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SUPPORTING TEXT
Text S1. Derivation of equilibrium frequencies and bifurcation analysis

As discussed in the main manuscript, in a panmictic unit, with unreduced gametes frequency
v and triploid fertility ¢, after one generation of random mating, the frequency of new gamete
types, i.e., haploids g,’ and diploids g," as a function of the previous generation’s gametes g,
and g, are given by:
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For simplicity, since g, = 1 — g4, we solve for the equilibrium frequencies by setting
91" =91 = 91" as follows:
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Dividing both sides of Eqg. S1.3 by g,* and moving all terms to the RHS we get:
0=g"A-v)+0e(1—-9:)—91"? —2909," (1 — g1 — (1 — 917)? 1.4

After expanding Eq. S1.4 and factoring out all terms with equal power we obtain the parabola:
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whose roots are given by the quadratic formula:
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Equation §1.5 yields a concave down parabola with two equilibrium points; one unstable
and one stable (see Sl Appendix Fig. S8). Notice that because by construction our model
always starts with a population consisting of only diploids, only haploid gametes are allowed
at time zero and therefore the system will always converge to the first equilibrium encountered
which is the stable equilibrium (right intersection on the x-axis). A saddle-node bifurcation

occurs when both equilibrium points coalesce into a half-stable equilibrium point. Following



even higher ¢ and v, the parabola is dragged below the x-axis (S| Appendix Fig. S8), and thus
the system converges to an equilibrium where the frequency of haploid gametes is zero, i.e.,
tetraploids take over. To find the bifurcation point, o, we simply take the first derivative of Eq.

S1.5 with respect to g,* and solve the following system of equations for v:
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By solving for (¢ — 1) in the second equation and plugging the result into the first equation
we get:
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Substituting $1.8 back into the first equation of $1.7 and solving for v, we conclude that:
7=01-@)(2V2-3) S1.8

which verifies the result in Eqg. 4 in the main manuscript.



Text S2. Review of experimental work to build the assumptions of the model

There are two sets of (primary) experimental evidence we use to build our arguments. One set
corresponds to experimental evidence on intraspecific and interploidy gene flow, i.e., within
mixed-ploidy populations. The second set of experimental evidence concerns WGD-mediated
(-potentiated) introgression, i.e., across species’ barriers. Together, both sets of evidence
allow us to postulate the concept of polyploid bridges and to work out the technical details of
our argument. WGD-mediated hybridization is discussed within the context of the main
manuscript. Here, we focus on the evidence that allows us to confidently assume gene flow
from tetraploid back to diploid states. Because Arabidopsis is an important model system for
studies of polyploidy, we shall start discussing experimental studies for the first set of
‘evidence’ in Arabidopsis spp.

Arnold et al. (1) published a study in which it is suggested that “interploidy gene flow has
a local influence on patterns of genetic variation in A. arenosa.”. The authors find evidence of
past bidirectional gene flow between ploidy levels and claim that autopolyploidization of A.
arenosa “did not create immediate complete reproductive isolation”, as is also the case for
other mixed-ploidy systems, which we discuss below. Importantly, the authors draw attention
to the role that triploids play in gene flow from tetraploid back to diploid cytotypes, which
explains why they have found evidence of past bidirectional gene flow in A. arenosa. In
Brassicaceae, direct evidence for triploids acting as bridges between diploid and tetraploid
cytotypes is also available for A. thaliana (2) and interspecific introgression mediated by
interploidy gene flow in A. suecica (3). Moreover, the history of Brassica napus has been linked
to widespread interspecific and interploidy gene flow with B. rapa and B. oleraceae (4).

Although interploidy exchange of genetic material had already been discussed in the
influential review by Ramsey and Schemske (5), a more solid foundation for the concept
emerges with the work of Husband (6), where the author builds a simulation to explain how
triploid cytotypes aid the establishment of tetraploid cytotypes within a population of diploid
ancestors. The findings are discussed along with common garden experiments in Chamerion
angustifolium (Onagraceae), also studied by Burton and Husband (7). The study was primarily
concerned with polyploid establishment — which is also one of our (minor) concerns in the
present study — and falls under the category of intraspecific crossing experiments. A
fundamental and well-known result is that triploids in C. angustifolium outcross with both
diploids and tetraploids, whose offspring can then (possibly) penetrate the ancestor diploid and
tetraploid gene pools. This last assertion does not follow directly from Husband’s work since
no direct measurements of gene flow were performed. However, crosses of the type 3x x 2x
in C. angustifolium produced 17.5%, 56% and 26.5% of diploid, triploid and tetraploid viable

offspring (7), respectively. In fact, this is the very reason why researchers believe— justified



with posterior experiments— that triploids offer a “bridge” that aids tetraploid establishment and
promote interploidy gene flow.

