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A Tribute to Mick Dower

ick Dower, surely one ol the
giants of the world-wide clivia
fraternity, died in his seep on 12

October 2011, He had been in increasingly
paor health forsome time. His contributions
to the development of intervst in the
growing and breeding of clivias will be
remembered long after his passing.
Mickattendedthe inaugural International
Conference and Show in Pretoria In 1994
and, with John Winter and a fow others In
1996, started the Cape Province Branch of
the Clivia Club. He served on the commitiee
of the Club and ako of the Clivia Society
for several years, With a small group he
orgunized the second Clivia Conlerence
in Cape Town in 19%. He was a founder
of the Clivia Yearbook, and the lead editor

Figure 1. A photomantage af Mick Dower and
planes be had bred or grown Composed by
Cliude Feloert

from number 1 up ta number 5,

Mick was 4 lawyer with an Incisive
mind. He drafted the Constitutions of the
Cape Provinee Branch of the Clivia Club
and its successors, the Cape Clivia Club

Figure 2. Crown and bred by Mick Cower: #229 De Vilers \Variegated Peach » #87 Nakamura
pinstrpe Yellow
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Figure 3. C mmuata ‘Horadake Aprcot’, A favounte breeding plant of Mick Do

and the Eastern Province Clivia Club. He
also assisted In the drafing of the inital
Constitution of the Clivia Socicty, He was
behind the
scenes, for advice on Jegal matters and gave

often called on, Sometimes
that advice most willingly, He also served on
the Soclenv’s Hesearch Committee and the
Standards and Judaing sub-commitiee

John Winter, Curator of Kirstenbosch
and dose friend of Mick, played a pivotal
role In the search for Clivia populations
From 1995, together with taxonomist John
Rourke, they made many sorties into the
hidden corners of Clivia habital in southern
Africa. They collected welk-known
Appee Blossom' series, the ‘Komgha Red',
the Mbashe and Umtamvuma pastels and
many other varlants, gil of which wese
added to the SANBI collection. On behalf
af SANBI Mick helped. for many years.
to distribute seeds from that cellection to
enthusiasts in South Alrica and throughout
the world.

the

After he retired from professional life
Mick had more time to devote 1o his clivias
and to ¢livia-related interests, particularly
the genetics of Clivia. He contributed al
conferences, in the Clivia Yearbook, the
Socicty’s Clivia News, and in the Cape Clivig
News, which he established. He was also
an active member of the Clivia Enthusiasts
internet discussion group, Throwgh that
membership, his direct persanal contacts,
and his contacts with people to whom he
distributed seeds and plants, Mick's name
became known internationally,

Mick was active in Cape Clivia Club
shows, exhibitions, workshops. plant sales
and Kirstenbosch Ganden Fairs. He utllised
ecvery opportunity to  advance Clivia
His affection, enthusiasm and expertise
were usually so contaglows that many
visitors became members of the Club. He
impressed all at shows and exhibitions
with the outstanding prize-winning plants
he bred and grew. At Club meetings he

~aae Felam
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Figure 4 Cleae KDY, One of the gx plants
named by Mick Dower after his grandchildren,

Figure 5. T mimoti ‘Mopi Bt sent 1o Mick by
a South African friend from Amenca. He named
it after hee

Figure 6 . muiata ‘Julia D" beed out of

C. mumate 'Floradale Apaicot’ x C rmimate Db
Gorge Yelow', One of the six plants namad by
Mick Doner after hie grandchildren. A registened
plant.

<

donated many of the raffle plants, usually
exceptiong! and valuable specimens. AsS @
result, his plant matecial has been spread
auross the membership of the Club, Mick
was also generous in giving away top-class
plants and suckers, particularly to younger
people and to newcomers 1o the Club
wanting to establish collections,

Mick contributed to 4 greater
understanding of genetics through  his
experiences and knowledge of bresding
which he freely shared with all, He was
particularly keen to  encoursge  Club
members to exhibit plants that they bad bred
themselves, as opposed 10 those aoquired
from others. He persuaded the Club
committee to introduce the “Own Breeding”
class at Club shows, with viarious categories
within the class. He donated a Trophy for
the plant judged best oul of all the entrants.
His vision has paid off a8 the number of
entries has grown over the years. The “Own
breeding™ class was In fact the largest class
at the 2011 Cape Clivia Club Show.

In his retiremeat Mick became a very
proficient photographer. Two of his plants
featured on Yearbook frant or back covers.
One was “Emma Leslie®. The other ono
wils on the front cover of Yearbook 8 and
was a winning entrant in the Clivia Society
photographic competition that year. But
that is not all by any means. He and Clasde
Felbert together developed and produced
the two Cape Clivie Club colour charts
which many of us regularly Lse.

A devoted family man, Mick leaves his
wile JIl, children and their spouses, and
grandchildren, all of whom supgported him
us he Indulged in his passion for all things
Chvia.

The memorial to Sir Christopher Wren,
architect of St Paul’s Cathedral, London,
Includes the words in Latin, “Reader, if you
seek his monument - look arcund you.” In






a clivia sense, the same thing can be said a
about Mick Dower. His monument is 1o XN .8
he seen in the legacy of plants and plant
material that he hasleft behind for so many
af us throughout the world 10 enjoy and by
which we can remember him
Thistribute to Mick was compiied by three
af'his friends wha share his kowve of clivias and
who remember him with affection.
October 2011

Pt (husk Bl

Frgure 10. A Mk Dower bred ‘Ghost-style
C miniata

& ¢
£
Figure 11. C mvniata 'Enma Figure 12. A sibling Flgure 13. €, minote Kave [,
Leslie’, One of the six planes Lesie' brod by Mick Dower Qne of the six plarts narred
ramed by Mick Dower aftes by Mick Dowes after his
s grandchidren. grandcheidren

Mk Dowe

Foee

Agure 14 C mniata '"Margoc ' One of the six pfants named by Mick Dawer after b grandchildren
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Systematics and Phylogeography

of Clivia

Ferozah Conrad & Dee Snijman

South Africon National Biodiversity Institute, Cape Town

cies: C. miniata (Lindl.) Bosse, C no-
hilis Lind)., C. gardenii Hook, C. cau-
lescens R.ADyer, C robusta B.G.Murray,
Ran, de Lange, Hammett, Truter et Swaney.
and C. mirabilis Rourke. Five species [C.
minfata, C. nobilis, C. gardenii, C. cavlescens
and C. robuste} are found in coastal and
inland Afromontane forest along the east
coast of southern Africa, from the Eastern
Cape northwands to Limpopo Province and
Swaziland {Rourke, 2002). One species, C.
mirabilis which was discovered in 2002, oc-
curs in the Oorlogskloof Nature Reserve, in
a semi-arid valley in the Northern Capa.
The discovery of C. mirabilis, in a climate
and locality so different from that previons-
ly known for Clada has prompted phylo-
geographic questions regarding this genus.
Cliviz has always been seen as belonging to
densely forested, subtropical environments
experiencing a summer rainfall, dry winter
climatic regime. Clvia mirehilis, in direct
contrast, accurs remotely in the arid North-
ern Cape with its strictly wintor rainfall re-
gime, [solated from the other Clivia species
(Rourke, 2002). The distribution ranges of
the bular-flawered Chvia species {C, nobi-
ls, C. gardenit, C. caulescens and C robus-
o) are parapatric in relation to one another
[they do not cccupy the same geographical
ranges but the ranges are contiguous (Wi
ley, 1961)], whereas the distribution range
of the open-flowered C. minfats is partly
sympatric [populations of twe or more spe-
cies are found together with all the tubg-

The genus Clivia comprises six spe-

Figure 1. Chno rvalalis. Ooxlosskloof Nature
Regerve, Nocthem Cape.

lar-flowered species, except for C. mirabilis
in one part of their distrtbution range, but
apart from them in another (Wiey, 16681)].

In terms of morphology, €. miniata is
distinct and casy to identify, but the mor-
phological differences between the tubu-
lar-flowered species are subtle and geo-
graphical data have often been favoured in
the identification of species.

Based on an earlier study by Conrad er
al. [2003), the winter rainfal C, mirabilis is
placed as sister to all of the summer ralnfall
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species. This prompts questions whether
the disjunction to the Northern Cape Is due
to vicariance or dispersal and whether C.
mirabills shows reduced genetic diversity. In
addition, partial sympatry between C. mini-
atn and the tubular-flowered specles also
prompts questions about the discreteness of
the populations in the areas of overlap.

C. robusta was described from Pondo-
land, Transkel, along the east coast of South
Africa In 2004. Murray et al. [2004) used
karyological. morphological and distribu-
tion pattern data to distinguish C. rodusts
from C. gandenii, the species to which It s
most closely related. Considering the con-
troversial nature of this taxonomic decision
it poses an Intevesting population level case
study.

Glven the unusual distribution pattern
of Clivia, its horticultural impaortance and
its growing commercial market. the aim of

this investigation was firstly to elucidate the
species level relationships of Clivia and sec-
ondly to obtain a better understanding of
the evolutionary relationships, by explor-
ing the phylogeographic patterns within
the Clivia specles and among them.

Materials and Methods

Sampling
Of the 107 Individuals sampled, 89, repre-
senting 33 populations across the distribu-
tlon range, were successfully amplified for
three plastid reglons: the rpoB-tmC inter-
genic spacer, tmL Intron and tmL-F inter-
genic spacer. Leaf material from all the lo-
calities cited by Murray ef al (2004) in their
description of Clivia robusts was included
In the analysis.

Selection of DNA reglons for analysis
was based on the broader study of Uhe tribe,

10

Figure 2. Distribution map of Clwia. Bue orcles indicare populinons incdluded in the study.



where the tmL-F region and the rpoB-tmC
intergenic spacer produced the most varia-
tion. Voucher and population locality infor
mation are listed in Table 1,

DNA extraction, PCR and DNA
sequencing

Standard extraction, PCR and DNA se-
quencing protocols were followed,

Phylogenetic and phylogeographic
analyses

To investigate genetic relationships among
the haplotypes, networks were constructed
separately for both the individual regions
(tmL-F and 1poB-im() and the combined
data matrices. Analysis softwane 1CS (Clem-
ent et al., 2000) and median joining networks
using Network version 4.1.00 (Bandelt e
al,, 1999) were used, and all the individuals

To allow an assessment of the degree of
differentiation among the sampling areas,
@ spatial analysis of molecular variance
{SAMOVA; Dupantoup ef al, 2002) was
conducted post hoc identification of clades
in the network, The SAMOVA takes into
consideration geographic lecations of sam-
pling and sequence data to identify groups
of populations that are geographically ho-
mogenous and maximally separated from
each other. It aims 10 maximize the pro-
portion of genetic variation due to differ-
ences between groups based on simulated
annealing procedures (Dupanloup e al,
2002). As such, this analysis was useful for
statistically differentiating between histori-
cally Isolated groups i the network (Tolley
et al, 2006). It also incorporates traditional
F-statistics (F, F_. F l in recognising
population substructure. ¥, is the propor-

(n=89) were Included In the analyses. tlon of total genetic variance due to the
"w L - L — -~ -
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Figure 3, The knawn distribution of Clime species {orange star = C robusta). The map ako shows
where the species grow sympacrically. Source: Felbert (2003).
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differences between groups of populations;
F, reveals the degree of differentiation
between populations within groups; F
shows the genetic variation between sub-
populations relative 1o the total population.
One hundred simulated annesling proc-
esses were performed for each possible
number of populations, ranging from twao
through to eight populations for the tmL-F
and combined datasets.

Haplotype diversity (h1 and nocleptide
diversity (7] among groups were calculated
In Ariequin version 2000 (Schneider of al.,
20001, The distrnibution of variation within
and between assemblages was investigated
by an analysis of molecular variance {(AM-
OVA, Excoffier of al,, 1992) as implemented

Figure & Chva mimabiic Ooclegstoot Naoure
Reserve, Northem Cape,

14
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Figure 4 Clvia nobils. Bushmans Rever, Eastern
Cape
in Arlequin version 2000,

To assess the genetic divergence among
these groups, F., and ®_, were estimated.
F,, takes into account only the differences
in haplotype frequencies in the different
populations, while ®,, takes into account
both the haplotype frequency and nucle-
otide diversity (Hurwood & Hughes, 1908;
Beheregaray & Sunmucks, 2001),

To estimate maximum likelihood (ML)
migration rates among the populations of
the six Clivia species we used MIGRATE
version 2.1.3 (Beerli, 1997-2004}. This ap-
proach, based on coalescence using Mark-
av Chain Monte Carlo (MCMC) searches,
tukes both history and asymmetrical gene
flow into account, unlike migration-drift
equilibrium classical approaches, and al-
lows simultaneous estiimation of population
growth or decline (Beerli & Felsenstein,
2001), The analyses were repeated several
times with different combinations of short
and long chains.

Moo Mexd N e
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Results

Parsimony and Network analyses
Although individual datasets were ana-
lysed, only results from the combined
analysis will be discussed as both the tml-
F and rpoB-trnC datasets represent chloro-
plast locl. Since the chloroplast is inherited
as a unit. gl lacl by definition share the
same history, and any differences must be
dug to positional sampling effects or com-
pasitional bias. It Is therefore appropriate
to combine chioroplast joci, as separate
analyses are difficult to justify,

Haplotype reconstruction software Net
work (Bandelt et al, 1939) was unable to
execute data matrices consisting of more
than 1000 characters. An alternative soft-
ware TCS (Clement et al, 2000) was uti-
lised, as the combined datasets consisted
of more than 1000 characters.

