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Abstract: Data available for the nucleolus organizing region in the family
Apiaceae are reviewed. An attempt has been made to establish the exact number of
this region in various subfamilies and tribes through studies on the karyotype and
nucleolus. Most of the taxa have a single nucleolar chromosome per haploid
complement. The location of the nucleolar organizing region (NOR) on the
chromosome varies. Members of Hydrocotyloideae differ drastically from those of
subfam. Saniculoideae and Apioideae, with respect to the location of NOR.
Despite wide geographical distribution, varied ecological preferences and dif-
ferences in morphology, anatomy and cytology, Umbellifers have attained
stability in the number and location of NORs. Characters of NOR offer scope for
utilization in understanding phylogenetic relationships at higher levels of tax-
onomic hierarchy.

Apiaceae is one of the largest dicotyledonous families, comprising over
2,700 species (RENDLE 1971). After differentiating from their pro-
Araleaceous ancestors, sometime during the tertiary period (MATHIAS
1965), Umbellifers have dispersed to regions covering varied ecoclimatic
conditions. Many species have become cosmopolitan in distribution.

Adaptation to diverse habitats has called for divergence in morp-
hology, anatomy, pollen architecture, chromosome make up and the
breeding system. As a consequence of this the present day species vary in
habit from tiny herbs (members of subfam. Hydrocotyloideae) to large
shrubs (Prangos, Heracleum, Angelica) and small trees (Ferula). Signifi-
cant changes have also taken place in anatomy and pollen grain structure
(CErCEAU-LARRIVAL 1971). Umbellifers display a wide range of variability
in their breeding system as well; the species are hermaphrodite, andro-
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monoecious, gynodioecious or dioecious. Even in respect of chromosome
complement they exhibit a good deal of heterogeneity (HamaL 1981); the
haploid chromosome counts range from n = 4-84.

In view of this all round variability, it was considered an excellent
group for evaluating the nature of nucleolar chromosomes. On account of
their prominent physical landmarks, these chromosomes have assumed
great importance in unravelling problems of ancestry and phylogeny
(Macaint 1972, 1975, Mageint & al. 1976, LANGER 1980, LANGER & KouL
1981, 1983, SHarRMA 1984, SHARMA & al. 1986). An attempt has been made
to explore the nature of variability existing within the family with respect
to number, size and structure of these specialized chromosomes and to
employ the data that are generated for evaluating phylogenetic relation-
ships. The results and inferences drawn from this exploration constitute
the contents of this communication.

So far, only 1,290 of the 2,700 species of Umbelliferae have been
assessed for their chromosome number. Data on karyology are even more
scanty. The number of species with known chromosome complements is
justaround 170. Even out of these, more than half are based on microtome
sectioning (MELDERIS 1930, WANSCHER 1933, GARDE & MALHEIROS (GARDE
1949, 1954, CAUWET 1967 a, 1967b, 1968, 1971, ENGSTRAND 1970, QUEIROS
1972) and cannot therefore be depended upon for making comparisons.
This dismal situation prompted Moork (1971) to state that “almost at
every hierarchical level in the Umbelliferae, we are still at the level of a-
cytotaxonomy”. Even after more than a decade of this realization, the
family has received no better deal in the hands of cytologists and
cytotaxonomists, with the result that in his presidential address to the
botanical section of the 68th session of the Indian Science Congress,
DNyaNsaGaR (1981) stated, “I hope this account of cytogenetics of the
Umbelliferae will inspire many young workers to undertake work on those
plants of the family which have not yet been tackled or the plants where
the work is still inadequate”. In persuance of these observations, we
initiated work on such species of the family which abound in the western
Himalayas. Our experience with Umbellifer chromosomes suggests that
the paucity of cytological literature is partly due to the small flower size
which makes their handling difficult and partly to the difficulty of
germinating the seeds in vitro. Satisfactory chromosome scattering and
staining is also difficult.