It has been more than 20 years since the publication of these studies, and thus we expect
to see many scientific studies investigating the phenomenon of triploid bridges. In this context,
we would like to first mention a second important study that has been more recently published
on the subject. Li et al. (8) published a paper entitled “Triploid cultivars of Cymbidium act as a
bridge in the formation of polyploid plants”. Due to the importance of the concept for
understanding polyploid establishment, the authors conducted extensive crossing experiments
with various combinations of cytotypes (diploid, triploid and tetraploids) in seven cultivars of
Cymbidium orchids. They found that triploid cytotypes of these orchids produced functional
haploid, diploid and triploid gametes, and of course, many aneuploid gametes. Importantly, the
authors explicitly highlight the non-zero viability of offspring — very often approaching 100% —
in crosses between triploid and tetraploid cytotypes, as well as in crosses of the type triploid-
triploid, producing tetraploid progenies. Likewise, crosses between triploid and diploid
cytotypes, produced viable diploid, triploid and tetraploid offspring. Unfortunately, the viability
of offspring was not tracked through successive generations, which constrains our ability to
ascertain the relative fitness of offspring derived from crosses involving the intermediate triploid
organisms. In any case, this is a strong set of experimental data on interploidy crossing
experiments that backup the arguments of gene flow within a mixed-ploidy panmictic unit, and
the reader may find additional interesting studies in the Discussion of the manuscript from Li
et al. Also, for an interesting work still in Orchidaceae, we refer the reader to the studies of
David Stahlberg (9, 10) with Dactylorhiza maculate.

In the industry of ornamental plants, ploidy manipulation is a very common strategy.
Polyploid cultivars often exhibit superior vigor, growth, or flower size. Here, we would like to
mention one interesting study of ploidy manipulation in Darwin hybrids (Tulipa gesneriana x
Tulipa fosteriana) in Liliaceae. Marasek-Ciolakowska et al. (11) performed crosses between
diploid and triploid cytotypes of a Darwin hybrid with cutivars of T. gesneriana to demonstrate
that viable higher-ploidy levels (tetraploid and pentaploids) could be obtained by specific
crossing combinations. Moreover, among these crosses, viable triploids and diploids are
abundantly present, which suggests the possibility of successful backcrosses with the various
resulting ploidy levels in subsequent generations. What is particularly interesting is the fact that
these crosses involve a hybrid with a single species cultivar, which not only provides insights
into intraspecific and interploidy crosses, but also gene flow across the species barrier, which
we discuss at length in the main manuscript.

Now let us move on to an example in Asteraceae. Peckert and Chrtek Jun (12) published
a study on “Mating interactions between Coexisting Diploid, Triploid and Tetraploid Cytotypes

of Hieracium echioides (Asteraceae).”. The authors not only found evidence of absent post-



zygotic barriers among cytotypes of the species but show that direct crosses between diploid
and tetraploid cytotypes generated primarily triploid organisms (a fact that can be easily verified
in the model we present within the main manuscript). Moreover, triploid organisms of the
system mate successfully with both diploid and tetraploid cytotypes, producing again diploids,
triploids, and tetraploids. The authors analyze data on interploidy crosses discriminating
cytotypes based on females and males. They find that crosses of triploid males with diploid
females yielded 92% diploid offspring, while triploid females with diploid males yielded 88% of
tetraploid offspring. This observation leads to the conclusion that sex is an important factor
determining the product of such interploidy crosses. Further interesting examples of interploidy
admixture in plants can be found in the reference list. In our work, we opted to have a
hermaphroditic population to avoid such analyses, since it may be heavily influenced by the
taxa under consideration, and completely different in animal complexes.

Indeed, polyploid studies are particularly useful in aquaculture, where interploidy crosses
in fish are frequently performed for generating sterile triploid variants (13). In the context of our
study, we would like to mention the generation of functional haploid sperm from tetraploids in
mud loach (Misgurnus mizolepis) that can successfully fertilize haploid eggs and generate
diploid offspring (14). The generation of haploid gametes by tetraploid fish has also been
verified in a tetraploid hybrid between Carassius auratus and Megalobrama amblycephala
(15). This is especially relevant, because if this is common in fish, the transfer of genetic
material down to diploid variants would not require triploid intermediates. In general, the study
of interploidy crosses in polyploid animals is much less common than in polyploid plant
complexes. For example, a number of triploids have been identified in the famous diploid-
tetraploid complex Neobatrachus in Australia (16), and although interploidy admixture has
been suggested, no direct crossing experiments have yet been performed. For an example of
high incidence of triploids in anurans we would like to further cite an interesting study on
populations of Odontophrynus cordobae and O. americanus. Grenat et al. (17) performed
cytogenetic and erythrometric analyses on individuals within contact zones of the diploid O.
cordobae and tetraploid O. americanus in Argentina, revealing a massive presence of triploids
with frequencies of up to 40.4% in the populations studied. Although no direct crossing
experiments were performed, the authors argue that the most likely origin of these triploids are
hybridization events between the diploid and tetraploid populations, since previous artificial
experiments produced viable triploid hybrids in this polyploid complex, indicating no post-
zygotic barriers between ploidy levels. Indeed, the fact that the incidence of triploids in
prevalent on the contact zones of the diploid-tetraploid system further corroborates this
analysis.

