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Abstract: Chromosome numbers were recorded for 63 populations of 34 species belonging
to the genus Gentiana from the high altitude regions of western China. Counts for 22
species were reported for the first time and new numbers were found for G. heleonastes
(2n= 36), G. prattii (2n = 20) and G. pseudoaquatica (2n = 40). Incorporating previous
data, a complete series of gametic chromosome numbers from n = 6 to 24 and 26 was
established for the genus, suggesting rapid karyotypic evolution by a combination of
dysploidy and polyploidy. The cytotype 2n= 20 is proposed as the ancestral type in sect.
Chondrophyllae s. 1. The chromosome number 2n= 16 was found for Jaeschkea
microsperma for the first time which, with previous reports of 2n = 18, 20 and 22, indicates
that Jaeschkea is a typically dysploid genus.

Gentiana L. is a very diversified genus, which is concentrated mainly in the
mountainous regions of south-western China and the adjacent north-eastern Burma
(Ho & Lw 1990) and is chromosomally polybasic. Following our previous
karyological observations on this genus (Yuan 1993, Yuan & Kuprer 1993a,
Kuprer & Yuan 1996), this paper contributes documentation of chromosome
numbers and karyotype data for more species from China, especially those from
the poorly-studied regions, the high-altitude Qinghai-Tibet Plateau and the
adjacent Himalayas. The systematic and karyological background of the sect.
Cruciata GAUDIN, Chondrophyllae BUNGE s. str. (excluding sect. Dolichocarpa T.
N. Ho), Frigidae KusNez., Kudoa (MASAMUNE) SATAKE & Toyokuni ex TOYOKUNI (=
Monopodiae T. N. Ho) and Microsperma T. N. Ho have been reviewed in our
previous reports, but that of sect. Dolichocarpa T. N. Ho should be mentioned here.
This section, established by Ho (1985), was attached to the group of species with
elongated cylindrical capsules belonging to sect. Chondrophyllae Bunce s. 1., and
14 species were included (Ho & PrRINGLE 1995). Except for the difference in
capsule shape, almost all the other morphological aspects and the geographical
distribution of the new section overlap that of sect. Chondrophyllae s. str.



Karyological observations have been made for three species of this group: G.
prostrata HAENKE (2n = 32-36, JouNsON & Packer 1968; 2n = 36, Love & LOVE
1975a, 1986; Zuumova 1982), G. nutans BUNGE (2n = 36, KroGgULEVICH 1976, 1978)
and G. sedifolia KuntH (n= 20, WEAVER & RUDENBERG 1975). The other nine
species are exclusively restricted to western China and the adjacent Himalayan area
and none of them has been investigated cytologically.

In the course of our investigations on the genus Gentiana, we also examined
some related genera (Yuan & Kuprer 1993b). We have included in this paper a
karyological observation on Jaeschkea microsperma C. B. CLARKE. Jaeschkea
Kurz. is a small genus, endemic to the Himalayan area and comprising three
species. Chromosome numbers have been reported for J. gentianoides Kurz. (2n
= 18, KouL & GoHi. 1973; n = 11, Gouw. & al. 1981) and J. canaliculata (RoYLE
ex D. Don) KNoBL. (= J. latisepala CLARKE) (n = 10; MEHRA & VASUDEVAN 1972,
Vasubevan 1975). Chromosome data for Jaeschkea microsperma are still lacking.

Materials and methods

The origins of the materials examined are listed in Table 1. The voucher specimens are
deposited in the herbarium of the University of Neuchatel (NEU), Switzerland. Seeds
collected in the field were hydrated in 0.4% gibberellic acid (GA;) for 24 hours to break
dormancy, and then germinated on wet filter papers in Petri dishes. Root tips were pre-
treated with saturated aqueous alpha-bromonaphthalene for 105 min at room temperature
and fixed with absolute ethanol and acetic acid (3:1). The squashing procedure was the
same as that described before (Yuan 1993).

The terminology for centromere positions introduced by Levan & al. (1964), the
karyotype classification of StesBiNs (1971) and the karyotype asymmetry indices defined
by RoMmero Zarco (1986) were followed. The idiograms of the karyotypes were based on
the relative length of chromosomes measured from one to five cells.

