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Recombinant inbred lines
(by sibling mating)
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The “Collaborative Cross”
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Genome of an 8-way Rl
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The goal

» Characterize the breakpoint process along a
chromosome in 8-way RILs.

— Understand the two-point transition matrix.

— Study the clustering of the breakpoints, as a
function of crossover interference in meiosis.

e Why?
— It's interesting.

— Statistical analyses of such 8-way RIL data will
require a model for this breakpoint process.

2 points in an RIL

1 2

* r =recombination fraction = probability of a
recombination in the interval in a random meiotic
product.

* R =analogous thing for the RIL = probability of
different genotypes at the two loci in a random RIL.
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When a heterozygous population is self-fertilized or inbred the ultimate
result (apart from effects of mutation) is complete homozygosis. The final
proportions of the various genotypes are usually independent of the system
of inbreeding adopted, although, as JenniNcs (1916) and others have
shown, the speed at which equilibrium is approached is greater in the case
of self-fertilization than of brother-sister mating, and so on.

Genetics 16:357-374

Equations for selfing

We assume 2C,+2D,+4E.+Fa.+Ga=2, so that C;=D1=E;=G,=0,
and Fi=2. Clearly Eo=Fu=G,=0, and D, is the final proportion of
crossover zygotes. Then considering the results of selfing each generation,

we have:

C. A4 BB and aabb.
D, AADb and aaBB.

E, AABb, AaBB, Aabb, and aaBb.
F, AB.ab.
G, Ab.aB. d }

I all values of n.

- 2%)dn
Copt = Co + 3En 4+ (1 — 8 — 8 + B8)Fa + 1BGn
Dos = Do+ 3E; + 186F. + 31 — B — 5 + 88)Ga
Enp1 = 3Es + 36 + 8 — 268)(Fa + Gn) (1.1)
Fopr = 3(1 — B — & + B6)Fa + 186Ga L2
Gy = 380Fn + 3(1 — B — 8+ B5)Gn =1+2x-

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

2x

)| =i

br Cny1, Dasy, and Fuiy, Gayy,

" Co+D,=1C,—D,=c, =~ y=31-c)’

(1.2)

1.3
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Equations for sib-mating

Typical Number
mating of types
AABBXAABB 2 Coar=Cat HA- L e 7L+ (P + FINHQ +H IR i (o)
U+ BV Fpay W s (@8 K R Y,
AAbYX AAbE 2 Dapr=D+H1+3e -+ M-+ @) PH1Q-HISH(E+#)
Ut eV 4+ P8 W (it ) K+ el lY.

AABBXsabb ] Eny1 = fraty* W+ 24 (02804 X 4 (508
AAbXaeBB z Fapr= 28 W (a8 H02) Xt ey
AABBXAAbD 8 G Fy{afi+y8) (U+V) + fradyi(W+2X4Y).
AABEXAABY 8 o=} i
e
sl T
AAbbXAABb 8 Tupr =314 nalley of typa
U474 AABBX Ab.aB 4 N.m:kR‘ri(«ﬂ-I-ﬁ)(U-#}’)-{—}a.Bys(W+2x+\').
(eS8 AAbbXAB.ab 4 s+uuu+1l)(U4-'-)Ha&ﬂ(w+zx+l!r‘)-
AABBX Aobb 8 Teur= i AABbXAABD 4 Qui=2GLIHAT4]+K) +Hiad+) (L+M)+1(F+8)
B8)(ab (N4+P)HOQ+HHRAS+T)H He* +af+8-+v'+ri+#)
Adbbx AsBB 8 Eaoi=y (U4 V) + i+ AW HY) +hlay +87X
pijlad AABEX AaBB 4 “"xf’f'*,‘«?\bi’é?’+"?"ﬁ lﬂﬂ)lt?é HA+)U+HatIV+
AABBXAB.ab 4 =1 o (eeliBy) oy .
AREXAR: 1’737-{\5'3 AABUXAatb 4 Sen=i(EFEIMAl e PHSHHa b UHIEH OV
AAbb X Ab.aB 3 =} (ad+87)(W+Y) +hle+53PX.
* £ AABbXacBb & Tapeb(attd) (U4 V)b lai-HBr W) + ey H85YX.
AABbX AB.ab 8 U= 3]+ a8+ M LAN)HI B+ T+ ) U+ B+8)
Vet lary(By+ad) W+ (v +88) @b+ X + 8By +ad) Y.
AABEX Ab.aB 8 Vo= 3K+l Hy8) (MA+P)HHRAT) H B+ U+ +)
V4-i85(8y +ad) Wy +88) (ad +0v)X + oy (By +ad) Y.
AB.abXAB.ab 1 \\'m:-2(E+J)+§(a'+'r‘)l-+l(ﬂ"+ﬂ’)N+i(S+T)+i—(.x’+-y')
U+ BV + laby™W+ Hatd+ a4 X+ Y.
AB.ob X AbaB 2 XKoo= 3T +Had +48)(U+V) +Habrs(W+2X+Y).
AboBXAbaB 1 Yo =2(F+E) -+ ()M +H3@E+PP+HIR+T) i+
F)U+Hat4)VHPEW 380X+ eY.
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Result for sib-mating

