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Meccanismi di evoluzione e
speciazione



Variazione genetica entro una popolazione



Variazione genetica entro una specie
(aplotipi di Monotropa hypopitys in N America)
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Variazione fenotipica clinale di Achillea lanulosa
nella Sierra Nevada
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Reproductive Isolation

Seasonal or temporal 1solation - different times of reproduction

Pinus radiata

Monterey pine




Reproductive Isolation

Mechanical isolation - variation in floral form prevents
mterspecies pollen movement
e pollen placement or floral form
in pseudocopulatory orchids




Hummingbird
pollinated

Bee
pollinated

M. eastwoodiae

M. verbenaceus
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M. rupestris 2 |

M. bicolor (i

Isolamento riproduttivo in due specie di Mimulus|
dovuto a diversi impollinatori




Mimulus cardinalis

 few genes generated the
floral differences that
maintain reproductive
1solation - however, species

can readily hybridize in the
greenhouse

Mimulus lewisii




Reproductive Isolation

Gametic incompatability - at three
levels in Heliconia

e pollen - stigma: no
recognition (lipids)

* pollen tube - style:

pollen tube rupture
(arabinogalactan
protein growth

regulation)

e gamete - gamete:
sperm-egg rejection




Reproductive Isolation

Hybrid sterility - F; sterility

e Clarkia biloba & C. lingulata - sister species, but differ in
chromosome number (n=8 vs. n=9) - intersterile

C. biloba C. lingulata
[hin] 03032082
n==8 x* =9

A. C. biloba B. C. lingulata
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Models of Speciation

Speciation or Cladogenesis - most models or processes of
speciation are based on biogeography ( ‘patry” - homeland)

Allopatric speciation » geographical

ranges do not touch or
overlap

no gene flow

e catastrophic or quantum —
Parapatric speciation will not talk about

ranges touchbut do not C)

overlap significantly

gene flow usually small i, ; . : .

e diploid hybrid (homoploid)

Sympatric speciation

ranges overlap significantly » 1 ]- .(1

gene flow is not prevented 130 y]—) 01

by geography




Geographic Speciation

barrier
e ‘dumb-bell’ model:

ancestral species forms two
new species by division

e peripheral isolate model.:
one new species forms at
edge of retained ancestral
species




Geographic Speciation

* freely interbreeding series of

populations

* races form in response to n.s.
- and environmental variation

e differentiation and migration

lead to geographically isolated
races or subspecies
» reproductive 1solation forms
/ \ within or between subspecies
\. * range expansion allows new
species to co-exist

and races




Geographic Speciation
- “Island” Model of Speciation
A rapid form of peripheral
isolation and speciation involving
0 “island” like habitats completely
separated from contact

. e The founder event often
- involves a very small subset of
the original genetic pool of the

ancestral species — thus
differences accumulate rapidly

e peripheral 1solate model:
new species forms at edge of
retained ancestral species




Hawaiian 'ff.ﬁands :
* oceanic “idlands” +

_. i}e?ﬁt@l'Pbols in Célifofnia i
ff“ibla}lds an Central Valley




Sympatric Speciation

et O O Two types of sympatric
overla . =
' speciation where gene flow

no gene flow
1s not prevented by

Parapatric speciation ; y
ranges touchbut do not geogl aphy arc.
overlap significantly
gene flow usually small x g .
(1) diploid or homoploid
hybrid speciation

Sympatric speciation
ranges overlap significantly
E;Zeeggg:;l ;mt prevented 2 ll l l d . ;
(2) allopolyloid speciation




Homoploid Hybrid Speciation

Homoploid hybrid speciation: e two parental
FeRstEal " species differ in

habitat, floral form,

pollinators

P. spectabilis
wasp-pollinated
(lavender. inflated)
subsection Spectabiles

e P. spectabilis is

Intermediate in
Andrea Wolfe

—A— ~— habitat, floral form,
/ P. grinnellii \ ﬁ centranthifolius \ ’
carpenter-bee pollinated hum":;:dﬂfl:gll;upina:!:““'w alld ISOIated by

(pink, inflated)
new pollinator

subsection Spectabiles subsection Centranthifolii




Polyploid Speciation

A very common and instantaneous form

of speciation 1n plants (and a few
animals) 1s allopolyploidy

« hybridization occurs between two species
* meiotic incompatibilities makes hybrid sterile

g | ol * doubling of chromosomes occurs (polyploidy)
Hlonnnai
I

* allopolyploid 1s fertile and reproductively
isolated from both parental species

2 species with same “n” 2 species with different “n”




Polyploid Speciation

Under human Se]-e'Ction ill the’ Midd]-e’ EaSt: Allopolyploid Eveolution of Hexaploid Bread Wheat
bread wheat (7riticum aestivum) has Putatve Diploid Ancestor

2n=2x=14
evolved in about 11,000 years.

