBDDDBDBBBDBDBBDBDDBBDDDB BBDDDBDDDDDDDDBDD
6.7 cM XX X X XX X
T185m 1.0% CCAACCCCACAAACACCCACACCACAC-CCCACccecececeecAceAacecececeeAa
1.8cM XX X X XX X
T89m CCAACCCCACAAACACCCACACCACACCCCCAC cccecececAccecAaccececececea
#Recs: 000000320000000000000000002000300 00220002000000000
000000000000000000000000000000000 00000000000000001
555555555666666666677777777778888 88888899999999990
123456789012345678901234567890123 45678901234567890
T126m ACA---ACCCCAACAAACCCCCAAACAACCCCC ACAC-CA------CCAA
25.2cM X XX [X XXX X X
T72m 1.0% ACAACCCCCAACCAACCCCCAACCCAACCACCCCAACACACCCCAACCAA
51cM (@]
T57p 1.0% DBDDDDBBDDDDDDDDDDDDDDDDDDDDDDDDIMDDDDDDDDDDDDDBDD
24.4 cM O O 00
S48p 1.0% DDDDDDBBDDDBDDDDBDDBDDDDDDDDDDBDIBBDDDDDDBDDDDDBDD
6.7cM X XX [XXXX X XXX X
T185m 1.0% -CACCCCCC-ACCCAACCACACCCCAACCACCA cceecececccececAcAceAA
1.8cM X XX [XXXX X XXX X
T89m ACACCCCCCAACCCAACCACCCCCCAACCACCA ccceccecececececcAcAccAA
#Recs: 000200300003320130001233300300000 32202020000200000

% 3



. ). Fl . ;

) 1 @).00 " -
). ), =1
111111111111111111
000000000111111111
123456789012345678
T126m AACCCCCACA-ACCC-AC
252 cM
T72m  1.0% AACCCCCACACACCCAAC
51cM
T57p  1.0% DDBBBDBDBDBDDBDDDD
24.4cM
S48p  1.0% DDBBBDDDDDBDDBDDDD
6.7 cM XX |
T185m  1.0% CCCCCCCAC-CACC-ACA
18cM XX |
T89m CCCCCACACCCACCAAAA
#Recs: 220000000000000010
[ >1,.+/ 1 '>7") ?
[W .=
W +l I..I: .ll :,
ow.) .. .1, (( '? =
dDeW 1, A A §
( 1 IO > I.l 1
(- (=2
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A L0 0) >, 8%H'
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+H > $ $$

(It 0-17)
.. 1(& >" -+4).
'>= ) H-* &

3-A  +r## 4

# (. , 'OF
0 &= 0,0-"(#-* - ((
Y Y& . 1 1( 0. -*
F-&

AO,0- 1 )' I
1+ A-,'0/0,0-0 /"
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V) 1@).0
Group 1(15x1194)
Tpsl/254+ 0.0
cDNA169 0.6
spm158- 2.0
Tpsl1/115- 2.0
CcDNAL48t 72.8
Tpsl1/253+ 744
cDNA267 79.4
pRSR547/7 81.5
Group 2(15x1194)
spm148+ 0.0
Tps1/106- 9.2
Tps1/258- 9.2
cDNA277 18.0
Tps1/183- 1147
a 116.3
cDNA24 123.2
Tpsl/66+ 124.7
L / / , * l) . 1 1 ( 1
(2, N+l
LG I
0.0 Tps1/254
0.6 cDNA16
20 spm158 Tps1/115
: Tps1/118
3.4 Tps1/247
4.3 Tps1/219 Tps1/163
5.3 spm152
8.8 Tps1/207
13.8 Tps1/193 Tpsl/261
16.6 Tps1/275
22.8 psl/211+
25.9 Tpsl/124 spm169
26.8 spm157
30.9 spm117
36.0 %pm122
38.9 ps1/256 Tpsl1/257
’ Tps1/249 spml74
43.5 pRSR46/
45.2 Tps1/246
47.1 DRP
52.3 spm146 Tps1/100
58.4 spm175-
Tps1/204 Tps1/188
64.7 Thal/199 "
66.6 Tps1/117
72.8 cDNA148
74.4 Tps1/253
79.4 cDNA26
81.5 pRSR547/

