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Abstract  Chloroplast DNA restriction-site variation 
was analyzed in 30 accessions representing 20 species 
from the major lineages in ThIaspi s.l. (previously 
described as genera by Meyer 1973, 1979) and allied 
genera from the subtribe Thlaspidinae (Peltaria, Tees- 
dalia, Cochlearia, Ionopsidium, Aethionema). A total of 
161 variable restriction sites were detected. Phylogenetic 
analyses indicated a division of Thlaspi s.1. into three 
groups consistent with Meyer's genera Thlaspi s. str., 
Microthlaspi and Noccaea/Raparia. The genus Thlaspi 
s.1. as currently described proved to be paraphyletic 
because one of its major lineages, i.e. Thlaspi s. str., 
appeared to be more closely related to other genera 
(Peltaria, Teesdalia) than to the remaining lineages of 
Thlaspi s.l., i.e. Noccaea/Raparia and Microthlaspi. Se- 
quence divergence values (100 x p) between the Thlaspi 
s. 1. lineages were similar to values between these groups 
and related genera (Teesdalia, Peltaria), respectively. 
Chloroplast DNA variation was also used to assess 
subtribal classification of the genera studied. The 
cpDNA data were inconsistent with the controversial 
taxonomic classifications based on morphology. The 
molecular data would suggest that (1) the subtribe 
Thlaspidinae, as traditionally described, is not mono- 
phyletic; (2) the Thlaspidinae should be reduced to a 
group consisting of Thlaspi s. str., Peltaria, Teesdalia, 
Microthlaspi, Noccaea/Raparia, and that Aethionema 
should be excluded from the Thlaspidinae; and (3) Coch- 
learia and Ionopsidium represent the subtribe Coch- 
leariinae. 
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Introduction 

Thlaspi L. s.1. is the largest genus of the subtribe Thlas- 
pidinae (tribe Lepidieae) and comprises approximately 
75 species (A1-Shehbaz 1986). This genus is primarily 
defined by fruit characters (fruit an angustiseptate 
silicule, the valves keeled and usually winged; locules 
containing 2-6, rarely 1 10, seeds). Several controver- 
sial infrageneric classifications have been proposed, 
mainly based on fruit characters (reviewed in Mummen- 
hoffand Koch 1994). Meyer (1973, 1979) questioned the 
naturalness of the genus Thlaspi s.1.. By analyzing the 
anatomy of the seed testa, Thlaspi s.1.. was split into 12 
segregate genera; the differences between them were 
considered too great to warrant their subordination, as 
sections or subgenera, to a single, broadly defined genus 
(Meyer 1973, 1979). This concept, however, was not 
followed by other authors (Hedge 1976; A1-Shehbaz 
1986; Greuter et al. 1986; Schultze-Motel 1986). Recent- 
ly we have studied Thlaspi s.1. by isoelectric-focusing 
(IEF) analysis of Rubisco subunits (Mummenhoff and 
Zunk 1991) and cpDNA restriction-site analysis (Mum- 
enhoff and Koch 1994). The major splits in Thlaspi s.1. 
were strongly confirmed relative to the taxa studied and 
they correspond to Meyer's segregates Thlaspi s.str, 
Microthlaspi und Noccaea (including Raparia). Chloro- 
plast DNA sequence divergence between these groups 
was higher than that usually found in intrageneric ana- 
lyses and comparable to levels of divergence between 
related genera of other angiosperm families (Mummen- 
hoff and Koch 1994). Nevertheless, critical evaluation of 
the taxonomic status of these segregates should await 
the analysis of related genera such as Aethionema, Pel- 
taria and Teesdalia. 

