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Qualitative traits
in genetics

Round
H 73,; :
Yellow

» Seed shape: round vs
wrinkled

» Cotyledon color: yellow vs
green

2
ver color

Inflated

» Seed coat color: grey- .
brown vs white R o,
» Pod shape: inflated vs O
constricted ;
» Unripe pod color: green vs e
yellow % -
> Flower position: axial vs %’ i
terminal ;
» Stem length: long vs short & ==

3

I8 5.1 The seven different traits in peas s
Which appears in the hybrid produced by crossi

Parental strain 1: Dominant

x
~
~

Phen tvp of progeny of
hybrid

Parental strain 2: Recessive = monohybrid cross
Wrinkled Round
Green Yellow
White Purple

Constricted

Yellow

Terminal (at top of stem) Axial
y
) u\
% 2 M e
ey
* a AR
® w o\

tudied by Mendel. The phenotype shown at the far right is the dominant
ng.



Quantitative traits
in genetics

Ear length (cm) of one maize inbred
line (P1)
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Distribution of height (inches) among
4995 British women

54 56 58 60 62 64 66 68 70 72 74
Midpoint group value

Ear length (cm) of aonther maize
inbred line (P2)
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Midpoint group value




Rediscovery of Mendel’s hybridization

experiments in garden pea

« Experiments with Plant Hybrids (1866)

— Seed shape: 5474 round vs 1850 wrinkled

— Cotyledon color: 6022 yellow vs 2001 green

— Seed coat color: 705 grey-brown vs 224 white

— Pod shape: 882 inflated vs 299 constricted

— Unripe pod color: 428 green vs 152 yellow Gregor J. Mendel

— Flower position: 651 axial vs 207 terminal (1822-1884)

— Stem length: 787 long (20-50cm) vs 277 short
(185-230cm) f :

« Rediscovered in 1900; Era of modern genetics ‘
* Principle of Segregation :
* Principle of Independent Assortment

Fig. 1.1. Segregation for wrinkled and smooth seeds within the pea fruits heterozygous for the gene.



Genetics is the science of genes!

* Locus, gene, allele

* Genotype
— homozygous, homozygousity, e.g. AA, CC

— heterozygous, heterozygousity, e.g. Bb

* Phenotype: Different genotypes may result
In the same phenotype. The same genotype
may have different phenotypes in different
environments.

* Two sister
4+ chromosomes

*6




Linkage and cross-over

P1: AABB P2: aabb

X-H
)

F1: AaBb
Me|05|s
(1-r)/2 (1-r)/2
Parental type Recombinant Recombinant Parental type

type type
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Dataset of QTL Mapping

Mapping population
Linkage map
Marker genotype
Phenotypic data




B W ANEEE

Parent P1 Parent P2 Legends
\ / \\L/ Hybridization
F1
\Z / i \ v ¢ Selfing
1. PIBC1F1 7. F2 2. P2BC1F1
| .
/ v i v \ I Repeated selfing
9. P1IBC2F1 13. P1BC1F2 8. F3 14. P2BC1F2 10. P2BC2F1 v
| | |
| | | .
¢ 1 I I ¢ ﬂDoubIed haploids
15. P1BC2F2 : : - 16. P2BC2F2
1 I I I !
I I I I !
v v v v M
11. P1IBC2RIL 5. P1BCI1RIL 4. F1RIL 6. P2BC1RIL 12. P2BC2RIL BC3F1, BC4F1 etc.
|
1
P1BC2F1 P1BC1F1 F1 P2BC1F1 P2BC2F1 Markel-assisted
ﬂ ﬂ ﬂ ﬂ ﬂ selbction
\4
19. P1BC2DH 17. P1BC1DH 3. F1DH 18. P2BC1DH 20. P2BC2DH CSSlines or

Introgression lines

P1x CP P2 x CP P3 x CP Pn x CP CP=common parent
| | | | |
1 | 1 | |
v v v v \ 4
RIL féilm”y 1 RIL family 2 RIL family 3 RIL family i RIL f?mily n

|
One NAM population



QTLIEEZ&

i
6]3Z (BC, backcross) &fF
hnfEZ 44k (DH, doubled haploids) &

373

FHIF3ERZ (RIL, recombination
inbred lines) &4

SAEZR (RBEEREBERR)
B AR




(EE RIS

RERMERA4E S

FWIE R (Temporary population)
K XEfE (Permanent population)
94RE$4& (Natural population)