0.0

9.2
18.0
19.7
22.7
24.6
28.3
324

44,
46.6
51.9

64.9
68.2
69.7
72.4
92.3
95.3
98.1
99.6
102.5
104.2
105.7
110.7
112.7
113.3
114.7
116.3
123.2
124.7

LG

spm148

1 Tps1/106 Tps1/258

cDNA27
:é spm120

NN/

\/

cDNA28
Tps1/116
N sb

™ spm154

H— Tps1/259 Tpsl1/79
T Tps1/234
cDNA101

|~ spm135
| - spm128
[— Tps1/67
Tps1/245
spm119-
Tps1/235
spm198
spm194- Tpsl/267
Tps1/213
- Tps1/202

T IIL

Tps1/73

Tps1/231+
N leg
Tpsl1/272-

]

S WM e N/

]

Tps1/183
a

cDNA2
Tps1/66

00 <
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& -k (.-, . 0
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_ ) ,,> . . / ) _ 1 - . Number of chiasmat:
o0 = "), '&/0) 1+ ). . Q
/" @) 0 ' =0 - .&/ /
> = [/ " = .
w(C I -#),/1.- 5 . /
) O'-F&& * 6
Recombination: At the cytogenetic level:
D |
AH1ta A 2 Al al A -
st B{lFr 8] o] sd -
% | _’
e e cd A ¢
2 =B 2 =B ® ® ® ®
One crossover amete segregation
(4 strand stage) 9 greg
w (" 5 46+ ( *:$. 0/ L,
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2
1 2
6.6“ 6.6--
25.3 25.3
21T T
6.6 |
21.5 14.8
T 6.6 |
66 | < LoCm
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1y / -./..N5 1A6&

1 and 2 are idealised data sets; 1 scores
the data as codominant markers and 2 as
the corresponding scores for dominant
markers in coupling.

Marker data is in the order of the markers
in the maps.
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FTAe Technology

FTA Cards are impregnated with a patented chemical formula that lyses cell membranes and denatures
proteins on contact. Nucleic acids are physically entrapped, immobilised and stabilised for storage at room
temperature.

FTA Cards protect nucleic acids from nucleases, oxidation, UV damage and microbial and fungal attack.
Infectious pathogens in samples applied to FTA Cards are rendered inactive on contact. Samples collected
on

FTA Cards and enclosed in a multi-barrier pouch can be shipped through the post making them an
extremely useful tool for field collection of blood, plants or other specimens.

Indicating FTA Cards turn from pink to white on sample application and are recommended for clear or
colourless samples. CloneSaverm Cards are optimised for the room temperature collection and storage of
plasmid DNA.

Handling Instructions

« Always wear gloves when handling FTA or CloneSaver Cards to avoid contamination of the

Cards.

« Store unused FTA or CloneSaver Cards in a cool, dry place (avoid light and excessive

humidity).

« Follow universal precautions when working with

biological samples.

* FTA or CloneSaver Cards are non-toxic to

humans.

Materials Required

* Whatman FTA Card — Indicating FTA Cards are recommended for use with clear samples. If
applied to non-Indicating Cards, circle the application spot with a ballpoint pen or pencil.

* Whatman FTA purification reagent (cat no.

WB120204).

* T 0.1 E buffer (10mM Tris-HCI, 0.1mM EDTA, pH 8.0).

¢ 2.0mm diameter Harris micropunch or other

paper punch.

« Proteinase K (10 mg/ml).

« Ligation buffer (ATP 1 pL + Adaptors EcoRI and Msel + 1 unit of T4 ligase).

 Restriction enzymes of choice.

« Restriction ligation buffer (BSA + Water).

« 2.0mL micro centrifuge tube with spin basket insert (e.g. Whatman VectaSpinrw).

« Micro centrifuge capable of speeds up to

12,000 x g.

* 370C and 60.C incubator.

* Whatman FTA Protocol BD09 “Removing a

Sample Disc from an FTA or CloneSaver Card for Analysis”.