Of the 1732 characters included in the
combined analysis 1667 were constant, 15
variable characters were parsimony-unin-
formative and 50 were parsimony informa-
tive, 3780 equally parsimonicus trees were
recovered with tree length 104, C1 0,644
and RI 0.920. Two clades were recovered
In one of the equally parsimonious trees
(Flgure 6). One clade consisted of a mono-
phyletic C. mirabilis and the other is further
subdivided into two subdades comprising
a monophyletic C. nabills, sister 10 a clade
consisting of the other four species. This
split reflects the two lineages of Clivie: one
lineage representing the winter rainfall/
Northern Cape lineage and the other the
predominantly summer rainfall/east coast
lineage.

Haplotype network reconstructed for
the combined analysls is shown in Figure
7. Haplotypes of C. mirabilis occur in close
proximity to each other. Sharing of haplo-
types occur between C. minlata and C, cau-

16

lescens; C. gardenii and C robusts; and C
miniata and C. rodbusta,

Molecular Diversity Analyses

The SAMOVA analysis was run on the cam-
bined {trnL-F and rpoB-trn() datasets toin-
vestigate the variation within and between
the species, Although Table 2 only shows
the structure for eight different groups, 24
groups were analysed in total, SAMOVA
did not produce any significant results as
the FCT results increased constantly with-
oul any noteworthy increase at any partic-
ular groupings. This may suggest that no
isolation of the lineages has occurred with
respect Lo the sequences used here and that
variation in these data between the species
is & great as the variation within species.
None of the groups proposed by SAMOVA
refiect the haplotype networks obtained.

Due to the small sample sizes from many
localities and the lack of obyious criteria
for the definition of groups of populations,
individuals were assigned to groups on the
basis of their taxonomic classification, ie
groups were assigned according to spe-
cies. For the six groups reflecting the six
species, AMOVA revealed varistion among
populations at 33.92%, half of that of the
within population variation (65.08%),

The groups revealed a low degree of ge-
netic subdivision with only 23% genetic var-
iation between the groups (species) for the
comixined anulysis (F . 0.22424 p < 0.000%;
@ 044653 p < (L0 respectively). Hap-
lotype and nucleotide diversity are highest
for C. miniatz but this could be caused by
sampling bias (Table 3). Nucleotide compo-
sition (Table 41 is similar between the differ-
ent groups for both datascts,

Effective population size, FST values and
migration rates obtained are summarized
In Table 5 and &, Several combinations of
short and kong chains were carried out with




Figure 7. Haplotype network fram TCS using combimed plastid data sets. Cecles surround spaces.
Msang intermedaates occur an the brarches linking haplotypes. Numbers st end of species names
indicace Faplotype necwark reference numbemn,



Table 2. Results from 3 spatal analysis of molecular vanance (SAMOVA) shawing F values gaen
different numbers of groupings for the combined datasers. Sets of kneages that were combined within
the groups are Indicated,

Groaps

mmmm«:mmmwn 7, = 0660
Z gardeniid, @ MLMW fardenii’, parderid. -
gardenii 12, pﬁtm’m’i robilsl nobdnl, nob ik nobily, w ninbnl. mhm . s

nimm. P, Minesa’, mimiatah, sisiatal, mirabdi! ’o“m
! ﬂ'ﬂﬂﬂ.’!‘ﬂ‘im gardeniiS, prdenif, paedenil, gaderiif. parden i, gardeni 10, gardeni |1,

Sardenii 12, gaeckniind, gandeni 14, mindara), meiniatal, sniacad, Mnnad, miniaras, sisiares, minsca’, “= 0506

eeirabiivt ¥, = 0ase
2 cotehs), mabikz, nabik3, oS4, ablas, nobis Fosane

3 calescers . canlescensd, caulmcens’, cadescensd, caulescensd, paeckmint

A Crovpn

il

il pAnden i3 gadesi i gardeniS, gandenid, gaecheni, gardeniid, ganden B9, gaecenii D, pandeni 1%,
mu prdemiin}, pndeni 14, mindatal, ministal, ministal, misialsd, minats, miniata7, mirabiis) Fo= 0424

2. cauiesceral, caulesconsd, coubeiconsd caukescerad, caukscenss; gandeniit F,=0453
o mireatsh F = 0M8
A4 nobils1, nabis2 notiksy, moblsd, nobiss, nobiks

3 (Aowps

1 merabiist

2. cauescem), cukstens, Gadbescena. caufescensd, caukmcenss, pardeniit Fo= 0361
% .

3 mivacas F =088
"

4. ol nobiis2 nobife3, nobiliad, nobiiss, nokiiss et

mmmmud:m.w:m kK2, MINATA3, iNaLas, MmNk, minata?
[FRGaiae . Mialn % e 2 § LG I S i =T
1mirakibs |
2 caukacenst, Canbesomald, Coudencern3, calescenid, Caubscenss, gardenii| ?
3 b2, gedenld, ganderds, , gardeni s, gandenit, pduum =0z
mnwnzwuwmml.mmm p:.m
A nosdin!, naiiEsd, robila), nobiivd, nobddsd, notviss F.=0rm0
5 mieitab

& mirknad

7 Grouph

1 mmmmmmt

2 mivkitad
& nobiisl, sabisl nobile}, nodkisd noSESS, nobidss 5 <028
& mintdat 5 =0k

spuzpm;mummmmmmnwumx s:=m

G.nluﬂ
7. gardeniis, gardens, gaidenii g -

Continued on page 19

|



Continved from page 18

Table 2, Results from a spacial analyds of malecular variance (SAMOVA) showing F values given
different numbers of groupings fer the combined datasers. Sets of lineages thas were combined within
the groups are indicated.
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17 shoet and 3 Jong producing the optimal
results with no error values reported. The
estimates obtained for effective population
size indicate C. cawescens 10 be the big-
gest and C nobilis the smallest, Migration
between the species was bidirectional with
very high past gene llow rates observed
between C, robusts und C. gerdenii, within
C. mirabilis and within C. nobilis,

Discussion

The phylogeny reconstructed from the com-
bined dataset has short Internal branches
and weak bootstrap support, while most off
the polytomies show sharing of haplotypes
(Figure 6). One likely scenario is that the
genus has recent origing, a phenomenon
not uncommon in the region Research fo-
cusing on dating of the tribe Haemantheae,
using two dilTerent methods [Non Para-
metric Rate Smaothing (NPRS) and Baye-
sian Evolutionary Analysis Sampling Trees
(BEASTI] suggests 17 Ma and 15.6 Ma for
the genus, respectively. Richardson ef al
{2001) dated the genus Phvlica using Island
species and other genera from the same
tribe and reported a radiation dute of 7-8
Ma and Kiak et al. (2004), in their study of
the family Aiznaceae, reported a radiation
date of 34 Ma.

Phylogeography relies on Interpreting
patterns of congruence, or lack of congru-
ence between geographical distribution of
the haplotypes and their genealogical rela-
tionships, When clades of closely related
haplatypes are geographically restricted or
occur in close proximity, congruence exists
(Schaal ef al., 1993) Using parsimony, re-
sults from the phylogenetic analysis for the
combined datasets (Figure 6), showed two
clades. One clade consisted of C. mirabilis,
one of only two monophyletic species In
the genus. the other clade divided Into two
subclades. One of the subclades comprised
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a monophyletic C. nabills, sister 1o a clade
consisting of a combination of the other
four species. A haplotype netwark recon-
struction showed the same pattern. The in-
congruence between the phylogeographic
patterns, the currently accepted taxonomy
and geography suggest that there may be
ancestral polymorphisms present or in-
complete lineage sorting in the genus.

An alternative explanation for the shar-
ing of haplotypes between species is hy-

Table 6. Mgration razes estmated via ML with
MONC searches (using MIGRATEL

Hrrcnon of migracion

Migration rats




bridization, Relerences to artificial hybrids
are made in the literature by Rourke (2003)
and Koopowitr (2002). Natural interspe-
cific hybridization in the geaus has rarcly
been recorded. In 2006, Swanevelder ¢ a),
formally described a natural Clivia hybrid
Clivia X nimbicola, an intermediate between
C. canlescens and C minigta, growing sym-
patrically with €, cavlescens and C. miniata
and confined to the Barberton area of en-
demism on the border ol South Africa and
Swaziland.

In the northern part of the Eastern Cape
C. miniata and C robusta grow sympatri-
cally and share haplotypes in the haplotype
network reconstructed from the combined
datasets. However, they do not share the
same flowering times, . minlata Nlowers
inJune and €. mbusta in September which
makes hybridization unlikely aithough it
cannot be ruled out completely since (.
miniaka has been known to flower sporadi-
cally throughout the year. In Mpumalanga
C. miniata and C. caulescens grow sympat-
rically and they are also observed 10 share
haplotypes but these two species have dif-
ferent pollinators: swallowtall butterfiies
for C. minkata and sunbirds for C. ceules-
cens, again making hybridization unlikely,
but not impaossible. Although the presence
of ancestral polymarphisms and Incom-
plete lineage sorting are possible options
to explain haplotype sharing for these sym-
patrically occurring individuals, it is diffi-
cult to discern which of the possibllities are
likely for C. miniata. This aside, haplolype
sharing is clearly evident in these sympatri-
cally occurrlng species.

Haplotype sharing Is also observed
between C gardend and C robusta in the
Eastern Cape where they occur sympat-
rically. The interconnectedness between
these two species brings into guestion the
recognition of these two elements as dis-

crete species since C rabusta was consid-
cred a “robust’ form of C gardenii until it
was formally described in 2004 by Murray
etal

Clivia mirabilis {(Northern Cape) and C
nabitis (Eastern Cape) show the most dis-
crete haplotypes, probably as & result of
highly restricted gene flow. Clivia mirabilis
occurs in the western most part of the dis-
tribution range and C. nobilis in the south-
ern most part of the range.

Dupanloup ¢t al (2002) state that the
SAMOVA model allows one to define the
strongest structure of populations in ge-
netic terms but that the identification of the
correct number of groups depends critical
lv on the degree of differentiation between
groups. SAMOVA reveals no significant
groupings of the populations. suggesting
a lack of genetic structure, AMOVA was

Figure 8. Clvia nodils. Bushmans River, Eastern
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therefore structured to reflect the six spe-
cies of Clivia as groups, The results showed
low genetic variation among groups and
high variation within groups and a low de-
gree of genetic subdivision, implying once
again a lack of genetic structure and the
likelihood that no isolation of the lineages
has occurred in these datu. All analyses,
including the statistical analyses, therefore
support the likellhood of incomplete line-
age sorting present in Clivia

With the discovery of Clivia mirabilis in
the Northern Cape in 2002, the question
arose whether the genus once ocoupied
a wider range spanning the Eastern and
Western Cape. Evidence from the coales-
cent model, MIGRATE, supports the hy-
pothesis that this is the case, with past fiow

Figure 9. Clipa minata

gene rates recorded between €. mirabilis
and C. nobilis, the most southerly species
of Cifvie and the closest geographically to
C. mirabilis, Subsequent fragmentation of
this distribution range may have been pre-
cipitated by the increase in aridity experi-
enced in the Northern and Western Cape
during the late Miocena (15-8 Ma), with
subtropical elements giving way to fynbos
elements. This may have caused the range
of Clivia to retreat and may account for
only one lineage, now represented by C
mirabilis, occupying a semi-arid habitat in
the Northern Cape.

Although long distance dispersal should
be considered. it is highly unlikely for two
reasons. Firstly, Clivia have heavy fleshy
perries that make them unsuitable for wind




dispersal and secondly, while dispersal of
seeds by fruglvorous birds between adja-
cent forest patches is likely, dispersal over
800 km of arid country does not appear
very probable (Rourke 2002), Moreover,
no frugivorous birds are known to migrate
between the Eastern Cape and Northem
Cape (Snijman, 2002).

An alternate scenario is that Ciivia mira-
bilis is a relictual population that Success-
fully colonised a previously unoccupied
habitat in the Northern Cape, Tolley ¢f al,
[2006), in their study of the blogeography
of dwarf chameleons, suggested that cli-
matic fluctuations have created islands of
differing vegetation types. some of which
may have persisted a5 lsolated patches for
long periods of time. The considerable cli-
matic fluctuation throughout the Pliocene
and into the Quaternary caused vegetation
changes in the region which are thought
to be more complex than a simple reduc-
tion of forest and establishment of finbas
und other mesic and arid vegetation types
{Midgley ef al, 2001; Barrable e al., 2002).

In 2008, Snijman proposed that recur-
ring intense fires in the fimbaos have served
10 isolate clivias in the Northern Cape from
Ihose along the east coast of South Africa.
In this scenario it seems that C mirabilis
has persisted at Oorlogskloof for hundreds
ol generations untouched by fires that
probably destroyed its ancestors which
once occupied the southem Cape during
more favourable times (Snijman, 2003).

