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Abstract

A literature survey of chromosome number counts was made for the tribe Delphinieae,
which includes the genera Aconitum, Delphinium, Consolida, and Aconitella. 1097 reports are
presented corresponding to 327 species, representing about 40 % of the total pecies number
of the tribe. The basic number is universdly x = 8 and ploidy levels found are 2, 3X, 4x, 5x,
6x, and &. Some disploidy cases have been described, dthough this phenomenon is very rare
within the tribe. Poliploidy is more frequent in perennia taxa (Aconitum and Delphinium)
whereas in annuas disploidy takes more importance. In 13 species more than one different
chromosome number has been reported and 54 species showed different ploidy levels. Our
objective was to provide a complete information on chromosome numbers of Delphinieae
species and to point out gaps that need to be addressed.

INTRODUCTION

The tribe Delphinieae Warming is a large group within the Ranunculaceae, composed
of the genera Aconitum, Delphinium, Consolida and Aconitella. This group contains about
830 gpecies digributed primarily in cold and temperate zones of the Nothern Hemisphere
(Greuter et d., 1989; Tamura, 1995). Representatives are found in Europe, Asa, Africa, and
America. The genus Aconitum and most gecies of Delphinium are perennids and geophytes.
The remaning species of Delphinium and the entire genera Consolida and Aconitella are
terophytes. Annuds are a smal group mainly redricted to the Mediterranean and Irano-
Turanian regions. Delphinieae species are interesting from different points of view: their
phytochemistry and high toxicity due to the content of norditerpenic akdoids (Olsen et 4d.,
1990; Chan, 1994), their uses in pharmacology, in ornamenta horticulture (Basset, 1990) and
in conservaion biology.

A aurvey of Delphinieae chromosome numbers was included in Chromosome
Numbers of flowering Plants (Fedorov, 1969). Counts for these species have aso been
published in widdy scattered reports (Ornduff, 1968-1969; Moore, 1970-1977; Goldblatt,
1981-1988; Goldolatt & Johnson, 1990-1998). Knowledge of chromosome numbers of
species is important for botanists studying cytotaxonomy, phylogeny, evolution, and to plant
breeders using interspecific hybridization as a breeding procedure.

RESULTS

In an appendix at the end of this paper are presented 1097 chromosome number counts
reported in the literature corresponding to 327 species, which represents about 40 % of total
Delphinieae species (FIGURE 1). The exact number of species in each genus is unknown due
the absence of a comprehensve world taxonomic treatment. In fact, currently, Index
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Kewenss summarises 2.180 published names for species and infraspecific taxa of this tribe,
dthough more than a hdf are synonymous. We consdered an estimation of 830 species from
severd information sources (monographs and locd floras). Provided that the high number of
species of this group makes hard to control al the taxonomic synonymy, we have kept the
name origindly published by the author, except in cases where was too evident (eg.
Consolida species have been consdered under Delphinium nomenclatural combination by
some authors or, smilarly, Aconitella under Consolida). The number of chromosome counts
for each reported species varies from 1 to severd. We included both haploid and diploid
counts. In 13 species more than one different chromosome number has been reported and 54
Species presented more than one ploidy level.
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FIGURE 1. Number and percentage of species counted per genus in the tribe Del phinieae.

The basc number in this group is universdly 8 and, a present, ploidy levels are
known to range from 2x to 8x (except for 7x) (see TABLE 1 and FIGURE 2). Poliploid
levds are found in perennid taxa (Aconitum and most Delphinium species), whereas in
annuas ae precticaly absent. Annuas proportiondly presented more disploid counts
(FIGURE 3). Some rare numbers, especidly in perennids, are coming from anomaous or
ornamenta plants and counts are doubtful.

Table 1. Basc numbers and chromosome numbers in the tribe Del phinieae.

TAXA BASICNUMBER CHROMOSOME NUMBER (2n)

Aconitum 8, 9%, 10*, 13* 16, 17, 18, 24, 26, 28, 30, 32, 34, 40, 46, 48, 52, 64
Dephinium 8, 9%, 10* 16, 18, 20, 24, 26, 32, 48

Consolida  7*,8, 9* 14, 16, 18, 24

Aconitella 6*, 8, 9* 12, 16, 18

* Uncommon
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FIGURE 2. Ploidy levels per genusin the tribe Delphinieae.

