A - e E OO0 http://www.cqvip.com]
lg’ "7),(\ _E’;o""lft_?} Fﬁ? % ﬁi{f i @)

Wy BE|M 36(1):28~35 (1998)

Acta Phytotaxonomica Sinica

SUEE R (TESH) HRRAR
TEHY 2 Bw Vs QIe1Mg

UhEBSRETEREESHEEEYETRHTRERE kTR 100093}
X PEEPREWEDWRFE B 650204))
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Abstract The karvotypes of the genus Whytockia was investigated in order to reveal its sys-
tematic position in the tribe Klugieae and the evolution of karyotypes within this genus. The
chromosome numbers are 2n = 18 with their length over 2. 0 pm in all the investigated
species of Wkytockia, which represents the most primitive characteristics in the tribe
Klugieae. This paper suggests that x =9 be the primitive basic number of chromosomes in
the Klugieae. The morphology of the resting nuclei in Whytockia belongs to the complex
chromocenter type. The chromosomes at mitotic prophase are classified into the gradient
tvpe. The evolution of karyotypes in Whytockia is toward increase of the chromosomes with
submedian centromeres and especially those with subterminal centromeres. The karyotype of
the variety W. tsiangiana (Hand.-Mazz. JA. Weber var. wilsonii A. Weber is distinctly
different from that of W, tsiangiana var. tsiangiana, which conforms well with the gross
morphology. This paper suggests that this variety be separated from W. tsiangiana as an
independent species with affinity to W, bijieensis.

Key words Asymmetry; Basic number; Evolution; Karyotype; Whatockia W, W. Smith;
Klugieae

The tribe Klugieae is characterized by a great diversity of morphological characters.
Burtt{ 1977) stated that “it has all the appearance of a relict tribe comprising the surviving
members of a numerous and highly diversified group™. In respect to chromosomes, the
Klugieae exhibits a remarkable diversity in chromosome number and a high proportion of
polyploids and dysploids. Then, should it be interpreted as an increasing or decreasing series
of dysploida? And what is its basic chromosome number?

The genus Whytockia endemic to China is considered as the most primitive representa-
tive in Klugieae. Six species and two varieties have heen established since it was first de-
scribed by Smith {1919} with only one species. However, there has been no information
about chromosomes of Whytockia up to now. This paper aims to provide basic information on
the karyotypes of Whyrockia, a key genus in the phylogeny of the tribe Klugieae. Further-
more, it discusses the variation of chromosome numbers in the Klugieae and the karyotype
evolution within Whyrackia .
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1 Materials and Methods

The materials used in the present study are shown in Table 1. Root tips were used in
cytological preparations. They were pretreated with a mixture of 0. 002 mol/L 8-hydrox-
yquinoline and 0.1% colchicine (1:1} for 4 hrs at about 20 T, and fixed in Carnoy’s ]
{100% ethanol and glacial acetic acid, 3:1} for 1 hr at about 5 C . The fixed materials were
macerated in 1 mol/L HCI for about 1 min at 60 T, stained with Carbol fuchsin and then
squashed.

Table 1 The origin of matenals

Species Locality Vouchers
W. bijeensis Y. Z. Wang Bijie, Guizhou Wang Yin-Zheng 34002 PE), 95001 (KUN}
W. hehouensis Y. Z, Wang Hekouw, Yunnan Wang Yin-Zheng 93008(PE)
W. purpurascens Y. 2. Wang Hekou, Yunnan Wang Yin-Zheng 23082(PE)
W_ tsiangiana (Hand.-Mazz. ) A. Weber
var. tstangieng A. Weber Jiangkou, Guizhou Wang Yin-Zheng 94001(PE)
var. wilsonti A, Weber Leibo, Sichuan Weng Yin-Zheng 93026( PE)

Karyotypes were analyzed following Li(1991). The chromosome numbers were counted
based on 15 cells. The terminclogy and treatment describing the resting nucleus and chromo-
sotnes at prophase referred to Tanaka (1980, 1971). The parameters of karyotypes came
from the measurement of chromosomes in 5 cells. The asymmetry of karvotypes were classi-
fied according to Stebbins(1971}.

2 Results

2.1 Whytockia bijicensis Y. Z. Wang et Z. Y. Li(Wang and Li, 1997)

At the resting stage (Fig. 1: 1), the nucleus contains 15~20 rod-shaped or ellipsoidal
heteropycnotic bodies with the diameter of 1 ~2 um. The other chromatin of the nucleus
consists of chromomeres and chromonemata which are scattered almost homogeneously within
the entire region of the nucleus. This type of nucleus is referred to as the complex chromo-
center type of Tanaka(1971}.