REFERNFRSGXR
MBAEEEEA (Primary mapping population)
RBAEEEEE (Secondary mapping population)




Example: 10 RILs of Rice
(Linkage Map of Chr. 5)

Grain
C263 |[R830 |R3166 |XNpb387 |R569 |R1553 |C128 |[C1402 | XNpb81 |[C246 |[R2953 | C1447 | width
(mm)

Position

(cM) 320 66.6 741 78.6 , 919 927 96.8

RIL1 0 0 0 0 0 0 0 0 0 0 0 0 2.33
RIL2 2 2 2 2 2 0 0 0 0 2 2 2 1.99
RIL3 0 2 2 2 2 2 2 2 2 2 2 2 2.24
RIL4 0 0 0 0 0 0 2 2 2 2 2 2 1.94
RIL5 0 0 0 0 0 2 2 0 0 0 0 0 2.76
RILG6 0 0 0 2 2 2 2 2 2 2 2 2 2.32
RILY 0 0 0 0 0 0 0 0 0 0 0 0 2.32
RILS 2 2 0 2 2 0 0 0 0 2 2 2 2.08
RILY 0 0 0 0 2 2 0 0 0 0 0 0 2.24
RIL10 0 0 0 0 2 2 0 0 0 0 0 0 2.45
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[B] 32 #$44 FID HEF 44 o R HAEE 2 | B3 3=

AABB AaBb AABB n, f,=(1-r)/2
AABb Aabb AAbD n, f=r/2
AaBB aaBb aaBB N, fo=r/2

AaBb aabb aabb n, f,=(1-r)/2
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« BT IAE K

n (1 NN )
L:nl!nz!n3!n4![§(l_r)} [Er} {Er} [E(l_r)} =Cl=nn)
x FEN I AU PR R 2

InL=InC+(n,+n,)In(1—r)+(n,+n,)Inr

« RBEERMORA SR 1= T T

N, +n,+n, n
Ppm=pge . 4L _ el _mAn, n+ng o
xKIERE 1--E d?r ) E{ 1-r)2  r? } r—r)
x MMM AR KEEXRNEITHEMNEN S E
1 P—F)

V. == =
o n




iR BT I

Ho: r = 0.5, BN RIS E &S (IR (R)
Hu: r # 0.5, BN HR18 (8] 77 72 & i
{LSREEAE S (LRT) it ELODE &

o L(r=05), _
LRT =-2In]| L) 1~ - (df =1)
LOD =log L()

L(r =0.5)



S V|
x S [B] 3Z 33, 5 P
o P1FIP2RYEEH! 537 IAABBFIaabb

x [B]32B C11t{X R4 E E B potE #R#
e AABB: 162; AABDb: 40; AaBB: 41;
AaBb: 158

F= 40+41 _ 8L 5020%
162+ 40+41+158 401

P(L-F)
n

V. ~4.02x107*

r




YEE 0 X 3 37 AR B

FRigH,: r=0.5
ZEREH,: r<0.5
AFEE N IR R B RIEL{E
L(F)  (@—r)™™rm™
L(r=05) (3
(LSRRI 53 = (LRT), (P<0.001)

L(") ]=708.27
(r=0.5)

=6.3x10"°

LRT = 2*In[
L

LOD o
& LOD = log - L(")

1=153.80
5)



DHARILE 44 RO RAEE B F B3 SR EL 3

AABB  f,=(1-r)/2 AABB  f,=(1-R)/2
AAbDb f,=r/2 AAbb f,=R/2
aaBB fo=r/2 aaBB f;=R/2
aabb f,=(1-r)/2 aabb f,=(1-R)/2

R=2r/(14+2r)