Tribal, subtribal, and even generic, boundaries in the 
Brassicaceae are often arbitrarily drawn and, therefore, 
these taxa may often not reflect natural groups (Hedge 
1976; A1-Shehbaz 1984). Likewise, there is little agree- 
ment among the various morphologically based classifi- 
cations as to the limits of the Thlaspidinae (Hayek 1911; 
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Schulz  1936; J a n c h e n  1942; A1-Shehbaz 1986). This sub-  
tribe clear ly consists  o f  the core  genera  Thlaspi s.1., 
Ionopsidium, Teesdalia, Bivonaea, a nd  a var iable  n u m b -  
er of  m o s t l y  m o n o t y p i c  genera  d is t r ibu ted  by  different 
au tho r s  a m o n g  several subtr ibes  o f  the tribe Lepidieae  
and  even a m o n g  o the r  tribes. A m o r e  na tu ra l  classifica- 
t ion  o f  the Th lasp id inae  w o u l d  pe rhaps  be achieved by  
g r o u p i n g  closely re la ted species a nd  genera  a nd  w o r k i n g  
upward ,  using an  a l ternat ive  a p p r o a c h  to the m o r -  
pho log ica l ly  based  taxonomies .  

In  the Brassicaceae,  c p D N A  studies have  a l ready  
c o n t r i b u t e d  to a c lar i f icat ion of  genetic  re la t ionships  
a m o n g  Brassica and  allied genera  (Warwick  and  Black  
1991; W a r w i c k  et al. 1992), Arabidopsis and  related 
genera  (Price et al. 1994), a nd  in Thlaspi a nd  Lepidium 
( M u m m e n h o f f  and  K o c h  1994; M u m m e n h o f f  et al. 
1995). A m a j o r  s t rength  of  c p D N A  analysis  is tha t  it 
p rov ides  n u m e r o u s ,  i nde pe nde n t  mo lecu la r  charac te rs  
tha t  can  of ten r igorous ly  define m o n o p h y l e t i c  l ineages 
(Sytsma 1990). This  is i m p o r t a n t  when  w o r k i n g  with 
p lan t  groups ,  e.g. t axa  of  Brass icaceae tha t  a p p a r e n t l y  
s h o w  m o r p h o l o g i c a l  conve rgence  a nd  paral le l ism 
( D v o r a k  1971; M e y e r  1973; Avet is ian  1983). F o r  in- 
stance, in Thlaspi s.l. fruit shape  is par t i cu la r ly  conver -  
gent  (Meyer  1979, 1991), a l t h o u g h  it has  been used 
p rev ious ly  for infrageneric  classif ication in Thlaspi s.1.. 
Analys is  of  these n o n - m o l e c u l a r  charac te r s  in such 
g r o u p s  can  easily suggest  mis leading  phy logene t i c  rela- 
t ionships  (Sy t sma  1990). The  object ives of  the present  
s tudy  are: 
(1) to  test the hypo thes i s  o f  m o n o p h y l y  in Thlaspi s.1. by  
c o m p a r a t i v e  restr ict ion-si te  m a p p i n g  of  the c p D N A  of  
Thlaspi s.1. and  re la ted genera,  a nd  in the process  (2) to 
compare  the subtribal taxonomies  of  H a y e k  (1911), Schulz 
(1936) and  J a n c h e n  (1942), relative to the taxa  studied.  

Materials and methods 

Plant material 

We have examined cpDNA variation in 20 species (30 accessions) 
from three major lineages within Thlaspi s.1. representing four of 
Meyer's segregates (Meyer 1973) and from genera assumed to be more 
or less related to Thlaspi s.1. depending on the analysis of different 
authors. The taxa included in this study are given in Table 1. 
Information on the origin of plant material can be provided by the 
authors on request. Voucher specimens are deposited at OSBU. 