In general, the greatest number of experimental studies on interploidy admixture are

constrained to crossing experiments in plant polyploid complexes, and we refer the reader to



additional interesting studies for various other plant families (18-22). For a deeper analysis of
mixed-ploidy populations in animals, we further refer the reader to the extensive review by

Ryan Gregory and Barbara Mable (23).

Text S3. Normalization of unreduced gametes frequency to compare triploid fertility

decoupled from cytotype frequencies

Here, we wish to normalize v as a function of ¢. The normalization is necessary because, as
described in the first Section of the main manuscript, as we change ¢ the frequency of
cytotypes is disturbed to new equilibrium points. Then, the impact of ¢ on the frequency of
introgressed alleles will be masked by changes in the frequency of tetraploid cytotypes in the
population, which in turn modulates the rate with which alleles are transported between demes
for a given value of k. As shown in the main manuscript, equations 1 — 2 converge to stable
equilibria x; = 0.665, x3 = 0.301 and x; = 0.034 forv = 0.10 and ¢ = 0.30, given by numerical
solutions of the iterated maps. To find v for any given ¢, such that the same equilibria are
obtained, we can use one of the equation S4.4 from Text S4 within this document. For
simplicity, let us rewrite equation S4.4 in equilibrium as follows:

[x3(1 —v) + 0.5x3¢]?

$2.1
[x7 + 2300 + %3]

X; =

where [x; + x3¢ + x;]?> = Q in the main manuscript. After some algebraic manipulation we

arrive at:
0=x30%—(2x; + x5+ S2.2
with,
%2 2
X3 @
=xi+xip+ -0 S2.3
Y =x3+x3¢ 4x;

From S2.2 and S2.3 we find v for any ¢ by simply computing the roots of S2.2:

| @xp+x30) £ =2 + 50) = b
2x;

S2.4

In SI Appendix Fig. S9A we show that simulations of the individual-based model
converge to exactly the same equilibria as in the main manuscript for v = 0.1215 and ¢ = 0.15.
Finally, Fig. S9B shows the normalized effect of triploid fertility on the introgression of alleles
through polyploid bridges. We see that normalizing for gamete frequency results in a faster
introgression of alleles at low triploid fertility due to the increase in v and resulting higher
frequency of tetraploids compared to when this is not normalized. Still, lower triploid fertility

slows down introgression even without its effect on gamete equilibrium.



Text S4. Deterministic single-locus model

Let us consider a large panmictic population, where each organism bears a single biallelic
locus with alleles A and a, inhabiting a single deme with three cytotypes allowed to occur, i.e.,
diploids, triploids and tetraploids. Upon initialization the population has only diploids, whose
genotype frequencies are given by the genotype vector y?(t), with i € {44, Aa,aa} at
generation t. The frequency of gamete types, both reduced and unreduced, formed following
meiosis in a diploid organism are given in a gamete frequency matrix G3*° of dimensions 3 x 5,
where each row represents a genotype and each column represents a possible gamete, as

follows:

A a AA Aa aa

1.0 00 1.0 00 0.0] 44
G3*>=105 0.5 025 0.5 025 Aa
00 1.0 00 00 10l aa

Similarly, we define triploid and tetraploid genotype vectors to be y?(t) and y5(t),
respectively, where j € {AAA,AAa,Aaa,aaa} and k € {AAAA,AAAa, AAaa,aaa}. Their
corresponding gamete frequency matrices are then:

A a AA Aa aa

1.0 0.0 1.0 0.0 0.0] A44
c4xs[0.67 033 05 05 00| Ada
3 1033 067 00 05 05| Aaa

00 1.0 00 00 1.0l aaa

And

A a AA Aa aa

[0.0 00 1.0 0.0 0.0 1 AAAA
|00 0.0 05 05 0.0]| AAAa
0.0 0.0 0.17 0.66 0.17| AAaa
00 0.0 00 05 05 Aaaa
l0.0 0.0 0.0 0.0 1.0 J aaaa

Notice that tetraploids are not allowed to produce haploid gametes, as there is no known

GEXS

mechanism of haploid gamete formation in tetraploid cytotypes. We then define the gamete
pool of the population to be w = w? + w? + w*, with w? = y?G,,V p € {2,3,4}. The gamete pool
from diploids is updated according to the probability of unreduced gametes v = 0.10 as follows:
w=10-v)w, w, =1—-v)w,, w3 =W)w;, w, = V)w, and ws = (V)ws, Where w; is the
ith element of @. Then, we compute the zygote matrix { = ww’, where T is the transpose of
the vector @. As we do not distinguish between Aa and a4, ¢ is a symmetric matrix where each

element ¢;; represents the offspring’s genotype generated for generation t + 1. The reader



shall easily verify that the new genotype vector for diploids y#(t + 1) can be updated according
to the following rule:
Yialt+1) =4y
Yia(t +1) =iz + $pq
Yea(t +1) =0z

The triploid genotype vector yf?(t + 1) then receives the information from the zygote
matrix ¢ decreased by a factor ¢ = 0.30, corresponding to triploid fertility (see Main
Manuscript), as follows:

Yaaat +1) = 0(l13 + 331)
Yiaa(t +1) = @(l1a + (o3 + 32 + {ar)
Yiaa(t +1) = 015 + oa + Gaz + {51)
Yiaa(® +1) = ({5 + {s2)
and correspondingly the tetraploid genotype vector:
Yiaaa(t +1) = (33
Yiaaa(® +1) = ({34 + Ja3)
Yidaa(t + 1) = ({35 + {4a + {53)
Yiaaa(t +1) = ({54 + us)
Yéaaa(t +1) = s
The simulation consists of updating genotype frequencies iteratively for T = 500 generations.
Notice that all genotype frequencies must be normalized at each generation so that the sum
of genotype frequencies remains at 1 throughout the simulation. In SI Appendix Fig. S10A we
can verify that the system behaves according to the assumptions of Hardy-Weinberg.