Results

Chromosome numbers. The chromosome counts are given in Table 1. The
metaphase chromosomes of most species studied are illustrated in Figs. 1-30. In
sect. Chondrophyllae s. str., in addition to seven species where previous reports of
chromosome numbers were confirmed, the chromosome numbers of 11 species are
documented for the first time. Some numbers differing from previous reports were
also found: 2n= 36 for G. heleonastes which had been counted previously as
2n= 12 (Ktprer & YuaN 1996); 2n= 20 for G. prattii compared with 2n= 18
(Kuprer & YuaN 1996), and both diploid (2n= 20) and tetraploid (2n= 40)
cytotypes were found for G. pseudoaquatica for which only the diploid (n= 10)
cytotype had been found before (KUprER & YUaN 1996). A new number both for the
section and the genus, 2n= 60, was found in G. micantiformis. Intraspecific
polyploidy was found in G. leucomelaena and pseudoaquatica. The diploid type of
G. leucomelaena (2n= 18) was found in the higher alpine meadows of the
Qinghai-Tibet Plateau, while the tetraploid type (2n = 36) was found in the lower
alpine meadows east of the diploid cytotype, but in G. pseudoaquatica the diploid
type was found in the lower eastern plateau while the tetraploid type was found in
the higher western regions. Morphologically, the diploid cytotypes of both species



Table 1. The origin and chromosome numbers of materials examined. * The first documentation of chromosome

number; ! new chromosome number different from previous reports

Taxon Coll no. Locality, altitude (a. s. 1.) Coordinate 2n  Fig.

Gentiana sect. Chondrophyllae BUNGE s. str.

G. aristata MAXIM. 92-11  Qinghai: Lajit Mt., 4000 m 36°20'N 101°26'E 14
92-332  Qinghai: Datung, 3000 m 36°57'N 101°46'E 14

G. asterocalyx DIELS 92-226  Yunnan: Lijiang, 2900 m 27°24'N 100°26'E 20

*G. burkilii H. SMITH 92-82  Tibet: Langkazi, 5000 m 28°53'N 90°09E 14 1

*G. crassula H. SMita 02-238 Yunnan: Lijiang, 4300 m 27°25'N 100°25'E 20

*G. crassuloides BUREAU & 02-183 Yunnan: Baimaxue Mt., 4100m  28°24'N 98°59'E 40

FRANCHET

92-265 Shaanxi: Taibai Mt., 2900 m 33°40'N 107°45'E 40 2
92-278  Sichuan: Sungpan, 3500 m 32°56'N 103°50'E 40

*G. flexicaulis H. SmMitH ex MarQ. 92-264  Shaanxi: Taibai Mt., 3400 m 33°40'N 107°45'E 14 3

*G. haynaldii Kanirz 92-121 Tibet: Dangxiong, 4600 m 30°34'N 91°25'E 20 4
92-158 Tibet: Dingqing, 4250 m 31°07’N 96°17E 20

!G. heleonastes H. SmitH ex MarQ. 92-309b Gansu: Magqii, 3900 m 34°00'N 102°10'E 36 5

*@G. leucomelaena Maxim. 92-39  Qinghai: Kunlun Pass, 4700 m 35°42'N 94°03’'E 18
92-45  Qinghai: Erdaogou 4700 m 34°50/N 92°45'E 18
92-92  Tibet: Dingri, 4500 m 28°46/N 86°11'E 18 6
92-127 Tibet: Dangxiong, 4500 m 30°34'N 91°25'E 18
92-13  Qinghai: Laji Mt., 4100 m 36°20'N 101°25'E 36
92-34  Qinghai: Xiangpi Mt., 3850 m 36°45'N 99°36'E 36 7
92-325  Sichuan: Ruoergai, 4200 m 33°55'N 102°50'E 36
92-330  Gansu: Maqii, 3900 m 34°01'N 102°10'E 36

*G. mairei LEVL. 92-235 Yunnan: Lijang, 3200 m 26°52'N 100°01'E 20

*G. micantiformis BURK. 92-50  Tibet: Dangxiong, 4700 m 30°36/'N 91°31'E 60 8

*G. pantheica PRAIN & BURK. 92-248 Yunnan: Dali, 3200 m 25°58’N 100°01'E 20

G. piasezkii MAXM. 92-272  Gansu: Mingxian, 2900 m 34°30'N 104°00'E 36

'G. prattii KusNEz. 92-22  Qinghai: Laji Mt., 3800m 36°20/N 101°26'E 20 9
92-324  Sichuan: Sungpan, 3700 m 32°56'N 103°50'E 20
92-303  Qinghai: Jiuzhi, 3800 m 33°42'N 101°35E 20 10

G. pseudoaquatica KUSNEZ. 02-32  Qinghai: Heimahe, 3400 m 36°47'N 99°40E 20
92-157 Tibet: Dingqing, 4250 m 31°07N 96°177E 20 11
92-276  Gansu: Luqii, 3600 m 34°56'N 102°40'E 20
92-326  Gansu: Magqii, 3800 m 34°01'N 102°10'E 20
92-53  Tibet: Dangxiong, 4700 m 30°36'N 91°31'E 40
92-53  Tibet: Yanbajin, 4300 m 30°05'N 90°34'E 40
92-91  Tibet: Dingri, 4500 m 28°46'N 86°11'E 40 12
92-69  Tibet: Yangbajin, 4700 m 30°08'N 90°30'E 40 13