Molecular methods 

Young fresh leaves were usually harvested from plants grown in the 
greenhouse. In some cases DNA was extracted from field-collected 
leaves dried and preserved with silica gel (Chase and Hills 1991). Total 
cellular DNA from individual plants was isolated from 0.5 to 2.0 g of 
leaf material by a modified CTAB method (Doyle and Doyle 1987), 
including 2% PVP in the extraction buffer, organic extraction with 
phenol/chloroform/isoamyl alcohol (25:24: 1, v/v/v), and chloro- 
form/isoamyl alcohol (24:1, v/v). DNA-precipitation was carried out 
with sodium acetate (pH 4.8) and 2-propanol. DNA was digested with 
ten restriction endonucleases (BRL, Eurogentec, Boehringer) recog- 
nizing six-base-pair sequences: BglI, EcoRV, HindIII, KpnI, PstI, 
PvuII, ScaI, SstI, S tuI and X hoI. Restriction fragments were separated 

electrophoretically on 0.4-0.6 % agarose gels and transferred to nylon 
filters (Pharmacia-LKB). Filters were sequentially probed with 19 
clones and five subclones representing nearly the entire chloroplast 
genome of Brassicajuncea (L.) Coss. Clones were kindly provided by 
J. Palmer (University of Indiana), R. Price (University of Georgia) and 
S. Warwick und C. Black (Biosystematic Research Center, Ottawa), 
respectively. Clone number and size are shown in Warwick and Black 
(1991, Fig. 1). Preparations of digoxigenin-labelled probe DNAs, 
filter hybridizations, filter decolorization and probe removal all 
followed the manufactur's instructions (Boehringer Mannheim) with 
the modifications described by Mummenhoff and Koch (1994). 

Data analysis 

Restriction-site maps were constructed for all taxa under study 
relative to clones of the Brassicajuncea chloroplast genome. Presence 
and absence of restriction sites were scored as a 1/0 data matrix. The 
restriction-site maps and the 1/0 data matrix are available from the 
authors upon request. To test for non-random structure in the data, 
the frequency distribution of the lengths of 10000 trees randomly 
selected by PAUP (version 3.1.1; random trees option, Swofford 1991) 
from the set of all possible trees was evaluated for left-handed 
skewness (Hillis and Huelsenbeck 1992). Cladograms were generated 
from synapomorphic restriction sites using Wagner parsimony in 
PAUP. Heuristic searches for the most parsimonious trees were 
conducted by using a simple addition sequence of taxa followed by 
TBR branch swapping, and employing 100 random addition se- 
quences, followed by the TBR branch-swapping algorithm. 

Trees were rooted by the outgroup method. Because taxa in- 
cluded in the present study have been classified by some authors 
within other subtribes of Lepidieae, and even other tribes, we decided 
to use more remote outgroups than by simply choosing taxa from 
other subtribes of the Lepidieae. The morphological and rbcL ana- 
lyses of Rodman (1991) and Rodman et al. (1993), respectively, all 
indicate that the Brassicaceae is well nested within the core group of 
capparalean families, and that the Brassicaceae is most closely related 
to the clemoid subfamily of the Capparaceae, from which it may have 
been derived (Rodman et al. 1993; Price et al. 1994). The New World 
tribe Thelypodieae was considered by some to be the most primitive 
tribe in the Brassicaceae and many authors have postulated that the 
subfamily Cleomideae (Capparaceae) is the direct progenitor of the 
Brassicaceae though the intermediate link of the Thelypodieae (for 
review see Hayek 1911; Hedge 1976; Hauser and Crovello 1982; 
A1-Shehbaz 1985). This provides justification for the use of members 
of the Capparaceae and of the tribe Thelypodieae as outgroups in 
phylogenetic studies of the Lepidieae. 