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

2 1
ﬁ §'= d 8= 4 T K= r
6 2—3q 2 —3q 2—3q

1-12q 1—2q 2q
= Pop= =
2—3q 1—3q 1-—3q
as may easily be verified.

1
1+ 6x
+ 2ga + dx(hn + ia)]

and y=3(1=c,).
In the case considered, d,
portion of crossover zygotes

S Cp = ot 2en [(1 — 2x)(da + 2fn + 2ja + 3kw)

(3.4)

d

+6x|

1—2x/146x. Hence the pro-

(3.5). =m

1
y=dx/
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Haldane & Waddington 1931

r = recombination fraction per meiosis between two loci
G, = allele at marker i in an RIL by sib-matings.

Autosomes
Pr(G,=A) = Pr(G,=B) = 1/2
Pr(G,=B | G,=A) = Pr(G,=A | G,=B) = 4r / (1+6r)

X chromosome
Pr(G,=A) = 2/3 Pr(G,=B)=1/3
Pr(G,=B | G,=A) = 2r/ (1+4r)
Pr(G,=A | G,=B) = 4r/ (1+4r)
Pr(G,= G,) = (8/3) r/ (1+4r)
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8-way RILs

Autosomes
Pr(G,=i)=1/8
Pr(G,=j| G,=i)=r/(1+6r) foris=]j
Pr(G,= G,) = 7r/ (1+6r)

X chromosome
Pr(G,=A) = Pr(G,=B) = Pr(G,=E) = Pr(G,=F) =1/6
Pr(G,=C)=1/3
Pr(G,=B | G,=A) =r/ (1+4r)
Pr(G,=C | G,=A) = 2r/ (1+4r)
Pr(G,=A | G,=C) =r/ (1+4r)
Pr(G,= G,) = (14/3) r / (1+4r)
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The X chromosome
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Computer simulations
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3 points in an RIL

1 2 3

* = recombination fraction for interval i,

+ Coincidence = Pr(rec’n in both intervals) / (ry, ry3)

= Pr(rec’nin 23 | rec’'nin 12) / Pr(rec’n in 23)

* No interference — =1

Positive interference — < 1
Negative interference — > 1

* H&W result + map function —

coincidence on a 2-way RIL chromosome
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Coincidence
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Coincidence
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Coincidence

Coincidence
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Why the clustering
of breakpoints?

» The really close breakpoints occur in different

generations.

» Breakpoints in later generations can occur only in

regions that are not yet fixed.

« The regions of heterozygosity are, of course,

surrounded by breakpoints.

24
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Summary

RILs are useful.

The Collaborative Cross could provide “one-stop shopping” for
gene mapping in the mouse.

Use of such 8-way RILs requires an understanding of the
breakpoint process.

We've extended Haldane & Waddington’s results to the case of
8-way RILs, but need to prove our results.

We’ve shown clustering of breakpoints in RILs by sib-mating,
even in the presence of strong crossover interference.

Formulae for the 3-point problem in 8-way RILs still elude us.

We'd like to:
— Fully characterize the breakpoint process.
— Study data (e.g., on 2-way RILs via selfing in Arabidopsis).

25

13