Conclusion

The debate on the definition of & specles
and how to determine species boundaries
or species delimitations has been waging
for decades and is one that will prabably
never be resolved, Prefiminary DNA se-
quencing results for the phylogeography
of Ciiviz suggests that only two species of

the six in the genas Clivia are ‘true species’
in this case referring to monophyletic spe-
cies, namely C. mirabi¥s and C nobils. The
muonophyly of C. caulescens, C. gardenil, C.
robusta and C. miniata was not established
using two plastid regions. However, the
possibility that the haplolvpes which C.
miniats shares with other taxa (C. gardenil
and C caulescens) is due 10 hybridisation
where their populations overlap, cannot be
climinated,

Two scenarios have been propased o
understand how €, mirabills, in the North-
ern Cape, came to be isolated from the
other five Clivig species which occur zlong
the east coast of southern Africa, the near-
est being €. nobilis some 800 km away. No
records of wild Clivia exist in the southern
Cape, despite more than a century of bo-
tanical exploration, The first scenario was
long distance dispersal through seed but
this was ruled out by Rourke (2002). Instead
he speculated that C. mirabilis is relictual, a
survivor of the past climatic history when
subtropical vegetation covered much of
the interior of South Africa. Dating of the
tribe revealed the estimated divergence of

'C. mirablits from the summer rainfall Clivia

species to be about 16 Ma 17 Ma for NPRS
and 15,6 Ma BEAST). This coincides with
the Miocene and the increase in andifica-
tion that eliminated subtropical vegetation
leaving survivors to adapt to the emer-
gence of an increasingly dry climate. A sec-
ond scenarto, proposed by Snijman (2003},
1§ that the impact of fire on the Cape forests
since the development of the Mediterrane-
an-type climate in the south-western Cape,
and the inability of Ciivia to cope with fire,
have been major factors that led to its cur-
rent disjunct distribution pattern,

Paper adapeed from a chapter of the P thess
by F.Conrad
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Glossary

Bootstrap - a statistical way to evaluate the
strength of support for nodes on phylog-
enies. A number is presented by each node,
which reflects the percentage of bootstrap
trees which also resolve that clade

Clade - a group of organisms which in-
cludes the mast recent common ancestor
of all its members and all the descendants
of that most recent CoMmon ancestor.

Effective population size - the number
of breeding individuals in an ideal popula-
tion,

Frugivorous - fruit eating,

Hiplotype - combination of alleles at mul-
tiple loci that are transmitted together on
the same chromosome.

Intergenic - a section of DNA seguences
Jocated between clusters of genes: portions
of a genome that are not considerad to lie
within defined genes.

Mesic - adapted to moderately moist habi-
tat or habitat which hasa moderate amount
of moisture,

Monophyly - clade, consisting of an ances.
tor and all its descendants.

Parapatry/ Parapatric - species whose
ranges do not significantly overlap but are
immediately adjacent to each other; they
only eccur together in the narrow contact
one.

Phylogenetics - the study of evolution-
ary relatedness among various groups of
organisms (which is discovered through
molecular sequencing datal.
Phylogeography - the study of the histori-
cal processes that may be responsible for
the cantemporary geographic distributions
of Individials,

Polytomies — a node which has more than
two branches

Relictual - a remnant of a formerly widely
distributed group in an environment differ-
ent from that in which it originated.
Sympatry/ Sympatric - species occurring
together, areas of distributlon that coincide
or overlap,

Vicariance - the separation of a large
group of organisms from the population
due to a geographic barrier.
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Barcoding Clivia for species

identification

Paula Spies, Hesmari van der Westhuizen, Suzanne Stegman,

Marli Watson & Johan Spies

Deportment of Genetics, University of the Free State, Bloemfontein

t is assumed that Civie species can be

vasily and correctly identtfied morpho-

logically. But what happens if we need
toidentify a seadling, or & plant that has not
yet flowered, based only on morphological
traits? What happens if' a seedling of C. mi-
rabilis is bought from a seller, but the buver
suspects that itis a C. nobilis seedling? Are
there any alternative methods (¢ identify
and classify Clivia species correctly?

The answer is yes and no. DNA barcod-
ing is a method where an area of the DNA
is amplified (multiplied) with a technique
called the polyvmerase chaln reaction (PCR).
When enough coples of an area have been
obtained, the PCR-products are sequenced
and a nucleotide pattern (Figure 1) is gen-
erated by an automated sequencer. The
peece of DNA strand is represented as an
ekectropherogram and each curve gener-
afech, indicates one of the four building
blocks of DNA. Different sequences are
then compared and the differences can be
presented in a form that resembles bar
codes [Figure 2 - each colour represents
one of the nucleotide bases of DNA A, T,

Figure 1, Example of results {called an
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C or G)). Like a barcode for products in s
shop, each species should have a unique
nucleotide barcoding pattern and should
be identifiable from this unique pattern.
But as we know, very few things in life are
only biack or white, and most things in life
come with & challenge. But before we get to
the challenges, let’s start at the beginning.

The chioroptast is a cellular organelle
containing its own set of DNA, which codes
for proteins involved in electron transport
in photosynthesis. Because a pollen grain
mainly containg nuciear DNA, the chloro-
plast DNA is Inherited from the maternal
parent and passed on o all the offspring
of that maternal plant. Ifwe study the DNA
of the chloroplast, we automatically study
the maternal lineage of & plant. It is easler
working with the chloroplast DNA, because
you only have one copy of DNA.

Genes of an organism code for proteins
that are Important for the survival of the
organism. A mutation in a gene can have
a lethal effect on the organism, and for that
reason, organsms have built-in mecha-
nisms 0 minimize mutaticns in genes.



When we want to generate a barcode for
an organism, we need mutations. We need
differences in the DNA so we can distin-
guish between species. Where do we get
DNA that has enough mutations?

“Junk” DNA was considered as pieces
of DNA that are removed from the genome
during transcription and translation, when
DNA is converted to protein. These days
the “junk”™ DNA seems to play & bigger role
in the organism than expected. Whether
the organism uses this DNA or not, is of
little concern to us, the geneticists, work-
ing with the DNA. These “junk” DNA ap-
parently does not contribute to the survival
of the organism and for that reason has a
much higher mutation rate than the tran-
suribed genes. This provides us with the
perfect type of DNA we need for barcoding
purposes,

Every time a cell divides and the DNA
copies itself, there is a possibility thal the
wrong nucleatide will be incorporated in
the new strand. The faster a plant grows,
the faster cells divide and the higher the
mutation rate will be. Because C, mirabilis
and C. aabilis both have a very slow repro-
ductive and growth cycle, the mutation rate
of these two species will be much slower
than the rest of the species, We suspect
that there should be much less variation
within these two species, than within the
fast growing species with a higher muta-
tion rate.

What are the different ways for a spe-
cies 1o form? There are at least 2 differem
ways: 1) two species hybridise, the hybrid
survives better than the two parents and
develops into a new species; 2) a plant mu-
tutes. The mutation improves the adapta-
tion of that plant in the environment, That
plant and all l1s descendants survive better
and develop into 2 new species. In what-
Ever wiy a species develops, the “old” and

Figure 2. Cormpansan of the same regon (Fig. 1) of DNA = diferend specenens creating, a barcode,
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‘new” species will share some morpho
logical and DNA characters. The “original”
spectes will not necessarily die, but can ¢o
exist with the “newly developing” species
It Is usually oaly In @ severe environmental
event such as a drought or virus infection
that the adapted plants will survive and the
other plants will die and this can lead to
speclation. We have ta consider this infor-
mation when we investigate Clivig,

if 8 new species was formed from a sin-
gle plant In any of the above mentioned

ways. all of the offspring of those plants
will contain an exact chloroplast copy af
that plant. Ciivia has 8 narrow seed disper-
sal ability since the seeds are too heavy for
wind distribution. The seeds of clivias usu-
ally get distributed by rodents and by rodl-
ing down the slopes. Since the chloropiast,
which we dre investigating, is in the seeds
and not the pollen. we would assume that
the distribution area of the maternal DNA
IS refatively small compared to the distribu-
tion area of the nuclear DNA which is found

Figure 3. Approosrmate geagraphic dstnbution of sar

nples used during the prediminary stuady




in pollen. But of course, as mentioned, the
new species will not have its own unique
DNA, and will share most of its DNA with
the original species. The earlier the specia-
tion event started, the more time the DNA
had to change and the more changes there
will be between the two species.

In theory, we should be able to distin-
guish between populations if the popula-
tions are isolated from each other and if the
populations adapted to new environments
by means of mutation. Pollination from
nearby populations, areas or other species
should not influence the results, since the
DNA in the pollen does not contribute to
the DNA studied.

For the study on Clhag, the ideal was to
find DNA that would distinguish perfoctly
between the different species. We analyzed
five different DNA regions all of which
have different mutation rates and which
have different numbers of mutation sites.
The aim was to find a region with ¢nough
mutation sites which could also distinguish
between the different species,

The aim of this study was consequently
to determine which areas (genes) are suita-
ble for barcoding in Cliviit. A barcode data-
base will then be sét up o which unknown
samples can be compared and identified,
The Barcode of Life initiative identified
twia barcoding regions (matk and rebl), of
which matK and four other regions were
tested in this study.

Results and discussion

The total number of nucleotides from all
five regions combined was 3 641, from
which 532 mutation sites varied between the
specles, Barcoding patterns have been con-
structed for more or less 50 samples repre-
senting all of the species and various geo-
graphical distributions in the genus (Figure
3 - Note that the figure does not represent

exact gepgraphical positions. but only dis-
tribution estimates). Cryptostephanus van-
soni and several representatives from the
family Amaryllidaceae were included as
out groups. To simplify the interpretation
of the results, only the variable nucieotides
were highlighted (Figure 5).

The Cryptostephanus barcodes clearly
indicate that there is a relationship between
Cryptostephanus and Civia, but also clearly
indicate that Crvptastephanes is a separate
agenus based on the number of unique nu-
cleotides. Cryptostephanus vaasonii shares
9.6% ol the variable nucieatides with main-
ly € nobilis and/or C. mirebilis, indicating
that Cryptostephanus is closer related to
these two species than to the rest of the
Clivia  species. Cryptostephancs has 12
unique nucieotide differences, aistinguish-
ing it from the rest of the genus Clivia.

C. nobilis and C. mirabilis

What does the DNA say about identifying
Civia species? Barcoding can, with 100%
certainty, be used to distinguish between
natural growing C mirsbilis and C. nobais
specimens, Clivia mirabilis has 4 nucleatices
changes unique to this species whereas C
nobilis has 5 unique changes distinguish-
ing it from the rest of the Clivie species.
These changes can be used 10 identlfy both
these species by comparing an unknown
Clivia to the data base, False results can
unfortunately be obtained from plants In
cultivation. In an event where the pollen of
C, mirabllis or C. nobllis is for instance usad
to fertilize any other specles, a hybrid will
be produced. If this hybrid is back-crossed
to the pollen donor plant for a few genera-
tons, the DNA will indicate that it belong to
the same species as the mother plant, even
though It might maorphologically represent
the C. mirabilis or C. nobilis donor plant.
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C. gardenii

The barcoding results show two putative
barcoding regions that can identify C.
garderdl from a 240 km stretch in central
KwaZulu Natal [Figure 4), Both of thesge
mutation sites were obtained from the
trnl-F region in the chloroplast, which
is @ region between the coding gene for
tRNA leucine and tRNA phenylalanine.
More samples have to be induded to nar-
row down this area, but at this stage we
will be able to identify C. gardenil speci-
mens in the arca between Port Shepstone
in the South, Entumeni in the North, and

& Vetermeriicurg

as far west as Grevtown (Figure 4). An
nteresting observation is that the C gar-
denui specimens in these regions share the
same nucleotide with the genera Scadoxus
2n = 18) and Brunsvigia (2n = 22}, both of
the family Amaryllidaccae. This cither indi-
cates that Scidoxus and Brunsvigia sharea
unigue common ancesior with €, gardenii
or that there were independent evolution-
ary events resulting in the same nucleotide
change. The probability of the Jatter occur-
ring & bowever so small that it cannat even
be considered. The ancient relationship
that . gandeny) has with some of the other
genera in the family, cannot be determined

e GOOQle

Figure 4. All the samples investigated in thes area share two unique nucleotide changes
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from this data. Clivia, Cryprostephanus and
Scadoxus are the only genera in the family
that have rhizomes and not bulks, so It is
interesting that €. gardenil shares a muta-
tion with one of the bulbous genera.

C. caulescens

It was suggested that the natural hybrid, C
x nimbicofa, originated from a €. mnizra
mother, since the flowers of this specles is
believed to be more susceptible to receiv-
ing pollen. In our samples for this ptlot
study, C. caulescens is the pollen receiver
{mother plant) in all three cases. We stud-
ied a € caulescens specimen which con-
tained a C miniata chloroplast genome. It
means that o reviprocal cross with C. mini-
dfa as the pollen donor is possible and has
happened. After a few back-crosses to C
miniata plants, the plant has developed a
C miniata morphology, but resulted from
natural hybridisation, We are still in the
process of investigating more chloroplast
regions and more samples from the area
berween Mariepskop to Bearded Man (in-
¢leding samples from Swaziland).

There arc two putative regions that
could be used as barcedes to ideatify C.
cavlescens (Figure 6), but this part of the
study Is still in progress. The number of
samples edited is insufficient to determine
if these barcodes are linked 1o specific spe-
cies/mother plant e, C caulescens), or
whether they are linked to specific regions
(Swaziland and Mpumalangal.

C. miniata, C. robusta and southern

C. gardenii

We have searched intensively for markers
to identify C. minfata, C. robusti and any
C. gardenii specimens south of Port Shep-
stone.