RIL1
RIL2
RIL3
RIL4
RILS5
RIL6
RILY
RIL3
RIL9Y

10N AKBRILRZE A

EAXP1 : MMEA, P2 : mmEiB

C263
0 B A
2 8 B
0 B A
0 B A
0 B A
0 B A
0 B A
2 8, B
0 B A

RIL10 0BER A

XNphb387

0 B A
2 8 B
2 8 B
0 B A
0 B A
2 8, B
0 B A
2 8, B
0 B A
0 B A

P1EAR
P2E AR
TR

P1EAR
P1EAR
A

P1EAR
P23E A A
P1RAH
P1EAH

n;=6
n,=2
n;=0
n,=2

R=2/10=0.2
r=0.125

LRT=17.72,
(P=2.56X10°5)

LOD=3.85



F2E i sp & MARIc B RuST 3R

fricE

AABB
AABD
AADbD
AaBB
AaBDb
Aabb
aaBB
aaBb
aabb

SR
(1-r)%/4
r(1-r)/2

r2/4

r(1-r)/2
(1-2r+2r2)/2
r(1-r)/2

r2/4

r(1-r)/2
(1-r)%/4

J

FrIcE

A B _
A_bb

aabB

aabb

GBS
[2+(1-r)2]/4

[1-(1-r)2]/4

[1-(1-r)2]/4

(1-r)2/4



F2EH P EARNGE T BRI
oXIBIRER k=1

INnL=C+n, In(3-2r+r?)+(n, +n,)In(2r —r*) +n, In(1—2r +r?)
=C+n, In(2+k)+(n;+n,)In(1-k)+ny Ink

o EAEMLIHE
k=(1-r)"= —(2n-3n, _n9)i\/(2n—3n1 —ngy)? +nxn,
2N
o EARMIHMENSE

v _ @-k)2-k) (2r-r*)(B-2r+r?)
" 2n(l+2k)  2n(3-4r+2r?)




FoRrir R B MEARICEH R
TR FIE R EE

5({]'7;&1[,1'5"& ER 2 InL=IC+(2n,+2n+n, +n,+ng +ng) In(L-r)

+(n, +n, +n, +n, +2n,+2n.)Inr+n, In(1-2r +2r?)

_B/\ E.%A& f,(r):dInL:2n1+2n9+n2+n4+n6+n8+n2+n4+n6+n8+2n3+2n7+ n, (4r —2)

/I <3 dr r-1 r 1-2r+2r
— B{I\ Eﬂé& f..(r):dzlnL:_2n1+2ng+n2+n4+n6+n8_n2+n4+n6+n8+2n3+2n7 N n5(4r—4r2)
— ~F A d’r (r—1)>° r? (1-2r+2r%)?

EREE r,=r—1'(r)/ "(r)

1+



Principe of the Newton-Raphson
algorithm

* To find the maxima of LnL is equal to find the
solution in equation Ln’L=0

d(LnL)/dr or Ln'L
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FAf it B ARG B EH RREMG T

AABB f,=(1-r)%/4 n, = nf; 0

AABb f,=r(1-r)/2 n, = nf, 0.5

AAbb f;=r?/4 n, = nf; 1

AaBB f,=r(1-r)/2 n, = nf, 0.5

AaBb f=(1-2r+2r?)/2 n; = nf; r2/(1-2r+2xr?)
Aabb f;=r(1-r)/2 ng = nf; 0.5

aaBB f.=r?/4 n, = nf, 1

aaBb f;=r(1-r)/2 ng = nf; 0.5

aabb fy;=(1-r)%/4 ny = nfj 0

rE#N: r'=[n; X0+ n,X0.5+ n; X1+...+ ngX0.5+ ngX0]/n



EMERIE3IR (FIREHZEEH0.5)

SR (REAC R (EEA A S AR PR | G| ISR [P(RIG)  [HEZHA PR (PR G) [HZHE
AABB 30 0.5 0.063 0 0.313 0.118 0 0.198 0.161 0] 0.159
AABbD 7. 0.5 0.125) 0.5 0.313)  0.107 0.5 0.198  0.080 0.5| 0.159
AAbb 1l 0.5 0.063 1] 0.313 0.024 1] 0.198 0.010 1) 0.159
AaBB 9. 0.5 0.125| 0.5/ 0.313)  0.107 0.5 0.198  0.080 0.5| 0.159
AaBb 50 0.5/ 0.250, 0.5 0.313) 0.285 0.1712] 0.198 0.341] 0.0577 0.159
Aabb 12/ 0.5 0.125 0.5 0.313 0.107 0.5 0.198 0.080 0.5| 0.159
aaBB 0 0.5 0.063 1| 0.313 0.024 1/ 0.198 0.010 1 0.159
aaBb 100 0.5 0.125 0.5 0.313  0.107 0.5 0.198  0.080 0.5| 0.159
aabb 25| 0.5 0.063 0 0.313| 0.118 0 0.198 0.161 0] 0.159
144 1 1 1