Finally, we assume two demes connected by migration at the tetraploid level controlled
by a migration parameter k = 0.1. We initialize one deme with one homozygous locus fixed for
allele A and a second deme with one homozygous locus fixed for allele a. Migration proceeds
by taking a fraction x of tetraploid genotypes in one deme, and inserting it in the next deme,
bidirectionally. Then, we can verify that the system converges to a stable equilibrium where

each allele converges to a frequency of 50% in each deme (Fig. S10B).



Text S5. Derivation of the equations for the mainland-island model

We wish to study the speed with which a beneficial allele flowing from a mainland gets fixed in
an island diploid gene pool. We first consider gene flow from tetraploids in the mainland into
the island gene pool, which consists of diploids, triploids and tetraploids. Following the notation
of the main manuscript, unidirectional gene flow occurs from the tetraploids in the mainland
into the island with rate x. Let us consider two alleles, A and a, with frequencies in the island
tetraploid gene pool p; and g, = 1 — p, at time t, respectively. Then, five possible genotypes
exist among the tetraploid cytotypes in the island; AAAA, AAAa, AAaa, Aaaa and aaaa. At
equilibrium, the frequency of each genotype is computed simply by the expansion of the
binomial (p + q)*, resulting in p,* for AAAA, 4p.q, for AAAa, 6p,*q,? for AAaa, 4p.q,> for Aaaa
and g,* for the homozygous aaaa. Assuming no double-reduction during meiosis, we can
distinguish among three types of gametes D; £ AA, D, £ Aa and D3 £ aa, produced with the

following proportions in each genotype:

Genotype D, D, Dj
AAAA 1 0 0
AAAa 1/2 1/2 0
AAaa 1/6 2/3 1/6
Aaaa 0 1/2 1/2
aaaa 0 0 1

Now, we wish to compute the gamete types within the island produced by triploid genotypes.
Let . and w; denote the frequencies of allele A and a, respectively, among the triploid
genotypes. Then, assuming no double reduction, we identify five different gamete types, that
is, two haploid gametes H; £ A, H, £ a and three diploid gametes D; £ AA, D, £ Aa and D; £

aa, produced with the following proportions in each genotype:

Genotype H, H, D, D, Dj
AAA 1 0 1 0 0
AAa 2/3 1/3 1/3 2/3 0
Aaa 1/3 2/3 0 2/3 1/3
aaa 0 1 0 0 1

As for the case of tetraploids, the frequency of each genotype is computed simply by the
expansion of the binomial (r; + w,)3, resulting in .3 for AAA, 3r,°w, for AAa, 3r,w,? for Aaa

and w,? for aaa. We assume triploids display reduced fertility ¢ and produce haploid and

10



diploid gametes with equal frequency. Then, we can update the frequency of diploid gametes
in the population, following migration from the mainland and random mixing of diploid gametes

produced by tetraploid and triploid genotypes as follows:

1
D, = {p¢* + 2p:°q; + pi2a.?} (1 —K— %) +x+ oo +rwy) S5.1
1
D, = {2pt3CIt + 4pt2qt2 + Zthtg} (1 —K-— %) + 5<P(zrt2Wt + 21'tWtZ) §5.2
@ 1
D; = {PtZQtz + Zptqt3 + Qt4} (1 — K- E) + E(P(rtwtz + Wt3) S5.3

That is, part of the diploid gametes produced within the island comes from triploid genotypes
(p/2), a frequency k of gametes D; comes from the mainland tetraploid genotypes (AAAA),
and the remaining is a result of gamete production by tetraploid genotypes within the island
gamete pool. Moreover, notice that we simplify the system by assuming tetraploid genotypes
are part of an established tetraploid population and do not depend on unreduced gamete
frequencies from diploids.