*G. pseudosquarrosa H. Smitn 92-321  Sichuan: Sungpan, 3400 m 32°56'N 103°50E 20 14

G. squarrosa LEDEB. 92-292  Gansu: Lugii, 3700 m 34°56'N 102°40'E 38

G. subintricata T. N. Ho 02-198 Yunnan: Zhongdian, 3200 m 27°43'N 99°43'E 20

*G. tricolor DieLs & GILG 92-31  Qinghai: Qinghai Lake, 3200m  36°38'N 100°05E 18 15

Gentiana sect. Cruciata GAUDIN

G. crassicaulis DUuTHIE ex Burk.  92-188  Yannan: Zhongdian, 3300 m 27°43'N 99°43'E 26
92-225 Yunnan: Lijiang, 3000 m 26°52'N 100°01'E 26

*@. lhassica BURK. 92-162 Tibet: Dingqing, 4200m 31°07N 96°17E 26 16

*G. robustra KING ex Hook. f. 02-57  Tibet: Lhasha, 3500 m 29°58'N 90°42'E 52
92-74  Tibet: Langkazi, 4600 m 20°14'N 90°20'E 52



Table 1 (continued)

Taxon Coll no. Locality, altitude (a. s. 1.) Coordinate 2n Fig.
*G. siphonantha MAXIM. ex 92-331 Qinghai: Datung, 3000 m 36°57'N 101°46'E 26 17
Kusngz.
IG. straminea Maxmm. 92-29  Qinghai: Riyue Mt., 3340 m 36°27'N 101°07'E 52
92-153  Tibet: Bagin, 4200 m 31°50'N 94°19'E 26 18
G. tibetica King ex Hook. f. 92-165 Tibet: Changdu, 3650 m 30°42'N 97°18'E 52
92-174 Tibet: Mangkang, 4200 m 29°17'N 98°40'E 52 19
Gentiana sect. Dolichocarpa
T. N. Ho
*G. crenulato-truncata 92-46  Qinghai: Erdaogou, 4700 m 34°50'N 92°55'E 18 20
(MARQ.) T. N. Ho
*G. hyalina T. N. Ho 92-19  Qinghai: Laji Mt., 3900 m 36°20'N 101°26'E 14 21
92-37  Qinghai: Xiangpi Mt., 3800 m 36°45'N 99°36'E 14
92-89  Tibet: Dingri, 4500 m 28°44'N 86°09E 30 22
92-90  Tibet: Dingri, 4300 m 28°44'N 86°09E 30
*G. ludlowii MARQ. 92-35  Qinghai: Xiangpi Mt., 3800 m 36°45'N 99°36'E 16 23
92-33  Qinghai: Heimahe, 3400 m 36°47N 99°39E 32 24
92-88  Tibet: Dingri, 4500 m 28°44'N 86°09E 32
*G. ludlowii MARQ. aff. 92-99  Tibet: Nyalam, 4000 m 28°12'N 85°59E 22 25
*G. pudica Maxmm. G178  Gansu: Magii, 3700 m 34°01'N 102°19E 20 26
*Q@. tetrasticha MarQ. 02-128 Tibet: Dangxiong, 4500 m 30°34N 91°24E 24 27
Gentiana sect. Frigidae KusNgz.
*@G. striolata T. N. Ho 92-148 Tibet: Dingqing, 4900 m 31°40'N 95°03'E 24 28
Gentiana sect. Microsperma
T. N. Ho
G. yunnanensis FRANCHET 92-249  Yunnan: Dali, 3700 m 25°42'N 100°09E 24 29
Jaeschkea
*J. microsperma C. B. CLARKE 92-95  Tibet: Nyalam, 3870 m 28°12'N 85°59E 16 30

were obviously smaller than the tetraploid ones. The tetraploid number 2n = 40
was documented for three species. This number has been reported previously in the
genus Gentiana only as an intraspecific variation in G. carinata Grises. (n = 20,
MEeHRA & GiL 1968; n= 10, 20, VasupevAN 1975). The number 2n= 14 was
confirmed for G. aristata and was further recorded for two more species from very
different regions (see Table 1).

In sect. Cruciata, the number 2n = 52 was confirmed for G. straminea and G.
tibetica, as was 2n = 26 for G. crassicaulis. The number 2n = 26 was also counted
for the first time for G. lhassica and G. siphonantha, and 2n = 52 for G. robusta. It
was particularly interesting that a diploid cytotype of 2n= 26 was found for G.
straminea from northern Tibet, since only the tetraploid type has been reported
before (see Yuan 1993). This was the first observation of intraspecific polyploidy
in this section.

