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1.2 Materials and Methods
1.2.1 Study system
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1.2.3 Tissue collection, DNA extraction, and marker genotyping
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1.2.4 Phenotyping pollen viability, pollen number, and seedset
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1.2.8 Quantitative Trait Loci (QTL) mapping
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1.2.9 Inferring mode of action for TRDLs
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1.3 Results
1.3.1 Three independent F2 linkage maps of the Iron ~ Mountain
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1.3.2 Gene based markers reveal a segregating chrom  osomal
inversion unique to lron Mountain
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1.3.3 All three mapping populations are polymorphic
meiotic drive locus on LG11
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1.3.4 Transmission Ratio Distortion Loci (TRDLS)
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0'$- - -
¢ $ +

cross LG TRDL parental nearest nearest Nindof Nindof N ind of sum

peak  origin of co- marker genotype genotype genotype counts

position del. dom position HH HL LL

(cM) allele marker (cM)
c2 1 6.6 low e212 0 108 193 68 369
c2 7 771  low €746 80.5 105 191 67 363
c2 10 47.8  high e27 51.7 68 171 105 344
c2 11 133  low e644 9.31 126 237 3 366
c2 12 65.1  high e548 60.4 68 193 88 349
c3 2 4.6 low e774 0.5 122 167 91 380
c3 2 79.5  high e274 78.1 16 249 117 382
c3 4 746  low e749 66.6 100 205 72 377
c3 6 54.7  high e430 49.6 90 169 117 376
c3 13 96.7  high €329 89.7 69 184 130 383
c4 1 81.7  high e757 97.1 58 178 122 358
c4 2 116.4  high el24 104.6 79 188 113 380
c4 5 1.1 high e417 0 67 192 117 376
c4 6 1.2 low e431 4.5 100 196 60 356
c4 7 50.0 low e708 49.3 123 180 62 365
cd 8 152.2 low €333 134.2 122 155 88 365
c4 9 534 - e795 52.9 118 140 118 376
cd 11 72.7  low e87 69.8 126 204 45 375
cd 12 1.0 - €678 0 116 141 112 369
c4 14 151.1 high €483 156.9 68 200 99 367
1.3.5 Mode of gene action for verified TRDLs
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G G & ! ,
G 3
G5,A y =" , 8
6AJ & &
G< & G5 & ,
cross Lg TRDL s h Nrec Ngom w test to mode of gene
95% 95% reject action
conf. conf. gametic
interval interval selection
(p-value)
c2 10 e27 0.35 0.53 no no 0.39 ns additive
c3 13 e329 047 0.62 no no 0.35 ns additive
c4 1 e757 052 0.52 no no 0.32 ns additive
c4 2 el24 030 0.56 no no 0.41 ns additive
c4 5 e417 043 042 no no 0.36 ns additive
c4 7 e708 050 0.54 no no 0.34 ns additive
c3 2 e774 025 124 - yes 0.43 0.018 dominant
c3 6 e430 0.23 1.07 - yes 0.44 0.021 dominant
c4 8 e333 028 1.31 - yes 0.42 0.023 dominant
partial
c2 1 e212 037 0.29 yes - 0.39 ns recessive
partial
c2 7 e746 036 0.25 yes - 0.39 ns recessive
c2 11 e644 098 0.06 yes - 0.02 O recessive
c2 12 e548 0.23 -0.43 yes - 0.44 0.048 recessive
c3 2 e274 0.86 -0.07 yes - 012 0 recessive
c3 4 e749 0.28 -0.09 vyes - 0.42 0.09 recessive
c4 6 e431 0.40 0.05 yes - 0.38 0.056 recessive
partial
c4 11 e87 0.64 0.30 no - 0.26 0.09 recessive
c4 14 e483 0.31 -0.03 vyes - 0.41 0.085 recessive
c4 9 e795 0.00 13042 - - - 0 underdominant
c4 12 e678 0.04 10.38 - - - 0 underdominant
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1.3.6 Multi-dimensional epistasis contributes to tr

distortion
I 0'$
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&1 )* & 1& !