In addition to equal weighting of character states in Wagner 
parsimony, the data were also analyzed by weighted parsimony 
(Albert et al. 1992). Character-state weighting was implemented using 
the step-matrix options of PAUP. Implementation followed recom- 
mendations in Albert et al. (1992); costs of site gains over site losses 
were 1.5:1, 1.3:1, or 1.1:1. Restriction-site data for all mapped 
enzymes were also used to calculate 100 x p values (Nei and Li 1979, 
equation 9 and 10), an estimate of nucleotide-sequence divergence 
between species. The neighbor joining (NJ) method (PHYLIP, ver- 
sion 3.4) was used to construct distance dendrograms from the 
resulting sequence-divergence matrices (Table 1). Bootstrap analysis 
(Felsenstein 1985) was performed to determine statistical support for 
the groups inferred to be monophyletic. One hundred bootstrap 
replications were run in PAUP with heuristic search options. 

Results and discussion 

C o m p a r a t i v e  c p D N A  restr ict ion-si te  m a p p i n g  a l lowed 
us to recognize  259 restr ic t ion sites in the 24 taxa  
surveyed.  We  detec ted  161 var iable  sites (62.2%) of  
wh ich  103 were s y n a p o m o r p h i c  and  58 were 
a u t a p o m o r p h i c .  N o  differences in c p D N A  restr ict ion-  
site pa t t e rns  were f o u n d  a m o n g  different accessions o f  
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the species studies, with the exception of Microthlaspi 
perfoliatum. Our recent analysis (Mummenhoff and 
Koch 1994) of eight populations suggested that "north- 
ern" accessions from Germany (M. perfoliatumN) have a 
common plastome type different from the plastomes of 
populations south of this region (M. perfoliatumS; Swit- 
zerland, France, Italy). In the current study only two 
accessions each from the "northern" and "southern" 
plastome types were included (Fig. 1). 

Phylogenetic information content in the data set was 
estimated by the skewness coefficient (gl; Hillis and 
Huelsenbeck 1992). The random search of 10000 of all 
possible trees produced a highly left-handed skewed 
(gl = -0 .713)  frequency distribution of tree lenghts, 
indicating significant (P < 0.01) non-random structure 
in the data (Hillis and Huelsenbeck 1992). Initially, 
phylogenetic analyses were performed using outgroup 
species from the tribe Thelypodieae (Streptanthus 
glandulosus, Caulanthus cooperi) and from the related 
family Capparaceae (Capparis spinosa). However, the 
resulting trees (data not shown) did not provide support 
for the monophyly of the Thaspidinae as traditionally 
described. This was due to the occurrence of many 
shared-site mutations between the Thelypodieae and 
some members of the Thaspidinae. Therefore we omit- 

ted members of the Thelypodieae as outgroup taxa from 
subsequent analyses�9 

Wagner parsimony analysis (heuristic searches) 
identified 168 equally parsimonious trees with lengths of 
189, a consistency index (ci) of 0.55 (without autapomor- 
phies), and a retention index (ri) of 0.77. Variable topolo- 
gies at the base of the trees, within Thlaspi s. str., 
Noccaea, Ionopsidium, and the variable position of 
Teesdalia were responsible for the large number of most 
parsimonious trees. Differentially weighted parsimony 
analysis has been proposed as a method for analyzing 
restriction-site data that is preferable to Wagner and 
Dollo parsimony (Albert et al. 1992; Holsinger and Jan- 
sen 1993; Olmstead and Palmer 1994). Justification for 
weighted parsimony analysis is based on the unrealistic 
assumption regarding restriction-site evolution re- 
quired by Wagner parsimony (all changes equally likely) 
and Dollo parsimony (a site can be gained only once) 
(Olmstead and Palmer 1994). The three different charac- 
ter-state weights used in the present study gave results 
that differed only in the relative placement of Teesdalia, 
Ionopsidium acaule and variable topologies within Noc- 
caea. However, in contrast to the Wagner trees, basal 
branching was consistent in all weighted parsimony 
topologies. Weighting at a gain: loss cost ratio of 1.1:1 