The chromosome numbers of all six species belonging to sect. Dolichocarpa
investigated here were documented for the first time. Very different numbers
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Figs. 1-15. Mitotic metaphase chromosomes of Gentiana sect. Chondrophyllae s. str. —
Fig. 1. G. burkilii (92-82), 2n = 14. - Fig. 2. G. crassuloides (92-265), 2n = 40. - Fig. 3. G.
flexicaulis (92-264), 2n= 14. — Fig. 4. G. haynaldii (92-121), 2n=20. — Fig. 5. G.
heleonastes (92-309b), 2n = 36. — Fig. 6. G. leucomelaena (92-92), 2n= 18. — Fig. 7. G.
leucomelaena (92-34), 2n = 36. - Fig. 8. G. micantiformis (92-50), 2n = 60. — Fig. 9. G.
prattii (92-22), 2n= 20. — Fig. 10. G. prattii (92-303), 2n= 20. - Fig. 11. G. pseudo-
aquatica (92-157), 2n= 20. — Fig. 12. G. pseudoaguatica (92-91), 2n = 40. - Fig. 13. G.
pseudoagquatica (92-69), 2n = 40. - Fig. 14. G. pseudosquarrosa (92-321), 2n = 20. - Fig.
15. G. tricolor (92-31), 2n= 18. — Bar: Spum



Figs. 16-30. Mitotic metaphase chromosomes of Gentiana and Jaeschkea. — Fig. 16.
G. lhassica (92-162), 2n= 26. — Fig. 17. G. siphonantha (92-331), 2n=26. — Fig. 18.
G. straminea (92-153), 2n= 26. — Fig. 19. G. tibetica (92-174), 2n= 52. — Fig. 20. G.
crenulato-truncata (92-46), 2n= 18. — Fig. 21. G. hyalina (92-19), 2n= 14. - Fig. 22. G.
hyalina (92-89), 2n= 30. — Fig. 23. G. ludlowii (92-35), 2n= 16. — Fig. 24. G. ludlowii
(92-33), 2n = 32. - Fig. 25. G. ludlowii aff. (92-99), 2n = 22. — Fig. 26. G. pudica (G178),
2n=20. — Fig. 27. G. tetrastica (92-128), 2n=24. — Fig. 28. G. striolata (92-148),
2n=24. - Fig. 29. G. yunnanensis (92-249), 2n = 24. — Fig. 30. J. microsperma (92-95),
2n = 16. — Bar: 5um



including 2n= 14, 16, 18, 20, 22, 24, 30 and 32 were found, none of which
confirmed the previous reports of 2n = 36 and n = 20 in this section (LOVE & LOVE
1975a, 1986; WEaveEr & RupeENBERG 1975; KRrROGULEVICH 1976, 1978; ZHUKOVA
1982). Among these new numbers, 2n = 16 was also new for the genus and some
others such as 2n= 22, 30 and 32 were recorded only in the remotely-related
European sect. Calathianae FroeLicH. Intraspecific polyploidy was found in G.
ludlowii (2n= 16, 32), and intraspecific dysploidy in G. hyalina, of which the
diploid cytotype had 2n= 14 chromosomes while the tetraploid cytotype had
2n= 30. A population collected from Nyalam in western Tibet (92-99) matched
the description of G. ludlowii, but had the distinct chromosome number of 2n = 22.

Both G. striolata of sect. Frigidae and G. yunnanensis of sect. Microsperma
had 2n = 24, which confirmed our previous report.

Our results revealed that Jaeschkea microsperma had 2n= 16, a chromosome
number differing from those of the other two species of the genus.

Karyotypes. The karyotypes and the corresponding idiograms of some
selected species and populations are shown in Figs. 31-54. The corresponding
karyotype measurements are shown in Table 2. The karyotypes were generally very
symmetrical with a fairly high proportion of metacentric and submetacentric
chromosomes. The chromosome size varied from species to species. Both the
diploid and the tetraploid cytotypes of G. leucomelaena (Figs. 6-7) had
chromosomes clearly larger than those of the other species, but there was no
obvious overall correlation between size and number of chromosomes in the
species that we studied. However, from both the illustrations and the asymmetry
indices of the karyotypes, a general trend appears: karyotypes with higher
chromosome numbers tend to have more chromosomes with subterminal
centromeres and thus are more asymmetrical. This could suggest the mechanism
responsible for dysploidy (see Discussion). Gentiana crenulato-truncata is an
exceptional species, since apart from the high asymmetry of its karyotype, it
showed specific heteropycnosis, with very obvious chromocentres in most
prophases and some interphase nuclei (Fig. 20).

Discussion

Basic chromosome numbers and their systematic implications for Gentiana. In
the genus Gentiana as a whole, we are confronted with an extremely wide range of
chromosome numbers: from 2n=12 to 60 and 96. The most obvious and
important characteristic of the chromosomal evolution of this genus is the
heterogeneity of chromosome number variation. While some sections show very
high variability, other sections are restricted to fewer numbers (Table 3).