&& 7 FG5,5E, 1& H,5A & &
7 , | 0.'$
7 1
LG9:e795 LG12:e698 LG2:e124 LG1:e827* LG8:e227*
e795 - 0.00063 0.000227 0.000624 ns
€698 - - ns 0.001969 0.000535
el24 - - - ns 0.003514
e827* - - - - 0.02381
e227* - - - - -
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0! 4- 1 0'¢$ orcCc, o 0.'$
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- )*

cross Lg TRDL s h Nrec Ngom w test to mode of gene
95% 95% reject action
conf. conf. gametic
interval interval selection
(p-value)
c4 1 e827 040 0.88 - yes 0.38 0.047 dominant
c4 8 e227 -0.07 3.57 - - 0.52 0.0028 underdominant

1.3.7 Quantitative Trait Loci (QTLs) for male and f  emale fertility

&! - !
- 0! E, !
- C,51CD,AJ,
(9 $
& ! J& ! -
l 0 & 1
cross pollen viability total pollen supplemented
seed set
c2 0.55(.17) 8597.8(3191.8) 69.2(49.8)
c3 0.48(.24) 8552.7(3849.9) 128.3(75.7)
c4 0.22(.19) 7907.2(3804.6) 72.8(64.2)
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2( $ 3* $ &G &
G ! - G o >0%
I - , &
@K K -1 4 & , >0%
bl ! , 0 >0% !
L =($4(4BCL 2 >0%
& |
cross LG pos nearest pv pollen seed
marker
c2 4 102.6 e691 -0.19 (0.05) - -
c2 6 0 0.47 (0.97)  0.32(0.55)  0.34 (0.95)
c2 7 41.4 e246 -0.2 (0.15) - -
c2 8 9.28 el78 - -0.35 (0.01) -
c2 11 87.4 | driver -0.28 (-0.01) - -
2 14 49.8 €633  -0.05 (6.51) - -
c3 2 78.1-80.7 e274 -0.36 (1.08)  -0.59 (1.34) -0.63 (1.48)
c3 6 0 | inversion | -0.33(0.03) - -
c3 8 9.9 el78 - -0.19 (-0.26) -
c3 8 99.9 e718(~e333) - 0.34 (0.01) -
c3 8 110.6 e472 0.38 (1.06) - -
c3 9  62.3-69.6 e753 0.17 (0.01)  0.24 (0.07) -
c3 | 10 17.2 e846 0.19 (2.48) - -
c3 11  66.2-67.4 driver -0.56 (0.63)  -0.4 (0.02) -
c3 12 81.2 e785 - 0.01 (1058) -
c3 13 0 e648 - 0.15 (0.88) -
c4 4 0-6.6 e546 0.23(0.08)  0.26 (0.02) -
c4 6 45148 -0.88 (-0.06) -0.37 (0.05) -0.44 (0.04)
c4 7 71 e746 0.17 (-0.02) - -
c4 8 62.3 e675 - 0.27 (0.02) -
c4 8 134.2 e333(~e718) | - -0.28 (-0.03) -
c4 9 0 e536 - - -0.19 (0.23)
c4 | 10 223269 e846 -0.2 (0.08) - -0.01(285)
c4 10 97.6 e465 -0.2 (0.02) - -
c4 11 12.7 e767 - - 0.18 (-0.04)
c4 11 637-658 [ driver ]-0.38(-0.61) -0.23(-0.03) -
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1.3.9 Additive-dominant epistasis contributes to st

for male and female fertility
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1.3.10 Environment dependent epistasis for pollen v iability between
meiotic drive and inversion alleles
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455A- # 455=  # 9
I - & &
& 8 ,
df S8 F pvalue
drive genotype 2 0.7098 8.30 0.0004
inv genotype 1 0.8749 2047 0.00001
drive*inv genotype 2 0.3346 3.9 0.022
Inversion
genotype
Drive genotype
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1.4 Discussion

1.4.1 Linkage map construction and identification o f TRDL in the

guttatus species complex
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1.4.2 Mapping suggests that both mutation selection balance and

balancing selection contributes to the maintenance of fitness
variation
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1.4.3 Implications of epistasis for relevance of st
adaptation
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1.4.4 Implications of epistasis and environmentald  ependence for the
evolution of selfing
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1.4.5 Implications of epistasis for the dominance a  nd overdominance
hypotheses
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2.1 Introduction
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2.2 Materials and Methods

2.2.1 The study system: a variable population in a heterogeneous and
extreme environment
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2.2.2 Phenotypic measurements on morphological trai ts
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2.2.3 Quantitative Trait Locus (QTL) mapping
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2.2.4 Comparison with divergent QTLs

>0$ 4,4,4

8E4- | & 8 , 0
$ 4556, 7 -<B4 &

E<



! ! ' B8E4

4=6 , # =1B

>0% & .83,

2.3 Results

2.3.1 Quantitative Trait Loci (QTLS) for standing v ariation in floral
morphology, leaf size, and flowering time on Iron Mo untain