(99)

Percentage of species

51 e

W Diploidy
OPoliploidy

25 A (69)

(6)
= T

ODisploidy  (19)

OBoth @
(113)
@3)
(51)
@
G ©) 0) (0)

Aconitum Delphinium Consolida Aconitella
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Genus Aconitum

This genus displays the larger diversty of ploidy leves within the tribe (FIGURE 3)
and the highest number of poliploids (48 % of totd Aconitum species counts). In severd
species @. japonicum, A. nasutum, A. palmatum, A. senanense and A. volubile) 3 ploidy
levels have been reported. However, the most frequent leve is tetraploidy (79 % of poliploid
counts). Disploidy is more frequent in poliploid counts (2n = 26 in A. laciniatum, 2n = 28 in
A. nasutum, 2n=301in A. bisma, 2n =34 in A. ferox, 2 = 46 and 2 = 52 in A. palmatum) than
diploid counts (2n = 17 in A. variegatum, 2n = 18 in A. columbianum and n = 10 (2n =20) in
A. ferox). 1 to 12 B.chromosomes have been described in severa species: A. anthoroideum,
A. barbatum, A. czekanoskyi, A. decipiens, A. gigas, and A. tuguangcunense, but we did not
congder them as disploid counts.

Genus Delphinium

Delphinium presents a smilar pattern than Aconitum, where tetraploids are the most
frequent poliploid level. However pentaploids and octoploids are not found until now in
Delphinium, and the poliploid / diploid rate is lower (31 %) than in Aconitum. Disploidy
detected in this genus is scarce and aways increesng: 2n = 18 in D. bolosi and D.
staphisagria, 2n=20in D. denudatumand 2n=26in D. ironorum.

Genus Consolida

Cases of decreasing digploidy (2n = 14 in C. persica) and increasing disploidy (2n =
18 in C. oliveriana) have been reported. Poliploidy is practicaly nonexistent, only it has been
described sometriploids of C. ajacis, probably counted on manipulated ornamental plants.

Genus Aconitella

The absence of poliploidy is totd in Aconitella, whereas disploidy seems to play a
dgognificant role in the gpeciaion of this genus. Decreasing disgploidy (2n =12 in A
hohenackeri) and increasing disploidy (2n = 18 in A. scleroclada and A. stenocarpa) have
been reported.

In concluson, this compilation provides scientits working with this tribe convenient
access to the chromosome numbers of gpecies published to date. The current State of
knowledge is presented and the gaps that need further research are made evident. Although
counts have been reported for about 40 % of Delphinieae species, some of the sngle counts
need confirmation, epecidly disploid and rare numbers. The remaining 60 % of species need
to be investigated. We hope this report will simulate an interest in additiona cytologica and
taxonomicd dudies that will contribute to ducidation of naure of the species in this large
tribe.
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APPENDIX. Chromosome counts in the tribe Del phinieae reported in the literature.

ACONITUM

. aizuense 32 Kurita, M. 1959.

. alboviolaceum 16 Sokolovskaya, A. P. 1966.
alboviolaceum 16 Shang, X. M. & C. L. Lee. 1984.
alboviolaceum 16 Yang, Q. E., X. Q. Wang & D. Y. Hong. 1993.
altaicum 32 Sokolovskaya, A. P. & O. S. Strelkova. 1938.
altaicum 32 Sokolovskaya, A. P. & O. S. Strelkova. 1948a.
altaicum 32 Rostovtseva, T. S. & G. P. Djuragina. 1977.
altaicum 32 Rostovtseva, T. S. 1981.
altaicum Krogulevich, R. E. & T. C. Rostovtseva. 1984.
altaicum Krasnikov, A. A. & D. N. Schaulo. 1986.
ambiguum Krogulevich, R. E. & T. C. Rostovtseva. 1984.
anglicum Darlington, C. D. 1932.
anglicum Schafer, B. & L. LaCour. 1934.

Seitz, W. 1969.

Lovka, M., F. Susnik, A. Love & D. Ldve. 1971.
Lovka, M., F. Susnik, A. Léve & D. Léve. 1972.
Susnik, F., B. Druskovic, A. Léve & D. Love. 1972.
Druskovic, B. & M. Lovka. 1995.

Seitz, W. 1969.

angustifolium
. angustifolium
. angustifolium
angustifolium
. angustifolium
. angustifolium x napellus subsp. hians
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anthora Lewitsky, G. A. 1931.

anthora Langlet, O. F. 1932.

anthora Schafer, B. & L. LaCour. 1934.

anthora Sokolovskaya, A. P. & O. S. Strelkova. 1938.
anthora Sokolovskaya, A. P. & O. S. Strelkova. 1948a.
anthora 32 Seitz, W., D. Zinsmeister & M. Abicht. 1972.
anthora 32 Susnik, F. & M. Lovka. 1973.

anthora 32 Kupfer, P. 1974.

anthora 32 Murin, A. 1978.

anthora 32 Diez, M. J., J. Pastor & |. Fernandez. 1984.