At the mitotic prophase(Fig. 1: 2}, all chromosomes have early condensed segments at
proximal region of one or both arms. Some of them have early condensed segments not only
at 1he proximal regions of one or both arms bw also at the interstitial and terminal regions of
one arm. Early and late condensed segments of chromosomes show a gradual transition be-
iween them. This type of prophase chromosomes is referred to as the gradient type of Tana-
ka (1980)

At the mitotic metaphase (Fig. 1: 3,10}, 18 chromosomes are 2.08~—3.65(%x=2.90)
pm long( Table 2), and vary gradually in length. Of the 18 chromosomes, there are one pair
of M-chromosomes (Fig. 1: 10, No. 2), four pairs of m-chromosomes (Fig. 1: 10, Nos.
4, 5, 6, 9) and four pairs of sm-chromosomes (Fig. 1: 10, Nes. 1, 3, 7, 8). The kary-
otype is formulated as 2n=2M + 8m + Bsm( 1sat} ( Table 2). One chromosome of the third
pair has a satellite at the terminal region of the short arm (Fig. 1: 10). The asymmetry of
karyotype is classified as 2A.
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Fig.1 Microphotographs of karyotypes of W. bijreensis, W_ tsiangiana var. wilsonis and W. hekouensis { ~ 2000)
1—3 W. byjieensis 1. Resting nuclens; 2. Mitotic prophase chromasomes; 3. Mitotie metaphese chromosomes 4~
6. W. tstanguang var. wilonii 4. Restng nucleus; 5. Mitotic prophase chromosomes; 6. Mitotic metaphase chro-
masomes, 7~9. W. hetowsnsis 7. Resting nucleus; 8. Mitaric prophase chromwosomes; 9. Mitotic metaphase chro-
mosomes. 10~ 12. Karyograms of W. byjicensis{10), W. tsuangane var. wilsonii{11) and W. hekouensis(12).
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Fig. 2 Microphotographs of karyotypes of W. purpurascens and W rsiangiana var. tsiangiona
1~2. W. purpurascens { > 2000) 1. Restng nucleus; 2. Mitotic prophase chromosomes. 3~4. W, tsiangrana
var. ssiangiare (= 2000) 3. Restng nucleus: 4. Mitotc prophase chromosomes. 5. Mitotic metaphase chromasormes
of W. purpurascens { ¥ 1500). 6. Mitotic metaphase chromosomes of W siangrana var. tstangtana { » 2000). 7~
B. Karyograms of W. purpurascens (7, » 2500) and W. rsanguana var. tsiangiana(B, «2000).
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2.2 Whytockia hekouensis Y. Z. Wang( Wang. 1995)

At the resting stage(Fig. 1: 7)., many rod-shaped heteropyenotic bodies are distributed
almost throughout the entire region of the nucleus. This type of nucleus is referred to as the
complex chromoacenter type of Tanalka(1971}.

At the mitotic prophase (Fig. 1: 8), all chromosomes have early condensed segments at
proximal region of one or both arms. Some of them have early condensed segments at the ter-
minal region of one arm. This prophase chromosomes is referred to as the gradient rype of
Tanaka (1980)

At the mitotic metaphase{Fig. 1: 9, 12), 18 chrompsomes are 2.28 -4, 55(%=3.63)
pm long{ Table 2), and vary gradually in length from the longest to the shortest. Of the 18
chromosomes, two pairs are median{Fig. 1: 12, Nos. 3,9), five pairs submedian {Fig. 1:
12, Nos. 1, 2, 6,7,8) and two pairs subterminal (Fig. 1: 12, Nos. 4,5). The karyotype
is formulated as 2n=4m+ 10sm(1sat) + 4st (Table 2). One chromosome of the eighth pair
has a satellite at the terminal region of the short arm { not shown). Seven chromoesomes
{(Fig. 1: 12, Nos. 1,3,4, 8,9) have secondary constriction at the interstitial region of long
arms . The asymmetry of karyorype is classified as 3A.

