The association between amarker and a QTL
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Simple QTL detection with single markers
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Recombination rate = 10% I X
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Expected means of progeny groups

Marker allele QTL alee frequency Expected mean
obtained from  obtained from sire of progeny

sire

M Q (1-r)/2 h+ o

M q r/2 L

m Q r/2 U+ o

m q (1-r)/2 L

Mean of M-group:  ((I-nN(p+a)/2 + ru/2) [/05= h+(1-r) a
Mean of m-group:  (r.(u + a)/2 + (1-n).uW/2)/05 = L+ra

Difference (D) (1-2r)a



Combinations of recombination rate (r) and QTL
effect (a) giving rise to the same difference (D)

Difference between marker groups (M —m) = (1-2r)a ?

Recombination QTL-effect Mean of Mean of Marker dlele
rate (Q-q progeny™ progeny™ contrast (D)
M-Q (=r) substitution =a) receiving receiving
M-alele m-allele
0 50 50 0 50
0.1 62.5 56.25 6.25 50
0.2 83 67 17 50
0.3 125 87.5 37.5 50
0.4 250 150 100 50
0.5 1000 500 500 0

To get independent estimates of r and a: > 1 marker locus & /or deeper pedigree



The effect of QTL status in dams

Dam population contributes allele substitution effect (a)
represents

g-alleles Hag = Hog

Q-aleles Mg - Hog

freq(Q) =P p(IJQQ - IJqQ) T (1'p) (“Qq_ qu )



The effect of QTL status in dams

a u QQ

-a d +a

The average effect of an allele substitution ...

a=a+(q-p)

Hag - Haog a-d
Haq - Hyg a+d
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A backcross using inbred lines

Genelocation —> Q -q

Parents:
Marker location—> M -
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Backcross using inbred lines

- Difference between “M progeny’ and “m progeny” is (1-2r)a
* However, with inbred lines we have extra information:

« QTL allele frequencies are 1 and O (or O and 1) in the inbred lines if the QTL
IS segregating.

Thus a =a+(g-p)d is. (Noteerrorinnotes!! p28)

a+ (1-0)d = a+d if thedam population isqq

a+ (0-1)d = a—d if thedam population is QQ



Backcross using inbred lines

a =a+d If thedamsare qq

o =a-d If thedamsare QQ

Difference between M and m progeny (1-2r)a =
(1-2r)(at+d) or (1-2r)(ad).

If we make both backcrosses, we can get
Independent estimates of a and d from estimates
of at+d and a-d.




F2 Cross — inbred parental lines

Sire Dams
Genelocation — > Q- }Q Q4 Qg
Parents:
Marker location—> M4 F M M- Fm
Table 1.
Eggs - QM gm Qm aqM
Sperm | Frequency Yo(1-1) Yo(1-1) Yor Yaor
QM Yo(1-r) a MM d Mm a Mm d MM
gm Yo(1-1) d mM -a mm d mm -a mM
Qm Yor a mM d mm a mm d mM
gM Yaor d MM -a Mm d Mm -a MM




F2 Cross — inbred parental lines

Table 1.
Eggs - QM gm Qm gqMm
Sperm | Frequency Yo(1-r) Yo(1-r) Yor Yaor
QM Yo(1-r) a MM d Mm a Mm d MM
gm Yo(1-1) d mM -a mm d mm -a mM
Qm Yor a mM d mm a mm d mM
gM Yaor d MM -a Mm d Mm -a MM
Marker Predicted frequency Equals
genotype
MM (Y(1-1))2 + 2924Y(1-r) + (V)2 Y4
Mm 2[ (YA 1-r))? + 2YaY1-r) + (Y=)? Yo
mm (YA(1-r))2 + 294Y(1-r) + (V)2 Ya




F2 Cross — inbred parental lines

Table 1.
Eggs — QM qm Qm QM
Sperm | Frequency Yo(1-r) Yo(1-r) Yar Yor
QM Yo1-r) a MM d Mm a Mm d MM
Qm Yo(1-1) d mM -2 mm d mm -a mM
Qm Yor a mM d mm a mm d mM
QM Yo d MM -a Mm d Mm -a MM
Marker Predicted merit Equals
genotype
MM (Y2(1-r))2a + 2Y4Y2(1-r)d + (¥ar)3(-a) (1-r)2a+ 2r(1-r)d + r3(-a)
Ya
Mm 2[(Yo(1-r))2d + 2Varya(1-r)(a-a) + (Ya)2d] [(1-1)2 + r3]d
Yo
mm (Y2(1-r))?3(-a) + 2YA(1-r)d + (Y2r)?a (1-r)2(-a) + 2r(1-r)d + rza
Y