. anthoroideum 32 Ma, X. H., X. Q. Ma& N. Li. 1990.
anthoroideum 32+1-2B Rostovtseva, T. S. & G. P. Djuragina. 1977.
arcuatum 16 Gurzenkov, N. N. 1973.

. artemisiaefolium 16 Yang, Q. E., X. Q. Wang & D. Y. Hong. 1993.
austroyunnanense 16 Yang, Q., Z. Gu, Z. Wu & K. Kondo. 1989.

caxilliflorum 32 Gurzenkov, N. N. 1973.

. baicalense 32 Krasnikov, A. A. & D. N. Schaulo. 1986.
baicalense 32 Friesen, N. V. 1991.

. barbatum 8 Rostovtseva, T. S. 1981.

. barbatum 8 Krasnikova, S. A., A. A. Krasnikov, T. S. Rostovtseva & V. M.

Chasminchun. 1983.
A. barbatum 16 Darlington, C. D. 1932.
A. barbatum 16 Sokolovskaya, A. P. & O. S. Strelkova. 1938.
A. barbatum 16 Sokolovskaya, A. P. & O. S. Strelkova. 1948a.
A. barbatum 16 Anufrienko, T. B. & T. S. Rostovtseva. 1972.
A. barbatum 16 Kartashova, N. N., L. A. Malakhova, A. A. Koslova& N. A.
Dubrova. 1974.
A. barbatum 16 Rubtsova, V. V. & T. S. Rostovtseva. 1975.
A. barbatum 16 Krogulevich, R. E. 1976.
A. barbatum 16 Rostovtseva, T. S. & G. P. Djuragina. 1977.
A. barbatum 16 Krogulevich, R. E. 1978.
A. barbatum 16 Krogulevich, R. E. & T. C. Rostovtseva. 1984.
A. barbatum 16 Krasnikov, A. A. & D. N. Schaulo. 1986.
A. barbatum 16 Friesen, N. V. 1991.
A. barbatum var. hispidum 8 Yuan, Y. M., Z. X. Peng & Y. G. Ren. 1988.
A. barbatum var. nuberulum 16+1B Shang, X. M. & C. L. Lee. 1984.
A. barbatum var. puberulum 16 Yang, Q. E., X. Q. Wang & D. Y. Hong. 1993.
A. bartlettii 32 Kurita, M. 1965.
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bisma 30 Bhattacharjee, A. 1979.

. brachypodum var. brachypodum 16 Yang, Q.E.,Z.J.Gu,Z. Y. Wu & D. Y. Hong. 1993.

. brachypodum var. laxiflorum 16 Yang, Q.E.,Z.J.Gu,Z. Y. Wu & D. Y. Hong. 1993.
brevicalcaratum 32 Yang, Q., Z. Gu, Z. Wu & K. Kondo. 1989.
brevicalcaratum var. brevicalcaratum 32 Yang, Q.E.,Z. J. Gu & Z. Y. Wu. 1994.

. brevicalcaratum var. parviflorum 32 Yang,Q.E.,Z.J. Gu& Z. Y. Wu. 1994.

. bulleyanum 16 Yang, Q., Z. Gu, Z. Wu & K. Kondo. 1989.
burnatii 32 Puig, M. A. 1987.
californicum 32 Langlet, O. F. 1927.
callianthum 32 Kurita, M. 1960.
cammarum 16 Zhukova, P. G. 1967.
carmichaeli 48 Shang, X. M. & C. L. Lee. 1984.

. carmichaeli 64 Sharma, A. K. 1970.
carmichaeli 64 Yang, Q., Z. Gu, Z. Wu & K. Kondo. 1989.
chasmanthum 16 Schafer, B. & L. LaCour. 1934.
chasmanthum 16 Mehra, P. N. & S. N. Sobti. 1955.
chiisanense 16 Park, C. W. & S. H. Oh. 1997.
chinense 32 Kurita, M. 1959.
ciliare 16 Yang, Q. E., X. Q. Wang & D. Y. Hong. 1993.
columbianum 16 Wiens, D. E. & D. K. Halleck. 1962.
columbianum 16 Kawano, S. 1965.
columbianum 16 Loeve, A., D. Loeve & B. M. Kapoor. 1971.
columbianum 16 Crawford, D. J. & R. C. Gardner. 1974.
columbianum 18 Crawford, D. J. & R. C. Gardner. 1974.
commarum 16 Zhukova, P. G. 1961.