The FTA Principle — Get it Right First Time, Every  Time

FTA works by lysis of cells releasing the nucleic acid within the matrix of the Card, where the nucleic
acid will be entrapped among the cellulose fibres. Therefore the key step to ensure success is getting
DNA-containing cells into the FTA in the presence of moisture to activate the cell-lytic and DNAprotective
chemicals.

Controls

It is recommended that internal standard controls are used during each analysis, these should include
the following:

* Negative control.

« Positive control of a known DNA standard

solution.
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Whatman FTA Protocol BCO1
Processing Protocol for Downstream AFLP Analysis of

Sample DNA on an FTA e Card

Preparing an FTA Disc for DNA Analysis

1. Take two sample discs from the dried spot following the instructions provided in the

protocol entitled “Removing a Sample Disc from an FTA or CloneSaver Card for Analysis”,

protocol number BD09. For plant samples a 2.0mm disc is recommended.

2. Place discs in the bottom of a spin basket insert.

3. Place the spin basket into a 2.0mL micro centrifuge tube.

4. Add 500pL FTA purification reagent to the basket.

5. Incubate for 1 minute at room temperature.

6. Centrifuge at 6000 x g for 30 seconds.

7. Remove the basket and decant used reagent.

8. Return the basket to the micro centrifuge tube and repeat Steps 4-7 twice for a total of 3 washes with the
FTA purification reagent.

9. Add 495uL FTA purification reagent and 5pL Proteinase K (10mg/mL) to the FTA discs in the basket.
10. Incubate for 1 hour at 60<C to remove residual Histones.

11. Centrifuge at 6000 x g for 30 seconds.

12. Remove the basket and decant used reagent/buffer.

13. Return the basket to the micro centrifuge tube.

14. Add 500pl of TE-1 buffer to the tube.

15. Centrifuge at 6000 x g for 30 seconds.

16. Remove the basket and decant used buffer.

17. Return the basket to the micro centrifuge tube.

18. Repeat steps 14-17 twice for a total of 3 washes with TE-1 buffer.

19. Transfer discs to a new tube.

20. Ensure that all the liquid has been removed before performing analysis.

Restriction Step

21. Add 2 restriction enzymes to the two FTA washed discs, a frequent cutter and a rare cutter (e.g. EcoRI
and Msel).

22. Add 4 units of each in restriction ligation buffer (BSA + Water) for a final volume 30pLL.

23. Incubate for 1 hour at 37<C.

24. Mix solution by pipette.

Adapter Ligation Step

25. Draw off 30pL of restriction buffer leaving the discs behind.

26. Add to a fresh tube and add 10pL of ligation buffer (ATP 1L, Adaptors EcoRI, MSE1 and 1 unit of T4
ligase).

27. Incubate for 3 hours or overnight at 37<T.

Preamplification Step

28. As per your standard protocols.

Selective Amplification Step

29. As per your standard protocols.

Technical Help

If you experience any problems with this protocol or wish to obtain additional information please contact
Whatman Technical Service Team on the following regional numbers. Alternatively, please visit
www.whatman.com for additional product information and further contact details.

India +91 22 529 7035 — ask for technical service

For Additional Protocol Information Please Visit

www.whatman.com
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Wang et al 2004
Marker type:
SSR

$

Number

© 00 N O O b~ WN PR

W W W N DNNDNDNDNDNDNDNNDMDNDNDNDEERPRPRPERRERPEPRREPR PP PR
N P O © 0N O O WNPFP O O 0~NO O M~ wWwDNPF O

+ ?%
Accession
AL370549
BF650979
BF647899
AQ842128
Al94357
AW256794
AA660488
AW584539
AW586959
AW775229
BF005356
BF649209
AW 684360
AW685679
Al974841
AW688216
AW127626
AW688861
AG81
AW186493
GMENOD2B
AG48
AG50b
AG93
BE347343
SoyPRP1
AF186183
AW277661
GMABAB
BE801128
AW508247
AM620774

Origin_EST

Medicago
Medicago
Medicago
Medicago
Medicago
Medicago
Medicago
Medicago
Medicago
Medicago
Medicago
Medicago
Medicago
Medicago
Medicago
Medicago
Medicago
Medicago
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean
Soybean

Repeat
AC(11)
AT(28)
AT(34)
TA(23)
TC(25)
TC(17)
TC(19)

ACA(8)