Fig. 1 One of 168 equally 
parsimonious Wagner tree for 
Thlaspi s.1. and related genera 
based on cpDNA data. This 
topology was also identified 
as among the four shortest 
trees using character state 
weighting at a gain loss cost ratio 
of 1.3 : 1 and 1.5 : 1. Tree length 
is 189, consistency index 0.55 
(without autapomorphies). 
Numbers above the branches 
refer to the numbers of 
mutational steps, numbers below 
the branches are percent 
probability values obtained 
with bootstrap analysis. 
Autapomorphies (mutations 
unique to a given taxon) are 
indicated at the end of terminal 
branches. Taxa traditionally 
described as ThIaspi s.1. 
are marked with a black dot. 
Capparis spinosa (Capparaceae) 
served as the outgroup. For 
further explanation refer to 
Results and discussion 
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identified a single most-parsimonious tree (also among 
the shortest Wagner trees) with Teesdalia as a sister to 
the Microthlaspi and Noccaea/Raparia clade, and 
Ionopsidium acaule as a sister to Cochlearia. A cost ratio 
of 1.3:1 and 1.5:1 identified the same four trees (also 
among the most-parsimonious Wagner trees) only dif- 
fering in variable topologies within Noccaea and the 
relative position of Ionopsidium acaule. In two of these, 
I. acaule is placed as a sister to Cochlearia (Fig. 1) 
whereas the other two trees placed it as next basal to I. 
abulense and I. prolongoi. The 1.1 weight topology was 
very similar to 1.3 and 1.5 weight trees, but it differed 
from all these in removing the Teesdalia plastome from 
its position as a sister taxon to the Peltaria/Thlaspi s. str. 
clade and placing it as the next basal plastome to the 
Microthlaspi, Noccaea/Raparia clade. The NJ tree (data 
not shown) constructed from distance matrices included 
many of the same groups identified as clades by parsimony 
analyses. The NJ tree was nearly identical in topology 
with two of the four shortest 1.3 and 1.5 weight trees just 
mentioned, placing I. acaule as a sister to the remainder of 
Ionopsidium; differences among these two parsimony trees 
and the NJ topology involved the placement of Raparia 
bulbosa and Noccaea taxa relative to one another. 

Bootstrap analysis (Felsentein 1985) was used to 
estimate the confidence to be placed in groups inferred 
to be monophyletic. Recently it was suggested that the 
narrow application of the bootstrap to accept or reject 
hypotheses of monophyly on the basis of 95% confi- 
dence levels (Felsenstein 1985) is too strict (Hillis and 
Bull 1993). Using computer simulations and a labora- 
tory generated phylogeny, Hillis and Bull (1993) demon- 
strated that, for a variety of conditions, clades represen- 
ted by bootstrap values of > 70% have a high probabil- 
ity of being real. Many clades of our phylogenetic trees 
are supported by bootstrap values > 70% and, there- 
fore, appear to be genuinely monophyletic (Fig. 1). Some 
basal clades are characterized by bootstrap proportions 
< 50% (Fig. 1) apparently due to the lack of characters 
and/or high rates ofhomoplasy. In this context it may be 
noted that, at higher taxonomic levels, few cpDNA 
characters were found to support basal clades and in- 
creased levels of homoplasy were observed (Jansen et al. 
1990; Bruneau and Doyle 1993). Furthermore these 
"uncertain" basal clades with bootstrap proportions 
< 50% (Fig. 1) were observed in our analyses with 
> 80% consistency in the rival Wagner trees and with 
100% consistency in the weighted parsimony trees and 
in the NJ tree. 

Thlaspi s. str. versus Thlaspi s.1. 