AL BE DD
2n=2x=14 2n=2x=14 in=2x=14

Two successive rounds of hybridization Fer T gk,
T. searsii
followed by polyploidization have given Enkon) e
= o7
bread wheat the genomes of three diploid l /
species — it is a hexaploid (6 sets of G
in=2x=14

chromosomes, or 2 from each diploid l |

parental species). v

AABR o AED sterile
2n=4x=28 : n=3x=21

" | fnrg.-dum - .
L Emmer) T """m“f'“ -
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_ 2r=6x=42"
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f) T tauschi i/ T, ansthvum
f (awikd | (B (8 common
§ rolative) "\ /¢ bread wheal

||

L/
.-!..-‘|.I'_-i‘tl;i','_}
B About 11,000 years g0, humans b AR hybrid offspring are shorile but sef-fertiizing: an ¢ Later, an AABE plant Fybridizes
Bt culliviting wild wheats. Thi indarbredding populition of AR plant afsos by asaxual wilh T. fauschi, a wid rolativ with o
species Trieun monacoccum has reproduction. About 8,000 years a0, By urknown evenals, dliploid numbar of 14 (bwo 5618 of 7
dipiold rumber 14 (v sl of 7 polyploidy artbis i th populaiion. Some planti (T, lurgidurm) 00, Toduy, populitions of the hybird
chromesames, shown as 14 Ad). | are {etraplod {AAGE), with & chromasome numbar of 28 (two descandants (T agstvum) provde
tybridizes wih arothor spacies (hal nets of 14), Thary ave fartin. (A chromagomes can palr with whaat for brand. Thv chromosema
it the sarme chiomasame rumber. aach othet, and 20 can B cheomatomis, duning meisss ) number is 42 (six sats of T AABED0)

Evoluzione per poliploidia del grano (Zriticum)




Polyploid Speciation

Even more recent speciation has occurred in the goat’s-
beards in North America.

» Three diploid (2n=12) species
were introduced into North

Tragopogon - goat’ s beard

America about 200 years ago

* By early 1900s, these species had
hybridized with each other and
then formed two different
allopolyploid (tetraploid) species

* These two new allopolyploid
species have evolved numerous
times (!) 1in areas where the diploid
species overlap 1n geographical
range in North America




Polyploid Speciation

Loren Rieseberg

The frequency of polyploid speciation SEm—

1 Infrageneric Polyploid
In vaSCU|ar plaNts Polyploid Speciation
Troy E. Wood™™', Naoki Takebayashic, Michael 5. Barker™, itay Mayrose®, Philip B. Greenspoon?, No. Species Incidence Frequency
and Loren H. Rieseberg™?

2009 Asterids 106,150 35.05+1% 12452 1%
Roslds 58,700 M91£2% 20,63 £ 2%
Basal Eudicots 24,950 37241 2% 14.1122%
Higher Monocots 28,150 46.58 £ 2% 21.43 £ 5%
Basal Monocots 33,180 29.94 £ 2% 25.74 £ 4% g
15.00%
Basal Angiosperms 9,250 37.5T£6% 1.64 £ 2%

Gymnosperms 830 4.0423% -

Leptospor. Ferns 11,000 32.86 £ 2% 34.01 £ 4%
Eusporangiate Ferns aso 24.00£ 7% 19.36 £ 7%
Lycophytes 1,200 33.61210%] 30.77+9%

T T T T T T T e’ 31.37%

400 300 200 100

=

Divergence Times (millions of years)






Evoluzione di specie poliploidi in Nigritella
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1. Hierarchical Classification

Characters are “fossil” footprints indicating ancestry

« but rather each inherited
1t from a common ancestor
who first derived it — a
“fossil ” footprint

mmm Vascular tissue

W (C'liloroplasts

— shared-derived characters

BN Water-tight egg




e a consensus tree depicts the maximum information possible
from all most parsimonious trees (note: not equal to phenogram)

Strict consensus tree
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Magnolia
Nymphaea
Gentiana

unresolved node
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