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Pr ( recombination in RIL )
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Result for selfing

Then ¢y + Ada=ca + 11 — 2x)dn + N1 — 2x)da

1 — 2x
A= .
2 4+ 4x

Then since de, = 0, and ¢; = 0, d; = 2,
1 — 2x

C, = C, + M, = ¢+ Ady = — .
' YT ox

Put y =D, (the final proportion of crossover zygotes)

~C,+D,=1C,—D,=c¢, .~ y=13(1—cp,)’
2x
14+ 2x
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Result for sib-mating

Omitting some rather tedious algebra, the solution of these equations is:

1
f= k y 8 K = ———;
2 - 3q
1-—-2 2
N = ClJ ; q
2 — 3q

as may easily be verified.

1
*. = Cn 2 n 1""— 2 dn 2fn 2'11 'Lkn
Co C+e+1+6x[( x)(da + 2fa + 2jn + $kn)

3.4)
+ 2gn + 4x(ha + in) ] (

and y=31(1—c,).
In the case considered, do=1, .. c,=¢dy=1—2x/14+6x. Hence the pro-

portion of crossover zygotes,|y = 4x/ 1+46x



http://www.genetics.org/content/16/4/357.full

Pr ( recombination in RIL )

7/8
0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0.00

0.05

0.10

0.15

Simulation results

0.20 0.25 0.30

recombination fraction

0.35

0.40

0.45

0.50



Pr ( recombination in RIL )

7/8
0.8

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.0
0.00

0.05

0.10

0.15

Simulation results

R=ar/(1l+br)?

0.20 0.25 0.30

recombination fraction

0.35

0.40

0.45

0.50



Non-linear regression

out <- nls(R ~ axr/(1 + bx*r),
data = data.frame(r=r, R=R),
start = list(a=4, b=6))

summary (out)
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Estimate Std. Error
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b 6.023 0.016

10



Non-linear regression

out <- nls(R ~ axr/(1 + bx*r),
data = data.frame(r=r, R=R),
start = list(a=4, b=6))

summary (out)

Estimate Std. Error
a 7.016 0.011
b 6.023 0.016

More data
Estimate ©Std. Error
a 7.003 0.008
b 6.005 0.012
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3-point coincidence

e r;j = recombination fraction for interval (i, j)
Assume ryp, = ro3 = T.

e Coincidence = ¢ = Pr(double recombinant) /r
= Pr(rec’'n in 23 | rec’'n in 12)/Pr(rec’n in 23)

e No interference =1
Positive interference < 1
Negative interference > 1

e Generally c is a function of r
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Coincidence
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C:

Coincidence formula

(1+ 6r)[280 + 1208r — 848r* + 5¢(7 — 28r — 368r + 344r%) — 2c*(49 — 324r + 452r%)r* — 16c3(1 — 2r)r']

49(1 + 12r — 12cr?)[5 4 10r — 4(2 + ¢)r? + 8crd]
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Crazy table

Table 4 Two-locus haplotype probabilities at generation F in the formation of four-way RIL by sibling mating

Chr. Individual Prototype No. states Probability of each

A Random AA 4

4(1+6r) 4(1+6r) 4 4(1+6r)

r [10r27r rs]

2(1+6r) 4(1+6r 4(1+6r)s

(1+6r) 4(1+6r)s 4(1+6r)s

3(1+4n) 2 4(4r2+5r+1)t

2r3+6r2—(2r2+r)t] (1—r+t
2(4r2+5r+1)t 4

KT 9r+5r+rt 17r+t
)~ la@r+srt

9r2+5r+rt 17r+t
2@ 5+t

r?—(8r3+r*—3r)t—10r? +5r} (

4

r [2r2+3r+rs] <1 2r+s> 2r2+3r— rs] (172#5)*'

4

4

>k_

1 [6r’=7r=3rs] (1=2r+s k+ 6r2—7r+3rs| (1—2r—s\*
) s ( )s 4
172r+s> [1Or27r+rs] (172#5)*'

1 < ¥ |:4r3 (4r2+3r)t+3r? 75r] <17r+t>k

9r?+5

4(4r2+5r+1)t 4

[4r3+(4r2+3r)t+3r2—5r] (1 —r—t)k

r—rt

4

2r34+-6r2+(2r +1)t (1 7r7t>k
2(4r2+5r+1)t

1—r—t\*
la A(4r2+5r+1)t 4

2(4r*—35r3=29r2+15r+5)

r4+(5r3—r)t—10r3+5r2} (1—r+r>*’
4

4r4—35r3—29r2+15r+5

_[2r+(2r3=r?+r)t=19r+5r
2(4r*—35r3—-29r2415r+5)

cC

s=+4rZ=12r+5and t = Vr r+5; the autosomal haplotype probabilities are valid for r < %