EMECRIER3IR (#aEHZ1R30.25)

JENR (WA (A SR PRGOS PR PRIG) |41 BAR PR|G) |[SEA15E
AABB (30 0.25 10.141 [0 0.174 0.171 [0 0.154 10.179 [0 0.150
AABD |7 0.25 10094 0.5 [0.174 |0.072 0.5 0.154 10.065 (0.5 0.150
AAbb |1 0.25 10.016 |1 0.174 [0.008 |1 0.154 [0.006 |1 0.150
AaBB |9 0.25 10094 0.5 [0.174 |0.072 |0.5 0.154 10.065 (0.5 0.150
AaBb |50 0.25 10.313 0.1  [0.174 [0.357  |0.0423 [0.154 |0.370  [0.0319 [0.150
Aabb |12 0.25 10094 0.5 [0.174 |0.072 |0.5 0.154 10.065 [0.5 0.150
aaBB |0 0.25 0.016 |1 0.174 10.008 |1 0.154 0.006 |1 0.150
aaBb |10 0.25 0.094 0.5 |0.174 0.072 0.5 0.154 10.065 0.5 0.150
aabb |25 0.25 0.141 |0 0.174 10.171 |0 0.154 10.179 |0 0.150

144




EMECRIER3R (#1aELH 1% 730.00)

JENR (WA (A SR PRGOS PR PRIG) |41 BAR PR|G) |[SEA15E
AABB 30 0 0.250 0 0.139 0.185 0 0.148 0.182 0] 0.149
AABDb 7 0 0.0000 0.5 0.139] 0.060 0.5 0.148  0.063 0.5 0.149
AAbb 1 0 0.000 1] 0.139) 0.005 1| 0.148  0.005 1| 0.149
AaBB 9 0 0.0000 0.5 0.139] 0.060 0.5 0.148  0.063 0.5/ 0.149
AaBb 50 0 0.500 0l 0.139 0.380/0.025355[ 0.148|  0.374/0.029153| 0.149
Aabb 12 0 0.0000 0.5 0.139] 0.060 0.5 0.148 0.063 0.5| 0.149
aaBB 0 0 0.000 1| 0.139 0.005 1| 0.148 0.005 1| 0.149
aaBb 10 0 0.000 0.5 0.139 0.060 0.5 0.148 0.063 0.5| 0.149
aabb 25 0 0.250 0 0.139 0.185 0 0.148  0.182 0] 0.149
144 1 1 1




Generation Matrix and the
Expected Frequency



Expected genotype frequencies
calculated from the transmission
matrix (T)

(t) _| £ (t) (t) (t) (t) (t) (t) (t) (t) (t)
f _[fAABB 1:AABb fAAbb anBB 1:AB/ab 1:Ab/aB anbb 1:aaBB faaBB faaBB]

(t+1) __ (t+1) (t+1) (t+1) (t+1) (t+1) (t+1) (t+1) (t+1) (t+1) (t+1)
f _ [fAABB 1:AABb fAAbb anBB fAB/ab fAb/aB anbb 1:aaBB faaBB faaBB ]

f(t+1) _ f(t)T



The generation matrix (T) for the
backcrossing to P1

O[T 0 T 8w T T fie il ik
! 0 0 0 0 000 0 O]
. 10 0 0 00000
0 1 0 0 0 00000
: 0 o0 1 0 00000
- sl-r) 2r O 3r 3(1-r) 0 0 0 OO
" iy i@a-r) 0 f(l-r) ir 0 0 0 0 O
0 10 0 100000
0 0 0 1 0 00000
0 0 o0 1 100000
0 0 0 0 1 000 0 0]