We proceed in the same manner to recover the haploid gamete types within the island.
Let g, and z, denote the frequency of the beneficial A and the deleterious a variants,
respectively, and H; £ A and H, £ a the haploid gamete types within the island. A part ¢ /2 of
haploid gametes come from the triploid genotypes within the island, and a part § comes from
the mainland diploid genotypes. Also, at equilibrium, each genotype is expected to occur
according to the expansion of the binomial (g, + z.)?, resulting in g2 for the genotype AA, 2g,z,

for the genotype Aa and z.? for aa. Again, assuming no double-reduction, we write:

[0) 1
H; = {g* + gez) (1 -B- E) +B+ E(P(rt3 + 2rw + rew?) 55.4
2 o, 1 2 2 3
Hy = {gizc + 2 }(1 —-B- E) + ECP(rt Wi + 2rew” + wy”) §5.5

The frequency of each genotype in each cytotype within the island is then obtained by the
expansion (D; + D, + D5 + H; + H,)? followed by additive selection s on the deleterious

mutations:

1
Tetraploid — AAAA: FDlz(l — 0s)

1 1
Tetraploid — AAAa: F2D1D2 (1 - Zs)

) 1., 1
Tetraploid — AAaa: F{DZ + 2D1D3} (1 - ES)

11



1 3
Tetraploid — Aaaa: F2D2D3 (1 — ZS)
. 1,
Tetraploid — aaaa: FD3 1-y9)
1
Triploid — AAA: FZHlDl(l —0s)
- 1 1
Triploid — AAa: F{ZHlDZ + 2H,D4} (1 — §s)
1 2
Triploid — Aaa: f{2H1D3 + 2H,D,} (1 - §s>
1
Triploid — aaa: T 2H,D3(1 —s)
o 1
Diploid — AA: FHI (1-0s)
1 1
Diploid — Aa: fZHle (1 - §S>

1
Diploid — aa: Fsz(l -5)
with,

1 1 3
['=D,%+42D,D, (1 - Zs) +{D,* + 2D1D3}(1 - Es) + 2D, D (1 - Zs) + D3%(1 =) + 2H,D,
1 2
+ {2H,D, + 2H,D,} (1 - §s) + {2H,D; + 2H,D,} (1 ~ §s> + 2H,D5(1 = 5)

1
+ H12 + 2H1H2 (1 - ES) + H22(1 - S)
Now, we can write the recursive equations for the frequency of A in time for each cytotype
within the island, by recovering the frequency of the beneficial mutation in each of the
genotypes outlined above. For the frequency of A among the tetraploids we have:

1 2 3 2 1 1 2 1
puos = (D + 300+ 20iD (1= ) 5 (007 + 20204} (1 5]

S5.6
+ 1D D (1 3 )}
278 4s
where,
2 1 2 1 3 2
A=D;*+2D,D, (1 — Zs) +{D,* + 21)11)3}(1 - Es) + 2D,D; (1 —Zs) +D3*(1—35s)
The frequency of A among triploid and diploid genotypes are computed as follows:
1 2 1
rt+1 = _{ZHlDl + _{2H1D2 + 2H2D1} (1 - _S)
d 3 3 §5.7

1 2
+ §{2H1D3 + ZHZDZ} (1 - 55)}

where,

12



1 2
® = 2H,D, + {2H,D, + 2H,D,} (1 - §s) + {2H,D; + 2H2D2}<1 - §s) + 2H,D5(1 — 5)
and,
1( 1
Ger = {2 + HiH (1-55)] $5.8
with,

1
¥ = H,? + 2H,H, (1 —Es) +H,2(1—5)

13



Text S6. Recursive nonlinear equations with triploid gametes

Here, we modify the set of equations 2.1 — 2.5 in the main manuscript to include triploid
gametes. The assumptions are the same as in the main manuscript, except that now, with the
inclusion of triploid gametes, pentaploid and hexaploid genotypes could also be generated. As
our knowledge of gamete production in these genotypes is too restricted, and they often display
very low viability, we assume such genotypes to be lethal, and therefore they do not contribute
to the gamete pool in our system. The new set of equations describing cytotype dynamics on
a large population can then be written as follows:

g1 =x)A—-v)+4x3(D)e S4.1
g2 = X0V + Ax3() @ + x4(t) S4.2
g3 = A3x3(t)¢ $4.3

where G5, now, corresponds to the proportion of triploid gametes produced in the system, and
A1, A, and A; the frequency of haploid, diploid and triploid gametes produced by triploid
genotypes. Then, the genotype frequencies can be updated as follows:

912

Xp(t+1) =" S4.4
20192
x3(t+1) =—2= S4.5
242
X (t+1) = % $4.6

with Q = (g, + g, + g3)? as before.

From this set of equations, it becomes clear that the only change concerns the higher
load of tetraploid genotypes in the population for every time t, given by the new term 2g, g5 in
S1.6. For 4; = 1, = 0.25 and A3 = 1; + 1,, we verify the same pattern of cytotype dynamics as
given by the set of Eg. 4.1 — 4.5 in the main manuscript, except that polyploids overtake the
system with considerably lower values of v, as expected (S| Appendix Fig. S11A).