The species of sect. Gentiana uniformly have 2n = 40, and all species of sect.
Ciminalis (ApANs.) DumorT have 2n = 36. They might be diploidized paleopoly-
ploids. Some authors (e.g. LOvE & Love 1975b, 1976) suggested the basic numbers
x =15 and x = 6 respectively for these two sections, but we think their basic
numbers should be x = 10 and 9, taking into account the basic numbers of other
sections of the genus. These two sections are well-defined both cytologically and
morphologically. No interspecific chromosome number variation was found in
these two sections.
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Fig. 31-38. Karyograms and idiograms of Gentiana spp. — Fig. 31. G. burkilii (92-82),
2n = 14. — Fig. 32. G. crassuloides (92-265), 2n = 40. — Fig. 33. G. haynaldii (92-121),
2n=20. — Fig. 34. G. heleonastes (92-309b), 2n= 36. — Fig. 35. G. flexicaulis (92-264),
2n= 14. - Fig. 36. G. leucomelaena (92-92), 2n = 18. — Fig. 37. G. leucomelaena (92-34),
2n = 36. — Fig. 38. G. prattii (92-22), 2n= 20. — Bar: 5um
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Figs. 39-46. Karyograms and idiograms of Gentiana spp. — Fig. 39. G. prattii (92-303),
2n=20. — Fig. 40. G. pseudoaquatica (92-91), 2n= 40. — Fig. 41. G. pseudoaqutica
(92-157), 20 = 20. — Fig. 42. G. pseudosquarrosa (92-321), 2n = 20. — Fig. 43. G. tricolor
(92-31), 2n= 18. — Fig. 44. G. lhassica (92-162), 2n= 26. - Fig. 45. G. siphonantha
(92-331), 2n= 26. — Fig. 46. G. straminea (92-153), 2n= 26. — Bar: 5pum
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Figs. 47-54. Karyograms and idiograms of Gentiana spp. and Jaeschkea. — Fig. 47. G.
crenulato-truncata (92-46), 2n = 18. - Fig. 48. G. hyalina (92-19), 2n = 14. — Fig. 49. G.
hyalina (92-89), 2n = 30. — Fig. 50. G. ludlowii (92-35), 2n= 16. — Fig. 51. G. ludlowii
(92-33), 2n= 32. - Fig. 52. G. ludlowii aff. (92-99), 2n = 22. — Fig. 53. G. striolata (92-
148), 2n = 24. — Fig. 54. J. microsperma (92-95), 2n= 16. — Bar: 5um



11

& TLI'0  8LTO VI £e-07 6°0% w9y = g[ =ug < €6-C6 puLiadsolonu *f
QN%QU%WE:
€S FITO  #F1°0 V1 £CTS1 (% g = ¢ =Uug I 81-C6 pipjoLys o
%.m%.f.r&. 1938 me_wuﬁm.b
¢ 8810 8TEO V¢ 8CT¢<'1 0vr wsg-++ ] = gg =ug C 66-C6 ‘TR umojpn] "5
| EBAYA] [€€°0 d¢ Ge¢l oSL wsQ[+ wog+ (IyS) Wy = 7¢ =ug £ £E-C6
0 SET'0  ¥LIO Vi 8T61 £LE w4 (LVS) wg = 9] =ug ¥ CE-T6 umojpny °n
o $0T0 6SE0 e LT <'8C WS+ W[ = Qg =Ug 1 68-C6
8 I¥T0 +TE0 V1 0¢91 ['Te wz [+ (IVS) Wg = [ =ug < 61-C6 puidy “n
Ly CTLTO 0TS0 d¢ Al | £6T 187+ (IVS) ST+ WsQ [+ Wy = g1 =Ug £ 9%-T6 DIDIUNAJ-OIDIAUILD "Ly
vdupooyono 1928 puPUID)
9 190 SOT0 qae CT—¢'1 9°Gy wsz+ wgg+ (LVS) Wy = 97 =ug i £51-26 DIUIUDAIS "D
St B6CTO  LSTO dc 811 6'8¢E wsf-+Wgg = 97 =Uug 1 [€E-C6 vyjupuoydis "H
iad S610 0Sy0 dc 0e €1 <9¢ wsg[+ W] = 97 =ug [ 9126 nNSSOY] "D
Qmﬁ.q.uu...hhv 1098 PUbnUaL)
¢ T8I0  8¥1°0 VI Se-1¢C vLy w9+ (LyS) Wg =g =ug ¢ [£-26 10109141 "D
w9810 6010 Ve €61 TIS wsg+ (LvS) Wsg+wWgl =07 =U7 T  12€T6 psostvnbsopnasd -5
¥ 8610 LLTO A Ee-TT L0S wsz+ w9+ (IVS) Wz = (g =ug £ LET-TH
o  +LI0 12C0 Vi 0e91 £'€8 wpy = O0f =ug I T16-T6 poyvnbvopnasd 5
6€ 0020 9IT0 VI 8e-1'C L9T wgl+(ILVS) Wg = Q7 =Uug T £0€-T6
8¢ S6T0  60T0 di 0c+'1 L'SE wg+ (LVS) Wg = 07 =ug € TT-T6 nuwad D
LE  SCI'0  SOTO VI 0+<ST T9Il wsg+Wpg = 9¢ =ug C #E-C6
9t  TLOO  PITO Vi [0 O 0'C8 w9+ (LyS) Wwg = 8] =ug C ¢67C6 DUID[FULIOIN3] L)
€€ €8C0 T9t0 dc £r07¢ ¥LE wsy+ (IVS) Wsg+wg = [ =ug < +9C-C6 synp2IxdYf "H
€ €810 €LTO d7 P07 ¢£LIL wsg+WHg = 9¢ =ug 1 460¢€-c6 §21sDU03|FY D)
€ 090 OLTO Vi LT-0'1 LT wsz+ Wy = Qg =Uug C IZI-¢6 nppudoy 5
e t6T0  L6TO dc €60 1°T8 wsO[+ W9z+ (IVS) Wy = O =ug T €9T-To SIpronssuds "5
I€ LO9T'0 €SE0 VI 6'C 81 (A wsg+4 W g1 = [ =ug S 86 npxang "D
‘s 's anjjlydotpuoyy ‘1035 DUDUIL
(wm)
(unl)  W3ua|
81 oy ly  4odf] oSuerozig  [E10] adfjohreyy N Cou [0 uoxey,
y18uoy