The generation matrix (T) for the
backcrossing to P2

) _ ¢ (t) (t) (t) (t) (t) (t) (t) (t) (t)
f _[fAABB fAABb fAAbb anBB 1:AB/ab fAb/aB anbb faaBB faaBB faaBB]

o000 1 0O O 0 O 0
o000 i 0 L 0 0 0
o000 O O 1 0 O0 0
oooo0o i 0o o0 o0 1 0
- /0000 ;@-r) 0O 4r O 3Jr (-7
1o o000 ir 0 i@-r) 0 i@l-r) ir
0000 O O L 0 o0 1
o000 O O O 0 1 0
o000 O O 0 o0 1 1
0000 O O O 0 © 1




The generation matrix (T) for the
selfing pollination

(1) _ | £ (t) (t) (t) (t) (t) (t) (t) (t) (t)
f _[fAABB 1:AABb 1:AAbb anBB 1:AB/ab 1:Ab/aB anbb 1:aaBB 1:aaBB 1:aaBB

1 0 0 0 0 0 0 0 0 0
1 1 1 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0
1 0 0 1 0 0 0 1 0 0
T _[#@=n7 gr@-n g gr@-n d@-nT 4t gr@en 4t gr@-n d@-r)
STLAr dr@-n 2@-n? dr@-n) 3t 3@-1)? Ar@-n 2@-r? dr@-n 4
0 0 1 0 0 0 1 0 0 1
0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 1 1
0 0 0 0 0 0 0 0 0 1




The generation matrix (T) for the

doubled haploids

£ 0]

aaBB

f (t)

aaBB

f (t)

(t)
anbb

Ab/aB

f (t)

AB/ab
0O 0 0 O

f (t)

(t)
anBB

b

f (t)

0
F pv

[0

f(t)

0

0
0
0

0

0

1

—| N

0 0 0O

1
0

o

0 1(@-1)

I

—| N

0 0 0O

I

—| N

L1-1) 0

O 2@-r) 0 0 0 O 3(1-r) O

—| N

—| N

0
1

)

O 0 0O

0

e VI |

1
2
0

0O 0 0O
0O 0 0O

0
0




The generation matrix (T) for the
repeated selfing pollination

) _ ¢ (t) (t) (t) (t) (t) (t) (t) (t) (t)
f _[fAABB fAABb fAAbb anBB 1:AB/ab fAb/aB anbb faaBB faaBB faaBB]

"1 0 0 0000 O 0 0
1 9 L 0000 O 0 O
0o 0 1 0000 0 0 O
190 0 0000 L 0 O
11-R) 0 R 0000 LR 0 1(I-R)
| LR 0 f@-R) 0 0 0 0 {(1-R) 0 IR
o 0o L 0000 O 0 1
0o 0 O0 0000 1 0 O
o 0o O0O ©00O0O0 &t 0 1
0 0 0 0000 0O 0 1.



f-[0 0 001 00 0 0 0]

'No. |Population |Theoretical frequencies

. 1 P1BC1F1 f(o)><TPlB
Theoretical , xarn  foxrs
. 3 F1DH fO X T,
frequencies of | i foxT
5  PIBCIRIL  fOXT,  XT,
the 20 6  P2BCIRIL  fOXT, XT,
. 7 R fO X T,
biparental ; O X T. T,
. 9  PIBC2F1  fOXT, X Tu,
populations ;o FO) X T X T
11 P1BC2RIL, fOXT, ;X Tpy XTp
12 P2BC2RIL, fOXT,, X T, X T,
13 P1BCIF2  fOXT,  XT,
14  P2BC1F2  fOXT,, XT,
15  P1BC2F2  fOXT, X T,y X T,
16 P2BC2F2  fOXT,, X Tp,5 X T,
17 P1BCIDH  fOXT,  XT,
18  P2BCIDH  fOXT,, X T,
19  PI1BC2DH  fOXT, X Ty X T,
20 P2BC2DH  fOX T, X Tpyu X T



In formulas, ...