Searching throvogh 5 chloroplast re-
qons, we found seven putative mutation

sites that can be used as a barcode to iden-
tify €. miniata specimens. but found only
one of these nucleotide changes (rpoB 56
- that i§ position 56 on the rpoB region)
present in almaost all (23 samples) of the C.
miniela specimens, A grovp of C. miniats
specimens from the Mzamba River and ad-
Jacent areas are excluded and do not have
this barcode. Only one €, miniata from the
Mzamba area shares this mutation with
the rest of the C. miniata specimens. Plants
from the Mzamba area are characterised
as being morphologically different from
the type C. minfata. Many of the speaimens
from the Mzamba river area have C, mini-
ta fowers. but simllar stem formation to C,
caulescens and harder leaves than normal
C. miniatz, It seems that “markes” rpoB 36
can be used as a guide to identify “normat”
€. minfata or any other plant that bad a C,
miniata ancestor {Table 1),

All of the other (C minlata specimens
from the Mzamba and adjacent Umiam-
vuna area have a unique nucleotide dilfer-
ence [rpoB 303), that distinguishes them
from the rest of the C minlats specimens
and all the other species (Table 21 Also
sharing this mutation are three C. mbust
and one C. gardenl specimens, Indicating a
shared ancestor. Answers we hope (o find
are whether plants from this area belong
to a separate group/species’subspecies/
variety. We are investigating more samples
and more genes from this reglon to answer
this question.

Evolution and hybridisation

Any species that has the morphology of
one species but the chloroplast DNA of an-

other can be considered a hybrid - either
recent or ancient. Three plants in our pre-
liminary study could be identified as having
a C. mimiata ancestor but with back-crosses
to other species have “non-miniata” mor-
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phology. These are a C. caulescens, C, gar
denit and a C gardenii x C miniata hybrid,
all beling geographically in the same area as
C. minfata species,

We found that some planis, for examplk
a (- gardenil, share a nucleatide mutation
with other C. gardenil, but ALSO with C
mtiniata (See Tables 1 & 3). You would think
that the plant being investigated is a hybrid
hetween the two species, therefore having
DNA from both species. This is impossible
through hybridisation, because the chloro-
plast DNA is only Inhérited from the moth-
er to the offspring, the hybrids will have
only one set of chioroplast DNA - that of
the mother. The only explanation is that C
miniata and €. gardenii shared a common
ancestor e with nucleotide sequence
CAAAGC) (Fig. 7). The ancestor evolved
through mutation into two predecessar
species, The chloroplast DNA of these two
predecessors would have differed slightly
from each other, for example the last nu-
cieotide mutated from a C to an A to form
a C. gardenii predecessor (CAAAGA and
the second last nuceotide from a G to C
in the C. minigta predecessor (CAAACC).
However, the predecessors did pot die and
not al of them mutated further. Another
mutation event resulted in plants belong-
ing to the same species, but having slightly
different DNA within a species: C gardeni)
TAAAGA and CAAAGA) and C. miniara
[CATACC and CAAACC). If, by chanve, we
sequence & plant that is a descendant of the
predecessor, it might look ke one of the
modsern species, but still contain the “old”
DNA. As seen with the arrows in Figure 7,
& €, gardenii predecessor will share the first
nuckeotide with C, miniate, and the third
nucleotide with the rest of the C gardenii.
In this manaer it is possible for a plant
shiare nucleotide mutations between two
modern species, If we assume that this
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Table 1, C. miniata specimens sharng & unigue
kot de (spoB 56). but not the nudleotxle
found n C mnvata spacies from the Maambs
2red (rpoB 303), The wo plants in green must
have a C mimata anceszor The four plants in
rad are all marphotogically C mimdea bus share
in other chloroplsr regicns a nuckoatce weh
other species (indicared in brackes),

Table 2. Samples from the Mzarmba aree which
have a umique nuckotice in posinen rpaB 303,
but do nac shane the nutleatide with the rest of
the C mniata or any of the ccher species.

Table 3. Two C rriniate specimens wich nether
the C. meiata nor the “Mzamba” barcode,

but shanng acher nucleondes with species in
brackets.




theory is true, then we can ako assume that
the species or plants with shared mutation
between two species are more ancient or
contain the more anclent chloroplast.
Without geing into too much detall, we
can conclude 4 few things about the evolu-
tion in the genus. The DNA indicates that
there might have been u spit from & com-
mon ancestor and two groups formed:

Modern species

C e T mutigion
in fir poskian

Group 1: C, nobilis, C. mirabilis and C. cau-
tescens and the second group being C. min-
tata, C. gardenii and C. robusta (Figure B).
The fact that €, cavlescens was previously
Included with C. nobilis and only identified
&5 4 new species in April 1943, supports the
fact that these species are morphologically
similar. Clivia cirulescens split from the rest,
prubably dueto geographical changes, and

R e R R AR AR R ]

wonngang

=zl ff rresmerstrsmas

Figure 7, A schemanc representation Hustrating how two of the Clna species mght have evokied
fIOm 3 COMMON ANCELOr 3Nd S0Me SHECIMEns can share mutatiors wich other species. €. garden
can share the same nuciectide with some of C miniata specemens, bur not with all of them, Ths &
explined by the possibily of predecessor C rmmato specimers which dic not evalve with the rest of
the C mimata specimens.
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C. mirabidh, € nobills,
C. caulescens ancestor

C miniate, C. gardent),
C. robuita ancestor

Figure 8, Clvia evolved from a cormmon ancestor and split mto twe groups Group | camseated of
a € mimtilg, €, nobils and C caulescers ancestar. Group 2 consisted of & C rmineta, C garden and

. robusta ancestor Ceoup 1 subdmaded nte a €. mivebdis and C. nobils ancestral group,

from where

these two species specated into the modern speces we know teday. There seens 1o be ancestral and
madern gere Aow between the remaining species, explaining the averdapping meephologcal and

DINA characteristcs.

C nobitis and C. mirabilis split from each
other, also probably due 1o cimatic chang-
es. The second group is much more compli-
cated, since there is very little geographi-
cul and reproductive isolation between the
three species (C miniata, C. gardenid and C
robustz) in the group. There is a degree of
speciation, where we can clearly see mor-
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phological differences in the three species,
but due to overlapping distribution areas,
it Is inevitable that there will be natural hy-
bridisation. Since C. caulescens also over-
laps geographically with other species, it
contains DNA from other species as well
To summarize, we have identified unigue
barcodes for €. mirabilis and €. nobilis



Clivia cawlescens and C. gardendl north of
Port Shepsione can be identified with al
most a 100% certainty, Clivie miniate also
has one nucleotide mutstion that ¢an be
used as a reference to Identify a €. miniaty
or a plant which had a C. miniata mother as
ancestor, Because of the gene flow through
Fyvbridisation and evolutionary
cvents in the rest of the species, 100%
identification based on DNA barcoding is
impossible, It is possible to identlfy plants
from certain areas, for example if a plant
originates from the Mzamba-Umtamvuna
area orin the area between Port Shepstone
and Entumeni. Ancient hvbridisation can
2150 be detected in some Clivia samples.

ancient

Figure 9. Cling muavata with 3 strong green rhroa

Some clivias can easily be identified
based on morphology and DNA testing,
but other plants test our patience and
knowledge, The genus Clivia remains an in-
teresting and challenging genus. This study
has proved to us that while we try and fit
all species In their own containers, nature
is alive, 1as 1S own way and is constantly
devedoping and changing. We humans
have a huge need to identify, describe and
name species. Maybe one day we will be
able 1o do it to our own satisfaction. but in
the meantime, we have this gift to human-
ity — called the Clivi = that is there for us to
enjoy and study,

Fau v thr Merve



Identifying Clivia nobilis and
C. mirabilis in the laboratory

Hesmari van der Westhuizen, Paula Spies & Johan Spies
Department of Genetics, University of the Free State, Bloemfontan

ivia nobilis and C. mirabilis share a
number of morphological traits that
are unkgue to these two species.
Both have a rough, tooth-like texture on
the edge of the leaves and both may or may

Figure 1. C mirabils in Oorlogskioof Nature
Reseran, Northern Cape,
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not have a median line on the leaves. Some
of the leaves of both species have a notched
(indented) tip that is mostly found in these
two species. They are geographically sepa-
rated in nature - C. nobulis Is found in the
Eastern Cape and C. mirabilis grows on the
border between the Northern Cape and the
Western Cape. Many enthusiasts, however,
grow both species in almost every prov-
ince of South Africa. Vegetative material
lleaves) of these species is often difficult to
identify, especially for such laymen as plant
protection inspectors.

Clivia nobilis has a larger distribution
range than C. mirabiis and many more C.
nodifis plants are found in nature. Although
both species are described as vulnerable in
the Red Data List of southern Africa, the
conservation strategy for C mirabilis is
currently enforced more strictly. To date
there has been no effective way to distin-
guish between some specimens of the two
spevies, Unscrupuwlous people sell lexport)
C. mirabilis plants as C. nabilis

From a conservation perspective it is es
sential 1o find a way o safeguard against
this practice. A study was consequently
done to find a way 1o correctly identify
these species rom the DNA of a very small
leaf sample. A technique called DNA bar
coding was employed to correctly identify
these speches (Van der Westhuizen, 2011).

Over the last three years an in-depth
study has focused on €. nobills and C
mirabilis. In the process unique barcodes
were developed for these wo species.



A barcode is obtained when the DNA (nu-
cleotide -~ AGCT) sequence is determined.
If the: sequence is the same for all the plants
in a specific species and the sequence dif-
fers from the ene obtained for the other
species, il is considered a barcode,

During this study, seven different re-
glons of DNA were tested. The DNA re-

gians Investigated include the apH-l, rpoB,
mpoCl, matK, rpllé and tmi-F reglons
In the chloroplast. and the IT51 region In
the nuclews. The other five taxa of Clivia
{C. caulescens, C. miniata, €. gerdenil. C.
robustz and C. x aimbicolz) were used as
so-called out groups to ensure that the bar-
codes obtained for C. nobilis and C. mirabi-

\ 4 \ 4 >
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e

Figure 2. A lour base pawr (TATT) insertion wichim the trl-F region was observed in C miabiks which
was absent in all other speoes. In addtion a single nudeotide (1) was missing from 21l C muabils.
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Figure 3. Two unique ane base pair diferences (S8

-
g uQ‘A.‘J" ) 'l"

~ single nucleotide polymoephism) were

obmaired respectively for C. mobiks (A instead of the G present in all other species) and C mivabis

(C mstead of T) within the mak ragion
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lis were unique for these species. We found
atotal of twenty-two variable sites between
C. nelsdlis and C. mirabilis. Four of these dif-
ferences are shown In Figures 2 to 5. The
out groups consisted of one specimen of
each of C, caulescens. C. minfata, C. garde-
all, C. robusta and C. x nimbicola,

All seven gene regions showed a dis-
tinct difference between C. nobiils and C

sults showed that the atpH-L rpoB, poCt
and JTS1 regions were not as informative
as the matk, pl16 and tml-F regions,
These three regions showed a high number
of polymorphic and parsimony informative
sites, as can be seen in Table 1. A site is
parsimony Informative i1 it contains at least
two types of nuckotides and each of those
nucleotides ocours in at Jeast two of the se-

mirabilis on the one hand and the other  quences.
Clivia species on the other hand, The re- All seven regions can be used together
" -~
'] o
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Figure 4. A unigue one base pair difference (C replacing T in the ather species] within the rpoCT
region for all C robws samples.
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Figure 5, Anather four base pair irgertion in C otirabils [ACAT) in the atoh-! region
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Figure 6 C miranis O:fingstlw’Narurc Reserve, Northern Cape.

for bar-coding purposes or different com-
binations can be used, Individually, none of
the regions provided strong enough spe-
cies discrimination and. therefore, more
than ane region should be used, We pro-
pose that matK, pif6 and tral-F are used
together as a barcode in the genus Clivia

Bar-coding Is quite expensive and, there-
fore, it would be ideal to limit the differemt
regions which must be analvzed without

Table 1. Summary of the resules of che seven
Clive taxa for the seven gene regions

Variabde Parsimeny
Tegon [polymurpiie] | whormative
sites sl
matk L

&51 15
msd REEE 3 1
el 25 1 1
oot @ o o
piié 0% 1 "
mE o 8 14 .
(133 84 3 3

compromising the reliability of the results.
The results from these three regions will be
able to identify any C. nobilis and C. mirabi-
lis plants that were removed from their nat-
ural environment with an accuracy level of
100%, provided that the plant investigated
is not a hybrid of C. nobllis or C mirabitis
from a private coliection or nursery

This study has thus conclusively pro-
vided a tool to distinguish C nobilis and
C mirabilis from one another and from all
other Clivia species,

The authars wish 10 thank the University of the
Free State for facdicies and fnancial aid, as well
as the Clivia Society for financial ad during this
study. We thank Willem van 21, Mias Volgraaff,
John Roderick and Szella van Gass for supplying
the plant material
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The identification of genes involved
in colour formation in Clivia miniata

flowers

Maleka, M.F', Mafofo, |.*%, Rees, D.J.G.** & Spies, }.."
' Department of Genetics, University of the Free State, Bloemfontein

* Department of Batechnology, University of the Westem Cape, Beville

* Current address. Blotechnology Platform, Agricubiral Resarch Council, Onderstepoart

embers of the genus Clivia (fam-

ilv Amaryllidaceae) are native

Lo coumtries in southern Africa.
induding South Africa and Swaziland
(Kaopawitz, 2002). For many years, div
ias have received considerable attention
worldwide as cultivated ornamental crops
(Duncan, 2008). Interest in these plants lies
particularly in their flowers that display a
diverse array of colours and variable forms
(Le. shapes). Clivia flower colour typically
compelses orange, red, yellow and green
However, different combinations and in-
tensities of various colours may akso occur
For example, some flowers may display
pastel colours such as peach and apricot.
The demand for certain colowrs (¢.g. almost

Tl phs Bk

flowers.
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Figures 1=3, Clsaa minvita

whitel is very high, such that the plants and
seed stocks command exorbitant prices
In the market. Thus, clivias are among the
commercially important flower species in
the floriculture industry.

