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QTL

In 2008, geneticists used a combination of quantitative genetics and
molecular techniques to identify a key gene that controls oil content in corn.
First, they conducted crosses between high-oil corn plants and low-oll plants
to identify chromosomal regions that play an important role in determining oll
production. Chromosome regions containing genes that influence a

guantitative trait are termed quantitative trait loci (QTLS).



Quantitative genetics
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Genotype and phenotype

AA aa

Number of individuals

Dwarf .“-. Tall

It is impossible to know whether an individual
with this phenotype is genotype AA or Aa.




Same example

L1 LR B Hypothetical example of plant

height determined by pairs of
alleles at each of three loci

Plant Genotype

Doses of Hormone Height (cm)

ATA-B B CC
ATA-B B CC
AA- BB CC
ATA-B B CC
ATATB B CC
ATA- BB CC
A“A- BB C*Cr
ATA- BB CC
ATA-B B C°C
ATA- BB C°C
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ATAT BB CC
ATAYB B~ C'C
ATA- BB CC
ATA-B BT C"C
ATA-B B C°C7
A"A- B*B- CtCH
ATA- BB~ C*C
ATATYB*BT CC
ATAT BB C*C
ATA-B BT C"C
ATA- BB C'CT
ATAT BB C'CT
ATA- B*B- CtC*
ATAY B*BT CYC
ATA- B*B+ CHC+
ATATB B C'C™
ATAT B BT CCT
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Types of quantitative characterestics

 Meristic characteristics, for instance, are measured in whole numbers.
An example is litter size: a female mouse may have 4, 5, or 6 pups but not

4.13 pups.

« Threshold characteristic, which is simply present or absent. For
example, the presence of some diseases can be considered a threshold
characteristic. Although threshold characteristics exhibit only two
phenotypes, they are considered quantitative because they, too, are
determined by multiple genetic and environmental factors.



Nilsson-Ehle’s cross (1908-11)

P Plants with Plants with
white kernels purple kernels

F, Plants with red kernels

' /e plants with purple kernels

*/\6 plants with dark-red kernels
F, ®/\6 plants with red kernels

4;(15 plants with light-red kernels

' /6 plants with white kernels



The logic

Genotype Doses of pigment Phenotype
ATAT B'BT 4 Purple
+a+ pt
A A_ B_B_ } 3 Dark red
ATAT B'B”
ATATB B
A"A” B'BT 2 Red
ATA" B'B
_I_ - -
A_A_ B_B_ } 1 Light red
A" A" B'B

AA”BF 0 White



The math

« Assume we are crossing in the first locus A*tA- X A*A

* Probabillity of getting A*A*Is ¥4 ; A*A IS Y2 ; AA IS Ya [Ya+ Yo + Yo = 1]
» Using the same logic

* Probability of getting B*B*is ¥4 ; B*B- is Y2 ; BB IS Va [Va+ Y2 + Y4 = 1]
* Therefore the probability of having A*tA*B*B*isYa x Y4 = 1/16

« So if we to look for red kernel then the genotypes would be
« AfA* BB~ 1/16
« A"A- B*B* 1/16
« AfA- B*B~ Y4
» So, the total probability of finding red is 1/16 + 1/16 + ¥4 = 6/16



Nilsson-Ehle’s cross (1908-11)

P Plants with Plants with
white kernels purple kernels

F, Plants with red kernels

: /16 plants with purple kernels
! /16 plants with dark-red kernels

1
1
F, ® /16 plants with red kernels
1
1

! /16 plants with light-red kernels
: /16 plants with white kernels



Visually
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Combine common phenotypes




Sum up

- ¥
i F, ratio &
Number of
Frequency pigment genes Phenotype
i = \

Vie 4 —eaashurple
%e 3 semmgmbark red
%6 2 g —ag®Red
%6 1 -.a.;,g-,;.Ligl'{i red
Ve 0 ~==White




One locus, Aa X Aa

Expanding the math | |

Two loci, Aa Bb X Aa Bb - As the number of
\\\“EI loci affecting the
trait increases, ...

Five loci,
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Now statistics
Frequency Distribution

Phenotype (body weight)

Number of individuals




(a) Sugar beet percentage of sucrose
Ii This type of |

symmetrical
(bell-shaped)
distribution is
called a normal

. distribution. _
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Many quantitative
characteristics ~ exhibit  a
symmetrical curve: Normal
distribution or bell shaped

curve

Examples

(b) Squash fruit length

The distribution of
fruit length among
the F, progeny is
skewed to the right.

4 6 8 1012 1416 18 20cm

But they can also be
skewed

(c) Earwig forceps length
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The mean
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vy Variance

52 =0.25

The greater the
variance, the more
spread out the
distribution is

about the mean.
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Standard Deviation
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(a) r=0.7 (c) ¥r=0.9

Correlation
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Weight of son (kg)

Regression

..-.;;-_;;;_-_-;;_._._.' The regression line is
the line that best fits all
* | the points on the graph.

Weight of father (kg)



First

study

Question: How is flower length in tobacco plants inheritedﬂ

Flower length
—

P generation

Frequency

Parental Parental
strain A strain B

Frequency
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Results

F, generation

Flower length in the F, was

about halfway between that
in the two parents, ...
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Results

F> generation [EJ The mean of the F, was similar
to that observed for the F,,...
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K3 .. .but the variance in the F,
was greater, indicating the
presence of different geno-
types among the F, progeny.

Conclusion: Flower length of the F; and F, is consistent
with the hypothesis that the characteristic is determined by
several genes that are additive in their effects.




Working problem

Weight (mg) Eggs (thousands)
X y
14 61
17 37
24 65
25 69
27 o4
33 93
34 87
37 89
40 100
41 90
42 97

What are the correlation coefficient for body weight and egg number in these
11 fishes?



2. Find the deviations

3. Find the covariance

Solution

And Standard
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What Is regression coefficient

* The regression coefficient indicates how much y increases, on average,
per increase in X.

COV _
A

b=

5 L

X

* Now calculate Regression coefficient