ACA(10)

AGC(8)
AGG(8)
CCA(7)
CGA(8)
GCC(5)
TCT(11)

AGTG(9)
GTTT(7)

CAACT(7)

AG(13)
CTT(13)
AT(17)
AG(18
AG(19
AG(17
GA(18
ATT(20
ATT(22
ATT(23
ATT(25
CAA(13)
CTT(10)
CTT(9)

)
)
)
)

)
)
)
)

Size (bp)
198
179
266
209
183
192
194
204
222
222
193
200
183
197
169
211
191
195
105
219
164

244
141
204
247
159
172
153
152

Sequence FORW ARD 5'to 3'

CGTCCCGATATCGTCAACTT
TTGTGGAAGGAACAACTCTGG
CTGTCAACAAGGGGTTAGGTG
TCAATGCTGATGCCATTTTC
TCTCAATTCCCCAACTTGCT
GTCATCGAAGGCCAAAACAC
TTGCATTATTTTCCTTTTTGACC
TTGATGGGCAATACATGTCG
CGAGAATCATCGTAATTGGACA
TACTGGGGTGATGCAAGACA
CTTCAATTGTCACCGCCTCT
AAGAGGCGGAGAGTGAGGTT
TGTCATGGCGTCTCAAACC
ACCTCACCTCACCTCCCTTT
TCACCACCAAACCCCAAC
CACGAGGGATTGTTGTTTGA
CATTTTGAAGGAAGGAAGAAGG
TTGTTGTGTGGCTTCTTTGG
ATTTTCCAACTCGAATTGACC
GCGGTGATCCGTGAGATG
TAGGCAAAAGACTAAAAGAGTA
CAGAAACCTGAAATCTTCACC
ATAAATTGGAAGATGTGTTGGC
TCCATGCATGTATACTCCACC
GCGCAAGCACTGAATGTCA
CGTGCCAAATTACATCA

GCGTATTTTGGGGGATTTTGAACA

GCGCATGGAGCATCATCTTCATA
CAAAACATAAAAAAGGTGAGA
GCGACAGTTCTCCACTCTTC
GCGCCCAATCCCAATCTCAC
GCGATTTCCCCTCTTACTC

Sequence REVERSE 5'to 3'
CCACCACGACACATGTTACC
GAAACCGGCATGATTAAGACA
TGCATCTACACCCAAAACAAA
TCGCGTATTATAGCACAACACC
TCTCCTTCACCCATCTTTGC
GTTTGCGAGAAACACCGATT
AACCCACAACCCAAAAATCA
GTTGAAGGAAGGTGGTGGTG
CGAAGTTCAATGGCATCAGA
CAATACCCAGAGGAGCAGCTA
CTTATCTCGTCGTCCTCATCG
GGTAAGAGAACGAGCGAGGA
CCTAACGCAGGAGAAGGAGA
GATCATCTGGGTTTCGCAAG
TGGCAATGCTACAAGCCTAA
GGAGCAGTAGGGTTGCATCT
ATTTGGAAGCGGAATGTGAA
AAACCAACCACCTGTGTTGAC
TCATCAATCTCGACAAAGAATG
GCGGAAAGTAGCACCAAGAG
GCATGTCATTTTGATTGA
CTTGGGTTTTTTTATGGGTTC
TACTGATGTGGATTCTCCCAA
TCATATGCCACAGGTTTTGTT
GCGTCACTAACACCTATAACA
TGATGGGAACAAGTACATAA
GCGTTTCTCTTCTTATTCTTTCTCT
GCGAGAAAACCCAATCTTTATATCAATA
AAGAACCACACTAATATTATT
GCGCCCCTTATAGATTTGTAAC
GCGAAGCCAATAAATGATAAAAATC
GCGAAAAACCAAGTTC