As outlined in the introduction section, the classification 
of the genus Thlaspi s.1. is difficult and controversial 
(A1-Shehbaz 1986; Mummenhoff and Koch 1994). Our 
recent phylogenetic restriction-site analysis of cpDNA 
from 22 representatives from all sections within Thlaspi 
s. 1., as defined by Schulz (1936) and Ball et al. (t993), 

indicated three distinct lineages that are congruent with 
the respective genera of Meyer (1973, 1979), i.e. Thlaspi s. 
str., Microthlaspi, and Noccaea with Raparia included 
(Mummenhoff and Koch 1994, Fig. 1) These three gen- 
era embrace the bulk of species formerly classified in 
Thlaspi s.1.. Although cpDNA sequence divergence 
(100 x p values) between these lineages was higher than 
usually found in intrageneric analyses the evaluation of 
the taxonomic status of the segregates was not possible 
mainly because none of the related genera of Thlaspi s. 
1. were studied (Mummenhoff and Koch 1994). The 
present analysis includes representatives from four of 
Meyer's segregates and related genera such as 
Aethionema, Teesdalia and Peltaria. Chloroplast DNA 
divergence values between these major lineages of 
Thlaspi s.1. were similar to values between these groups 
and related genera such as Teesdalia and Peltaria, re- 
spectively (Table 1). The results of our phylogenetic 
cpDNA analysis clearly indicate that Thlaspi s.1. as 
traditionally delimited is paraphyletic because one of its 
major lineages, Thlaspi s. str., is more closely related to 
Peltaria and Teesdalia than to the other lineages, i.e. 
Microthlaspi and Noccaea (Fig. 1). This conclusion is 
not without parallels in the Brassicaceae. The cpDNA 
studies of Warwick and Black (1990), Warwick et al. 
(1992) and Price et al. (1994) apparently suggest that 
Brassica, Diplotaxis and Arabidopsis, respectively, are 
also highly unnatural groups in their current delimita- 
tion. The distinctiveness of Thlaspi s. str. versus the 
other Thlaspi s.1. lineages in respect of seed testa 
characters has already been commented on by Meyer 
(1973, 1979). We also recognized the greatest differences 
between Thlaspi s. str. and the other Thlaspi s.1. 
lineages; Thlaspi s. str. differs by at least 37 cpDNA 
mutations from Microthlaspi, Noccaea and Raparia 
(Fig. 1). All species of Thlaspi s. str. show no abnormal 
tendency to take up nickel or zinc, whereas abnormal 
metal-accumulation potential was reported from other 
lineages, e.g. Noccaea and Raparia (Reeves 1988). 

The results of our cpDNA studies provide compelling 
evidence for recognizing Thlaspi s. str. as a distinct 
genus, with Peltaria as its closest relative. The 
cpDNA data would also appear to favour the 
inclusion of Raparia within the genus Noccaea, and 
Microthlaspi could easily be treated at the subgeneric 
level. The genera mentioned above all share common 
ancestry, and Teesdalia also appears to belong in this 
lineage. Taxonomic evaluation of the remaining segre- 
gates of Meyer (1973) was not performed because (1) 
these taxa are distributed in the Middle East (Turkey, 
Kurdistan, Caucasus, Azerbaidjan, Armenia, Iran) 
where sampling is not possible at the moment, and (2) 
these taxa were not available from botanical gardens or 
collections. 

Subtribal classification 

The clades common to all cpDNA parsimony analyses 
suggest several conclusions about generic groupings. 
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There was good agreement between one of our plastome 
clades (Fig. 1) and genera (Peltaria, Teesdalia, Thlaspi s. 
str., Microthlaspi, and Noccaea/Raparia) that have been 
recognized by Hayek (1911) as being related. However, 
Hayek (1911) included Cochlearia in the Thlaspidinae, 
which is placed on the cpDNA tree along with Ionop- 
sidium in a separate clade (Fig. 1). Cochlearia was treated 
by Schulz (1936) and Janchen (1942) as core group of the 
subtribe Cochleariinae whereas Ionopsidium was 
included by both authors and Hayek (1911) in the 
Thlaspidinae. The cpDNA data demonstrate close rela- 
tionships among both genera. 