F2 Cross — inbred parental lines

Marker Predicted merit Equas
genotype
MM (YA1-r))2a+ 2%Y5(1-r)d + (Yar)%(-a) (1-r)2a+ 2r(1-r)d + r¥(-a)
Ya
Mm 2[(Y(1-1))2d + 2%ars(1-r)(ara) + (Yr)2d] [(1nZ+ rqd
Yo
it (YA(1-)2(-a) + 2%erY/o(1-1)d + (Yar)’a (1-1)2(-a) + 2r(1-r)d + rza
Ya

This gives us some sensible predicted merits:

Marker genotype r=0 r=%
MM a Va+Yd - YVa
Mm d Ya+Yd - Vaa
mm -a YVa+Yd - Ya




F2 Cross — inbred parental lines
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Using outbred parental lines

With non-inbred parental lines thee can be segregation
at both QTL and marker loci in parental lines

Expected differences depend on allele frequency
differences

Possibly treat each family different (possibly having a
different phase between Q - M



F2 Cross — outbred parental lines

FIESIETT This example assumes ...
Progeny that are heterozygous for the | Sire Damsr)
marker locus are not informative Genelocation —> Q- |- (] 24}
Parents: X
Mm - did this progeny get M or m from Marker location > M4 £ m s ]L?
the sire?
Table 2
Eggs - QM gm Qm gM
Freguency within
SPEM L arker group — P (1-p) P (1-p)
QM 1/2(1-!') a MM d MM
gm Y1) amm | d mm
Qm Yor d mm a mm




F2 Cross — outbred parental lines

Table 2
Eggs - _ QM agm Qm aqM
Sperm Fﬂﬁ?;ﬁﬂ” P (1-p) P (1-p)
QM o(1-r) a MM d MM
gm Yo(1-r) -2 mm d mm
Qm Yo d mm a mm
gMm Yor d MM -a MM
e Expectation Equals
group
MM Yo(1-r)pa+ Yer(1-p)(-a) + Yarpd + Yo(1-r)(1-p)d | Yop-r).a + (r.p+¥(1-p-r)).d
Yo1-np + Y (1-p) + Yap + YA1-r)(1-p) Yo
mm Yorpa + Yo(1-r)(1-p)(-a) + Yer(1-p)d + Y2(1-r)pd Yo(p+r-1).a+ [Yr+p)-rpld
Yarp + Y5(1-r)(1-p) + Ya(1-p) + Y2(1-1r)p Yo




F2 Cross — outbred parental lines

M Expectation Equals
group
MM Yo(1-npa+ Yar(1-p)(-a) + Yerpd + Y5(1-r)(1-p)d | Y(p-r).a + (r.p+¥(1-p-r)).d
Y(1-r)p + Yar(1-p) + Yap + ¥o1-r)(1-p) Yo
mm Yorpa + Yo(1-r)(1-p)(-a) + Yar(1-p)d + Yo(1-r)pd Yo p+r-1).a+ [Yor+p)-rpld
varp + Yo(1-r)(1-p) + Yar(1-p) + Y2(1-r)p 7
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Grand-daughter Design  weller e al. 1990)
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General pedigree outbred populations

Genotype
probability calculations.

® With ...

® richer pedigree

Exit when

A number of cycles of using
N, CONnverged

information from relatives.

Input data

B
P, land 82

Genotype
probabilities

® more markers
® better method ...

Regress phenotype on
genotype probabilities
and animal breeding
values.

® Wecanget ...
® genotype probabilities for QQ Qg and qq
® estimates of a and d.

[Coming]



How many animals do we need to measure?

HO threshold

2l

0o T
/ Difference between treatments
SD? = 2a4/n

Type 1 error



How many animals do we need to measure?

HO H1

.
A

Difference between treatments

Type 2 error Power 70%



Testing group differences

Diff

SED

0
Difference between treértments

95%Cl = D+1.96 SED



How many animals do we need to measure?

HO H1

\

Larger n

Difference between treatments

Power 99%



How many offspring needed per sire?

Power of QTL detection?

Power
In phenotypic SD 80% 05%
difference nr.offspring

0.4 199 330
0.5 127 211
0.6 88 147
0.7 65 108

0.8 50 82

1 32 53

«Some |oss due to recombinations
o|_oss due to uninformative progeny
*Need a stricter type 1 error
«Can save genotyping costs by
> selective genotyping
(100%P, 50%G, equal power)
> DNA pooling