Bt 5F5o | AABBs AABbe AAbbe AaBB» AB/abe Ab/aBd Aabbe aaBB+ aaBbe aabbs
P1BC1F1+e | 3(1-7)¢ ire a Lre 1-r)e | » a a a &

P2BCIFl» | o r E Fa-rF | 1pe E 1pe la-»«
F1DH~ 1a-r)* ° ire a o K ° 1pe o Ta-r)*
FIRILe 1(1-R)* E iR® o r E o ire o F(1-R)¥
PIBCIRIL¢| ++3(1-7}1-R}¥ | ¢ F-31-1-R)| ¢ x o i-41-m1-B) ¢ Ll-r)1-R)¥
P2BCIRIL®| (1-7)1-R)¥ ° L_L(1-rl-R)Y| o a E E -ia-mi-m] o LrtA-A1-R) ¥
F2e }ﬂ—r)lp Lrl-r)# ire Lr(1-r)¥ L(1-)*¥ irte Lrl—-r)® Lpte Lrl-r)¥ Q-rye
Fio ST R Lo o s I TR BTy o I S S Sl B o s B N IETar® Terron Lot I B B L IR T Vere Era s IEEE: PP WESRELS R, B WY T
PIBC2F1e | i+ia-»7¥ i-ia-n7" | e 1-1a-nfY | ta-nte o a B o -

P2BC2Fle | ¢ 4 4 o la-n'¥ a L-ia-nt | s -t@-nT | geta-nr
PIBC2RILs| -ia-»V0-B)¢ | & f-10-0-B | e o e a 1-L-nP0-m o lo-»ta-m
P2BC2RILs| fa-#n'a-2¢ a o o E a i-40-70-R | o 3+40-r70-B
PIBCIF2¢ | {-{r+j0-»** Freirl—rye ir -.1—1‘{1-1‘3':‘:, la-n7¥ iia-n ];r{l—r};‘_., %r—%r:{l—r}p %r{l—r-:p %{1—:‘}5‘__‘
P2BCIF2+ %(1—1‘:-': ¥ %J‘(I—J‘:-l‘J %m:l—r;-l‘J 14(1-1‘;--:*’ %r:{l—r} %r—%r{l—r}:p i - :
PIBC2F2e | £+i0-r + 5(1-1* $-20-7(1-r+r) L-lg-eFaere s Li-mte —;r:{]_—r:u: - 1

P2BC2F20 | fu-n*¥ 1ra-n?e Lr-ry lu-nte 1LP0-n] t-la-eeen | L P

PIBCIDHe | i+in-»"+ a a e 8 o i—ia-ntt | o 10-07
P2BCIDH~ | fa-»"* a a a a a 1-1a-n* | o I
PIBC2DH« | 3+-ia-n°¢ ° a a o a e E sa-n,
P2BC2DH« | {(1-r)*¥ o o a o - i, - laon

40

4+,

+,



Fiird i G fakie]: p gt TIES

A g &

v

AABB (1-r)%/4 (1-r)/2 (1-r)/2 %+(1-r)2/4 (1-r)2/4 (1-R)/2
AABb r(1-r)/2 r/2

AAbb r?/4 r/2 r/2-r 2/4 r/2-r 2/4 R/2
AaBB r(1-r)/2 r/2

AaBb (1-2r+2r2)/2 (1-r)/2 (1-r)/2

Aabb r(1-r)/2 r/2

aaBB r?/4 r/2 r/2-r 2/4 r/2-r 2/4 R/2
aaBb r(1-r)/2 r/2

aabb (1-r)%/4 (1-r)/2 (1-r)/2 (1-r)2/4 Ye+(1-r) 2/4 (1-R)/2



How about several rounds of random
mating before the repeated selfing?

 The IBM population of maize:
— B73 and Mo17 are the two parental lines

— RILs, but there are 4 rounds of random meting
before the repeated selfing, therefore was
named IBM

* Random mating can enlarge the
recombination frequency, so that close
linkage may be separated.



A.ccur.nulated D, = 1(1-2r)(1-r)""
recombination frequency

Rounds of random mating (t) | Mapping distance (cM)

1 (=F2) 1.00  2.00 5.00
2 1.50  2.99 7.44
3 200  3.98 9.88
4 249  4.97 12.31
5 299 5096 14.75
6 349  6.95 17.19
7 399  7.94 19.63
8 4.48  8.93 22.06
9 498  9.92 24.50

10 5.48 10.91 26.94
F1-RIL 1.98 3.92 9.55 3



Frequencies of AABB, AAbb,
aaBB and aabb in RILs?!