In the Apiaceae, the usefulness of data concerning Sat. chromosomes is
at present, rather limited. This is primarily because only a handful of
species have been studied from this angle. Even in such species which have
been karyotyped, a great deal of confusion exists with respect to the
number of NORs (Table 1).
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Material and Methods

The authors undertook karyology of 35 taxa, representing eight tribes and all
the three subfamilies (Hydrocotyloideae, Saniculoideae and Apioideae), recognized
in the Apiaceae by Drupe (1898). The sample includes plants of diverse habits
(ranging from herbs to large shrubs), habitats (300 to 6,000 m) and chromosome
numbers (2n = 12, 14, 16, 18, 20, 22, and 26). For origin of the material see Table
2. Voucher specimens are preserved in the herbarium Jammu University. Root tips
were treated in saturated solution of paradichlorobenzene or 0.008 M hydroxy-
quinoline for 3—4 hours and fixed in acetic-alcohol (1:3) for 24 hours. Before
squashing in 1% aceto-orcein, root tips were hydrolysed in 9: 1 mixture of aceto-
orcein and 1 N HCI. For studies on nucleolus, root tips were fixed in a mixture
comprising 12 parts 95% ethyl alcohol, 6 parts formaldehyde and 1 part glacial
acetic acid for 24 hours. Fixed root tips were hydrolysed in 1 N HCl at 60 °C for 2
hours before squashing in 1% aceto-carmine.

The number of NORs determined from karyology has been authenticated by
data collected on the number of nucleoli organized in interphase nuclei (Table 1)
and the number of nucleolar bivalents.

Results and Discussion

Perusal of the table brings out two important points. First, that
diversity in morphological, ecological, anatomical and cytological
features notwithstanding, all taxa, barring Coriandrum sativum, have a
single NOR per haploid complement (Figs. 1, 2). Second, that a strict
numerical correlation exists between NORs and nucleoli. In the light of
these findings, all those past reports which describe more than one
nucleolar chromosome per monoploid complement, in these taxa, have
been disregarded for present discussion.

As already mentioned, except for Coriandrum sativum, which has
secondary constrictions on two chromosome pairs, all other species have
only one pair of nucleolar organizing chromosomes. Of the two marker
pairs in Coriander, one has the secondary constriction in the middle of
long arm, while in the other, it is located towards the free end of the short
arm. Interphase nuclei (in the root tip cells) of even this species organize
only two nucleoli (Fig. 35) indicating that only two of the four secondary
constrictions bear active NORs, which parallels the situation obtaining in
the other species of the family. Moreover, during pmc meiosis, only one
bivalent remains terminally associated with the nucleolus (Fig. 44d)
confirming that only the secondary constriction located in the short arm is
functional in terms of nucleolar organization. In all other taxa as well, the
terminal end of a single bivalent remains attached to the nucleolus (Fig. 4),
which is in keeping with the number of secondary constrictions present in
their somatic complements.

Although complete uniformity exists with respect to the number of
NORs per complement, prominent differences exist in the morphology of
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Fig. 1. Karyoidiograms of Umbellifers: a Hydrocotyle sibthorpoides; b Centella
asiatica; ¢ Eryngium billardierii; d E. coeruleum, e Sanicula elata; f Chaerophylium

acuminatum; g Scandix pecten-veneris; h Torilis arvensis; i T. japonica; j T.
Coriandrum sativum; n Conium maculatum; o Ammi majus; p A. visnaga; g Apium
graveolens; r Berula erecta. Bar 10 um

leptophylla; k Daucus carota subsp. carota; | D. carota subsp. sativus, m
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Cuminum cyminum,; d Foeniculum vulgare subsp. vulgare; e F. vulgare subsp.

piperitum, f Ligusticum elatum; g L. thomsonii; h Qenanthe javanica; i Pimpinella

diversifolia; j P. stewartii; k Sium latijugum; 1 Trachyspermum ammi; m Vicatia

conifolia; n Anethum graveolens, o Angelica archangelica, p Ferula jaeschkeana; q
Heracleum candicans. Bar: 10 ym