JO ueawr o) St X pue adK1041ey © Ul SOWOSOWOIYd JO YISU] 97} JO UOTIRLIEA PIBPUR]S A1) ST S 2I0UM ‘X/S= Ty SB (986 ]) OO¥VZ OYANOY Aq pouyop
XOpUI ATJOUIIASE [EWIOSOWOIYDI0UT Oy SYOQUINU SUOSOWOIYO d1JaWeS 9Y) ST U puR SWOSOWOIYD Yord Jo ULie Juo[ 2y} Jo (ISus] ) ST g pue WLle 11oys
oy jo pduoy oy st g axeym ‘u/(('g/'q)) — [ = 'V se (9861) 00dVZ O¥IWOY AQ Paulap Xopul ANOUIIASE [ewosoworyoenur My (1 L6T) SNI€HaLS
£q pasodoid uorjesyisse[d [eo1SO[0ATRY . PIINSLOW S[[20 JO IqUINU N 'Payydsapf pue pupyuar jo saroads pajosras jo evlep adfjokiey "7 o[qeL



12

Table 3. Recorded chromosome numbers (2n), and suggested basic chromosomal number
and (x), or ancestral basic number where multiple basic numbers exist, for the sections of
Gentiana. Question marks refer to unknown or less certain numbers

Section 2n x  Comments

Calathianae 14, 20, 22, 24, 28, 30, 32, 42 15? incomplete dysploidy complex

Chondrophyllae 12, 14, 18, 20, 24, 26, 36, 38, 10 dysploidy complex (sece text)
40, 44, 48, 60, 96

Ciminalis 36 9  x = 18 may be a secondary basic

number

Cruciata 26, 427, 52 13

Deolichocarpa 12, 14, 16, 18, 20, 22, 24 10 dysploid complex (see text)
30, 32, 36, 40 10

Fimbricorona 20, 40 12

Frigidae 24, 26, 42, 48 12 the species with 2n = 42 is

probably misplaced in this

section, and the number

2n = 26 requires confirmation
Gentiana 40 10 x = 20 may be a secondary

basic number

Isomeria 24 12

Microsperma 24, 26 1272

Monopodiae 24, 26, 48 12

Otophora no count available ?

Phyllocalyx 26 13

Pneumonanthe 26, 44 13 the species with 2n =44 is
probably misplaced in this
section

Stenogyne 34, 42, 46 23?2

Several morphologically defined sections showed only polyploid variation
without alteration of their basic numbers or, occasionally, a few exceptional basic
numbers in addition to a dominant one. Section Phyllocalyx T. N. Ho consists of
two species, one with 2n= 26 and the another of unknown number. Section
Isomeria has 2n = 24, but chromosome numbers for most species of the section
remain unknown. Section Cruciata has 2n= 26 and 52, with a basic number of
x = 13. Section Kudoa has 2n = 24, 26 and 48 and sect. Microsperma 2n = 24 and
26. Section Prneumonanthe (GLED.) GAUDIN has 2n = 26 with only one exceptional
species with 2n = 44 (G. asclepiadea 1..) and sect. Frigidae has 2n = 24 with one
exceptional species with 2n = 42 (G. froelichii JaN). Among these sections, sect.
Cruciata and sect. Pneumonanthe are rather isolated from the others. Morpholog-
ically, the remaining sections form a closely related complex, with basic numbers
of x =12 and x = 13, which has been defined as sect. Frigidae s. 1. by Smrra
(NwssoN 1967, 1970). The chromosome numbers of G. asclepiadea and G.
froelichii, which differ from those of the other species of their sections, indicate
they have been wrongly attributed. Molecular phylogenetic studies, based on
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chloroplast DNA sequences (GIELLY & TABERLET 1996) and nuclear ribosomal DNA
sequences (Yuan & al. 1996), have revealed their closer relationships to sect.
Gentiana than to sect. Pneumonanthe and Frigidae.