0 4-= C &
& ! , 0
- - & & &
0! D, 9 3 - - 1
- 9 . 4555
74 % ! $
! <55 -
&
G -G
anthesis
Cross cwW pistil cl stamen (days) leaf width
c2 60.7(9.4) 51.5(4.8) 73.5(8.9) 41.2(3.6) 29.4(2.9) 50.6(15.4)
c3 58.3(9.5) 49.8(4.5) 67.5(8.3) 39.4(3.1) 30.3(3.5) 64(14.7)
c4 65.4(12.4) 55.1(5.2) 82.8(11.0) 43.9(4.1) 30.2(3.7) 56.7(14.2)
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73

cross g pos marker cwW cl pistil stamen ft leaf traits
2 4 130 _ e817_, 0.31(-0.02) - - - - - corolla
c2 11 74 €360 - - 0.3 (0.01) - - - pistil
c2 12 0 eb3 - - 0.23 (-0.03) - - - pistil
c2 10 35 e463 - - - 0.43 (-0.02) - - stamen
c2 14 94 e701 - - - 0.24 (-0.01) - - stamen
c2 8 77-82 e3l 0.21 (0.04) - - 0.22 (0) - - flower
c2 10 47-56 e27 - 0.27 (-0.02) 0.25 (-0.05) - - - flower
c2 14 0 e733 0.24 (0.01) 0.22(0.02) - - - flower
c2 1 56-61 ] e757 | - 0.28 (-0.02) 0.24 (0.01) 0.28 (-0.01) - - flower
c2 2 103 , €831 , 0.3(-0.07) 0.21(-0.08) - 0.23 (-0.11) - - flower
c2 13 18-22 e832_ 0.36(0.02) 0.25(0.28) - 0.33 (0.15) - - flower
c2 14 75-77 |' 9859_! 0.38 (0.01) 0.31(0.06) 0.25(0.07) - - - flower
c2 4 17 e219 - - - - 0.23 (-0.01) - anthesis
c2 5 4 €649 - - - - 0.33 (-0.05) - anthesis
c2 5 85 e676 - - - - 0.23 (0.31) - anthesis
c2 8 9 el78 - - - - -0.22(-0.05) - anthesis
c2 8 18 €610 - - - - - -0.3 (-0.02) leaf
c2 9 4 e536 - - - - - 0.34 (1.22) leaf
c2 10 42 e321 - - - - - -0.21 (0.08) leaf
c2 12 53 €658 - - - - - 0.2 (0.01) leaf
c2 14 104 el7 - - - - - 0.25 (-0.02) leaf
c2 2 72-78 _e46l  0.27(-0.12) - - - 0.29 (0.01) | 0.22(-0.39)  whole plant
c2 6 0 ! INv_1023(0.71) 0.38(0.85 0.3(1.19) 0.48(0.67) | -0.2(0.04) | 0.33(0.81)  whole plant




EE|

cross g pos marker CcW cl pistil stamen ft leaf traits
c3 9 0 _ e416_ 0.18(-0.03) - - - - - corolla
c3 10 94 ! e109 ! 026(0.1) - - - - - corolla
c3 13 72 eb5 0.3 (0.01) - - - - - corolla
c3 14 122 e735 0.21 (0.03) - - - - - corolla
c3 8 10 e278 0.25 (-0.52) - - - - - corolla
c3 8 57 €590 - 0.4 (-0.01) - - - - corolla
c3 8 129 e829_ - 0.26 (0.02) - - - - corolla
c3 7 45 1 e512 1 0.42(0.02) 0.44(0.03) - - - - corolla
c3 1 51 €665 - - 0.2 (-0.01) - - - pistil
c3 3 39 e581 - - -0.24 (0.02) - - - pistil
c3 5 58 el76 - - -0.36 (-0.01) - - - pistil
c3 7 12 e259 - - 0.28 (-0.02) - - - pistil
c3 10 109 e837 - - 0.25 (0.09) - - - pistil
c3 12 55 aat308 - - 0.47 (0.01) - - - pistil
c3 9 58 e371 - - - 0.2 (0.02) - - stamen
c3 1 25 e781 - - - 0.21 (-0.07) - - stamen
c3 2 81 e274 - - - -0.24 (0.68) - - stamen
c3 7 22 e34 - - - 0.31 (-0.04) - - stamen
c3 6 21-25 e541 0.3 (-0.05) 0.3 (0.01) 0.32 (0.05) - - - flower
c3 8 113 e294 0.25 (0.04) - 0.31(0.1) - - - flower
c3 13 53 €236 - 0.29 (0.01) - 0.3 (0.09) - - flower
c3 6 0 INV - - - - 0.4 (-0.01) - anthesis
c3 9 9 €536 _ - - - - 0.22 (0.01) - anthesis
c3 2 96-102 !_ e831 _ ' 0.27 (0.04) 0.28(0.01) 0.23(0.06) | 0.25 (0.36) | - 0.26 (0.01) whole plant
c3 11 47-53 DR -0.24 (0.02) - - -0.3 (-0.01) - -0.31 (0.18) whole plant
c3 1 65 aat225 0.27 (-0.02) 0.29 (-0.01) - - -0.15(-0.2) | 0.2(0.02) whole plant
c3 4 101-10 e94 - - - 0.27 (-0.03) | 0.23(0.28) | 0.31(0.01) whole plant
c3 5 0-8 e649 0.19 (0.01) - 0.41 (0.02) 0.27 (0.04) 0.41(-0.01) 0.29(0.01) whole plant
c3 8 74-80 e842  0.36 (-0.02) - - 0.3(0.02) 0.32(0.01) 0.32(-0.01) whole plant




