Appendix 2 (extension) — Details of Resistance Gene Models
This is an extended version of the “Appendix 2" that appears in the published paper.

We consider (in separate models) two alternative resistance genes; a maternal-effect gene
(Ry) and a filial-effect gene (Ry). The latter is discussed in more detail in the paper and referred to
there as R. Both resistance genes act in the diploid host to reduce male-killing, and are inherited in an
autosomal fashion. The resistance genes differ in their sex-dependent effects (Figure 1). The
recursion equations for the two models (with two male-killer strains) are given below.

The maternal-effect resistance gene acts in a dominant fashion in the female host to reduce
the transmission of male-killers to her eggs, with the proportion of eggs infected reduced from o to dar
(where 0 <d < 1). We assume that R, imposes a cost ¢ on females, and that this cost acts
multiplicatively so that the fitness of females homozygous for Ry, is (1- ¢)’.

The filial-effect resistance gene (Ry) acts in a dominant fashion in the male host to completely
eliminate male-killers from a proportion 1- g (where 0 < g < 1) of infected male embryos, so that the
proportion of males killed is go rather than . We assume that Ry imposes a cost ¢ on males, and that

this cost acts multiplicatively so that the fitness of males homozygous for Ryis (1 — ).

Mathematical Details of the Models

The genotype frequencies are represented as follows:

males: y females: x

No MK MK, (females MK, (females
only) only)
No R gene Y1, X X4 X7
Heterozygous for R gene V2. %, Xs Xg
Homozygous for R gene 3, X3 X X9

Invasion of the Maternal-Effect Resistance Gene
Recursion equations for the dynamics of a two male-killer system with the maternal-effect
resistance gene were obtained by following the scheme in Figure 1. It is necessary to carry out

recursions on individuals because fitness compensation affects broods as a whole.
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g1 - Y3
X X +n %(x, +y1 + 0t x) YVitx;
2 tmtytptx) L +n+2n+20+y+x) F02t0+n+ x)
X3 Yt x; %0;2 +x;+y; +x3) Yatx;
X w(l=a) tn(l-a) txaa L((-a)m+yi+y+x)+ »(l-a) + x(1-an) + xsan
ai(xq + x5))
- L((-da)x; +y+y+  ((—da)x +y +2n+ys+ T ((1—da) + 2+ 3 +
xg) * da'](X4 % IS)) 2x2 ¥ I3) g g da'l(n, - ; 2)55 + x,_—,)) X3) > da'l(x_q + X(,))
X5 _}/’2(1— dal) - xz(l— dal) o % (([_‘ da] )(x,z +y2 +y3 + 1’3) £ y';( 1- da’l) + xg(]- dm) < o
xsdo xgda
o day(xs + xg)) s
1 x(l-a)tn(l-a)tma L(l-a)m+n+p+)+ (=) + x)(1-a) + Xz
ap(x7 + X3))
s T ((1-a)(x;+ y; + 32 +x7) T (1-a)(x+y1 + 2y + 20y + F((1—a)xy+ y2 + 3+ x3)
+ aplxr + xg)) V3 +x3) + apler + 20+ x0)) + an(xg + X9))
X9  yl-an) + xxl-am) + x5 yi(l-a) + x3(1-a) + Xo

%‘ ((1-a)ty2 +ys +x3) +

a(xg + xo))

Male death occurs in broods from mothers x4 — xo. In each case, the surviving brood members

receive fitness compensation depending on the mother’s genotype. Hence, the number of progeny in

each row of the table above must be multiplied by the appropriate fitness compensation term:

Maternal Genotype

compensation term

Appropriate fitness

Abbreviation in

invasion term

g 1+_(ﬁ_a__’__. A

Xs, X¢ e dda, 5
2-da,

X7, Xg, Xo 1 = ¢a2 NA
2—0‘52

Females in the next generation then suffer the viability costs of carrying the resistance gene

and the male-killer, dependent on their own genotype.

99




Female Genotype Viability costs

X1 -

Xs (1-¢)

X3 (1- c)z

X4 (1-Uy)

Xs (}.—(}T;)(].—C)
X (1-UyX1-¢)
Xq (l “(_)Fz)

xg (1-Up)(1-0)
Xo (!—(fz)(l— 0)2

The invasion conditions for R,, in the presence of MK, only were found by modifier analysis.
Linearised recursions were obtained for the three genotypes in which Ry is heterozygous and MK, is
absent (3, X3, Xs5). X1, ¥, and x, were taken to be at their equilibrium frequencies in the absence of Ry In

matrix form, the linearised recursions become:

¥, a b ciy Y2
X l=ld e fix,|=4x,

X g 8 il

Hence for invasion, the leading eigenvalue, A of the resultant 3x3 matrix must be greater than
one. It therefore follows that:

1<a+ bd+e—ae+cg— ceg+ bfg + cdh + fh— afh + i — ai — bdi — ei + aei

This revealed that for invasion:

