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Figure C.1: A. Three possible arrangements of chromosomes in a quadrivalent,
with crossovers shown between the locus and the centromere (as an X). B. Three
possible segregation types in a quadrivalent, shown for the tangential arrangement.
Chromosomes from Species 1 are shown in black and chromosomes from Species 2
are shown in green. Centromeres are marked with an oval, with centromeres of the
tangential arrangement shown as filled or open to facilitate understanding of the
modes of segregation. Species 1 has only “A” alleles and Species 2 has only ‘a” alleles.
A magenta dashed line indicates the division of cells at Meiosis I for the adjacent

segregations.

272



Supplementary Text C.1: Expected gametic ratios in an allotetraploid under various
models of chromosome pairing and inheritance.

1. Explanatory notes.
For simplicity’s sake, I have assumed that the alleles in each individual are identical to
one another. For example in a F1 hybrid individual of genotype AiAzaiaz, A=Az, and

ar=az. For highly-selfing organisms, this assumption is not unrealistic.

All expected progeny frequencies are calculated under two cases:
1) An AAaa F1 hybrid is selfed and F2progeny are examined.
2) An AAaa F1 hybrid is backcrossed to an aaaa parent, and the backcross progeny
from this cross (BC: progeny) are analyzed. The aaaa parent can only supply aa
gametes.
In both cases, the AAaa Fi hybrid can only supply AA, Aa, and aa gametes. The
relative frequency of these gametes depends on the chromosome pairing model.

Chromosome pairing models are outlined below, in order of increasing complexity.

1.1 Disomic inheritance and autosyndesis. Exclusive pairing occurs between

homologous chromosomes, with chromosomes forming bivalents at meiosis. The F:

individuals behave as a “fixed hybrid”, and only Aa gametes are formed.
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Chromosome pairing:
A-Aanda-a

Gametes produced:
Aa

Punnet square 1.1.1. Expected genotypic frequencies when AAaa F: allotetraploid with
strict homolog-homolog pairing is self-fertilized.

Aa
Aa AAaa

Punnet square 1.1.2. Expected genotypic frequencies when AAaa F1 allotetraploid with
strict homolog-homolog pairing is backcrossed to an aaaa parent.

aa
Aa Aaaa

Genotypic frequencies:

1) F2progeny — all AAaa

2) BCiprogeny —all Aaaa
1.2 Disomic inheritance and allosyndesis. Exclusive pairing occurs between
homeologous chromosomes, with chromosomes forming bivalents at meiosis. The F:
individuals behave like diploid Fi hybrids, in terms of chromosome pairing. This
scenario was proposed by Gregory (1914), who based his hypothesis on the idea that if
two allotetraploid parental lines were crossed, the chromosomes would pair by parental

line, rather than by the species found within each allotetraploid.

Chromosome pairing:
A—-aand A-a
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Gametes produced:
AA, Aa, Aa, aa

Punnet square 1.2.1. Expected genotypic frequencies when AAaa Fi1 allotetraploid with
strict homeolog-homolog pairing is self-fertilized.

1AA 2 Aa laa

1 AA 1 AAAA |2 AAAa | 1AAaa
2 Aa 2 AAAa | 4 AAaa 2 Aaaa
1aa 1 AAaa 2 Aaaa 1 aaaa

Punnet square 1.2.2. Expected genotypic frequencies when AAaa F1 allotetraploid with
strict homeolog-homolog pairing is backcrossed to an aaaa parent.

aa
1 AA 1 AAaa
2 Aa 2 Aaaa
1aa 1 aaaa

Genotypic frequencies:
1) F2progeny -1 AAAA :4 AAAa:6 AAaa:4 Aaaa: 1 aaaa
2) BCiprogeny —1 AAaa:2 Aaaa:1 aaaa