i3

cross g pos  marker cw cl pistil stamen ft leaf traits

c4 6 0 1_INV_ 1 0.24(0.01) - - - - - corolla
c4 8 69 e30 0.35(0.09) - - - - - corolla
c4 9 70 _er753 | 0.18 (-0.07) - - - - - corolla
c4 14 74 , _er1l | 0.31(0.01) - - - - - corolla
c4 11 62 DR - 0.27 (-0.01) - - - - corolla
c4 6 21 e28 - - 0.05 (8.23) - - - pistil

c4 2 52 e56 - - - -0.2(0.06) - - stamen
c4 13 16 e599 - - - -0.27(0.01) - - stamen
c4 13 95 _e803 - - - -0.26(0.19) - - stamen
c4 7 5458 , e708 , 0.23(0.01) - - 0.29 (-0.01) - - flower
c4 1 31-33 e271 - 0.24 (-0.01) 0.22(0.02) - - - flower
c4 11 51 e52 - - 0.25(-0.02)  0.2(-0.14) - - flower
c4 3 2734 e429 - -0.27 (0.48) | -0.27 (-0.02) | -0.31(0.31) - - flower
c4 10 4250 _e27_ _0.42(-0.62) 0.54(-0.5)  0.61(-0.52)  0.42(-0.15) - - flower
c4 4 13641, e573 ;-0.35(0.84) -0.47(0.98) -0.37(0.95)  -0.42(0.86) - -0.5(1.28)  whole plant
c4 10 98-100 1 _e754 1 0.27(0.04) - - 0.23(0.03) - 0.22(0.08) whole plant
c4 13 52-58 €526 - -0.33(0.01) -0.31(-0.03) - - -0.19(0.08) whole plant
c4 5 9297 682 . : : . 10.20.01)  whole plant
c4 1 1524 e287 0.21(-0.04) - - 0.27(0.01)  0.35(0.01)  0.34(0.01) whole plant
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2.3.2 QTLs for corolla width do not co-localize with inbreeding
depression QTLs
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2.3.3 Mode of action of QTLs for floral morphology, flowering time,
and leaf width

# & I
I ]
9 ! <A <E,
- $ 3 *
I & ;- c, >09%
& , C($<5(4B & !
<C, # ? @& ! =($ 4(4BC
<,=B -
0O0O?P >0% <E -
, >0%
I & @KKG5,0 9

BE



N

@K KX5
9
& !

I &

5,415,4A-

! &
@KKH5, 0
>0$ !
&
9
9 !
!

BB

<A

<E,



451/ ! 6 0 $

3* 0 O? P>0$- <A-
- C($ C(AB=
C($<5(4B, 0 >0$
# & >0$
& 11 -
- >0$ C

2 <66D- 4555- <6=5,
BD



2.3.4 Epistasis contributes to standing variation f or morphological
traits
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2.3.5 Comparison with divergent QTLs
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2.4 Discussion

2.4.1 Single biparental crosses are insufficient fo  r describing the
genetic architecture of standing variation.
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2.4.2 Maintenance of standing variation for flower size on in the Iron
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2.4.3 Relevance of standing variation for adaptatio n
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2.4.4 Many degrees of freedom for multivariate trai  t evolution
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2.4.5 Epistasis and the evolution of the genetic va
covariance
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