2r*+(2r3=r?+r)t—19r3+5r
4r4—35r3—-29r2+15r+5

or+5r—rt
T 2875t

1—r+t

4

4

1—r+t

)|

1—r—t\*

4
r3+(8r3+r2—3r)t—10r +5r
2(4r*—35r3—29r2 +15r+5)
4

2(4r*—35r3—-29r2+15r+5)

4r4—35r3—29r2+15r+5

1 —r+t>k {Zr“— (2r3—=r?+rt—19r3 +5r] <

1—r—t

4

—(5r3—r)t—10r3+5r2} (1 —r—t)k

* {4r4735r3 —29r2+15r+5

‘|_

‘|_

y
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MAGIC is magic

e Genetic diversity

e High-precision mapping

e Predictable linkage disequilibrium

e Phenotype replicates to reduce individual variation

e Pool phenotypes from multiple labs, environments, treatments

e Genotype once
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MAGIC is magic

e Genetic diversity

e High-precision mapping

e Predictable linkage disequilibrium

e Phenotype replicates to reduce individual variation

e Pool phenotypes from multiple labs, environments, treatments
e Genotype once

e Cool name
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Identify QTL

e Power

e Mapping precision

The goal
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ldentify QTG

e Power

e Mapping precision

The goal
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The goal

ldentify QTG

e Power
e Mapping precision

e Estimate QTL allele frequencies
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Principles

e Avoid population structure

e Tradeoff between power for de novo discovery and mapping precision
e More QTL to find = more QTL getting in the way?

e More QTL alleles = less information about each

e Are QTL alleles common or rare?

23



How many founders?

More Fewer
e More general use e Lower residual variance
e More QTL e Greater power for a particular QTL?
e Greater precision e Better power for epistasis
e Estimate allele frequencies e Rare alleles are less rare

e Haplotype analysis in founders

24



e Diverse
e Interesting
e No breeding problems

e Balanced: star phylogeny

Which founders?

25



How much mixing?

e More mixing = Greater mapping precision

e ...but lower power for de novo mapping

e Potential for population structure, missing alleles
e Random mating or curated mating?

e Start with many random cross directions?

26



Selfing or DH?

e Inbreeding gives added recombination
e But not so much as at the mixing stage

e If doubled haploids are feasible, use them

27



Key analysis issues

How to deal with the multiple alleles?

e Full model (an effect for each allele)
e Diallelic QTL model
e Random effects model (like BLUP)

How to account for multiple QTL?

e Stepwise selection
e Bayesian model averaging

e Random effect for polygenes

28



Sharing is also key

e The greatest power of MAGIC comes from sharing

Pooling data, exploring multiple environments/treatments

e Common software needs

Analysis software, database infrastructure

e Our students need to learn the same stuff

Joint training opportunities

29
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http://www.rqtl.org

e Hidden Markov model code
e Many methods
e Extensible

e Open

R/qtl: Good things

31



R/qtl: Not-so-good

e Some really bad code

— “Scantwo” is 4% of R code and 20% of C code, with a 1354-line R function
— The stupidest R code ever:

for(i in 1:n) {
temp[i] <- all(datal[2,1:i]=="")
if('temp[i]) break

by

e [he central data structure is too restrictive

Can’t handle multiple individuals per genotype
e Memory mis-management
e Lack of connections to genome databases

e Largely one developer (who is also the support staff)
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qtiHD

e Re-implementation of R/qtl
Aimed at high-throughput computing

e High-dimensional data

Dense markers, high-dim phenotypes, modern cross designs

e Separate from R

But accessible from R (and ruby and python)

e Interactive graphics

e Connections to genome DBs/browsers

e github.com/qt1HD/qt1HD

(Still at an exploratory stage)

KK ]
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Summary

e How many founders?

Tradeoff between diversity and information about particular alleles

e Which founders?

Diverse, interesting, no breeding problems, star phylogeny

e How long to mix?

Tradeoff between power and precision

e How to fix?

Doubled haploids are great if feasible

e Let’'s share!

Lines, data, software, training
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Tradeoff between diversity and information about particular alleles

e Which founders?

Diverse, interesting, no breeding problems, star phylogeny

e How long to mix?

Tradeoff between power and precision

e How to fix?

Doubled haploids are great if feasible

e Let’s collaborate!

Lines, data, software, training
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