. contortum 16 Yang, Q., Z. Gu, Z. Wu & K. Kondo. 1989.

. contortum 16 Yang, Q.E.,Z.J.Gu,Z.Y.Wu & D. Y. Hong. 1993.
crassiflorum 32 Yang, Q.E.,Z.J.Gu& Z.Y.Wu. 1994,
curvipilum 32 Kurita, M. 1956a.
czekanovskyi 16+1B Rostovtseva, T. S. 1977.

. czekanovskyi 32 Belaeva, V. A. & V. N. Siplivinsky. 1976.

. czekanovskyi 32 Krogulevich, R. E. 1976.

. czekanovskyi 32 Krogulevich, R. E. 1978.

. czekanovskyi c. 20-24 Rostovtseva, T. S. 1981.
decipiens 16 Rostovtseva, T. S. & G. P. Djuragina. 1977.

. decipiens 16 Krasnikova, S. A., A. A. Krasnikov, T. S. Rostovtseva& V.M.

Chasminchun. 1983.

. decipiens 16 Krasnikov, A. A. & D. N. Schaulo. 1986.

. decipiens 16 Friesen, N. V. 1991.

. decipiens 16+0-2B Krogulevich, R. E. & T. C. Rostovtseva. 1984.

. decipiens 16+1-2B Krasnikova, S. A., A. A. Krasnikov, T. S. Rostovtseva& V. M.

Chasminchun. 1983.

. decipiens 16+1-2B Rostovtseva, T. S. 1983.
degenii 16 Joachimiak, A., T. lInicki & J. Mitka. 1999.
deinorrhizum 32 Mehra, P. N. & S. N. Sobti. 1955.
delavayi 16 Yang, Q. E., X.Gong, Z.J. Gu & Q. A. Wu. 1993.
delavayi 16 Yang, Q.E.,Z.J.Gu,Z. Y. Wu & D. Y. Hong. 1993.
delavayi 16 Yang, Q.E.,Z.J.Gu,Z. Y. Wu & D. Y. Hong. 1993.
delavayi 32 Langlet, O. F. 1927.

. delphinifolium 16 Taylor, R. L. & G. A. Mulligan. 1968.

. delphinifolium 16 Zhukova, P. G. 1982.

. delphinifolium 32 Sokolovskaya, A. P. 1963.

. delphinifolium 32 Zhukova, P. G. 1966.

. delphinifolium 32 Sokolovskaya, A. P. 1968.

. delphinifolium subsp. anadyrense 32 Zhukova, P. G. 1969.

. delphinifolium subsp. anadyrense 32 Zhukova, P. G., V. V. Petrovsky & T. N. Plieva. 1973.

. delphinifolium subsp. anadyrense 32 Zhukova, P. G. & V. V. Petrovsky. 1975.

. delphinifolium subsp. anadyrense 32 Zhukova, P. G. & V. V. Petrovsky. 1976.

. delphinifoliumsubsp. del phinifolium var. paradoxuml6 Zhukova, P. G. 1969.

. delphinifolium subsp. paradoxum 16 Johnson, A. W. & J. G. Packer. 1968.

. delphinifolium subsp. paradoxum 16 Zhukova, P. G. & A. D. Tikhonova. 1971.
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A. delphinifolium subsp. paradoxum 16 Zhukova, P. G., V. V. Petrovsky & T. N. Plieva. 1973.