Flower colour (also referred to gs “flow-
er pigmentation’ is a highly variable char-
acteristic that is important to plants, where
it attracts flower pollinators and seed dis-
persers (Weiss, 1991). In human terms,
flowers are particularly important in the
floriculture industry where they are sold
as cut flowers, potted plants. or as orna-
mental bedding plants (Le. garden plants).
The floriculture industry Is highly commer-
cial such that, in 2007, it was projected to
generate a global consumption value, at

Mo be ol
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consumer level, of between €100 - 150 bil-
lion {Chandler & Tanaka, 2007). The biggest
challenge facing commercial flower grow-
ers and breeders is to produce cultivars
with novel characteristics, such as flower
colour and shape. So far, this has been
achieved by applying classical plant broed-
ing approaches that enable the assessment
of characteristics (e.g. flower colour) to be
performed only in mature plants. However,
the approaches can be improved by incor-
porating information on the biology (read
‘genetics’} of characteristics of interest into
the breeding strategy. [n particular, knowl-
edge of the genetics of flower pigmentation
and shape will be relevant to approaches
that aim 1o improve flower culivars. Also,
the availability and use of genetic informa

tion resources from currently commercial-
wed and well-studied flower species will
further aid efforts loward producing cul-
tivars with novel characteristios Studics
in various plant species have enabled an
understanding of the biochemistry and ge-
netics of flower pigmentation {Grotewnld,
2006; Chandler & Tanaka, 2007; Tanaka et
al,, 2008). In general, there are three main
pigments that occur in flowers, These in-
Clude betalains, carotenoids and flavo-
noids. The latter two pigments are broadly
distributed in the majority of flowering
plants whereas betalaing are restricted to
planis in the order Caryophy#ales, which
includes carnations and catchily (Steglich
& Strack. 1990). Among the three types of
pigments, flavonokds are the most abun-
dant in llowering plants where they occur
in almost all vascular plants, Flavonaids
are respoasible for a variety of floral col-
ours Including orange, yellow, red, purple,
violet and blue. This array of colours is
made possible by the coexistence of dif-
ferent classes of flavonoids including chal-
cones, aurones, anthocyanins, flavones,

Figure 4. (v mwnata fowers used in the
experiment

Figure 5. The lllurmira Genoene Analyzer on
which DNA solated from the fiowers was used
o pesform DNA sequencing expenments

and flavonols. Unlike flavonolds, the ¢ol-
our spectrum of carotenolds in fowers is
typically yellow to orange, bul coexistence
with red or purple anthocyaning may result
in brown and bronze colours (Forkmann,
1991). In sddition to Bower pigmentation,
carotenolds also serve as precursor mol-
ecules for the formation (also termed ‘bio-
synthesss’) of vitamin A (Fraser & Bramley,
2004). Further, flavonoids and carotenolds
are able to absorh UV-light, thus protect-
ing plants and humans from UV damage
(Winkel-Shirfey, 20021 Considering the
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functional importance of flavonoids and
carotenoids, it &s thereforeé not surprising
that most of the genes (i.¢. DNA sequences
that carry Information responsible for the
formation and variation of characteristics)
that produce biochemical agems (termed
‘enzymes’] involved in flower pigmentation
have been identified in various plant spe-
cles (Grotewold, 2006; Chandler & Tanaka,
2007; Tanaka ef ai., 2008),

In spite of the vast amount of biochemi-
cal and genetic resources available on the
blosynthesis of flavanoid and carotenoid
pigments, few studies have been conducted

in monocotyledonous (Le. manocot) plants.
In particular, very limited information is
available on the blosynthesls of flavonoid
and carotenold pigments in monocot lower
species including clivias. Nonethedess, pre-
vious studies in orchids {Hieber ef al, 2006,
Chiou et &L, 2008; Ma et al.. 200%; Albert ef
al, 2010; Chiou et al., 2010), lilles (Nakatsu-
ka et al, 2003; Nakatsuka et al. 2009; Yam-
agishi et al., 2010) and tlips (Momonoi ef
al., 2009; Shoji et al., 2010) have (dentified
a few genes involved (n Sower pigmenta-
tion in these species. [n addition, monocot
food crops including maize (Paz-Ares et al,
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clogical Process.
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1986, Bernhardt et ai., 1998), onions (Kim
e al, 2004a, b, ¢, 2005) and nce (Reddy
et al, 1996: Bong ot ai, 2007; Jeong et al.,
2008) have also been used 1o identify genes
Involved in the biosynthesis of flavonoid
(particularly anthocyanin) and carotenoid
plgments. This information. coupled with
information reported for dicotyledonous
{Le. dicot) plant species, will be useful for
further (dentification of flower pigmenta-
tion genes in other plants including clivias.

Rationale
The discovery of Bower pigmentation genes

in clivias will greatly ald efforts toward
producing cultivars with novel character-

2
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Perila frutescens MYC-RP
Antirrhinum majus DEL

Istcs in terms of colour. That is Decause
the information on genés that produce en-
zymes invalved in flowes pigmentation can
be used to genetically modify flower colour,
Such studies have zlready been performed
in other plants with varying level of suc-
cess, In 1967, Petunda became the flrst plant
to have its flower colour genetically modi-
fied (Meyer et al., 1987). Subsequently, in
the 1990s, the company Florigene (http./
www florigenecom/) released the ‘Moon’
series of genetically modifled carnations.
Recently, efforts were made to produce ge-
netically modified blue roses (Katsumoto et
al, 2007) and tulips (Shoji e¢ al, 2010), but
the results were not completely convincing.

—

—— Arabidopsis thaliana £GL3
100 L Arabidogsis thaiana GL3

Citrus simensis MYC2
, 1 (NODE 98283)
Lifum hybnd division |

Gerbera hybrid GMYCY
>~ Proanthocyniding

Oryza sative Ra

Ovyaa satva e
- Cliia rinkita (NODE 31)

Lilum fytrd dnssion |

Zea mays Le

of
x

Penilla frutescens FG1
Aratidopus thaliana TTE

Lotus japonicus LTTR

Gentiana tnflora
Petunia x hybrida AN1
Ipormosa nil

/

Figure 7. Phylogenetic analyss of plant bHLH genes The genes are clustered #1to two main groups
according 1o their function, namely. genes that activate the biosynthess of proanthacyaniding and
anthocyanins. Two Chvia genes were dentifad, ane belonging to each of the groups.



In other cases, information on gencs that
produce enzymes involved in carotenoid
pigmentation has been used to genetically
madify the nutritional value (and colour)
in food crops. In 2000, a genetically modi-
fied cultivar of rice (subsequently named
‘Golden
tained higher levels of provitamin A, which
is the precursor molecule used in vitamin
A biosynthesis (Ye & Beyer, 2000), Alter
natively, studies on gene sequences have
lead to the identification of mutations (i.¢
changes in the DNA sequence information)
that are responsible for variation in specific

Rice’) was produced that con

Figure & C\via "Rouge Magic
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charactenstics, For example, the variation
in flower colour (Morita e al,, 2006; Choi ef
al, 2007), lower colour pattesning (Habu el
al,, 1998; Itoh of al., 2002; Koscki ¢f al,, 2005;
Saito ¢t al, 2006), and even fruit colour (Es
pley e al, 2007; This ef al., 2007) have been
determined through the analyses of vari
ous genes involved in the biosynthesis of
pragments that occur in flowers and fraits
These reports, including those not reported
herein, are important as they suggest thiat
Clivia can possibly be improved as an oena-
menial crop in the loriculture industry
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Figure 9. Clive 'GT Pink’

Results

We recently initiated studies aimed at the
identification of genes involved in flower
pigmenzation in ¢livias, Our efforts were
boosted by the availability of new technol-
ogy that enables the analyses of many (ca.
thousands) genes, simultaneously, [n our
studies, we harvested orange flower tepals
of Civia miniate (Fig, 4) and immediately
froze the tissues using liguid nitrogen, The
purpose of the laner step was to “freeze”
all ceflular activity including the biochemi-
cal processes that lead 10 flower coloration,
Subsequently, DNA was isplated from the
tissues and prepared for DNA sequencing
experiments essentially aimed at deter-
mining the order of letters (namely A, C,
G and T and these are coblectively termed
‘nudeotides’) that make up genes. A high-
throughput system (the lumina Genome

Analyzer, Fig. 5) was used to determine the
DNA sequence of genes that were “selec-
tively” obtained from the C. mindta fowers.
Owerall, more than 23 million DNA sequenc-
es (each being 76 nucieotides in Jength)
were generated, Various computer-based
analyses were applied that joined the DNA
sequences nto ‘recognized”’ genes compris-
ing longer DNA sequences, Following this,
a total of 37 014 gene sequences were gen-
erated. Of these genes, only 22 102 were
successiully assigned specific cellular func-
tions and ultimately grouped according to
the functions they perform in the flower
tissues (Fig. 6). Approximately 10% of the
22 102 genes, roughly 2 200 genes. were
assigned functions related to one or more
processes Jeading to flower colour. In ad-
dition, two other categories (‘transcription

a7
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regulator’ and “transporter activity’] were
Identified which, based on previous stud-
les, should include genes that are involved
In controlling varsous processes leading to
flower plgmentation {Fig. 6).

Considering that each category of
genes (Le the vertical bars in Fig. 8) in-
cluded many sequences, further analyses
wene necessary to identify key genes that
are particafarly involved in flower colour
in C. miniata. The analyses were based
on the assumption thal genes producing
similar enzymes (hence, functions) in vari
ous species will tend to have similar DNA
sequences. Therefore, the analyses com
pared Ciivia genes with counterpart genes
already known to be involved in flowes
pigmentation in other plant species, Here-
in, we report on the analyses of a specific
group of genes (termed bHLH genes) that
are known to control processes Jeading

Figure 10. Cina Raspberry Sauce’

48

to flower pigmentation, thus, genes in the
‘transcription regulator” category. Simidlar
genes have previously been shown 10 ac-
tivate the flower pigmentation processes in
snapdragon (Goodrich et al,, 1992), petunia
(Spelt ef al., 2000} and llly (Nakatsuka et al.,
2009), Overall, two Clivia genes were iden-
tified (Flg. 7). The analyses further revegled
that not only were the Chivia gene sequenc-
es highly similar to counterpart genes ob-
tained from other plant species, but they
also tended 10 cluster/group with gene
sequences oblained from other monocot
plant spectes (Fig. 7). The same approach is
currently being used to identify more genes
that are involved in Boral pigmentation in
clivias, Once identifled, Clivia genes will be
studled further to better understand their
specific roles during flower plgmentation
The results will guide future efforts aimed
at Clivia cultivar improvement.
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The identification of genes for flower
colour in Clivia miniata

Johan Spies', Marius Snyman' & Chris Viljoen
Departments of 'Genetics and *Hoernatofogy and Cell Biology, University of the Frez State, Bloemfontein

South Africa

he basis of colour
variation in Cvia
is locked wp in its

genes. The first study to
elucidate the formation of
colour In Clivia was made
by studying the different
penes responsible for col-
our. This paper describes
the process lollowed and
summarises the results ob-
tained.

We know from the it
erature that anthocvanin
occurs In Clivia and it is
respansible for the for
mation of cologr, Thus
the first step of this study was to analyse
all the available DNA sequences from the
sequence database GENBANK, of differ-
ent plants, for every gene involved in the
anthocyanin pathway. The sequences of
specific genes from all available plants was
wigned (compared] using computer soft-
ware and areas In common for these genes
in all plants were identified. DNA was then
extracled from open flowers to determine
whether the specific gene was present and
exprossed. A laboratory technique known
s the PCR reaction was then used (o pro-
duce millions of coples of these genes us-
Ing a piece of synthetic DNA (known as
a primer). The milions of coples of DNA
were then used to determine the specific
sequence of the genes responsible for ¢ol-

Figure ¥, Clig 'Estele’

our in Clivia as well as the level of expres-
sion of these genes.

By using this method primer sets were
designed to amplify portions of the CHS
(chalcone synthase), CHI (chalcone isomer-
ase), F3H (flavanone 3-hydroxylase) and
DFR (dihydroflavonol 4-reductase) genes.
The amplified DNA was then sequenced to
determine the crder of the nucleotides. The
DNA sequence of the Clvia DNA was then
compared to the DNA from other plants,
This resulted In a cladogram, indicating the
position of Clivia among the monocots {Fig-
ure 2), It is interesting to note that the F3H
gene of Clivis minlata corvesponds most 1o
Allfum cepa (the onion). Similar trees were
obtained for all the genes. Unfortunatedy
the sequence data could not be combined
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because different species were included in
the different trees based on available se-
quences.