To have a clearer understanding of why self-fertilization of triploids leads ultimately to
tetraploid genotypes let us consider a triploid plant that produces a large number of pollen. As

Cao et al. (24) do not provide the frequency of pollen ploidy levels produced by their systems,

14



let us assume that gametes follow the average frequencies computed by Ramsey and
Schemske (25). Then, a triploid plant shall produce G; = 3%, G, = 2% and G; = 5.2% of
haploid, diploid and triploid gametes, respectively, with all remaining gametes being aneuploid,
which we assume to be not viable for simplicity. If self-fertilization occurs randomly, then we
can compute the frequency of genotypes among the offspring in the F2 generation as:

2
hexaploids = % = 0.2599

2 G3G,

pentaploids = = 0.1999

2 G3G1+Gy>

tetraploids = = 0.3383

26416,

triploids = = 0.1153

2
diploids = “%- = 0.0865

with Q = (G, + G, + G3)?. Clearly, the frequency of polyploids (3x or higher) is much more
prevalent in only one generation. Unfortunately, our knowledge of gamete ploidy levels
produced by pentaploids and hexaploids is too restricted, which prevents us from calculating
safely the genotype frequencies of succeeding generations. However, diploid gametes tend to
be much more frequent in higher ploidy cytotypes, and are the standard ploidy level in gametes
from tetraploids (1). Thus, it is easy to see that tetraploid frequency can only increase over
succeeding generations, especially if pentaploids and hexaploids are highly unstable
genotypes. The latter scenario can also be seen by iterating equations 5§2.1 — §2.6 with initial
conditions x,(0) = 0,x3(0) = 1 and x,(0) = 0 (Fig. S11B). Moreover, in one of the strains used
by the authors, only 4 plants were selected from the F2 (hybrid triploids) progeny to produce
the F3 progeny. Based our simple calculations, the expected number of diploid organisms
found would be simply 0.0865(4) = 0.346.

15



Algorithm S1. Implementation of the mixed-ploidy stochastic model of interspecific

gene flow

Here, we describe the technical details for implementation of the main model used in the
manuscript. This model is a special case of the deterministic single locus model presented in
Text S3. The main difference being drift due to sampling of finite population sizes and many
loci. This work has been carried out in Java, and below we provide a detailed explanation of
the code rationale, which can be easily implemented in alternative programming languages.
The project consists of three classes: Bridge, Evolution and StartGenome. The class Bridge
implements the main structure of the model, where an initial population is called, and
generations are built iteratively, with bidirectional migration at the end of each generation. The
class Evolution implements the algorithm for meiosis described within the main manuscript,
and additional helping methods for measuring allele frequencies. Finally, StartGenome
initializes an initial population where the genome configuration of organisms are instantiated.

Let us start by the class Bridge.

/I\We start with the parameters that control our simulation.

int = 20000; //Number of generations for which the simulation must run

int =1000; //Carrying capacity of the system

int = 100; //Length of the chromosome, i.e., number of unlinked loci

double = 0.05; //Proportion of loci that undergo recombination during meiosis
double = 0.1; //Probability that meiosis in diploids will produce diploid
gametes

double = 0.70; //One minus triploid fertiliy

double = 0.1; //Migration rate at the tetraploid level

/*Then we create two instances of the classes StartGenome and Evolution.

These instances will allow us to initialize a population, and call the appropriate methods.*/

StartGenome initiate = new StartGenome(popSize, chromLength);

Evolution resolve = new Evolution(meiosisCoeff, probPolyploid, reducedFertility Triploid);

[*Initial populations are stored in two HashMaps, so we can easily retrieve the genome of
individuals by their indexes, given by Integers. PoolO1 will refer to deme A, whereas pool02
refers to deme B. startPop is a method inside class StartGenome that receives as

parameters the deme number, and generates a population of size of diploid
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individuals whose chromosomes have loci. We will provide details about the
class later.*/

HashMap<iInteger, int[][]> = initiate.startPop(2);
HashMap<iInteger, int[][]> = initiate.startPop(2);

/*Now, we create a while loop for the number of generations. For simplicity, we describe the

procedure for only one deme, which is exactly the same for the case of two demes. */

intt =0;
while(t < ) {

/lInitialize two empty HashMaps that will store the next generation
HashMap<iInteger, int[][]> = new HashMap<>();

int = 0; //We control the offspring number to fill the HashMaps in
order.

/I\While the new population is below carrying capacity

while( size() < ) {

/IChoose two random mates from the original population
int = (int) (Math.random()* .size());
int = (int) (Math.random()* .size());

/\We need to control for a possible null value, owing to triploid fertility.
try {
/[Call method meiosis in class Evolution for both parents
int[][] =resolve.meiosis(pool01.get(mate01));
int[][] =resolve.meiosis(pool01.get(mate02));
/[Then join gametes to produce offspring
int[][] = joinGametes( : );
//Store offspring for the next generation

-put( : );

++:

}catch(NullPointerException e) {
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= ; [/Update original population

}
/*With two demes, random tetraploid individuals are taken from pool01 and placed into
pool02, and vice versa. Each tetraploid has probability of migrating.*/
= +]_’
}

Now, we described the Meiosis method in the class Evolution. We use switch statements for
the cases of diploid (2), triploid (3) and tetraploid (4) genotypes. All cases operate in the
same way within the software, except for the different chromosome numbers being handled.
Here, we describe how the method handles diploid genotypes, which can be easily extended
to triploid and tetraploid genotypes, see main manuscript and Sl Appendix Fig. S4.