Fig. 2. Karyoidiograms of Umbellifers: a Bupleurum tenue;, b Carum carvi; ¢
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Fig. 3. Interphase nuclei from root meristem of Apiaceae: a Scandix pecten~
veneris; b Coriandrum sativum; ¢ Sium latijugum; d Ammimajus; e Torilis arvensis; f
Daucus carota. Nuclei of all species are either mono- or binucleolate. Bar: 10 um
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Fig. 4. Prophase pollen mother cells of Apiaceae: a Eryngium coeruleum; b

Sanicula elata; ¢ Foeniculum vulgare subsp. vulgare; d Coriandrum sativum. Note

the presence of a single bivalent, terminally attached to the nucleolus, in all the
species (arrows). Bar: 10 um
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Fig. 5. Chromosome complements of Apiaceae: a Eryngium coeruleum; b
Hydrocotyle sibthorpoides, ¢ Ferula jaeschkeana; d Heracleum candicans, showing
A, B, C, and D nucleolar chromosome types respectively (arrows). Bar: 10 pym

these chromosomes (Fig. 5). Four morphotypes have been identified
whose characteristics are:

Type A: Submetacentric (arm ratio 2.00 to 2.66), satellites attached to
short arm (Fig. 54).

Type B: Subtelocentric; satellites attached to long arm (Fig. 55).

Type C: Subtelocentric; satellites attached to short arm (Fig. 5¢).

Type D: Modified version of “type C”, with a chromatin body
intercalated between the short arm and the satellite (Fig. 5d).

Table 2 lists the relative representation of the four types of nucleolar
chromosomes in the taxa studied hitherto.

The B-type nucleolar chromosome is restricted to members of the
Hydrocotyloideae. Similarly, type D has been discovered only in
Heracleum candicans. This chromosome seems to have originated by the
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Table 2. Representation of different nucleolar chromosome types among
Apiacean taxa presently studied. All places in J&K State, India; K = Kashmir
Province, J = Jammu Province

Taxon Chromo- No. of Nucleolar Origin
some nucleolar chromo-
number  chromo- some
(2n) somes type
HYDROCOTYLOIDEAE
Hydrocotyle
sibthorpoides 24 2 A Srinagar, K. TAH 103.
Centella asiatica 18 2 A Kathua, J. IAH 86.
SANICULOIDEAE
Eryngium billardierii 16 2 B Srinagar, K. TAH 9%4.
E. coeruleum 16 2 C Harwan, K. IAH 104.
Sanicula elata 16 2 C Patni Top, J. IAH 159.
APIOIDEAE
Chaerophyllum acuminatum 22 2 B Baba Reshi, K. IAH 162.
Scandix pecten-veneris 26 2 B Poonch, J. IAH 170.
Torilis arvensis 12 2 B Jammu. IAH 182.
T. japonica 16 2 C Patni top, J. IAH 161.
T. leptophylla 12 2 C Srinagar, K. IAH 137.
Daucus carota subsp. carota 18 2 C Jammu. TAH 93.
D. carota subsp. sativus 18 2 C Harwan. K. IAH 149.
Coriandrum sativum 22 2 C Jammu. TAH 204.
Conium maculatum 22 2 C Srinagar, K. TAH 106.
Ammi majus 22 2 C Jammu. TAH 67.
A. visnaga 20 2 C Jammu. TAH 68.
Apium graveolens 22 2 C Srinagar, K. IAH 100.
Berula erecta 18 2 C Srinagar, K. IAH 107.
Bupleurum tenue 16 2 C Mansar, J. TAH 155.
Carum carvi 20 2 C Gulmarg, K. TAH 127.
Cuminum cyminum 14 2 B Jammu. IAH 72.
Foeniculum vulgare
subsp. vulgare 22 2 C Jammu [AH 70.
F. vulgare subsp.
piperitum 22 2 C Kishtwar, J. IJAH 109.
Ligusticum elatum 22 2 -C Patni Top, J. IAH 158.
L. thomsonii 22 2 B Pahalgam, K. TAH 144,
Oenanthe javanica 20 2 C Jammu. TIAH 71.
Pimpinella diversifolia 18 2 C Patni Top, J. IAH 179
P. stewartii 18 2 C Poonch, J. IAH 200.
Sium latijugum 12 2 C Srinagar, K. TAH 99.
Trachyspermum ammi 18 2 C Jammu TAH 92.
Vicatia conifolia 22 2 C Gulmarg, K. TAH 125.
Anethum graveolens 22 2 C Jamu. TAH 79.
Angelica archangelica 22 2 C Gulmarg, K. IAH 131
Ferula jaeschkeana 22 2 C Sonamarg, K. IAH 147.
Heracleum candicans 22 2 D Harwan, K. IAH 102
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translocation of the satellite and NOR from one chromosome to another
already in possession of a nucleolar organizer. This structural modifica-
tion does not alter its role in nucleolar organization which is evident from
the fact that cells of the root meristem of H. candicans have either mono-
or binucleolate nuclei (HamaL & al. 1983).