1.3 Disomic inheritance with random pairing. Chromosomes from parent 1 pair
randomly with either their homologous counterpart in parent 1 or their homeologous
counterparent in parent 2, with only bivalents forming. This theoretical scenario simply
means that chromosomes are pairing randomly, but that quadrivalent formation is
prevented from occurring. As will later be shown there is no expected difference in the
ratios observed when bivalents occur with random pairing or quadrivalents occur and

segregate under the random chromosome assortment model.
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Chromosome pairing:

Homologous pairing: A1— A; and as — a, or

Homeologous pairings: A —a; and

Az —ap, Or A1 — dy, and A2 — aq

Because there is only one way in which homologous chromosomes can pair, but two
ways in which homeologous chromosomes can pair, there are not equal ratios of
homologous/homeologous pairings.

Gametes produced:
1/3 (Aa) + 2/3(1/4AA, 1/2Aa, 1/4aa)

Punnet square 1.3.1. Expected genotypic frequencies when AAaa Fi1 allotetraploid with
random pairing is self-fertilized.

1AA 4 Aa laa
1AA 1 AAAA | 4AAAa | 1AAaa
4 Aa 4 AAAa |16 AAaa |4 Aaaa
1aa 1 AAaa 4 Aaaa 1 aaaa

Punnet square 1.3.2. Expected genotypic frequencies when AAaa F1 allotetraploid with
random pairing is backcrossed to an aaaa parent.

aa
1 AA 1 AAaa
4 Aa 4 Aaaa
1aa 1 aaaa

Genotypic frequencies:
1) F2progeny -1 AAAA :8 AAAa:18 AAaa: 8 Aaaa: 1 aaaa
2) BCiprogeny —1 AAaa:4 Aaaa:1 aaaa

2. Tetrasomic inheritance
There is no reason to believe that quadrivalent formation is not possible, especially if

homeologs are able to associate in bivalent formations. When quadrivalents form, three
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configurations of the chromosomes are possible: 1) juxtaposed, 2) opposite, and 3)
tangiential; these configurations are depicted in Marsden et al. 1987. For each of these
three configurations, three types of segregation of the chromosomes are possible: 1)
alternate, 2) adjacent-1, and adjacent-2, explained in Burnham (1962). Under tetrasomic

inheritance (when quadrivalents form at meiosis) three types of segregation were

proposed:
1) random chromosome assortment,
2) random chromatid assortment, and
3) maximal equational segregation.

Some useful terms from Mather (1935)

Reductional segregation — Identical sister chromatids pass to the same pole during
meiotic division, the number of centromeres is “reduced”

Equational segregation — Non-identical sister chromatids pass to the same pole. At the
first division of meiosis, segregation is always reductional, unless there has been
recombination between the locus and the centromere.

Double reduction — Occurs when two pieces of sister chromatids end up in the same
gamete through a crossover event and equational segregation. For double reduction to

occur, a quadrivalent must be formed.
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2.1 Random chromosome assortment: This model, first layed out by Muller (1914)
describes expected gametic ratios when reductional segregation occurs at Meiosis I and
no crossing over occurs between the locus and the centromere (i.e., there is complete

linkage). Sister chromatids never end up in the same gamete.

Chromosome pairing:

A — A —a-a(quadrivalent)

Gametes produced:

Random chromosome assortment (with quadrivalent formation) results in an expected
gametic ratio of 1AA : 4Aa : 1laa in a duplex (AAaa) individual. See Punnet square 2.1.1

below.

In a duplex individual that is about to undergo meiosis, there are four sets of identical
sister chromatids. An individual that has undergone replication but not meiosis has the
following genotype: AlaAmwAzAznatainazazn. Here, for example, Aia and A are identical

sister chromatids, and A1 and A: are identical alleles from the same parent.
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Punnet square 2.1.1.

undergoes random chromosome assortment. d.n.o. is used to indicate gametic

Expected gametic combinations when AAaa F:i allotetraploid

combinations that cannot occur.