/*The method receives the individual's genome given in a two dimensional vector with n rows
(ploidy) and L columns (loci). It recombines random loci and with probability
probPolyploid created unreduced gametes*/

public int[][] meiosis(int[][] genome) {
/IWe compute the number of alleles that must recombine.
int = (int) (genome[0Q].length*this.meiosisCoeff);

int[][] = null; //initialize an empty gamete.

switch (genome.length) {
case 2: //Diploidy
/I Exchanges alleles on random loci. The number of loci is given by

meiosisCoeff*genome.length.

for(inti=0;i< ;i) {
/l Find a random locus and exchange alleles
int = (int) (Math.random()*genome[0].length);
int = genome[0][locus];

genome[0][ ] = genomel[1][ I;
genome[1][ 1=

}

double r = Math.random();
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/IprobPolyploid is the frequency of unreduced gametes given in the constructor of the
Class.
if(r < this.probPolyploid) {
/linitialize a diploid gamete and copy chromosomes
= new int[2][genome[0].length];
for(inti = 0; i < genome[0].length; i++) {
[O][i] = genome[O][i];
[1][] = genome[1][i];
}
lelse {
/NIf not unreduced, initialize a one-dimensional vector
= new int[1][genome[0].length];

double = Math.random();
//Select one of the chromosomes with equal probability
if( <0.5){

for(inti = 0; i < genome[0].length; i++) {

[O][i] = genome[O][i];

}
}else {

for(inti = 0; i < genome[0].length; i++) {

[O][i] = genome[1][i];

}

break;

}

/IThen gametes are returned.

return :

}

Now, the class StartGenome initializes the population. Here, we describe for the case when

each pool is fixed for one different alleles at every loci.

public class StartGenome {

private int ; [/Population size of each deme

private int ; /INumber of loci in each organism
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private HashMap<Integer, int[][]> population; //Stores the population

/\We have a public constructor that receives the 2 parameters

public StartGenome(int popSize, int chromLength) {

this.popSize = popSize;
this.chromLength = chromLength;

}

public HashMap<Integer, int[][]> startPop(int deme) {

HashMap<iInteger, int[][]> population = new HashMap<>();

/I Case 1 corresponds to deme A and case 2 corresponds to deme B
switch(deme) {
case 1:
/I\We initialize a diploid genome with chromLength loci fixed with allele 1
for(inti = 0; i < this.popSize; i++) {
int[][] genome = new int[2][this.chromLength];
for(int j = 0; j < this.chromLength; j++) {
genome[O][j] = 1;
genome[1][j] = 1;
}
/[Every genome is stored in the HashMap which is manipulated within the class Bridge
population.put(i, genome);
}
break;
case 2:
for(inti = 0; i < this.popSize; i++) {
int[][] genome = new int[2][this.chromLength];
for(int j = 0; j < this.chromLength; j++) {
genome[0][j] = 0;
genome[1][j] = 0;
}

population.put(i, genome);

break;
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}

/[Finally, we return the population.

return :

}

Finally, the class StartGenome has a default constructor that takes as parameters the

population size and chromosome length, as follows:

public StartGenome(int , int ) {

this. = ;
this. = ;
}

Then, an initial population is constructed using the public method startPop():

public HashMap<Integer, int[][]> startPop(int island) {

[*We initialize the population using a HashMap, where the first element is the
individual index and the two-dimensional vector “int[][]” stores the genome of the individual.
Each element of the rows correspond to a chromosome, whereas elements of the columns
correspond to loci. So, for example, int[1][2] identifies the second locus of the 1%

chromosome. */

HashMap<iInteger, int[][]> = new HashMap<>();
/IWe use switch statements for the population of each deme (island)
/l'1sland = 1 receives genomes fixed for allele 1, whereas Island = 2 receives
genomes fixed for allele 0.
switch( ) {
case 1:
for(inti=0; i < this. pit) {
int[][] genome = new int[2][this.chromLength]; // diploid - length 2
for(int j = 0; j < this.chromLength; j++) {
(0101 = 1;
(01 = 1;
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.put(i, )i
}
break;
case 2:
for(inti = 0; i < this. JitH) {
int[][] genome = new int[2][this.chromLength];
for(int j = 0; j < this.chromLength; j++) {
[01[] = O;
(1101 = O;

.put(i, );
}

break;

}

return population;
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Algorithm S2. Retrieval of ki, < (s, B)

For simplicity, we will refer to Equations presented within this Supporting Information file, rather
than to equations described within the main manuscript. The algorithm below receives as
parameters s and . It is executed for all values of s € [0,0.10] and S € (0,0.05] to produce

the results in the main manuscript.