From genotype frequencies (10 genotypes), work
out haplotype frequencies (4 haplotypes)

Work out the haplotype frequencies (4 haplotypes)
after several rounds of random mating from
D.=D,(1-r)*!, i.e.

fO=ff+D, f&="ff-D f¥="Ff-D fU=11% +D

Work out genotype frequencies

Use generation matrix T, to find out the genotype
frequencies in RILs

The genetic analysis can be very complicated
even with biparental populations!



A7+ 7 A EA R T AR ?

AABB f,=(1-n/2 (1-r)/2 (1-r)/(1+s)
AADbDb f,=r/2 /2 r/(1+S)

aaBB fo=r/2 s Xr/2 r Xs/(1+s)
aabb f,=(1-nN/2 sX(1-N/2 (1-r)Xs/(1+s)
=FN 1 (1+s)/2 1

r=r/(1+s)+rxs/(1+s)=r(1+s)/(1+s)=r
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x [E g8 (Mapping distance)
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x E|IERY AL EE/R#R (M, Morgan) 8k
JEEE (cM, centi-Morgan) ,
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x E|EEM B3Il H, B m=1(r),
Frf RIEE R E (Mapping function).
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Three steps In map construction

» Step 1: Grouping. Grouping can
be based on
— (1) a threshold of LOD score
— (1) a threshold of marker distance (cM)
— (1i1) anchor information



Three steps iIn map construction

« Step 2: Ordering. Three ordering algorithms are

— (i) SER: SERIation (Buetow and Chakravarti, 1987. Am
J Hum Genet 41:180-188)

— (i) RECORD: REcombination Counting and ORDering
(Van Os et al., 2005. Theor Appl Genet 112: 30-40)

— (i) nnTwoOpt: nearest neighbor was used for tour
construction, and two-opt was used for tour
Improvement, similar to Travelling Salesman Problem
(TSP) (Lin and Kernighan, 1973. Oper. Res. 21: 498-
516.

— Or by the input order, say we know the order from
physical map for GBS markers



Travelling Salesman Problem (TSP)

« Asalesman is required to visit each of n given cities
once and only once, starting from any city and
returning to the original place of departure. What tour
he choose in order to minimize his total travel
distance?

* The distance between any pair of cities are assumed
to be known by the salesman. Distance can be
replaced by another notion, such as time or money.

* TSP Is one of the most widely studied problems in
combinatorial optimization. It Is easy to state, but
hard to solve! TSP is an NP-hard problem, i.e. non-
deterministic polynomial-time hard.



Finding the solutions

sw24978
| T | T | T | T | |
d15112
10000 £ E
pla7397 -
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TSP is represented by some letters plus the number
of cities. For example, there are 24978 Sweden cities

in TSP “sw24978".



The solution for TSP “sw24978”
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Approximate algorithm of TSP

* Tour construction algorithms
* Tour Improvement algorithms

« Composite algorithms



Nearest-neighbor (nn) algorithm
for tour construction

A simple algorithm for tour construction

Start in an arbitrary city. As long as there are
cities, that have not yet been visited, visit the
nearest city that still not appeared in the tour.
Finally, return to the first city.

This approach Is simple, but often too greedy!

The first distances in the construction process
are reasonable short, whereas the distance at
the end of the process usually will be rather long.



Two-Opt algorithm for tour
Improvement (Lin and Kernighan, 1973)




Three steps In map construction

« Due to the large number of markers (n), it is
Impossible to compare all possible orders (say
n=50, possible orders are n!/2=1.52x10%). Orders
from the above algorithms are regional
optimizations.

« Step 3: Rippling. Five rippling criteria are
— (1) SARF (Sum of Adjacent Recombination

Frequencies)
— (i) SAD (Sum of Adjacent Distances)
— (1)) SALOD (Sum of Adjacent LOD scores)
— (Iv) COUNT (number of recombination events)

« Universe criteria: shortest map!