%09<



Choi et al 2004
Marker type:
Intron-directed

SRS Lablab
Marker type:
Intron-directed

33
34
35
36
37
38
39
40

41
42
43
44
45
46

?%

DK224R
DK225L
DK302L
DK353L
DK369R
DK379L
DK413L
DK427R

MET_1
MET_2
fril
5SrDNA
pDLL_1
pDLT_1

J i

AQ917190
AQ917191
AQU17144
AQ917298
AQU17327
AQU17338
AQU17375
AQ917398

AB176566
AB176567
AF067417
AY583516
AY049046
AY049047

( S

Medicago
Medicago
Medicago
Medicago
Medicago
Vigna radiata
Medicago
Medicago

Lablab
Lablab
Lablab
Lablab
Lablab
Lablab

110
270
230
330
310
410
200
500

380
250
310
380
250
310

CGAAACAATAATCACAAAACAAATCAG
TGTCCTTGCTTCTTATCCTTCCTTCA
GCATGGAAATAGTTTGGGTTAGTAGTTAGT
CCATGCCATGGAAGGGTGTTT
GGAACGTGGAGTTGTTGATGGTATTAT
AGCTTGTTGAGGTGGAAGGAAGTC
TGATTGACCCCTGCTTTGATGCT
CCAAACAAGGAAAAGTGTTGGTGTCA

TGT CTG GCT GTG GGT GTG G

AAT GTC TTG CTG CGG TGG

TAC AGT GCT TCC TGA ATG GG

CGT GTG TTG AGA GGG AGG G

CTT CAT GCT ACT TTT TCT TCT GGG
ATG GTG GTG TTA AAG GTG TGC

ATCTTGTTTATATGTGTTTGTTGAAGACAGAATT

AGCAGCACAACAACTTACAACAACTC
CTGATAAATGCATATTTTCAACATATGAATTAA
GCAAGAACCAGATACCCTTGACATTT
GATGTAAAAACCTTTACACTTGATTGATTG
GTGTGTATGAGTGTCGTAAGCCCCT
GTCAGGTTTGTTGTTGTTTTTTCTTGCACTA
ATGAGAAACTTTTGAAATTTAGGATACGATAG

AGA GCT TTT GAA CTT GTA AAA GGG

AGC TCA CTT GCA AGT ACA GGG

ACA AAC AAC ATACAAGTACTAACTGCAC
AGA ACA AGC TCG TGG GAA GTC

ACA AAC ACATTG TGC AGG AA

TGC AAG GTT CGT AGC AGAAGTC

?%
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Genomic control — Endosperm texture

> St (> /orl.. .,

> L%l = = )&

Il ~

[.9(1 (¢ 1>?

t.test(Endosperm_Texture~SSAP1)
t.test(Endosperm_Texture~SSAP3)
t.test(Endosperm_Texture~SSAP4)

&#O,,'+(1>+ (+ [/ .. . # [ ),
= &+=#, ,- (= ( : /| +*"(&

>7?

attributes(t.test(Endosperm_Texture~SSAP4))

+* ' d1G e&/ .),.'0 >.. ") '0'1G &
(. . '/ >'01G &/.1G ./ = 1). (/
-- (d attributes e, +t.).". + [> &

/0. 1) 0) &. .d . e& /=) .\ (+1/

t.test(Endosperm_Texture~SSAP4)$statistic

H object$attibute +,, ./ =)56." (+/]1
1) &

cr /o). (C.(.,>1 =)0 lr .. o+
[ .0/ O-"+/ t.table =(.& .t/
A - +/'0/ 1).0 t.table Lo+
0'- 1 .(( >&
C ++.J" )), =,).0 [/ ) & > 1.2
> t_result<-t.test(Endosperm_Texture~SSAP1)$statist ic
> t_result[2]<-t.test(Endosperm_Texture~SSAP3)$stat istic
> t_result[3]<-t.test(Endosperm_Texture~SSAP4)$stat istic
>t _result
10 ,'--((C.,>1 .. . =,).00 /'0/

/ & 10,
t_result<-t.test......
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t result[l]<-t.test......
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5 ,6/A r'=)& . >#0/ I =)). t result #
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t result[100]<-0
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.?
attributes(gcdata)
Joo=.% () ). (. - ) (
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gcdata['93","Endosperm_Texture"]
gcdata[6,2]
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t.test(Endosperm_Texture~SSAP4)$statistic
and

t.test(gcdatal[,2]~gcdatal,7])$statistic
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[.0-.( YO >(","). +. /0,&
, row of marker names 770, I)./.&
C ), - ( 7T+ >/=" % [ -2
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