Evolutionary trends in
chromosome number changes
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Basic chromosome number (x)

a relative concept [x has to be related to a certain taxonomic unit, e.g. genus or
(sub)family]

monobasic taxa (single x number), dibasic taxa (two x nos.) and polybasic taxa (>2 x
nos.)

are there any evolutionary trends in chromosome number changes?

are the same chromosome number and similar karyotype structure indicative of close
phylogenetic relationship?

can polybasic taxa be regarded as monophyletic?

Is the most common basic chromosome number automatically the ancestral one?



Asteraceae - example of a polybasic family

Table 4. Tri- and polybasic genera in the Astereae.

Genus Region “Basic” chromosome numbers
Amellus L. (Africa) x = 6, 8, 9 (diploid)
Aphanostephus DC. (N. Am.-Mex.) x =13, 4, 5 (diploid)
Aster L. {(cosmopolitan) x=1(4-)5,7, 8,9, 13 (polyploid
to 16x)
Astranthium Nutt. (N. Am.-Mex.) x=23,4,568,9, etc. (dysploid:

Brachyscome Cass.

Calotis R. Br.

Chrysopsis Nutt.
Felicia Cass.

Haplopappus Cass. sensu lato
Machaeranthera Nees

Psilactis A. Gray

(Austr., N.Z_ N.G.)

(New Zealand)

(N. Am.)
(Africa)

(N. Am.-S. Am.)
(N. Am.-Mex.)

(N. Am.-S. Am.)

polyploid to 6.x7)

x=23456,7,8 910,11,
12, 13, etc. (dysploid; poly-
ploid to 18x7)

x=4, 7 8, 9, etc. (polyploid to
14x7)

x=4,5,9 (polyploid to 6x)

x =25, 6,8, 9 (diploid and tetra-
ploid)

x=2,3,4,56,7,8,9, etc. (dys-
ploid; polyploid to 18x7)

x=2 4,5, 8, 97 (dysploid; dip-
loid and tetraploid)

x =4, 5, 9 (perhaps dibasic with
dysploidy; diploid)




Evolutionary changes of basic chromosome number

I. allopolyploidy
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II. aneuploidy

e descending aneuploidy

e ascending aneuploidy



Descending aneuploidy due to unequal
reciprocal translocation (centric fusion)
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Descending aneuploidy due to Robertsonian
translocation (centric fusion)

* Acrocentric chromosomes
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Ascending aneuploidy

1. Centric fission

4
Y

2. Meiotic misdivision

e misdivision resulting in a tetrasomic plant (2n+2) (or first trisomy: 2n+1 followed by
tetrasomy, 2n+2)

» the extra chromosome can diverge from their homologues through a translocation
with non-homologous chromosomes



Chromosome humber pattern congruent with phylogenetic
relationships: Ranunculaceae

e Langlet (1927, 1932) recognized two subfamilies of Ranunculaceae (Ranunculoideae and Thalictroideae)
on the basis of cytological characters, including chromosome size and basic number

» the Ranunculus group of genera (R-chromosome group) has large and long chromosomes with a basic
number of 8

Consolida ambigua

- the Thalictrum group (T-chromosome group) — :‘g:: R s Delphinium exaltatum

stz Uncertain ||

has short and small chromosomes with a basic
i = base number ===
number of 7 or 9

* Ro et al. (1997): chromosome type and base
number are congruent with the inferred molecular

(rDNA) phylogeny -

e fruit type (often used for the higher classification)
was not congruent with karyological data and
phylogenetic patterns

x=8 Xanthorhiza simplicissima
K=13 N [)rastis canadensis



Descending aneuploidy in Hypochaeris (Asteraceae)
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Descending aneuploidy in Podo/epis (Asteraceae)

e the extraordinary series of chromosome numbers, n =12, 11, 10, 9, 8, 7 and 3
(dysploidy)

e chromosome number of n = 10 is the most common in the genus, and thus, x = 10
was regarded as the ancestral chromosome base number for the genus




Descending aneuploidy in Podo/epis (Asteraceae)

e the haploid chromosome number of n = 12 is the most common in the related
genera (Chrysocephalum, Waitzia, Leptorhynchos, Pterochaeta)

« according to the phylogenetic analysis, the ancestral chromosome base
number in the genus Podolepis may be x = 12

Podolepis

e chromosome number reduction has occurred in three C'"f’mm;"“““mh”“”

. —] Podolepis arachnoidea

|IneageS: 7 P, rigata

. 8 P. robusta
-fromn =12 ton =10 and 9 in the subclade A 9 P. neglecta

- Bl 10 P, longipedata

-fromn =12 ton=8and 7 in the subclade B1 =3 P. hieracioides

- . 2 P. jacevides
- from n= 12 tO n= 11 and 3 N the SUbCIade BZ [Imm l]..'i|lli\t>LZ.'c!| 18| F. irmmimr‘r:

i B8 |F. canescens
FP. gracilis
> davisiana

e the low chromosome numbers of n =8, 7 and 3 were
found only in annual species which were distributed in
semi-arid regions

?. muelleri

2, lessonii

P. tepperi
P. capillaris

P. microcephala
B Asteridea asteroides
Asteridea athrixioides
B Prerochaeta paniculata
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W Leprorhynchos medius
el Lewcochrysum molfe
SSS Leucochrysum stipitatum
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e comparing the karyotypes between the taxa with n =
12 (in Waitzia and Chrysocephalum) and n = 10 (perennial
Podolepis), the increase in the number of large
chromosomes accompanies the decrease in the number
of medium-sized chromosomes in Podolepis — the
reduction in chromosome number has been achieved by
the unequal reciprocal translocations, followed by the
loss of the short translocation product