Linkage map and physical map

Size of haploid Size of linkage kb/cM
genome (kb) map (cM)

Yeast 2.2 X10* 3700

Neurospora 4.2 X 10° 500 80
Arabidopsis 7.0 X10% 500 140
Drosophila 2.0X10° 290 700
Tomato 7.2 X10° 1400 510
Human 3.0 X106° 2710 1110
Wheat 1.6 X107 2575 6214
Rice 4.4X10° 1575 279

Corn 3.0X10° 1400 2140

*60



The MAP functionality In
QTL IciMapping



Coding of co-dominant marker
(P1 and P2 bands are both present in F1)

Two parental lines P1
( MM), P2 (mm) and their
F1 hybrid (Mm)
P1: MM P2:mm F1: Mm

Code 2 0 1

Two parental lines P1
( MM), P2 (mm) and their
F1 hybrid (Mm)
P1: MM P2:mm F1: Mm

Code 2 0 1

Populations with
heterozygousity, i.e., 1, 2,
7,8,9,10, 13, 14, 15, 16
MM mm Mm

Populations with
heterozygousity, i.e., 1, 2,
7,8,9, 10, 13, 14, 15, 16
MM mm Mm

Populations with no
heterozygousity, i.e., 3, 4,
5,6,11,12,17,18, 19, 20

MM mm

Populations with no
heterozygousity, i.e., 3, 4,
5,6,11,12,17,18, 19, 20

MM mm

When heterozygote F1 is present, P1 is coded as 2, F1 is coded as 1, and P2 is coded
as 0. When heterozygote F1 is absent, P1 is coded as 2, and P2 is coded as 0.



Coding of dominant marker
(F1 band is the same as the P1 band)

Two parental lines P1
( MM), P2 (mm) and their
F1 hybrid (Mm)
P1: MM P2:mm F1: Mm

Code 2 0 1

Two parental lines P1
( MM), P2 (mm) and their
F1 hybrid (Mm)
P1: MM P2:mm F1: Mm

Code 2 0 1

Populations with
heterozygousity, i.e., 1, 2,
7,8,9,10, 13, 14, 15, 16
MM mm Mm

12 0 12

Populations with
heterozygousity, i.e., 1, 2,
7,8,9, 10, 13, 14, 15, 16
MM mm Mm

12 0 12

Populations with no
heterozygousity, i.e., 3, 4,
5,6,11,12,17,18, 19, 20

MM mm

Populations with no
heterozygousity, i.e., 3, 4,
5,6,11,12,17,18, 19, 20

MM mm

When heterozygote F1 is present, P1 and F1 are coded as 12, and P2 is coded as 0.
When heterozygote F1 is absent, P1 is coded as 2, and P2 is coded as 0.



Coding of recessive marker
(F1 band is the same as P2 band)

Two parental lines P1
( MM), P2 (mm) and their
F1 hybrid (Mm)
P1: MM P2:mm F1: Mm

Code 2 0 1

Two parental lines P1
( MM), P2 (mm) and their
F1 hybrid (Mm)
P1: MM P2:mm F1: Mm

Code 2 0 1

Populations with
heterozygousity, i.e., 1, 2,
7,8,9,10, 13, 14, 15, 16
MM mm Mm

Populations with
heterozygousity, i.e., 1, 2,
7,8,9, 10, 13, 14, 15, 16
MM mm Mm

Populations with no
heterozygousity, i.e., 3, 4,
5,6,11,12,17,18, 19, 20

MM mm

Populations with no
heterozygousity, i.e., 3, 4,
5,6,11,12,17,18, 19, 20

MM mm

When heterozygote F1 is present, P1 is coded as 2, and F1 and P2 are coded as 10.
When heterozygote F1 is absent, P1 is coded as 2, and P2 is coded as 0.



Interface of the MAP functionality
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Map outputs:

Linkage map for
each chromosome
(A) or all
chromosomes (B)

A. Map of one chromosome

B[

B. Map of all chromosomes
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An example map of
seven chromosomes
or groups

Chromosomel
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BER}E (Yeast) 2.2 X 104

Neurospora 4.2 X104
Arabidopsis 7.0X104
Drosophila 2.0X10°

P M (Tomato) 7.2X 105
AZE (Human)  3.0X10°
/NE (Wheat) 1.6 X107
K#E (Rice) 4.4X 105
EK (Corn) 3.0X 106

3700
500
500
290
1400
2710
2575
1575
1400

80
140
700
510
1110
6214
279
2140
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