Only taking into account the taxa under study, the 
cpDNA data would suggest that the subtribe Thlas- 
pidinae should perhaps be reduced to the core genera 
Thlaspi s. str., Peltaria, Teesdalia, M icrothlaspi and Noc- 
caea/Raparia, whereas Cochlearia and Ionopsidium 
seem to represent the subtribe Cochleariinae. 
Chemosystematic data also give support to this group- 
ing. Genera of the subtribe Thlaspidinae, as delimited 
here, are characterized by their main seed oil compo- 
nents, i.e. monosaturated fatty acids longer than Cla. 
Teesdalia produces high amounts of eicosenoic acid 
(20: 1) and the remaining taxa accumulate erucic acid 
(22:1); Microthlaspi additionally shows remarkable 
amounts of nervonic acid (24:1) (Kumar and Tsunoda 
1980; Avetisian and Fursa 1990). These fatty acids are 
very uncommon in the tribe Lepidieae (otherwise ac- 
cumulating linoleic acid C18:3 ) including Aethionema 
and Cochlearia (Kumar and Tsunoda 1980; Avetisian 
and Fursa 1990). 

Our cladistic analysis of cpDNA variation suggests 
that the subtribe Thlaspidinae, as currently or tradition- 
ally recognized, is not monophyletic. The plastomes of 
two members (Caulanthus, Streptanthus) of the tribe 
Thelypodieae surveyed were placed as a sister clade to 
the core genera of Thlaspidinae, recognized here as 
Thlaspidinae s. str. This result was stable in both Wagner 
and weighted parsimony analyses. The non-basal position 
of Thelypodieae is an unexpected result as relationships 
among the Capparaceae and Thelypodieae have often 
been suggested on the basis of similarities in floral 
morphology (Hayek 1911; Hauser and Crovello 1982; 
A1-Shehbaz 1984). Instead, Aethionema turned out as a 
sister group to all the other taxa studied and, therefore, 
should be excluded from the Thlaspidinae (Fig. 1). These 
results are confirmed by recent analyses. Our prelimi- 
nary sequence studies of the ITS region of the nuclear 
ribosomal DNA (unpublished data), as well as rbcL 
sequence studies (Price et al. 1994), also demonstrate 
Aethionema as a sister group to other Brassicaceae, 
using the Capparaceae as an outgroup. Except for Ha- 
yek (1911), who assumed Aethionema to be a member of 
the subtribe Iberidinae, later authors (Schulz 1936; Jan- 
chen 1942) placed Aethionema in the subtribe Thlas- 
pidinae; A1-Shehbaz (1986) even advocated that 
Aethionema is most closely related to Thlaspi s.1.. But 
the problem really is where does Aethionema, a genus of 
about 60 species, belong. One could speculate that 

Aethionema, and perhaps other genera so far not in- 
cluded in our studies, represents an evolutionary lineage 
in the Brassicaceae, that may have diverged from other 
lineages very early in the evolution of the family. How- 
ever, hypotheses on the origin of and evolution within 
the Brassicaceae are beyond the scope of the present 
study and certainly should await broad morphological 
and molecular-based cladistic studies. 

Plant breeding and phylogenetic analysis 

In the search for renewable oils to replace mineral oils, 
plant breeders have attempted to develop Brassicaceae 
oilcrops with a high content of long-chain fatty acids (i.e. 
nervonic acid, C24:1, typical of Microthlaspi perfoliatum) 
by somatic hybridization techniques (Fahleson et al. 
1994). However, evaluating the possibilities and limita- 
tions of somatic hybridization within the Brassicaceae 
requires a knowledge of the phylogenetic relatedness 
between the species utilized (Fahleson et al. 1994). The 
cpDNA analysis of Warwick and Black (1991) in Bras- 
sica and allied genera and the present cpDNA study 
in the Thlaspidinae provided new insights into 
phylogenetic relationships. From such investigations it 
should be possible to estimate the degree to which 
genetic divergence limits the production of somatic 
hybrids (Fahleson et al. 1993). 
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