Aia A1 Aza A ala aib aza azb
Ana |dno. |[dno. | AlaAz | AlaA»n | Aaala | Alaaw | Alaaz Aia azn
A1 dn.o. | A Az | A A | Avala | Awanw | A aza Aib axn
Az dn.o. |dno. | Axnala | Aunaw | Az az Az axn
A d.n.o. Az aia | Amam | Amaz Aob axn
ala don.o. |dno. |anan ala azb
am d.n.o. am am az
aza d.n.o. d.n.o.
azb d.n.o.

Punnet square 2.1.2 . Expected genotypic frequencies when AAaa F: allotetraploid with

random chromosome assortment is selfed.

1 AA 4 Aa laa
1 AA 1 AAAA | 4AAAa |1AAaa
4 Aa 4 AAAa |16 AAaa |4 Aaaa
1aa 1 AAaa 4 Aaaa 1 aaaa

Punnet square 2.1.3.

Expected genotypic frequencies when AAaa Fi1 hybrid with

random chromosome assortment is backcrossed to an aaaa parent.

aa
1 AA 1 AAaa
4 Aa 4 Aaaa
1aa 1 aaaa

Genotypic frequencies:
1) F2progeny -1 AAAA :8 AAAa:18 AAaa: 8 Aaaa: 1 aaaa
2) BCiprogeny —1 AAaa:4 Aaaa:1 aaaa

2.2 Random chromatid assortment:
Haldane (1930) developed this model to account for the fact that crossing over
Under the random chromatid

may occur between the locus and the centromere.

assortment model, it is assumed that double reduction occurs as a result of a cross-over
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event and subsequent migration of two pieces of identical sister chromatids passing to
the same pole during Meiosis I. Here and in Mather’s maximal equational segregation
(1935; 1936), it should be understood that both entire sister chromatids are not passing to
the same pole. Rather, part of one sister chromatid and the whole or part of the other
passes to the same pole. With reference to the locus in question, however, it is as if two
entire sister chromatids were together. The amount of double reduction that occurs is
proportional to the distance between the locus and the centromere. Haldane derived his
gametic ratios assuming that each chromatid had an equal chance of pairing with any
other chromatid, and his gametic ratios are easily derived using a Punnett square.
However, it is now accepted and understood (e.g., Burnham 1962; Ramsey & Schemske
2002) that Haldane’s assumption that each chromatid has an equal chance of pairing
with any other is not valid, as was demonstrated by Mather (1935). Nevertheless,
Haldane’s idea of incorporating cross-overs between a locus and the centromere is

extremely important.

Chromosome pairing:

A — A —a-a(quadrivalent)

Gametes produced:
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Random chromatid assortment (with quadrivalent formation) results in an expected
gametic ratio of 3AA : 8Aa : 3aa in a duplex (AAaa) individual. See Punnet square 2.1.1

below.

Punnet square 2.2.1. Expected gametes produced when AAaa F: allotetraploid
undergoes random chromatid assortment. Four new genotypes, indicated in bold font
and with an asterisk are now possible because identical sister chromatids passed to the
same pole at Meiosis I (reductional segregation). d.n.o. is used to indicate gametic

combinations that cannot occur.

Aia A1 Az A ala aib aza azb
A | dn.oo. | *A1a A | A1a A2 | AlaAn | Alaala | Alaaw | Alaaza | Alaan
A1 d.n.o. Aib Aza | AibAx | Abala | Awwamw | A az | Awax
Aza dn.o. | *A2 A | Azala | Anaw | Aznaz | Axaw
A d.n.o. Az aia | Amamw | Abvazn | Az an
ala d.n.o. | *awam | amazn | amaz
am d.n.o. aib aza | aib az
aza d.n.o. | *az az
azb d.n.o.

Punnet square 2.2.2. Expected genotypic frequencies when AAaa F1 allotetraploid with
random chromatid assortment is selfed.