Table 2 The parameters of chromosomes in Whytockia

Chr. N. W. bipleenses W. hekouensis W. purturascens
T 20=18=2M+8m+ 8sm(lsat)  2n=18=dm+ 10sm(lsat) +dsc  20=18=4m+ 6sm+ Sst(1sar)
EL AR Type RL AR Type EL AR Type
1 14.86 1.74 st 13.88 1.72 sm 12.23 2.9 sm
2 12.52 1.00 M 12.95 2.12 sm 11.98 1.92 sm
3 11.99 1.80 s 1sat) 12.75 1.16 m 11.76 1.63 m
4 11.14 1.20 m 11.74 3.14 14 11,358 4.34 st
5 10.78 1.06 m 11.37 3.72 sL 11.04 2.52 st
() 9.91 1.49 m 10. 83 2.39 s 10.66 4.33 st
7 9.87 2.67 sm o1 2.7 s 10.62 1.15 .
B 9.56 2.51 sm 8.76 2.88 smf 1sat) 10.31 3.74 st( 1sat}
9 9.36 1.07 m 83.61 1.32 m 9. 86 5.32 st
Chr. N W. tstangiana var. tswengning W. rsiangiona var. wilsone
T e 2n= 18 =4m+ Ssm{ 2sar) + st 2n= 18 =2M + Bm(1sat) +Bsm{Zsat)
RL AR Type BEL AR Type
1 13.15 3.74 st 13.69 1.99 sm
2 12.31 1.82 s 12.50 1.00 M
3 12 00 129 m 12.27 .09 sl 2sat)
4 11.59 2.78 sm 11.47 1.29 m
5 10.71 4,71 st 10.51 .03 sm
i) 10. 56 3.21 14 10. 38 242 sm
7 10.13 2.11 sm 10 01 1.64 m
8 9.84 1.77 zm{2sat) 9.B5 1.61 mf 1sat}
9 9.71 1.20 m 9.32 1.05 m

Note: RL = relative length; AR = arm ratio; sat = satellite

2.3 Whytockia purpurascens Y. Z. Wang{ Wang, 1995)

This species has the complex type of the resting nucleus {Fig. 2: 1) and the gradient
type of the prophase chromosomes (Fig. 2: 2). At the mitotic metaphase(Fig. 2. 5, 7). 18
chromosomes are 2. 84 —4.08(%=3.55) pm long(Table 2}, and vary gradually in length.
Of the 18 chromosomes, two pairs are median in centromeric position (Fig. 2: 7, Neos. 3,
7). three pairs submedian (Fig. 2: 7, Nos. 1, 2, 5) and four pairs subterminal (Fig. 2.
7, Nos. 4, 6, 8, 9). The karyotype is formulated as 2n=4m + 6sm + 8st{1sat) (Table 2).
One chromosome of the eighth pair has a satellite at the terminal region of the short arm {not
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shown). Ten chromoscmes (Fig. 2: 7, Nes. 1, 3, 4, 5, 6, 7, 8) have a secondary con-
striction at the interstital region of long arm. The asymmetry of karyotype is classified as
3A.

2.4 Whytockia tsiangiana var. tsiangiana A. Weber

The resting nucleus {Fig. 2: 3 } and the prophase chromosome morphology (Fig. 2
4) are similar to that of W. purpurascens described above.

At the mitotic metaphase (Fig. 2: 6, 8), 18 chromosomes are 2.93~ 4.56{(%x=3.44)
pm long( Table 2), and vary gradually in length from the longest to the shortest.. Of the 18
chromaosomes, two pairs are median{Fig. 2: 8, Nes. 3,9), four pairs submedian{Fig. 2:
8, Nos. 2,4,7, 8) and three pairs subterrminal(Fig. 2. 8, Nos. 1, §, 6). The karyotype is
formulated as 2n=4m + 8sm{2sat) + 6st( Table 2; Fig. 2: 8). Eleven chromosomes{Fig.
2: 8, Nos.1. 2, 3, 4, 5, 7. 8) have a secondary constriction at the interstitial region of
long arm. The eighth pair chromosomes have a satellite respectively at the terminal region of
the short arm (Fig. 2: 6, 8; Table 2). The karyotype is classified as 3A.

2.5 W. tsiengianae var. wilsonii A. Weber

At the resting stage (Fig. 1: 4), the nucleus contains many small ellipsoidal to rod-
shaped or spherical chromocenters with 0.7 —1.6 pm in diameters. The other chromatin of
the nucleus consists of chromomeres and chromonemata which are distributed almost homao-
geneously throughout the entire region of the nucleus. This resting nucleus is referred to as
the complex chromocenter type of Tanaka(1971).

The morphology of chromosomes at the mitotic prophase(Fig. 1: 5) is similar to that of
W . bijieensis described above.