The sequence of a gene can be present-
ed in a graph format that shows different
colourcd peaks for each nucleotide. This
representation of the data is called an elec-
tropherogram, The eectropherograms of
a short section of the CHS gene is shown
in Figure 3. Note the two instances where
two peaks are shown in the same loca-
tion in two different plants (an orange [Al

. g
53

and yellow {Bl), This is an indication that
two different alleles of & gene bave been
sequenced, The alledes of a gene are simi-
lar in almost all respects but occasionally
a twin peak is observed, This observation
strengthens the hypothests that Clivia s
an ancient polyploid and one copy differs
slightly from the ather in both plants,

S0 now we know that these genes (or to
be precise, parts of these genes are present,
However, we have to do further tests to de-
termine whether these genes are active,

tuberosam
P hybrida

41

Lal

922

02

Figure 2, Cladogram decermined by minimum evoluton, based on the refationship between F2
genes in different arganisms, The numbers nex: 10 the branches represent the bootstrap value (based

on 500 replicates),
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Figure 3. Sectors of dectrapherograms cbraned afte sequencing part of the C1S gene in crarge (4)
and yelkow {3) Chva miniota specemens, Ambigiities are present ar posion 435 (R) with a G or &, 35

well as position 442 (Y) witha Tar .

Let us get back to our basic biology. The
DNA is in the nucleus of the cell (with a few
exceptions). If a gene Is active it will form
mANA [messenger RNA). The mRNA will
leave the nucleus to produce the product
(a protein) according to the specifications
of the DNA in the nucleus. So the next
step was to determine whether the differ-
ent genes were active {Le. do they form
MRNA?| and whether this activity diffsred
through different developmental stages of
the fower. Since we only wanted to deter-
mine whether the genes were active, we
did not study all stages, only those up to
the apening of the flower (Figures 4 & 5).

Three different 1ypes of tssue (tepal, sta-
men and carpel) were used for mRNA ex-
traction, The RNA was converted to @ more
stable substance, cCDNA {copy DNA). cDNA
anly represents the portion of the RNA that
determines the composition of proteins
since introns (sections of RNA that are ex-
cised from mRNA) are excluded. Another
qene, the 185 rANA, which Is constantly
expressed in all tissues, regardless of the
concktions, was used to standardize the ex-
pression of the four most important genes
in the anthocyanin pathway.

The expression of the genes was meas-
ured by a technique called RQ PCR (real-
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time quantitative polymerase chain reac-
tion). This technique accurately measures
the quantity of mRNA formed from a spe-
cific gene. From the results of this study it
has become apparent that the transcription
of the CmCHS and CmDFR genes increased
as tepals grew and peaked at stage 3 just

1l

before anthesis. However, the transcrip-
tion of both genes decreased as the flower
was opening (between stage 3 and 4), after
which their transcription increased dras
tically towards the end of flower deved-
opment. In the carpel bath CmCHS and
CmDFR genes had very similar levels of

A

Figure 4, The different stages {1-5) of Hlower develfopenent sed for the orange Clvig miniata.

Wy

Figure §. The different stages {1-5) of flower developeent used for the yellow Cliva miniata.
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expression, especially from stage 1 to stage
4. Transcription of the genes peaked dur-
ing the third developmental stage and then
gradually decreased through stage 3 up
1o stage 4 where the genes were the least
expressed. Further expression of CmCHS
increased considerably from stage 4 up to
the point where the carpel was fully devel-
oped, while transcription of CmDFR only
Increased slightly (Figure 6).

The target genes in the stamens showed
similar trends regarding their temporal ex-
pression, although CmCHS was expressed
at much higher levels than CmDFR (Fig-
ures 6C & 6D). Transcription of both genes
decreased during stage 1 and was very low
at slage 2, followed by a slight increase to-
wards the middle of stage 3 with a decrease
again during stage 4 td reach the equally
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low levels found during stage 2. Thereal-
ter the same steep up-regulation 4s n the
tepals and carpe! could be observed untll
flower development was completed (full
bloom).

. There was a strong positive correla-
tion in expression trends, for CmCHS and
CmDFER during the different developmen-
tal stages in the tepal and stamen. When
comparing stages 1 to 4 for CmCHS and
CmDFR in the carpel, a high correlatica
was also observed (R = 0.996), The high
correlation of gene expression may be an
Indication that these genes are regulated
simultaneously,

From the transcriptional changes in
CmCHS and CmDFRA in the different flower
tissues, two phases of temporal expres-
sion can be distinguished. 1) transcription

ne
.
- 100 o “
—_—
[
i n
&0~
.
n;l n;l u'.l -‘ e &
-
o
§ —— o
8.1
! “
j -
. T P Y L
sage ) mage?  mmped waged wages
Dembapranstal Sages

Figuse 6. Relative expression of CmCHS and CmOFR i fower tepak (A). carpel (B} and scamens (C8:D)
freen deveopment stages 1 1o S of an orange Clhng mnata.



of bath genes Increased as the flower bad
grew, then decreased to very low levels
before entering the second phase where
2) anthesis was activated and transcription
of the genes increased drastically until the
flower was in full bloom.

Transcription of CmCHS and CmDFR
genes was constant from stage 1to 2 in the
tepals of yellow flowers. There was an in-
crease in expression from between stage 2
and 3 just before the flower opened (Figure
7A). During stage 3 (anthesis) both genes
were highly expressed, followed by down-
regulation towards the end of tepal devel-
opment. The trend in expression of the two
target genes was very similar with a posi-
tive carrelation (R > 0.950, p < 0.06).

In the carpel CmCHS and CmDFR
showed a similar trend In their temporal
expression with higher levels of CmDFR
compared to CmCHS (Figure 7B). Tran-
scription of both genes Increased from
stage 1 and peaked during stage 2, followed
by a decrease in expression until stage 3
with an Increase that peaked during stage
4. Thereafter the expression of both genes
wis down-requlated towards the end of
carpel development. In the stamons of the
yellow Chivia minigta no similarities were
seen in the transcription of the two genes.
CmDFR was mostly present at higher lev-
els compared 1o CmCHS during stages 1
and 2, and especially during stages 4 and 3
(Figrure 7C), Based on these observations it
appears that transcription of CmCHS and
CmDFR tends to decrease from the onset
of anthesis (during stage 4) until comple-
tion of yellow flower development (stage 3).
A decrease in transcription of these gencs
is expected to affect the preduction of an-
thocyanin derivatives, ultimately leading to
lower anthocyanin concentration in yellow
Clivin miniata flowers.

In the present study, CmCHS and CmD-

5%

FRweretranscriptionally active throughout
flower development in pigmented tissue of
hath the orange and yellow flower varie-
ties, suggesting co-ordinate requlation as a
single module for anthocyenin biosynthe-
sis in Civia miniata. As mentioned before,
each type of Sower tissue exhibited similar
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Figure 7. Relanve expression of CmHS and
CmODFR m che opal {A), carpel (B) and stamens
(C) of 3 Group 2 yeliow hwa miniata.



temporal expression for CmCHS and Cm-
DFR genes, except in the stamens of vari-
ety ‘Giddy” where each gene was expressed
differently, These observations support the
possibility of co-ordinate regulation by ei-
ther the same or altérnative transcription
factors. depending on the tissue type,

A further test was done to see whether
the transcription of the genes correlates
with amount of anthocvanin produced.
This was done by determining the absorb-
ance of ultra-vioket (UV) light, An instru-
ment called & spectrophotometer was used
for this purpose.
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The anthocyanin concertrations at each
developmental stage in both colour forms
of Ciivia were plotted on a bar chart (Figure
8). At stage 5 the anthocyanin content in
the orange tepals of the orange plant had
increased by almost 16-fokd compared with
that in the yellow tepals. The results indi-
cate that colour development in the orange
Llepals is strongly correlated with the accu-
mulation of anthocyanins, The absence of
orange colour in yellow tepals can only be
caused by the very Jow anthocyanin con-
centration. overshadowed by the high con-
centration of caratenolds and, 10 3 lesser

wtage 3 age 4 winge s

ODevwleprraresl Stape

Fi 8, Anthocyanin accumalaton at five developmental stages of cepal in C mrvate orange and
yvm: forms respectavely, Vertical bars indicare the standard error of the mean of theee absorbance

readings.
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extent, the presence of chlorophyls,

There was a semi-linear Increase of an-
thocyvaning in orange tepals, whereas the
increase in yellow tepals displayed 4 <ig-
moid pattem (Figure 9). When the temporal
expression of CmCHS and CmDFR in the
tepals was compared with the anthocyanin
accumulation at each stage, a clear trend
was visible, In the orange tepals a decrease
of gene expression occurred between
stages 3 and 4, while a drastic Increase of
gene expression appeared behween stages
3 and 4 in yellow tepals. Both cases coln-
cided with the changes in anthocyanin con-
tent depicted in Figure 9. Furthermore, a
slight decrease in anthocyanin content In
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Figure 9. Changes in anthocyanin accumulaton
xfmdtwbpmcnulmosof(ewsn
C. mimata arange (A) and yellow (B) flowers.

Veracal hars indicasa the standard error of
the mean of three absorbance readings
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the yellow tepals was observed after stage
4, which could be explained by the down-
regulation of CmCHS and CmDFR expres-
sion that was observed between slages 4
and 5.

This study has determined that the genes
required for anthocyanin formation are
present in both orange and yellow forms of
Clivia miniata. These genes are expressed
In both colour forms, However, the expres-
sion is much lower in yellow plants com-
pared to orange plants. Further studies are
needed to determine how these genes are
regulated in terms of enthocyanin produc-
tion that ultimately results in orange versus
vellow flawer colour,
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Clivia with variegated flowers

Hein Grebe

“From our acquaintance with this abnormal
metamorphosis, we are enabled 1o unveil the
secrets that normal metamorphosis conceals
from us, and to see distinctly what, from the
regular course of development, we can only

infer.”

he first time | Jearmned about vari

Teaated flowers in clivia was in 2008

. when I visited a well known property
developer in Beijing, Mr. Zhang Jinxiang,
who is & keen collector of clivia with unu-
sual flowers. He has written a book called
Junzilan Shkivang Zhishi Wenda - “Grow
ing and Caring for Clivia” of which he has
given me a copy. One of the photos in the
book i of a clivia with variegated Bowers,
The photo was taken of a plant of a fellow
Beging clivia enthusiast, My search for this
plant came 1o a dead end when the owner

J.W. von Goethe - 1790

of the plant informed me that he sold i,
because the flowers were not stable, More
searches of similar plants were unsuccess:
ful.

When | returned to South Africa begin-
ning October 2009, | was surprised to find
a Chinese plant with variegated flowers in
my shade howse, The wind damaged the
few flowers that were still open, but | took
i few photos 1o keep as a record, as | was
very excited to find a plant that | spent so
much time searching for in China In my
collection. It fNlowered again in Octlober

59



Figure 1. Almosz all the flomers open

2010 and this time | was lucky to take more
photos and waich the [lowers developing
and opening up

From the photos you will notice that the
variegated flowers are from a short-leaf
varlegated plant, Most variegated plants
will carry flowers on variegated flower
stems. It Is seldom that variegated flowers
are produced. However when the flow-
ers die, beautiful variegated berries are
formed. The question is why do we not

Flgure 3. Colour comparnison
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Figure 2 Varegation and mature colours on
petak

see more variegated flowers on variegated
plants? An internet search did not give me
any cues.

Variegated flowers take longer to open
and can stay open for 3 weeks or longer if
not pollinated, This specific plant of mine
procuces viable polien, but does not self’
easily. If the llowers are exposed 1o direct
sunlight, orange pigmentation will develop
on sections of some petals. The vartega-
tion patterns on the tulip-shaped flowers

Fgure 4 Colour comparison,



are usually the same as the variegation of
the leaves and peduncle, The section of the
flower stem with vellow lines will produce
vellow or white flowers and those with
green lines will produce flowers with simi-
lar green variegation on the petals. Some-
times a few normal petals will be formed
in a flower, | have noticed that these petak
will open first and are also slightly longer
than the variegated petals, The colour and
patieen on the flowers will vary from vear
to year on the same plant,

What is causing this abnormal behay-
iour? Most fellow divia enthusiasts have
identified the condition as phytledy, Phyl-
jody Is the development of floral parts into
leafy structures, generally cavsed by virts
or phytoplasma. Evidence sugoests that

the phytoplasma down-regulates a gene
involved in petal formation, Instead causing
leaves or leaf-like structures to form. Phyl-
lody causes Lthe affected plant 1o become
partially ar entirely sterile. as it |s unable o
produce normal flowers. Many clivia enthu-
siasts have similar plants in their collections
that produce green flowers on orange or
vellow flowering clivia. Variegation is de-
fined as baving marks or patches of differ-
ent colours [syn. varicolowred).

According to Shige of Japan, phyllody
In Clivig is caused by inbreeding and car-
ries rocessive genes. Selfing the flowers
might result in scedlings with the same
Bebaviour. From the 2009 Qowers, | har-
vested one seed and from the 2010 flowers
| harvested 6 seeds, It will be a few years

Figure 6 Flower colours after two days in direct
sunlight

Figure 7. Note the orarge at the botom of
some flowers,

Figure 8. Vanegaed flowers of rased vein
“Mandarm Duck”

61



Figure 9. Compuare the s difference of the
orange-coloured petals

before any resulis will be known. This year
asemi-miniature *“Mandarin Duck” has pro-
duced variegated flowers. Unlike the other
plant it produced no pollen; flowers were
deformed with almost no flower stem. Un-
like the other plant, the flowers opened up
unexpectedly quickly and when exposed to
direct sunlight, many of the white and yel-
low coloured flowers changed to orange.