In sect. Cruciata, diploid and tetraploid cytotypes (2n = 26, 52) do not usually
occur in the same species. Gentiana straminea was thought to be tetraploid (Yuan
1993), but we found a diploid population (92-153) in northern Tibet. Most species
of the section in the highland of western China are diploid, but those in other
regions such as western Asia and Europe are predominantly tetraploid. Since the
evolution from diploid to tetraploid is generally an irreversible process, the
highland region of western China may represent the centre of origin of G.
straminea, and might be the primary diversification centre of the whole sect.
Cruciata.

Section Stenogyne FRANCHET is a fairly specific group in the genus, since it has
higher and obviously secondary basic numbers of x =17 (2n=34), x =21
(2n=42), and x =23 (2n=46). (Yuan & Kuprer 1993a). These high basic
numbers, especially x = 23, suggest a relationship to the genera Crawfurdia WALL.
and Tripterospermum BLUME that is closer than to the genus Gentiana. Molecular
phylogenetic studies based on nuclear ribosomal DNA sequences have confirmed
this close affinity (Yuan & al. 1996).

The greatest variation of chromosome numbers is found in sect. Calathianae,
Chondrophyllae s. str. and Dolichocarpa. Calathianae is a morphologically well-
defined group. MULLER (1982) investigated its chromosome numbers extensively
and found 2n = 14, 20, 22, 28, 30, 32 and 38. These numbers may represent an
incomplete series of dysploidy (and polyploidy). The incompleteness may be
caused by the extinction of some intermediate cytotypes. It is difficult to determine
the original ancestral number and the polarity of the dysploidy, although MULLER
(1982) proposed a scheme showing polyploidization and dysploidization from a
supposed ancestral basic number of x =5 (MULLER 1982: scheme 3). A rapid
radiation and starlike phylogeny have been suggested for this section, based on the
phylogenetic study of chloroplast DNA sequences (GieLLy & TABERLET 1996).
Section Dolichocarpa used to be included within sect. Chondrophyllae s. 1. The
splitting by Ho (1985) was based mainly on the elongated capsule of the latter.
While Ho (1985) and Ho & Liu (1990) treated them as different sections, LAiNz
(1976) and Love & Love (1975a, b, 1976, 1978, 1986) established three
independent genera, based only on the three European species of these sections.
The segregated ‘new genera’ are Chondrophylla A. NELsoN, Holubogentia LOVE &
Love and Kuepferella Lainz, based on G. prostrata (2n= 36), G. pyrenaica
(2n = 26) and G. boryi (2n = 20) respectively. The discriminating characters of the
segregates were the different basic chromosome numbers of the three species. The
available karyological data, however, do not support the splitting of sect.
Chondrophyllae s. 1., either into different sections or different genera (see below
for further discussion). Molecular phylogenetic studies of nuclear ribosomal DNA
sequences also strongly suggest that this group forms a single monophyletic
complex (Yuan & Kuoprer 1997).