A. divergens subsp. burnatii 32 Seitz, W. 1969.

A. divergens subsp. divergens 32 Seitz, W. 1969.

A. episcopale 16 Yang, Q., Z. Gu, Z. Wu & K. Kondo. 1989.

A. excelsum 16 Langlet, O. F. 1927.

A. excelsum 16 Schafer, B. & L. LaCour. 1934.

A. excelsum 16 Sokolovskaya, A. P. & O. S. Strelkova. 1938.

A. excelsum 16 Sokolovskaya, A. P. & O. S. Strelkova. 1948a.

A. excelsum 16 Krogulevich, R. E. 1971.

A. excelsum 16 Kartashova, N. N., L. A. Malakhova, A. A. Koslova & N. A.
Dubrova. 1974.

A. excelsum 16 Belaeva, V. A. & V. N. Siplivinsky. 1975.

A. excelsum 16 Krogulevich, R. E. 1976.

A. excelsum 16 Malakhova, L. A. 1980.

A. excelsum 16 Belaeva, V. A. & V. N. Siplivinsky. 1981.

A. excelsum 16 Krogulevich, R. E. & T. C. Rostovtseva. 1984.

A. fengii 16 Yang, Q.E.,Z.J. Gu,Z.Y.Wu & D. Y. Hong. 1993.

A. fengii 32 Yang,Q.E.,Z.J. Gu,Z. Y. Wu & D. Y. Hong. 1993.

A. fengii 32 Yang,Q.E.,Z.J. Gu,Z. Y. Wu & D. Y. Hong. 1993.

A. ferox 10 Bir, S. S. & H. K. Thakur. 1980.

A. ferox 10 Bir, S. S. & H. K. Thakur. 1984.

A. ferox 10 Bir, S. S, H. K. Thakur & B. S. Hill. 1986.

A. ferox 10 Bir, S. S., H. K. Thakur & G. S. Chatha. 1987.

A. ferox 17 Sharma, A. K. 1970.

A. ferox 17 Sharma, A. K. & A.K. Sarkar. 1971.

A. ferox 17 Roy, S. C., S. Ghosh & A. Chatterjee. 1988.

A. ferox 17 Chatterjee, A., S. Ghosh & S. C. Roy. 1989.

A. ferox 34 Sharma, A. K. 1970.

A. ferox 34 Sharma, A. K. & A. K. Sarkar. 1971.

A. ferox 34 Chatterjee, A., S. Ghosh & S. C. Roy. 1989.

A. firmum 24 Hindakova, M. 1976.

A. firmum 32 Leszcak, W. 1950.

A. firmum 32 Skalinska, M. 1950.

A. firmum 32 Uhrikova, A. & T. Schwarzova. 1976.

A. firmum subsp. moravicum 24 Micieta, K. 1981.

A. firmum subsp. moravicum 24 Migra, V. 1982.

A. fischeri 32 Sakai, K. 1933.

A. fischeri 32 Sokolovskaya, A. P. 1960a.

A. fischeri 32 Sokolovskaya, A. P. 1960b.

A. fischeri 32 Sokolovskaya, A. P. 1963.

A. fischeri 32 Sokolovskaya, A. P. 1966.

A. formosanum 32 Kurita, M. 1965.

A. forrestii 16 Schafer, B. & L. LaCour. 1934.

A. forrestii 16 Yang, Q., Z. Gu, Z. Wu & K. Kondo. 1989.

A. fukutomei 32 Kurita, M. 1965.

A. geniculatum 16 Yang, Q.E.,Z.J. Gu,Z.Y.Wu & D. Y. Hong. 1993.

A. georgei 16 Yang, Q.E.,Z.J. Gu,Z.Y.Wu & D. Y. Hong. 1993.

A. gigas 16 Nishikawa, T. 1979.

A. gigas 16+1B Nishikawa, T. 1985a.

A. glandulosum 32 Friesen, N. V. 1991.

A. grosse-dentatum 32 Kurita, M. 1958.

A. grosse-dentatum 32 Okada, H. & M. Tamura. 1979.

A. gymnandrum 16 Shang, X. M. 1985.

A. hemsleyanum 16 Schafer, B. & L. LaCour. 1934.

A. hemsleyanum 16 Yang,Q.E.,Z.J. Gu,Z. Y. Wu & D. Y. Hong. 1993.

A. hemsleyanum 16 Yang, Q. E.,Z.J. Gu,Z. Y. Wu & D. Y. Hong. 1993.

A. hemsleyanum 16 Yang, Q.E.,Z.J. Gu,Z. Y. Wu & D. Y. Hong. 1993.

A. hemsleyanum var. circinatum 16 Shang, X. M. & C. L. Lee. 1984.

A. heterophyllum 8 Mehra, P. N. & P. Ramanandan. 1972.

A. heterophyllum 8 Bhat, B. K., S. K. Bakshi & M. K. Kaul. 1975.
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. heterophyllum
. heterophyllum
. heterophyllum
. heterophyllum

hisautii

. ibukiense
. jaluense subsp. iwatekense
. jaluense subsp. jaluense

japonicum

. japonicum
. japonicum

japonicum

. japonicum subsp. maritimum

japonicumvar. eizanensis
kamtschaticum
karafutense
kashimiricum
kashmiricum

kishidai

kishidai

kitadakense

. kiycmiense

koreanum
koreanum
krylovii
krylovii
krylovii
krylovii
krylovii
kubicundum

. kusnezoffii

kusnezoffii

. kusnezoffii
. kusnezoffii
. kusnezoffii

kusnezoffii var. wulingensis
laciniatum
laciniatum
laciniatum
laciniatum
laeve
laeve
laeve
lamarckii
lamarckii
lamarckii
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lamarckii
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. lamarckii var. wagneri
. lasiocarpum
. leucostomum

. leucostomum
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. leucostomum
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