3 AA 8 Aa 3 aa
3AA 9 AAAA |24 AAAa | 9 AAaa
8 Aa 24 AAAa | 64 AAaa | 24 Aaaa
3aa 9 AAaa 24 Aaaa 9 aaaa

Punnet square 2.2.3. Expected genotypic frequencies when AAaa F1 allotetraploid with
random chromatid assortment is backcrossed to an aaaa parent.

aa
3 AA 3 AAaa
8 Aa 8 Aaaa
3aa 3 aaaa

Genotypic frequencies:
1) F2progeny -9 AAAA : 48 AAAa:82 AAaa:48 Aaaa:9 aaaa
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2) BCiprogeny —3 AAaa: 8 Aaaa:3 aaaa

2.3 Maximal equational segregation. Mather (1935) pointed out that because of the
arrangement of chromosomes in a quadrivalent, it is not equally likely that any
chromatid pair with any other chromatid, as was proposed by Haldane (1930).
Mather’s ratio in a duplex (AAaa F: allotetraploid) individual can only be obtained by
considering each of the three chromosome arrangements (Fig C.1A), and each of the

three modes of segregation for each chromosome (Fig. C.1B).

Chromosome pairing:

A — A —a-a(quadrivalent)

Gametes produced:

Maximal equational segregation results in an expected gametic ratio of 2AA : 5Aa : 2aa

in a duplex (AAaa) individual. See Table A below.

Genotypic frequencies:

See Punnett squares 2.3.1 and 2.3.2 below.
1) F2progeny —4 AAAA :20 AAAa:33 AAaa: 20 Aaaa: 4 aaaa
2) BCiprogeny —2 AAaa:5 Aaaa:2 aaaa

Table A. Expected gametic ratios in absolute numbers from a single meioses of an AAaa
F1 allotetraploid for all three chromosomal arrangements of a quadrivalent and all three
modes of segregation. Summed over all three modes of segregation the total ratio is 16
AA :40 Aa: 16 aa, which reduces to Mather’'s2 AA : 5 Aa: 2 aa.
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Segregation

Arrangement Alternate Adjacent-1 Adjacent-2

Tangential 2AA:4Aa:2aa 2AA:4Aa:2aa 2AA:4Aa:2aa
Opposite 0AA:8Aa:0aa 4AA:0Aa:4aa 0AA:8Aa:0aa
Juxtaposed 2AA:4Aa:2aa 2AA:4Aa:2aa 2AA:4Aa:2aa
Total 4AA:16 Aa:4aa 8AA:8Aaa:8Aa 4AA:16Aa:4aa

Punnet square 2.3.1. Expected genotypic frequencies when AAaa F1 allotetraploid with
maximal equational segregation is selfed.

2 AA 5 Aa 2 aa

2 AA 4 AAAA |10 AAAa | 4 AAaa
5 Aa 10 AAAa | 25 AAaa | 10 Aaaa
2 aa 4 AAaa 10 Aaaa |4 aaaa

Punnet square 2.3.2. Expected genotypic frequencies when AAaa F1 allotetraploid with
maximal equational segregation is backcrossed to an aaaa parent.

aa
2 AA 2 AAaa
5 Aa 5 Aaaa
2 aa 2 aaaa

3.0. Expected mean and variance for diploid and tetraploid F: populations under both
complete additivity and complete dominance.
GENERAL FORMULA

Expected mean: E freq(genotypei) x ai
Expected variance: E freq(genotypei) x (ai— )_()2

ai = mean value for genotype
X = population mean

DIPLOID : 1A2: 2A1a1: 1a:

Assume means for parent 1 =+1 and parent 2 = -1
Complete additivity

Mean  =+(1)+2(0)+3(-1)

expect 4

Meanexpect =0
Varexpec=(.25)(1-0)*+(.5)(0-0)* +(.25)(-1-0)
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Val'expect =0.5

Dominance
Mean =2+(1)+2(1)++(-1)

Meanexpect =0.5
Varegpect = (.25)(1-.5)> +(.5)(1-.5)* +(.25)(-1 - .5)°
Val'expect =0.75