1<(-4+0y2d f5(U=1) (p*—1-p* fad+ay p* fA)+2p*> (1- fa+ oy f4) (1—fa+ oy f4 U,)* + p*
-fa+ o fAU)B fA-8-6afa-ond fS+ofd f5+ad f4 f5-20,°d fa f5 20, f4 U, +
aud f5 U0y f4 f5 Ur—ond f3 f5 Ui+2a4%d f4 f5 Uy) + p* (10-10 fad+ 4o, fA+ou d fS—ay fA 15
—qd A +aldfA+6a AU-ond U +ay fA S U+and f4 f5U-old f f5UY)
+e@-ond fitand SU-p* (1-fa+o fAaU) QfA-2-20, fA—ond f5+a, f4 f5+a,d f4
f-202d fa 5+ond f5 U0y f4 5 U—ayd fa f5 U+ 200 d f4 5 Uy +p* (4 fA—4-20, f4
+oy f4 f5-20u fAU-oq f4 f5 U-od f4 f5 Uy+ o2 d f4 f5 UY)

| (4p* -1-p* f4 + ayp* ) (p* ~1-p* fa + oup* fAUL))

The conditions for invasion of R, when ¢ = 0.5 and U/; = 0.01 are plotted in Figure 2.
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Invasion of The Filial-Effect Resistance Gene

Recursion equations for the dynamics of a two male-killer system with the filial-effect

resistance gene:

7o J2 s
X ntx Lo +y+x+x) ntn
X2 Lty txtx) %(1*'_}{2_ +x1+ 20+ x3) 102+t tx)
X3 Yatx %(}12 +y3 0+ x3) Y3ty
xs yn(-a) txo+x(l-on)  L(l-og) Oy +x+x) o+ Y2 (1-8%) +xson + xp(1-04)
xs) +y2 (1-go))
Xs %((]-ai) (y] +x|+x1)+ }((l-al)(yl+x1+2n+ I3)+(]- %((l-al) (XQ+X3)+CI1(I5
ai(xg +x5) + 3 (1-gany)) ga)(2mt y3) +oulxa+ 265+ x5))  +xg) + (1-ga)(y2t 33))
Xezoduhl-gon) +x0 +all-ar) 1 ((1-go)(z +y3) + (1-on)xp+ )3 (1-gay) + x61 + x3(1-041)
x3) + ou(xs + X))
X1 y(l-a) +xotxa(1-00) L ((l-a)on +y2) + ulx+xg)+ Y2 (1-0) Fxean +x0(1-00)
(1-02)(x1+ x2))
Y L((l-a)grtmtxtx) (1)1 +y+x+ 20+ x3) + 3 ((1-op)(n+y3 + X2+ X3)
+ ap(x7 + xg)) a(x7+ 2xg + Xo)) + aa(xg + x9))
Xy y2(1-0) +xs00+ 0(1-00) L ((1-0p)(n +y3+ Xy +X3) + g V3 (1-02) + X600+ x5(1-02)

+ X))

Again, male death occurs in broods from mothers xs — Xo, but in this case, the number of

males that die is not solely dependent on the mother’s genotype. Infected males have a chance of

surviving infection if they carry Ry, so the proportion of males dying is also affected by the father’s

genotype. The fitness compensation received by the brood therefore depends on the combination of

the father and mother’s genotype.
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Parental Genotypes Appropriate fitness compensation ~ Abbreviation in

term invasion term
Vi X
=y I + ¢al ﬂ

2-a

YiXg, YV2X6, V3Xyq, V3 X5, to ¢gal NA

Y3 Xs 2-ga,

Ya2Xs ' (0.75ga, +0.25a, )¢ NA
2-(0.75ga, +0.25a,)

Vi Xs, Y2 Xa, i (0.5ga, + 0.5, )¢ /5
2-(0.5ga, +0.5¢,)

All matings involving X7, Xg . da, NA

and x, 2-a,

Females in the next generation then suffer viability costs dependent on their genotype. In

females it is the cost imposed by the male-killer, while males suffer the viability cost of Ry.

Genotype Viability costs
X1 X2 X3y =

Y2 (1-¢c)

Vs (1)’

X4 X5 Xg (].'U;)

X7 Xg X9 (1-U5)

Invasion conditions for Ry were obtained by modifier analysis in the same way as for Ry,
This revealed that for invasion:
1< (- 442 p** (1 - f5 + augfs) (1 -1 + oufl D) +p** (1 =1+ oufl Un) (41 -8 -204f1 + 45 -
20f5 + 200f5 f1 - 2045 f1- 304f5g - 2041 Uy + a5 Uy - 2o0f1 f5 Uy + 200 A1 f5 Up) + p* (10-8 f1 +
2001 = 2.5+ 200f5 - 200115 + a1 f5 + ayfSg + 61 Uy- aufs Uy + 204f1 f5 Uy - oy A1 5 Uy') ¢
@* —1-p*fl +ap*A U) 2 - oyf5 +of5 Uy +2p* (1 - 5 + auf5g) (1 -1 + aufl Uy) —p* (4 -
21 =25 +ayfsg + 204f1 Uy + oyfs Up))/ (4 (p* =1 -p*fl +ap* 1) (p* -1 -p* £l + ap* Nl
uhH

The conditions for invasion of Rs when ¢ = 0.5 and U/; = 0.01 are plotted in Figure 3.
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