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Outlines for presentation

» Conventional quantitative genetics

» Plant breeding and quantitative genetics
»QTL mapping

»Background of breeding simulation
»QuLine tool for genetics and breeding
»QuLine applications

»Demonstration and Hands-on






TR ENERLZI

> /R (1822-1884) % & (garden pea) iE 1%
4 (18664 %4 FK): Experiments with Plant
Hybrids

= 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

* Flower position: 651 axial vs 207 terminal

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

> TR E R LT (19004)




Qualitative traits
IN genetics

» Seed shape: round vs
wrinkled

» Cotyledon color: yellow vs
green

» Seed coat color: grey-brown
vs white

» Pod shape: inflated vs
constricted

» Unripe pod color: green vs
yellow

» Flower position: axial vs
terminal

» Stem length: long vs short




Mendelian Genetics

» The Principle of Segregation (The “First Law”) B L=
= One gene (locus) Aa: Y2A + Y2a (1:1)
= Two independent genes (locus) AaBb:
V4AB + Y4AD + YaaB + Yaab (1:1:1:1)
» The Principle of Independent Assortment (The
“Second Law")

= One gene (locus) Aa: (Y2A + %a)? = VuAA + 2Aa +
Yaaa (1:2:1)

= Two independent genes (locus) AaBDb:

(VaAB + Y4Ab + YaaB + Yaab)? = (1/16)AABB + (2/16) AABDb +
(1/16) AAbb + (2/16) AaBB + (4/16) AaBb + (2/16) Aabb +
(1/16) aaBB + (2/16) aaBb + (1/16) aabb or 1:2:1:2:4:2:1:2:1




Genetic Linkage and Recombination

P1: AABB P2: aabb
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>E WG EIR (K. Pearson): INAESET S 2K
EI’JE5%}$ A, HZERNEBAERATEETR.

> /J\i)E(W Bateson) T#Q:QEI-EL'f'tE,‘J
;%*i, EZET F e REIETHY.

» Yule (1906): There need be no conflict between
Mendel's particulate inheritance and the inheritance of

continuously varying traits, provided many genes
having similar small effects were responsible
for continuously varying traits.
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HEMHREENSEZE R

>»R. A. Fisher (1918) “The correlation between
relatives on the supposition of Mendelian
iInheritance”

» Multiple-factor hypothesis (polygene system)

= A hypothesis to explain quantitative variation by
assuming the interaction of a large number of genes
(polygenes) each with a small additive effect on the
character.

= Number of genes, gene effects, environment
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(1920s-1940s)

> J. B. S. Haldane (1924-1927) #4437 “A mathematical theory of
natural and artificial selection I-V'&FIXE, B¥FHERBTHE

MREBAMA LEETANEERT.

> S. Wright (1921) # “Systems of mating™B#% T B9 X BEHIEE, 3

U TR RIS, Y57 B S me b OB P i 32 R SRR BB
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Sir Ronald Fisher
(1890-1962)
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Mendel and Fisher

» Fisher(1936). Has Mendel's work been rediscovered?
Annuals of Science 1:115-137. Mendel's data was so
close to the values that Mendel expected under his theory
that there must have been some manipulation, or
omission, of data

» Dominant trait: 1/3 AA+ 2/3 Aa

= Family size: 10

= Non-segregating (AA) :
Segregating (Aa) = 1:2 (Mendel)

= Fisher: Pro {Aa family classified as
AA} = 0.75"10=0.0563

= Pro {Non-segregating (AA)}
=2/3*(1-0.0563)=0.6291

= Non-segregating (AA) :
Segregating (Aa) = 0.3709: 0.6291
=1:1.6961
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MRAZR — MEMEEBMRE

»P=G+E+GE+ ¢

> B EERE (ZAEEA A, RS HHpFq)
" p2 AAL 2pai AjA 0% AA,

= EEBAARIREEAG,

» AZE{H: m= (G;+G,, ) /2

= MR : a=Gyy-m

s BB : d=G;,-m

‘e PERNd

» G, =mta; G, = m+d; G,, = m-a
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Gy =+ (o +oa; +6;)+(a +oy +6,)+ Iy,

BEMME: A=Xa
>HEMEZE: D=0
> FuAMEE: =X
»P= G+ ¢ =y +A+D+I+ €
Vo= Vot V, = Vu+V+Vi+ V,
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IA/RIC(1809-1882) 5i# 1L ip

> (4FhEE) (The Origin of Species)
(18509)

= On the Origin of Species by Means of
Natural Selection

= The Preservation of Favoured Races In

the Struggle for Life

>“| have called this principle, by which each #
slight variation, If useful, Is preserved, by
the term Natural Selection.”
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Genetic gain: response to selection
(or the change of population mean)

Criteria: tail selection (p) or
truncation selection (X)
P @ X
Selection differential:
S=pu.-Mg, Where L. is
SN the mean performance
R of selected parents

Distribution
of parents

=
o
X

Response to selection:
R or AG = [y - Mo, Where py
IS the mean performance of
randomly-mated offspring.
tually, R is the breeding
value of selected parents!

Distribution of
randomly-mated
offspring

=
=



Estimation of R based on heritability

>y — b X = h2 X Offspring

or Genetic gain:
RorAG=p;-yg=h?S
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HEBREMREEL
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(EERFR T3

>R ERBERGE

= FAFEER (Temporary population)
= kAEHE (Permanent population)
= HIREEA (Natural population)
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> 1L B8
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RBRAE
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-4

~

A& (Primary mapping population)
£k (Secondary mapping population)



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

Graln
C263 R830 | R3166 | XNpb387 | R569 | R1553 | C128 | C1402 | XNphb81 | C246 | R2953 | C1447
(mm)

Z:OI\;’)'“O” 32.0 66.6 74.1 78.6 91.9 927 96.8
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Simple Interval Mapping

» Multiple peaks when QTLs are unlinked

OO OO0 O OO
NQ'QDOOE N

Scanning on 6 chromosomes, each
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Problems with Simple Interval Mapping

» Ghost QTL when two QTLs are linked

42



Problems with Simple Interval Mapping

»Biased estimation of QTL effects

b
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Scanning on 6 chromosomes, each of 120cM. Step = 1cM
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Two putative unlinked QTL

OTL1 QTL2 QTL1 QTL2
2 15 4 2.25 6.25
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Importance of the background control

Genotypes of QTL2, no

Genotypes of QTL1, no
background control

background control
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Genotypes of QTL2, with
background control

77N
’

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Trait value

Genotypes of QTL1, with
background control

o

N
o
>

]

o

w
o
w

N(18,1)/

[

Probability density
o o
RN

Probability density

o

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Trait value

Trait value




BN PRIC M B VAR B R R

> B EAEIQTLIB] R 2RI INAY, fRElVA R
R #F A1 vB’I‘T@Eﬁﬁ’FT\ X [8] ERIQTL.

>IRBIh I NIEERIFRIC, BEANUTHIFRIRIEE
B Z=, Mﬁ'ﬁﬁ%ﬁﬁf—tl‘fgﬁ'ﬁﬂﬂ’l‘iﬁﬁ EEQTL
HF M TR o

> 1= B fh i ZE SikR 18 AT LABR R ESHIQTLITHE 16 %t
TT= Y2,

> IRR AR RN PRI REA R 2 EKEY,




TEXIEMEEFZE (ICIM)

» One-dimensional scanning (interval mapping)

» Two-dimensional scanning (interval mapping)

Zbr ir Zbrs ir |s

r=j, J+1,k,k+1 rj,Jj+1
s=k,k+1
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» Detecting
epistasis where
the interacting
QTL don’'t have
significant

additive effects
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