TETRAPLOID, random chromosome assortment

Again, Assume means for parent 1 =+1 and parent 2 = -1
Complete additivity

Mean = () +2(5)+2(0)+ £ (-.5)+5-(-1)

Meanexpect =0

Varepea = 2(1-0)" +£(.5-0)" +£(0-0)* + £(-.5-0)° + £(-1-0)°

Val'expect =0.167

Dominance

Mean_ . =5(0)+3(0)+2 1)+ 1)+5(-1)

expect

Meanexpect =0.944

Varepet = L(1— 0.944)” +£(1-0.944)* +18(1-0.944)” + £ (1-0.944)” + L (-1-0.944)*
36 36 36 36 36

Val'expect =0.108
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Table C.1: Mean + SE and samples sizes (in parentheses) for 2C DNA content
as measured by flow cytometry from diploid (2x) and synthetic polyploid lines (4x)
used in the experiment. If no SE is given, only one individual was measured. The S:

class consisted of 21 groups of pooled individuals.

Class 2C DNA content (pg)
IM-2x (n=1) 1.08
SF-2x (n=1) 0.923
Fi-2x (n=1) 0.99
IM-4x (n=4) 2.18 +£0.019
SF-4x (n=4) 1.90 £ 0.005
F4-4x (n=7) 2.04 £0.018
F2-4x (n=16) 2.00 + 0.007
S, (n=21) 2.00 + 0.004
S4-G (n=6) 2.01 £ 0.021
S4-N (n=6) 2.04 +0.08
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Table C.2: Means (first row) of each trait, and letters indicating significance of
difference for each trait for the subclasses (second row). Abbreviations used: FT =
flowering time, TW = tube width, TL= tube length, CW = corolla width, CL = corolla
length, WLR = tube width: corolla length ratio, SL = stamen length, PL = carpel (pistil)
length, SAS = stigma-anther separation, LXW =lower calyx width, PC1 = principal
component 1, PC2 = principal component 2. For each pair (e.g., Fig-2x and Fin-2x) the
letters shown only refer to whether or not the means of that pair are significantly
different from one another. guttatus and nasutus refer to the maternal parent used in
the cross. Pairs with values that are significantly different from one another are

indicated in bold font.

Fi-4x Fi-2x F,-4x F,-2x
Trait guttatus nasutus guttatus nasutus guttatus nasutus guttatus nasutus
FT 28.381 25.000 23.806 22.680 26.862 25.554 25.327 25.613
A A A A A A A A
TW 10.172 9.601 7.528 7.920 8.852 8.923 7.364 7.553
A A A A A A A A
TL 15.325 14.647 13.533  14.351 13.560 14.251 13.578  13.337
A A A A A B A A
Cw 26.017  25.662 22.027 23.165 22.870 24.618 22.328 21.807
A A A A A B A A
CL 29.041 28.677 25.668 26.805 26.444 27.783 26.404 25.918
A A A A A B A A
WLR 1.695 1.752 1.627 1.614 1.681 1.727 1.639 1.632
A A A A A A A A
SL 14.865 14.503 13.286 13.726  13.795 14.235 12.736  12.037
A A A A A A A B
PL 17.647 17.103 15.162 15.443  16.190 16.510 14.965 15.019
A A A A A A A A
SAS 2.782 2.599 1.877 1.717 2.395 2.275 2.229 2,983
A A A A A A A B
LXW 6.689 6.723 4.490 4.987 5.705 6.323 5.036 5.173
A A A A A B A A
PC1 2.505 2176 0.356 0.828 1.146 1.670 0.366 0.425
A A A A A B A A
PC2 -0.125 -0.128 -0.239 -0.521 -0.034 -0.257 0.644 0.033
A A A A A A A B
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Figure D.1: Neighbor-Net tree of M. sookensis (purple), M. guttatus (green) and
M. nasutus (orange) and outgroup sequence (black) at locus Mg1.
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Figure D.2: Neighbor-Net tree of M. sookensis (purple), M. guttatus (green) and
M. nasutus (orange) and outgroup sequence (black) at locus Mg2.
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Figure D.3: Neighbor-Net tree of M. sookensis (purple), M. guttatus (green) and
M. nasutus (orange) and outgroup sequence (black) at locus Mg3.
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Figure D.4: Neighbor-Net tree of M. sookensis (purple), M. guttatus (green) and
M. nasutus (orange) and outgroup sequence (black) at locus Mg4.
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Figure D.5: Neighbor-Net tree of M. sookensis (purple), M. guttatus (green) and
M. nasutus (orange) and outgroup sequence (black) at locus Mg5.
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Figure D.6: Neighbor-Net tree of M. sookensis (purple), M. guttatus (green) and
M. nasutus (orange) and outgroup sequence (black) at locus Mgé.
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Appendix E — Supporting Information for Chapter 6