Research that has been done shows an
alternative approach for generating new
varieties of floriculture plants s 10 engi-
neer plants with variegated flower colour
patterns. Sometimes they carry unstable
mutants. Variegated mutants might have
defects in anthocyanin genes or genes that
control Intracellular pH of petals. These de-
fective genes can change the colour of the
flower and the leaves of plants. [t will thus
be interesting to see what happens when
line breeding with variegated flowers is
done,

A2

Figure 10. Noce the pasition of the white
Acowers on the white side of the flower stem

Figure 11. Outside of frst fipwers to open




Relationships in Clivia

Roger Dixon
Forensic Science Labovatary, Pretana

Introduction

The genus Clivia was erected by John Lind-
Jey in 1828, and the type spectes s Clivia
nobilis Lindl. (Lindley, 1828). In 1854 C
miniata (Lindl.) Bosse was described (Lindg-
ley, 1854; Bosse, 1850). These two plants
were introduced to horticulture in Europe
and there was a great amount of cultlvation
and hybridisation between these two taxa
in the period 1850 to 1900. In 1856 another
taxon, €. gardenii Hook., was described
(Hooker, 1856). There matters rested untl!
C. caulescens RA Dver was described in
1943 (Dver, 1943) and half a century later
C. mirabilis (Rourke, 2002} and C. robusta
(Murray et al.. 2004) were added to the ge-
nus,

Due to the appeal of the plant, and es-
pecially its floral beauty, new varleties
were constantly being sought to increase
the range of shape and colour. A yellow-
coloured form of C. miniata was described
as a horticultural variety - C. miniata citring
or and also €. mmiata var. citnna (Rogers,
1897). The same plant was later {lustrated
(Watson, 1859). A century later C. gardenii
Var. citrine (Swanevelder et al, 2005} and
C. robusta var. citring (Swanevelder et al,
2006) were described, elevating yellow-
flowering forms 0 taxonomic status, C. x
nimbicada, a natural hybrid between C. cau-
lescens and C. miniata (Swanevelder of i,
20045), has also been described.

With the increasing upsurge in interest
in Clivia cultivation in the Jast 30 years, and
the progress in bréeeding and hybridising,
many questions have been raised about the

Figure ¥, Chwa notis, This ilustration is from
Koaker's 1828 descripron n Curts Botanical
Magazane of Imatapdpm Adeni or Hardsome-
Howered Imatophyllum

variations and unexpected results obtained
by various crossings, and many contradic-
tory observations have been made about
genetic traits and origins of different
strains and forms.

The dramatic upsurge in interest in
Clivia since the formation of the Clivia
Club in 1882, which has since become the
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Clivia Society, and the further formation of
Clubs and Societies devoted to the genus
in a number of countries, has increased
the amount of published information and
observations on the various taxa in the ge-
nus and their hvbrids, In addition, with the
interest in the horticuliural and medicinal
promise of Clivia, and the quest to under-
stand the origins of the genus, much re-
search has been undertaken by a variety of
interest groups, including those of medic-
nal, horticultural, taxonomic and botanical
hent. The improvement of analytical meth-
ods in the fields of chemistry and genetics
has also broadened our understanding of
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the genus, although much of this under-
standing & fuzzy and solated.

Molecular phylogenetic  approaches,
combined with analyses of ecological and
biogeographical (nformation, both pub-
lished and enecdotal, have provided sui-
ficlent Information to propose a speciation
model for Clivia, and give some insights
into the nhserved behaviour of the genus
in cultivation. In order to put all this Infor-
mation in perspective, it is necessary to re-
late the distribution of Clivia to geographic
and ecologlcal factors, and then look &l tho
genetic information to understand why we
have the variation in the genus.




Fgure 3. C\iaa cauiescens in kabwat in the Songimwelo Naruee Reserve in the Barberoon
Mourcainling



What is a species in Clivia?

There is no general agreement as to what
is the definition of a species. and this is
highly variable as one Jooks at different
Lypes of omganisms, A good generalisation
is that each species is a breeding popula-
tion that has taken an evolutionary course
of 1S own, separate from redated popula-
tions, and has consequently developed a
set of distinguishing features which makes
it identifiable from other species [Waters,
2011).

It may be that the differences between
some species are obvious, but often distin-
guishing between several species is proh-
lematic, and a varicty of oriteria, not always
obviogs, have 1o be used to discriminate
between them. As populations evolve, the
features of the plants differ and change, but

the exact point where the accumulated dif-
ferences amount to the existence of a new
species is quite arbitrary. This is because
the knowledge of the distribution and ap-
pearance of the plants is never absolutely
complete, In an ideal world naming a new
species would mean that all the details of
the plants” distribution, ecology, range of
forms, genotype and evolution are known
as well as all the related species. In prac-
tice, 4 new species may be described on
the basis of a single specimen with minimal
information. At a later stuge as more infor-
mation is obtained the status of the plant
may bé confirmed or changed - this is what
keeps taxonomists employed!

Some taxonomists - the “splitters” - di
vide plant populations into many species,
based on small differences, whereas oth-
ers - the “lumpers” - focus on similarities,

Figure 4 Jiivo coulescans n habitar ac Songmvelo Nature Reserve in the Barberton Mountainland.
The low canapy allows m plenty of light, and the festoons of mos and bchens an the tree trunks
are indicatve of the frequent mists expenenced in the area. The substrate upan which the planty sre
Rrowing is very racky.
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Figure 5. Clvio it in habitat & Songerreelo Mature Reserve in the Barberton Mountanland
The=e plants were growing wery near 1o the C cavtescens shown In Figures 1 & 4 bat the substrate
here was less recky and with deeper soil The stellate whate throar of these Rowess is quite Satinctive
far plants from the area, 35 5 the large Rower sze

which can result in a number of different
geographical populations being grouped
under a single broadly-defined species.
Looking at Clivia, we can see that during
the heyday of botanical exploration, bota-
nists tended towards the second group,
with three morphologically distinct and/or
geographically separate taxa belng identi-
fied and described - C. nobills, C. minvata
and C. gerdenil. There matters stood for al-
mosi a century until, amid a resurgence in
botankcal exploration, the taxonomic pen-
dulum swung to the other side, and new
taxa were identified wathin the pendulous
flowering group - C. caulescens, C. mirg-
bifis and C. robusta - delineating the geo-
graphical spread of the pendulous group
In & fairly even range around South Africa,
between the coastline and the escarpment
In Clivia we find two ranks of classifi-

cation, as exemplified in C. minista and C.
miniata var. citrina. What does this mean?
In botanical classification there are three
levels or ranks of & species — subspecies
(abbreviated as ssp.), variety (Latin vari-
etas, abbreviated as var) and form {Latin
forma, abbreviated f).

Simply put. subspecies are populations
ol a species that have become reproduc-
tively isolated from each other and sre
evolving in different directions, usually as
a result of a geographical barrier, such as a
mountain range where the species cannot
grow, [F the barrier were to be removed,
the subspecies (the separated popuiations)
would interbreed again and merge back to-
gether. No subspecies have been named In
Clivia.

Below that is the variety. A botanical
vartety is & population that has some dis-
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tinguishing qualities, but is not as isolated
as a subspecies, An example might be a
population growing in a more exposed
environment resulting in a more compact
habit and darker colored flowers, A con
inuous variation may exist between the
compact vanety and larger plants growing

In @ moister, more wooded habitat, In Clivig
there are three described taxa at this level
- (. minrata var. Glring. C. gardenii var, ¢it
nna and C, rabusty var, citring. According

1o the botanical definition described above, /
T NeCe Taxas an' n iustifi < . r o
all three of these taxa are not justified, as Figure 6. An umbel of lange Bowers of ¢
they are based on individuals from within muniata in the Bearded Man area
populations which show a range of flower

colour. The botanical definition should not

A Doca

WX

Figure 7. Chvia mimata in thicket dowrslope from C caulescens below Bearded Man Mouncain in the
Barberton Mountanland. whene it occurs i soil and leaf-liteern, and not on ocks a8 does C cawlescens.
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be confused with the horticultural word
“variety”, which usually refers to a named
cultivar.

Below variety is the form [Latin forma,
abbreviated ). A form is any plant or
group of plants showing a difference in
some character of other, for example, a
vellow flowering plant In a population of
more typical orange flowering plants, This
dees not imply that each form is a discrete
breeding population, just that they are no-
tceably different in some way.

In the latter part of the 19th century,
when hybridisation of Cliviz was burgeon-
ing (van der Linde, 2008), there was little
distinction between the terms “variety” and
“form”, and they appear to have been used
Interchangeably. Also, botanical nomen-
clature had not yet been as rigidly defined
as it is today, and botanical llterature was
not as clearly divided, as it is today, into the
“scientific® and “horticultural® arcas, The
following admonltion appeared in The Gar-
deners” Chronicle in 1891: “CLIVEIA: CS,
- Imantophyllum, Himantophyllum and
Clivea are all synonymous. Cliveta has the
preference as being the most correct name,
but if you prefer to welte Clivea there is no
power on earth to prevent you.”

Yellow flowering Cliviz - a botanical
or horticultural “variety™?
Yellow € miniata had already been de-
scribed as the variety ‘Sulphures” in The
Gardencers” Chronicle in 1891 (Douglas,
1891) as “a distinct variety of a very pale
yvellow colour™ Douglas further noted
that: *There is a wide fleld for the hybrid-
1515 in this genus of plants. Not more has
been done than to breed in and in from the
specific form, or a variety of it with broader
follage, named robusta,”

The variety “citrina’, first described by
Mrs Powys Rogers in The Garden in 1897.

Figure 8 Chwg mymata ‘Mme Le Grelle d'Hanis!
from e Revie de fharticulture beige ot
elrangdre, 1881

The same plant was described in two horti-
cultural magazines in 1899, in articles writ-
ten by a certain W. Watson. The plant was
illustrated in The Garden in Plate 1246, and
Watson had this to say:
“If the introduction of such a slight vari-
ation of the type as superb 8 resulted in
the breeding of such varteties as Marie
Reimers... much more may be expected
from crosses between variety citrina,
and some of these.”
He also discussed it in The Gardeners’
Chronicle, as follows:
“CLIVEIA MINIATA CITRINA. - This
well-marked, beautiful variety is now in
flower in the T range at Kew. 1t i said to
have been collected wiid in Zululand by
Captain Mansell, and first flowered In
the garden of Mrs. Powys Rogers, Per-
renwell, Cornwall, in April, 1897, when
flowers of i, and subsequently a lintle
plant, were sent to Kew. An example of
the same variety had. however, already
been added to the Xew collection by the
Rev, W, H. Bowden, Bow, North Dey-
an. who sent it along with some ather
plants which had been collected in Zu-
luland, and it is this plant which is now
in flower. It resembles & good form of
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the type in every particular except col-
our, in which it differs widely from all
the forms hitherto raised in gardens,
and popularly known as Imantophyl-
lurns, These are all more or less of a
reddish orange colour, but the variety
citrina is coloured & clear pale cream
with a faint tinge of orange at the base
of the segments, This variety ought 10
prove valuable to breeders of Clivelas,
whose efforts so far have produced ex-
ceptionally Kttle colour variation in the
seedlings raised.”

Other references to yellow C miniata, in

the Joumal of the Royal Horticultural Saci-

ety, include:

1908, vol. XXXIII, Page liv: “Award of
Merit - Clivia minfata citrina from the
Hon, Mrs Evelyn Cecil, 10 Eaton Place,
SW. A pure yellow-flowered form of
the well-known C. miniata, and was
found growing wild near Eshowe, Zulu-
land, by Lady Saunders.”

1910, vol. XXXVI, Page cxxxiii: “Award
of Merit - Clivia 'King George V' Mr
Miller, Wisbeck. A honey-yellow flow-
cred variety.”

1911, vol. XXXVIL Page xxxiii: “Yellow
tlivia -« Mr R Hooper-Pearson showed
# fower of Clivia citring apparently a
form of C miniata which Mr Worsley
said occurred wild in South Africa.”

From the above, it is abundantly clear that,
botanically speaking, the yellow-flowered
. miniata, which occurs sporadically
amongst orange-flowered plants in habitat
populations, can be sccorded no more than
the taxonomic status of form - C miniata
f. citrina,

Plants occurring in cultivetion, which
are most probably the offspring of indi-
viduals from & variety of origins, selected

Figure 11. A pink form of Clvia x nimbicnig
froem Bearded Man Mountain fram Area A

for specific features, get the horticultural
name more correctly referred 1o & a cul
tvar, for example Clivia ‘King George V'
cited above.

The yellow-flowered forms of C. girde-
nii and C. mbusta, which apart from their
colour are otherwise [ndistinguishabje
from the populations from which they have
been coliected. similarly only warrant this
status — C. gardend! I citrina and C. rebusta
f. citrina.

This digression is warranted, In that It
is necessary to be very cear when giving
a name to a plant, & & name has meaning
beyond that of the Immediate label - it 1els
the history of the plant and its origins. In
order to. determine the origing of Clivia,
we must ensure that our groundwork is
soundly based, and not the construct of un-
fortunate Interpretations of Imprecise and
often kmited information.

Distribution

Clivia belongs o the Order Asparagales,
which contains both the Amaryvilidaceae
family and the Orchidaceae lamily. which
date from the eary Cretaceous, around 100
Ma (milllon vears ago). By 65 Ma all fami-
lles within the Asparagales were present
The genus Crinum is the oldest and origi-
nated in south-western Africa

l\J
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the genus Clvia Is found associated
with a type of vegetation known as south
e Alrican subtropical thicket, which has
been & major component of southern Afri-
can vegetation for at least 60 million vears
{Cowling et al, 2005}, when it was globally
widespread {Schrire et al., 20051, The leaves
of Clivia are net-velnad, which indicates a
forest origin. and the age of the genus, The
ropts of orchids as well as clivias are skmi-
lar, and are adapted for a forest environ-
ment In trees, on rocks and in leaf litter, and
not in soil.