Karyotypic evolution through the combination of dysploidization and
polyploidization in Gentiana sect. Chondrophyllae s. 1. We use the name sect.
Chondrophyllae s. 1. to include both sect. Chondrophyllae and sect. Dolichocarpa
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of Ho & Liu (1990). In our present and previous reports, the following chromo-
some numbers have been recorded for Chondrophyllae s. str.: 2n= 12 (1 sp.), 14
(3 spp.), 18 (6), 20 (26), 24 (1), 26 (4), 36 (7), 38 (1), 40 (4), 44 (1), 48 (2) and 60
(1). For Dolichocarpa, they are 2n= 14 (1), 16 (1), 18 (1), 20 (1) 22 (1), 24 (1), 30
(1), 32 (1), 36 (2) and 40 (1). These numbers confirm the typically polybasic and
dysploid nature of the two sections. The chromosome numbers per se do not
support the splitting of sect. Chondrophyllae s. 1. into two sections. The cytotypes
of intraspecific polyploids and dysploids of this group, such as G. heleonastes
(2n = 12, 36), G. pseudoaquatica (2n = 20, 40), G. leucomelaena (2n= 18, 36), G.
ludlowii (2n = 16, 32), G. prattii 2n = 18, 20), and G. hyalina (2n = 14, 30), may
indicate cryptic speciation, where either no recognizable morphological differ-
entiation has occurred, or the differentiation is too slight to merit any taxonomic
attention. Thus, extreme care should be taken when making any further taxonomic
considerations regarding this group and more thorough morphological studies are
needed. The high karyotypic diversity suggests that rapid karyotypic evolution has
occurred in sect. Chondrophyllae s. 1., involving chromosomal rearrangements.
Considering the existing chromosome data, we suggest that the combination of
dysploidization and polyploidization may have played a major role in the
karyotypic evolution of the group. The number 2n= 20 (x = 10) could be the
original ancestral number of the dysploidy series: (1) it is the most common
number in the group, occurring in nearly half of the chromosomally-known
species; (2) it has quite a wide polytopic distribution, including New Guinea,
Japan, south-western China, the Himalayas, as well as western Europe; and (3) it is
represented by species such as G. anisostemon MARQ., G. asterocalyx, G. crassula,
G. intricata MARQ., G. praticola Francrer and G. mairei from Yunnan, south-
western China, which differ quite considerably from one another morphologically,
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Fig. 55. A suggested scheme of karyotypic evolution by a combination of dysploidization
and polyploidization within Gentiana sect. Chondrophyllae s. 1. Numbers refer to the
gametic chromosome numbers of the different cytotypes. Numbers in brackets are
suggested, but without direct documentation for the group. “x” refers to the basic
chromosome number. Broken line and empty arrows refer to a less certain possibility
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but share the same number of 2n= 20 (Table 1; Kturrer & Yuan 1996). We
therefore suppose that both ascending and descending dysploidy are involved in the
karyotypic evolution of the group, and that dysploidization could have happened at
both diploid and higher ploidy levels. 2n = 18, 16, 14 and 12 might be descending
dysploids at the diploid level and 2n = 22 an ascending one; 2n = 24 could be an
ascending dysploid or the tetraploid of a descending dysploid; 2n = 26, 30, 32, 36,
38, 40, 44, and 48 could be tetraploids of the above dysploids or dysploids at
tetraploid level. We suggest a scheme showing the evolutionary relationships
among the different cytotypes of Gentiana sect. Chondrophyllae s. 1. (Fig. 55).
However, suggestions merely based on chromosome numbers cannot bring deeper
insight to the understanding of the relationships among those dysploids and
polyploids, since conventional karyological analysis cannot tell whether a specific
number, say 2n = 24, is diploid or polyploid, unless clear morphological chromo-
some markers can be seen, which are not present in Gentiana. Thus the scheme
should be considered only as an arbitrary depiction of the relationships among the
cytotypes. It is hoped that cytogenetic analyses and DNA molecular phylogenetic
studies will shed new light on the relationships among those cytotypes, and the
lineages of their karyotypic evolution.

Karyotype variation and the possible mechanism of dysploidization in
Gentiana. On the whole, the genus Gentiana has rather symmetrical karyotypes.
This can be seen both from the illustrations of karyotypes (Figs. 31-54) and from
the parameters shown in Table 2. The dysploid changes of chromosome numbers
did not significantly influence the asymmetry of karyotypes. However, the species
with higher chromosome numbers do tend to have more submetacentric or
subtelocentric chromosomes and thus more asymmetrical karyotypes. Correspond-
ingly, the karyotypes of those species with lower chromosome numbers tend to be
more symmetrical. This trend does not follow the usual pattern of dysploid
variation via centric fission and fusion, which is very common in karyotypic
evolution of most animals and some groups of plants (e.g. Tradescantia sect.
Cymbispatha, see JoNgs & al. 1981), neither does it correspond to STEBBINS’ (1971)
model of dysploidy. Among the four models of dysploid variation summarized by
GREILHUBER & EHRENDORFER (1988), only JacksoN’s (1985) partially covers the case
of Gentiana. In this model, two different arms, each from one homologue of a
metacentric pair, are translocated onto one homologue of another metacentric pair,
resulting in balanced n+1 and n—1 gametes, which can then combine into
homologous dysploid zygotes (see GREILHUBER & EHRENDORFER 1988: fig. 6). This
model could explain the mechanism on dysploid variation in the genus Genfiana.
However, selection at the karyotype level in this genus, if there is any, is
presumably in favour of descending, rather than ascending dysploidy, since
descending dysploids are more common than ascending ones, assuming the
ancestral basic number of x = 10 can be confirmed.

Karyological observation of Jaeschkea. The small genus Jaeschkea is another
typical example of dysploidy, since besides the previously reported chromosome
numbers of 2n=28, 20 and 22, we found a lower number, 2n= 16, for
J. microsperma. Dysploidization may also play an important role in the karyotypic
evolution of this genus. However, the direction of the dysploidy and the ancestral
basic number of the genus are not yet clear.
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