Figure E.1: Example of ancestry calling in SYN parental line. X-axis shows
position on LG3 and y-axis shows raw proportion for each class, indicated in upper
left corner. Black line indicates the actual proportion, while blue dashed lines
indicate the upper and lower 95% confidence intervals constructed under a binomial
distribution. The colored graphs at the top indicate the actual ancestry call for each
bin (separated by white vertical lines), and correspond to SYNcur (dark green) LSNcur
(light green) or SYNn~as (dark blue) or LSNnas (light blue). Note that the SYNGur
proportion was used for GUT ancestry calling, while LSN and SYN proportions were
used for NAS ancestry calling,.
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Figure E.2: Example of ancestry calling in LSN parental line. X-axis shows
position on LG3 and y-axis shows raw proportion for each class, indicated in upper
left corner. Black line indicates the actual proportion, while blue dashed lines
indicate the upper and lower 95% confidence intervals constructed under a binomial
distribution. The colored graphs at the top indicate the actual ancestry call for each
bin (separated by white vertical lines), and correspond to SYNcur (dark green) LSNcur
(light green) or SYNn~as (dark blue) or LSNnas (light blue). Note that the SYNGur
proportion was used for GUT ancestry calling, while LSN and SYN proportions were
used for NAS ancestry calling.
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Figures E.3-E.15 begin on page 297, but a general explanation for all figures
follows: Increasing density is indicated with increasing warmth of colors. Genes,
repetitive elements, and SNPs each have separate scales (indicated); the scale bars for
genes and repetive elements are the top bar in (A) and (B). Position is indicated in Mb
along the x-axis in (C). For SNP density, each of the 476 F2 samples are indicated as a
line along the y-axis.

Figure E.3: Gene density (A), repetitive element density (B) and SNP density
(C) across LG2.

Figure E.4: Gene density (A), repetitive element density (B) and SNP density
(C) across LG3.

Figure E.5: Gene density (A), repetitive element density (B) and SNP density
(C) across LG4.

Figure E.6: Gene density (A), repetitive element density (B) and SNP density
(C) across LG5.

Figure E.7: Gene density (A), repetitive element density (B) and SNP density
(C) across LG6.

Figure E.8: Gene density (A), repetitive element density (B) and SNP density
(C) across LG7.

Figure E.9: Gene density (A), repetitive element density (B) and SNP density
(C) across LGS.

Figure E.10: Gene density (A), repetitive element density (B) and SNP density
(C) across LG9.

Figure E.11: Gene density (A), repetitive element density (B) and SNP density
(C) across LG10.

Figure E.12: Gene density (A), repetitive element density (B) and SNP density
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(C) across LG11.

Figure E.13: Gene density (A), repetitive element density (B) and SNP density
(C) across LG12.

Figure E.14: Gene density (A), repetitive element density (B) and SNP density
(C) across LG13.

Figure E.15: Gene density (A), repetitive element density (B) and SNP density
(C) across LG14.
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