[hicket is a dense formation of ever-
green and weakly deckdoous shrubs and
low trees (2-5m), often spiny and festooned
with vines, which derived from elements in
the forests that prevalled on the suboon-
tinent prior to that. The arid spiny forests
of southern and western Madagascar are

Mountaniand, showng the abr

also thicket, and in some areas experience
a very low rainfall. They are very old, and
contain a4 number of plant genera which
are also present in the thickets of southern
Africa, showing that thicket was an estab-
lished vegetation tyvpe before Gondwana
broke up

The distribution of thicket has contract-
ed and expanded repeatedly in response
10 Neogene and Quaternary climatic oscil-
lutions. From the end of the Palacogence at
around 25 Ma till about 17 Ma, the southern
African climate was quite tropical. with a
high lancd mass (altitude ¢ 2000 m) ringed by
the sandstones of the Cape Supergroup and
the Lesotho Highlands, At around 20 Ma
there was an uplin that was greatest in the
eastern part of sonthern Africa where it ap-
proached 300 m. This even! correfates with
the retreat of thicket to the coastal margins

‘\.'s:
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upt transioon becween the thicket veetation and the grasslands. The

thickes catches masture from mists and clouds, and protects the understarey from fross
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Figure 13. While Chva stayed in the protection af the fire free thicets, other armarylids acapted to
the grassland and avanna biomes where they were subsect to fire by becoming grophytes. Scadavu
puncews in the Pllanesberg Ganme Reserve

and escarpment of southern Africa. Af-
ter that until around 8 Ma the climate was
more variable, fluctuating from temperate
to cold {in the Namib), with the tropics go-
ing northwards. From 8 Ma till present we
have had the development of Berg winds,
and the return southwards of the tropics. A
major factor that has affected the climate in
southern Africa for the last 4 million vears
has been the lirge amount of uplift on the
south-eastern side of the subcontinent {up
to 500 m) (Partridge & Maud, 1987). The
stecper slopes of the escarpment resulted in
the creation of incised valleys, and a great
diversification of habitat types. The creation
of these new habitats as a resull of these
uplift and erosion events provided a grest
stimulis for the diversification of southermn
African plamt lineages, as witnessed by the
number of centres of endemism.

The anceswral amaryllids came from
West Africa, with net-veined leaves devel-
oped for forest conditions, thick roots and
fleshy seeds, Chvis evolved towards the
south-east and Cryptostephanus. its closest
relative in the Amaryilidaceae, in the east,
when the central part of southern Africa
became hot and dry, and the grasslands
developed, around 20 My ago. Amaryllids
adapted to arid savannas with the retreat of
thickets, with many becoming geophytes to
adapt to the dry conditions and fires, while
Clivia stayed in the retreating thickets.

It can be seen from the present-day dis-
tribution of thicket, shown greatly simpli-
fied in Figure 2. that there is a strong cor-
relation between it and the sandstones of
the Cape Supergroup and the Natal Group,
and that in the south-eastern part of the
subcontinent the distribution of thicket is
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strongly correlated to the deeply incised
valleys which are @ result of the dramatic
uplift experienced in the fast 4 million
years. The southern distribution of thicket
corresponds with the Jong parallel valleys
in the Cape Fold Belt, which have been sta-
ble for a long period, in stark contrast to
the incised valleys of the south east,

Clivia has been a member of thicket for
a long time, and Its distribution is mirrored
by a number of other very old plant line-
ages. such as Encephalartos, Strelitzia and
Cussonia. In many of these genera, there
is an Increase in diversity of species in
the major diversity centres, or centres of

Figure 14. Cimvg robusta in habrat Fowing in
quartz sared in a shaliow Brasded stream flowng
l"rmgh thicker near the coass. Many of these
Pants, which are growng semi-aquancaly, hawe
buttressrootsand canreach 2 m in Maght

Figure 15. Strefitng and Encephalartos alteasteim i Thicket In the Kap River valley near Pars Alfred in
the Easem Cape
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Figure 16. Clvig nobxlis grawing m thacket in the Kap River valley near Poet Alfred in the Eastern Cape

endemism, from the Eastern Cape up into
Limpopo (Cowling ef al, 2005; van Wyk &
Smith, 2001), which corresponds to the ar-
eas of major uplift of the land mass in the
south-eatern part of the sub-continent over
the past few million years.

Clivia and climate

Ihe Clivia anatomy shows a number of
features which have developed to survive
arid environments and which are more
pronounced In the taxa from the south
and south-west - C. aobilis and C. mirabi-
lis, These features include leaves which are
stiff and leathery and semi-succulent, and
roots which are absorbent and water stor-
ing, adapted for acrated leaf litter, not soil
The leaves containcutan, whichis a blopoly-
mer found in plants adapted for surviving
drought conditions (Boom eor al, 2005)

These features indicate that the plants are
adapted for distinct wet and dry periods.

A distinguishing feature of thicket cli-
mates is bimodal rainfall, with peaks in late
spring and early autumn, although copious
rain may fall at any time of the year. These
peaks are mirrored in the flowering times
of the various species - C mirabilfs, C. no-
bilis and C. caulescens usually flower in Oc-
tober to November, while C. gardenii and
C. robusta flower in April to June. C. mini-
ata usually flowers belore the first rains, in
August to October, depending on locality.

The areas of highest endemism among
plant taxa, which are also those areas
where C. robusta, €. gardenii and C. csu-
lescens are found (see Figure 2), are also
the areas of highest rainfall and are associ-
ated with sandstones and quartz-rich rocks
and solls,
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Speciation of Clivia

Specation can be defined as the splitting
of one ancestral species into two (or more)
davghter species. This splitting is caused
by a change in existing conditions which
promotes the independent evolution of two
parts of a formerly contiguous population.

The change could be an event creating
geographical isolation, such as the origin
of & barrier to migration (the incised val-
leys in the soath-castern part of southern
Africa, separated by grasslands, exempli-
fied by the development of C. gardenii and
C robustz in centres of endemism (van
Wik, 1990; van Wk & Smith, 2001) o frag-
mentation of the orlginal range due to kocal
extinction - separation of C. mirabilis and
C. nobilis due to climate change and subse-
quent loss of habitat (Snijlman. 2003,

It can also be triggered by a change

leading to the onsat of divergent selection,
for example a shift to a new range that
straddles an ecological gradient (the open-
flowered mutation of C. miniata in response
to pollinator avatlability at the margins be-
tween grassland and thicket (Manning.
2005). Other modes of spectation exist, for
example hybridisation between twao parent
species — C. x nimbicoda, found at the inter-
face between two species C caulescens and
C. minfata, with a very limited distribution
{Swanevelder et al, 2006; Spies er al,, 2011;
Truter e al, 2006), however solation and
ecological divergence are required for such
a new taxon to survive and persist,

It can be seen from the discussion above
thit there are a number of factors which de-
termine why, when and how species may
desvelop, These can be divided Into inrinsic
béotic) and extrinsic (environmental) fac-
tors, Extrinsic factoes Include the numbers of

Figure 17, A view of the thicker rolling over the hils along the Kap River valkey near Porr Affred in the
Eastern Cape
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potential geographical solating barmers, Le.
mountain ranges, rivers, eic,, or the strength
and number of ecological gradients.

Intrinsic factors might be e typical dis-
persal distance of the lineage, which would
affect gene flow and how severely they are
affected by extrinsic barrers. or genera-
tion time, which could affect speeds of evo-
lutionary divergence between popalations
(Barraclough, 2006), As a consequence the
speciation rate of a particular genus, in this
case Clivia, will depend on the interaction
between a number of intnnsic and extrinsic
factors

What the DNA reveals

There is a large body of literature relating
to the genetics and DNA of Clivia, which
has resulted in a number of conclusions
being drawn, at different times, as to the
relationships between the different taxa

described in the genus. Being restricted
to the thicket, the study of the genetic evo-
lution of Cirvia can act as an independent
measure of how the geological and climatik
changes have affected the development of
the flora of southern Africa over the past
20 million years or more, Suh population
genetic data for thicket taxa has previously
been lacking (Cowling et al., 2005).

Studies by Ran ef al, (2001}, Swane-
velder (2003), Gagiano (2006) and Conrad
(2008), and the papers in this volume - Con-
rad & Snijman (2011), Spies et ai, (2011}
and van der Westhuizen et al. (2011), have
shown that C. mirabilis and C. nobilis are
distinct species, clearly separated by both
geography and genctics. but that the other
taxa are more difficult to define precisely
What is even mare puzzling i that C, mini-
ata with Its open flowers is, depending
upon what particular part of the genome

Figure 18, Ciwa x mmixcala growing on rocks o0 a seep south-fagng dope at Bearded Man

|
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Figure 19 An anp
ash the extrems

0 Tepa

sJren i

SCAGORUS

vachin small isolared populations.

you use, indistinguishable from its pendu
lous fowering counterparts which ocour
nearty. Sphes of al, (211) consider ¢, cau
lescens 10 be also a distinct taxon, and its
geographical separation 'rom the C. garde
nii = €. robuste distribution is on a par with
that of €, nobilis,

Within C
geographic groupings of genetic markers

miniaty there are distingt

Swanavelder (2003) showed that differ
ent haplotypes for orange-llowered plants
were located in ditTerent geagraphic areas
and some were only found in one area
Gagtano (2006] jocked only at the yelow

llowered forms and showesd that what had
been called Group 1 and Group 2 yellows
on the basis of thelr breeding characterts-
tics, were due to different mutations, and

5

s ar all. a feawure found in

S IROURNEC 10 be 3 possble resuit

ver members of the Hagmanthae suc

were also geographically constrained [see
Figure 2}

DNA also shows that C mirabilis is the
oldest of the Clivia laxa, and diverged at
about 16 - 17 Ma (Conrad & Snijman, 2011)
which corrdates with the retreat of thicket
10 the coastal margins and escarpment of
southemn Africu, as described above, and
the beginning of the aridification of central
ve ages of the
various laxa can aiso be estimated from

southem Africa. The relati

the amount of nuclear material in the cell,
and a study by Zonneveld (2005) showed
that this correlated diresctly with the dis-
tribution of the pendulous species from C,
mirabilis having the least nuciear material
1o G coulescens having the most, The posi

1on of (

miniats was nearest to C cawles-



cens, however this is contradicted by other
studies which showed it to be closest to C.
gardenil. The position of C. robusta is dis-
cussed by Hammett 12005), who likens the
speciation In Clivia to the formation and
break up of dlowds. The latest DNA studies
clarify this and [t becomes obvious that the
genetic variation in C. miniita is as broad
as that of the pendulous species whose dis-
tribution it mirrors.

Discussion

C. mirabiiis and C, nobilis would appear to
have been surviving relatively unchanged
over the past 10 or more million years, shel-
tered by thicket, which has been reduced
in distribution over tme by a changing cli-
mate driven by, amangst others, uplift of

the continental land mass and aridification
of the central area of southern Africa,

The uplit of the escarpament and a
changing. dissected landscape in the
south-eastern part of the sub-continent in
the Jast 4 million years resulted In a myriad
of individual habitats and isolated popula-
tions, resulting in the need for the original
Civiz populations to move and adapt to
new or changing habitats, as the escarp-
ment rose. This pressure was greatest in
the Eastern Cape and KwaZulu-Natal, and
resulted in the development of new taxa
with thinner leaves and in some areas thin-
ner roots, as the rainfall increased &nd the
plants were forced to adapt to different soil
types. C. cavlescens, the northernmost tax-
on, is most probably the youngest as well,

Figure 20, Another atypecal form of Chvia mimata wich hghly modified tepals. This tepal madificanan
(phyllody) can reach the extreme where Rawers consist of solid green keaf-Ske tepals, with non-viable

poten This feature in Clive is another passible resulr of the reduction of genetic diversity within small
1salared populanicrs.

&
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Figure 21. Thickes at the tap of a rock oucrop in the Kap Rever valley near Port Alfred o the Eastern
Cape. Typical plans genera nclude Srelitzv, Fuphiortna and Encephaioreos

having spread northwards from s tra-
ditional habitat on sandstones onto other
rack types with similar properties.

Ihe open-flowered mutation, which has
been described as one taxon, C. miniata,
develcped Independently at keast two areas
and most probably in more, corresponding
to its range, as the climate changed and
more different pollinators were available.
It is now necessary to look more closely at
the genetics of the open-flowered form of
Clivia to see whether it merits the status of
& sing® species, C. miniata, or whether it is
in fact necessary to do the same to it as has
been done to the pendulous forms.

It can be seen that as the populations
of the open-flowered form became more
common, and more of the form spread, it
aybridised back (o ils pendulous correlate
This introgression can clearly be observed
in the habit of the pendulous species going
80

northwards, and 15 demonstrated when
hybridising pendulous forms acress the
range with a single open form - the result-
ing plants show a range of habits which
vary from pendulous umbels in the south
to round umbels in the north,

As Clivia moved northwands its varia-
tion and gradation increased, due to adap-
tive change & habitat islands. Each incised
valley which was suitable for Clivig had a
reduced and restricted gene pool - a re-
productive island. and gene flow between
these populations was limited due to the
size of the seed and its dispersal by birds,
[n-breeding has resulted in the great vari-
ety of shapes and sizes we see today. The
reduction in diversity in local populations
has resulted in the distinct differences we
observe when hybridising plants of difTer-
ent phenatype and geegraphic origin

P, foge Deas
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