1. /* Initialize allele frequencies within the island diploid pool */
2. g:=002z=10-0.0

3. /* Initialize time step */

4. t=0

5.  /xInitiliaze time for full introgression of the beneficial variant at
6. the diploid level within the island to occur */

7. Kmin < 0 /* No gene flow at the tetraploid level */

8. @ < 0 /* No triploid interference */

9. thax =0

10. while(t,,, == 0) do

11. /* Update gamete types within the island diploid gene pool */
12. H, « S4.4

13. H, « 54.5

14. /* Update frequency of the beneficial variant */
15. gr < S4.8

16. if(g; < 1.0) then

17. | t—t+1

18. else

19. tmax < t

20. break

21. end

22. end

23. /* Settetraploid — level introgression rate to f§ */

24, Xpin < B,0 < 030, <0

25. while(x,,;, < 1.0) do

26. t=0

27. g+ =00,z =1.0-0.0

28. p: =0.0,q, = 1.0—-0.0

29. r. = 0.0,w, = 1.0 - 0.0

30. while(t < t,;4,) do
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31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.

end

if(g; < 1.0) then

| Kmin < Kmin + 1076/* Sets ki, resolution */

/* Update gamete types within the island gene pool */

D, « 54.1
D, « §4.2
D3 « 54.3
H; « 544
H, « S§4.5
gi < 54.8
tet+1

else
| break
end
end
return K
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Fig. S1. Complete and incomplete polyploid bridges. Triploids might inhabit contact zones
between diploid and tetraploid populations, and therefore be the source of gene transfer from
tetraploids to back to diploids inside one mixed-ploidy population, or be completely absent in
one of the species, leading to asymmetrical gene flow. A third possibility is hybridization
between diploids in population A directly with tetraploids in population B. Such a phenomenon

has been described in the literature, but is not within the scope of this study.
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Fig. S2. Time to appearance of mutant allele in population B. We ran 10000 simulations and
measured the time it takes for a mutant allele in the diploid level of population A to appear at
the diploid level of population B. The distribution of waiting times is well described by an

exponential distribution with an expected value of ~43 generations (see Equation in the inset).

Parameters: v = 0.10, ¢ = 0.30, k = 0.30.
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Fig. S3. Frequency of non-mating cytotypes for various genetic distances between demes A
and B. Notice that as the genetic divergence between demes increases, the frequency of
tetraploid cytotypes that do not mate successfully increases, and thus gene flow down to the
diploid state cannot happen. This explains why the frequency of non-mating diploid cytotypes,
on the other hand, decreases as genetic divergence increases, i.e., deleterious alleles cannot
penetrate the diploid state when divergence is too high.
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Fig. S4. Effect of recombination rate (r) on the average frequency of introgressed alleles in

both mixed-ploidy populations.
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Fig. S5. Frequency of introgressed alleles in heterozygous loci. Frequency of introgressed
alleles in loci where one of the alleles is native. Notice that introgression of non-native alleles
proceeds by first sharing loci with native alleles and then decays rather quickly, because of full
introgression, or fixation (see manuscript).
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Fig. S6. Increase in time necessary for introgression through tetraploids to be as efficient as
introgression through diploids. Ratio is shown of the time for fixation of the beneficial allele in
the island tetraploid gene pool (through the route 4x — 4x) over the time for fixation of the
beneficial allele in the island diploid gene pool (through the route 2x — 2x). For a neutral allele
(s = 0) the speed of introgression does not differ between the two cases. As the allele coming
from the mainland becomes increasingly beneficial (s > 0) the relative time for introgression
between tetraploid gene pools compared to diploid gene pools approaches 2. In other words,
with increasing s gene flow between tetraploids is twice less efficient compared to introgression

between diploids.
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Fig. S8. Phase portrait of the dynamical system derived from a mixed-ploidy panmictic
unit. The phase portrait is constructed by Eq. S1.5, with ¢ = 0.30, and three different values
of unreduced gametes frequency v. Stable and unstable points are given by filled and open
circles, respectively. The half-stable point (steel blue and black) at v = 0.12 represents the
bifurcation point where gamete frequency g, converges to zero from its initial frequency of
100% following the initial conditions of the system. Bifurcation points can be calculated by S1.8
for any ¢.
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Fig. S9. Cytotype dynamics and effect of triploid fertility on introgression with normalized

frequency of unreduced gametes. (A) Both the numerical simulations with the set of Egs. 1 —

2 in the main manuscript, with parameters ¢ = 0.15 and v = 0.1215. The equilibria for

cytotype frequencies are the same as in the main manuscript. Dots correspond to the

individual-based model with finite population size (S=1000), and black solid lines to the

iterated maps. (B) Effect of fertility shown to be the same as in the main manuscript.
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Fig. S10. WGD-mediated introgression dynamics in the deterministic single-locus model. (A)
Convergence of our model to an equilibrium as expected from Hardy-Weinberg populations.
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Fig. S11. Cytotype dynamics in a single deme with triploid gametes. (A) Equilibrium points
given by Egs. S1.1 — §1.6. Compared with equilibria in the main manuscript, we notice that the
frequency of unreduced gametes required for tetraploids to overtake the system is
considerably lower, for the same triploid fertilities. This is due the new source of gametes (3n)
that can only produce higher ploidy taxa, thus supressing the frequency of diploids. (B)
Numerical simulations of Egs. $1.1 — 51.6 with only triploids in the start of the simulation.
Clearly, tetraploids overtake the system quite rapidly, as diploids are rarely produced and
rapidly replaced as discussed in SI Appendix Text S2.
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