At the mitotic metaphase(Fig. 1: 6, 11), 18 chromosomes are 2.36~3.73(x=2.61)
pm long(Table 2). They vary gradually in length. The karyotype is formulated as 2n=2M
+8m{1sat} + 8sm{2sat){Table 2; Fig. 1: 6, 11). Of the 18 chromosomes, there are one
pair of M-chromosomes{Fig. 1: 11, No. 2), four pairs of m-chromosomes(Fig. 1. 11,
Nos. 4,7, 8, 9) and four pairs of sm-chromosomes(Fig. 1: 11, Nos. 1, 3, 5, 6). Three
chromosomes{Fig. 1: 11, Nos. 3, 4) have a secondary constriction respectively at the inter-
stitial region of long arm. Three chromosomes have a satellite respectively at the tertninal re-
gion of the short arm (Fig. 1: 11, Nos. 3, 8). The asymmetry of karyatype is classified as
2A,

3 Discussion

On the basis of morphological data, the genus Whatockia is considered as the most
primmitive group in the tribe Klugieae from which the other genera have evolved{ Wang et
al., 1996; Weber, 1982, 1978, 1977). Most genera in the Klugieae have a high proportion
of polyploids and dysploids({ Skog, 1984; Ratter, 1975). Among them, Rhynchoglossum
has 2n=20, 22, 36, 42, 54, Epithema 2n=16, 18, 24, Mbonophyiiaea 2n=20, 22, 24,
32, Srauranthera n=18, 20, and one examined species of Loxonia n=22. 2n=16 in Ep-
ithema was examined only from one population of E. saxatile, which has 2n=18 chromo-
somes in most of other localities{A. Weber, pers. comm. }. 2n= 16 is probably a secondary
reduction of chromoscme numbers within the same species. The basic chromosome numbers
of the above genera in the Klugieae form a continuous series x=8, 9, 10, 11 and 12. On the
contrary, the species examined in Whatockia show a constant chromosome number, 2n=
18. Furthermore, chromosomes of all the genera in the Klugieae are generally less than 2.0 pm
long except that of Whytockia . The longest chromosome examined in Monophadiaea is only
3 pm (A. Weber, pers. comm. ), while the chromosomes in Whaxtockia is between 2-—5 pm
long, and the longest reaches 6 pum. Apparently, Whytockia represents the most primitive
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characteristics in chromosome number and size in the tribe Klugieae. In addition, the fre-
guencies of x=8, 9, 10, 11 and 12 investigated up to date in the Klugieae are 8%, 40%,
28%, 12% and 12% respectively. X = 10 occurs much more frequently in Monophyilaea
than in the other genera. This genus has a close affinity 1o Whytockia, but is apparently
highly advanced in morphology and anatomy. Thus, we suggest that x=9 be the primitive
basic chromosome number of the tribe Klugieae.

Differences among the species within the genus Whytockia in karvotype mainly lie in
frequency of median, submedian and subterminal chromosomes. W. bijieensis and W.
tsiangiana var. wilsonii are characterized by having median and submedian chromosomes,
and lacking subterminal ones. On the contrary, the other three taxa have the subterminal
chromosomes but lack M-chromosomes. The proportion of the chromesomes over 2.0 of arm
ratio is 22.2% in W. bijieensis and 33.3% in W. tsiangiana var. wilsonii. The asymme-
try of karyotypes of these two taxa is classified as 2A. The proportion of the chromosomes
aver 2.0 of arm ratic is 55.6% in W. hekouensis and W. tsiangiana var. tsiangiana, and
66.7% in W. purpurascens. The asymmetry of karyotypes of these three taxa is classified
as 3A. Even though the former two taxa have the similar karyotype, the asymmetry of kary-
otypes of W. tsiangiana var. wilsonii increases compared to W. bijicensis. The differ-
ences among the latter three taxa mainly lie in frequency of submedian and subterminal chro-
mosomes. The frequencies of submedian chromosomes are 55.6% in W. hekouensis, 44.
4% in W. tsiangiana var. tsiangianac and 33.3% in W. purpurascens. The frequencies
of subterminal chromosomes are 22.2% in W. hebouensis, 33.3% in W. tsiangiana var.
tsiangiana and 44.4% in W. purpurscens. Moreover, satellites have been observed respec-
tively in the third and eighth pair chromosomes in the {ive investigated species and variety.

Whytackia bijieensis and W . tsiangiana var. wilsonii gather almost all the primitive
characters of the genus Whaytackia, that i3, two free or almost free stigmata, erect stem,
large corolla, lacking true compitum as a primitive state of syncarpy and so on. On the con-
trary, W. purpurascens and W. tsiangiana var. tsiangiana demonstrate a highly phylo-
genetical derivation in morphaology and anatomy, as evidenced by two subconnated or wholly
connated stigmata, a creeping stem, and the unilocular state in the upper part of ovary.
However, W. hekouensis is characterized by a series of transitional features in Whaytockia,
such as erect stems, subconnated stigmata, a compital pore rather than uniloeular state in the
upper part of ovary. Taking the morphological and karyotypical information together into
consideration, the evolution of karyotype in Whatockia seems toward increasing asymmetry.
That is to say, the frequencies of submedian chromosomes, especially those of subterminal
ones, increase in karyotypical evolution within the genus Whatockia .