B Waitzia suaveolens var, suaveolens

B8 Podolepis kendallii

B Chrysocephalum apiculatum

B Chrysocephalum semipapposum
Podolepis georgei

B Schoenia cassiniana



Descending aneuploidy in Houstonia (Rubiaceae)

Proposed phylogenetic hypotheses for the Hedyotis/ Houstonia
lineage in North America

(a) eastern ) O\ southwest  central eastern east
. H_Am. Baja Calif) N Am. A, MLAm. MAm,
Asiam . Hedyoris(  Hedyoris | Hedyotis Hedyoris  Hedpotis  Hedyoris
Hedyoris =6 ¢=13 / x=11  x=9(10) x=8 =7

(a) Phylogenetic hypothesis for North American
Hedyotis based on chromosomes and morphologica
characters (Lewis 1962)

southwestern  central NoAm. eastem eastem easterm
M. Am, Hedvauls M. Am. N.AmM, MN.Am,
Hadyertis + H. wrightii Hedvatis  Hedyous Hedyouls

x=8

=11 x=9{10) 11 =8 x=7

(b) Phylogeny of Hedyotis based on
pollen morphology plus chromosomes
and other morphology (Lewis 1965)



Descending aneuploidy in Houstonia (Rubiaceae)

Ho. pusilla An,Ho,C 8
Hao. serpyllifolia B
} eastern N.A.
Ho. caerulea 8
Ho. b C 7
Church (2003) i i
Ho. longifolia 6 )
Ho. ouachitana 6 eastern NLA.
- - }.
e molecular phylogeny is most concordant with Ho. longifolia i
th_e ph){logenetl_c _hyp.otheses of Lewis (1965) - e .
with minor modifications
Stenaria nigricans {1
} central LS,
o L Stenaria. butterwickiae ?
e the radiation of the Houstonia lineage has
. . . Ho. parviflora  An, Ho 11
been accompanied by changes in the basic .
- Ho. rub 11
chromosome number of the major clades _[ o muora
: : Ho. wrightii 11 | Southwestem
through descending aneuploidy — U.S. & Mexico
Ho. humifusa  An 11
Ho. acerosa 11

molecular phylogeny based on ITS (nrDNA) and trnL (cpDNA) sequences



Descending and ascending aneuploidy
in Calochortus (Liliaceae)

* C. 67 spp.

- J
« chromosome numbers n =6, 7, 8, 9, and 10 __}\\-\'4 - Z-:__, q}',},’é’
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« molecular phylogenetic study carried out to test the A | & INGITENN
monophyly of the three sections and 12 subsections

Y l/ \! Wi
erected by Ownbey (1940) based on morphology and 4 \ — SW({7 N e

~
chromosome number \




Descending and ascending aneuploidy —

| Bli]
in Calochortus (Liliaceae) s !
e the ancestral chromosome number of Calochortus is x =9
e descending aneuploidy (9 — 8, 7, 6)
e ascending aneuploidy (9 — 10) ;
B

Patterson and Givnish (2003)

u pulchelius

[ wrmbe s

W iburonensis

m roicher

m uniflarus

m amaliliz

u albur

B albus San Diego

B monaphiyiius

B foimied

B amoEREs

B apiculaus ID

B apiculotus MN

[ | mitidus
CUFFCArHUS

§ coernleus

[ Rt R
nuduminims
[&eh ey
greanii

B uUMRGUaCRIiE

B howelli

m Dyallii
subnipinug

[ | rl'r;ur!r

W Hudus

W persistens

B longebariaius

B wesionii

B olEEpOeTLELE

[ | _r.lfummeru:

B weedii weedii
weedii bfermeding

m weedil vesnis

m ambiguss

B gunnisoRri

N durens

u nuttallii NV

B nuttalle UT

B ivuneanis CA

B wuneagunis NY

[ | concolor

B exoavalid

B kennegyi

B clivatus

I B /eiclTinii

[ QLG s e Ry
argillosa

W VeRusieg

B cafalinge

B luteus

B superhus

W vesioe

B davidsoni

u flexuwosus

B iplendent

B palrert

B dunmii
haleensis
HiEFEsCEns
venusteles

B barbares
CEITIT
phieshreghui

ELHS

exilis
mﬂ'l'l’.'t”ﬂt
pringled
PUITREENS
spatulans
orwnbeyi coastal
awnrbeyi mberior



Descending and ascending aneuploidy Sideritis

(Lamiaceae)

e bimodal pattern of chromosomal
change

e Clade 1 shows decreasing aneuploid
series, with 2n=44 being the ancestral
number

e Clade 2 (with some ambiguity): 2n=36
Is the ancestral number and ascending
aneuploidy has occurred
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Reconstructing the ancestral base number for angiosperms

300 CHAPTER 13

FIGURE 13.8 MacClade reconstruction of base chromo-
some number diversification in angiosperms obtained
using the “all most parsimonious states” option. This
reconstruction uses the actual numbers reported in the lit-
erature for many of the genera and families indicated.
However, there is evidence for ancient polyploidy in many
basal lineages. For those taxa thought to be ancient poly-

3 % i asterids
ploids, a hypothetical original base number has been sub- n e
p i d O Gunnera
stituted (see text). Most gymnosperms (outgroups) have n
g e S e + o Myrethamnus
=11 or 12. This re represents a simplified version of a i
R 4 L o r 4 0 Tetracentron
larger reconstruction involving 172 taxa. The large rosid, = i

O Trochodendron

e the reconstructed ancestral base asterid, Caryophyllales, Santalales, and Saxifragales clades

: O Buxuis
have been reduced to a single terminal. The ancestral state f G
s : 2 : i B Sabia
shown for each of these clades is that reconstructed using
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