The C-type nucleolar chromosome is most common. Out of the 35 taxa
of Apiaceae tested for the purpose, 26 have this chromosome type. The A-
type nucleolar chromosome has been recorded in one member of subf.
Saniculoideae and five of Apioideae. Going by the arm ratio, the
submetacentric A-type is more like type-C. To sum up, it can be concluded
that in all taxa of the Saniculoideae and Apioideae the NORs are located
within the secondary constriction located towards the terminal end of the
short arm.

The uniformity of Umbellifers in respect of the number of NORs per
genome does not undermine the role of these chromosomes as characters
of taxonomic and phylogenctic importance. This is because the nucleolar
chromosomes vary with respect to location of secondary constriction (see
Table 2). Commenting on the nature of nucleolar chromosomes in relation
to phylogeny, LANGER (1980) proposed that in the primitive taxa, the
NOR occupies an interstitial position. When at the distal position, it is
usually located within the long arm. In comparatively advanced members,
the NOR is located towards the distal end of the short arm. Observations
on members of the Apiaceae fall in line with this proposition. The subfam.
Hydrocotyloideae, members of which have the NOR in the long arm, has
been ranked as the most primitive of the three subfamilies, on grounds of
plant morphology, anatomy, palynology (HaMAL 1981) and phytochemis-
try (HEywoon 1971).

Data on plants of diverse phylogenetic status suggest that, in the plant
kingdom as a whole, evolution often has involved reduction in number of
nucleolar chromosomes per genome (LANGER 1980, KouL & LANGER
1984). Concurrently, the NOR seems usually to have shifted from the
intercalary to terminal position. The presence of a single distal NOR per
haploid complement, in members of Apiaceae, which is a highly advanced
family among polypetalous dicots, is in keeping with this contention. It
would be quite pertinent to quote the suggestion of Macacint (1975) and
Macacint & al. (1976) on some aspects of NOR at the molecular level.
While studying the ribosomal nucleotide sequences in plants of diverse
phylogenetic status (including different Gymnosperm and Angiosperm
families), these workers have concluded that plants differ with respect to
the magnitude of conservativeness of these sequences, depending upon
their ‘evolutionary complexity. Accordingly, the old families of long
standing have attained much stability in the ribosomal nucleotide
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sequences while those that are more recent are still in an evolutionary flux.
Going by the age of the family Apiaceae (which has differentiated in the
temperate environment of the palacotropics, during the Tertiary period),
it seems that its members have attained stability of NOR not only at the
morphological (present observations) but even at the molecular level.

The financial assistance from Council of Scientific and Industrial Research,
New Delhi to two of us (I. A. & A. L.) has made this work possible.
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