In addition, A. Weber(1982) treated several local populations of this genus in Sichuan
of China as a new variety—— W . tsigngiana (Hand.-Mazz.) A. Weber var. wilsonii A.
Weber. The karvotype of this variety is distinctly different from that of W. tsiangiana var.
tsiangiana as demonstrated above. The difference in karyotype is well consistent with the
gross morphology. The former possesses erect stems, two almost free stigmata, large and
purplish red corolla 1. 8~2. 4 cm long, while the latter possesses creeping stems, capitate
stigmata{two stigmata wholly connated), and small and white corolla 0.8~1.2 cm long.
This variety is close to W. #ijicensis in stigms and karyotype, but different from it in other
distinctive characters of this variety. So, we suggest that this variety be separated from W.
tsinngiana as an independent species in Whatockia with affinity to W. bijieensis.

References

Burtt B L, 1977. Classification above the genus, as exemplified by Gesneriaceae, with parallels from other

£ OO0 http://www.cqvip.com|



http://www.cqvip.com

£ OO0 http://www.cqvip.com|

L3 IHEE BHEER(SFEEDABERTA 35

groups. Plant Syst Evol, Suppl, 1: 97109

Li M X, 1991. Technigue in the Research of Chromosomes. Harbin: Press of Northeast forestry University

Ratter J A, 1975. A survey of chromosome numbers in the Gesneriaceae of the Old World. Notes Roy Bot
Gard Edin, 33: 527—543

Skog L E, 1984. A review of chromosome numbers in the Gesneriaceae. Selbyana, 7: 252 ~273

South W W, 1919, Whaackio . a new genus of Gesneriaceae, Trans Bot Soc Edinb, 27:338~339

Stebbins G L, 1971. Chromosomal Evolution in Higher Plants. London: Edward Arnold. 216

Tanaka R, 1971. Types of resting nuclei of Orchidaceae. Bot Mag Tokyo, 84: 118—122

Tanaka R, 1980. The karyotype. In: Yarnashita, K ed. Plant Genetics. I . Shokabo, Tokvo(in Japanese).
335358

Wang Y Z. 1995. Two new species of Whatackie { Gesneriaceae) from Yunnan. Acta Phytotaxon Sin, 33
(3): 297~301

Wang YZ, Pan K Y, LiZ Y, Hong D Y, 1996. An anamorphosis of gynoecium in Whvtackia { Gesneri-
aceas), with phylogenetic implication. Acta Bot Yunnan. 18(4): 431 ~432

Wang YZ. Li ZY, 1997. A New species of the genus Whatackia W. W. Smith{ Gesneriaceae) from
Guizhou, China. Acta Phytotaxon 8in, 35(1): 67~469

Wehber A, 1977. Beitrage zur Morphologie und Systematik der Klugiese und Loxonicae( Gesneriaceae). VI,
Morphologie und Verwandtschaftsheziehungen von Loxonia und Stauranthera. Flora, 166: 153175

Weber A, 1978, Op. cit. VII. Spross-, Infloreszenz- und Blutenbaw von Rhynchoglessum. Bot Jahrb Syst,
99: 1~47

Weber A, 1982, Contributions to the morphology and systematics of Klugieae and Loxomene{ Gesneraceae) .
IX. The genus Whatockia. Notes RBG Edinb, 40(2): 359347

WE FTEKRETPEFGRUEEENREENAREN, ERAHARENPAERESN
2n=18, PRKEKEEZ O um UL, FRFEERFREMMEEPERHEREHOER. RFES
BEMRAKERTER =9 RHESROEMENERA,; PhEEERTERN, BRMIHER
HAMFANRETEEREIPHELEN, LHREIRBELRPAEEMYNEK, BRI ES
W. bijieensis TIMRE R EE W, trangiona var. wilsond BB RF WK 2n=2M+ 8m + 8sm{1sa) I
20=2M+8m(lsat) + 8sm(2sat), W HWH, BARHEE W. purpurascens HIEERHEE W,
tsigngiana var. tsongiona BTE RIS MK 2n=dm+ 6sm + 8st{1sat) 1 2n=4m + 8sm{ 2sat) + 6st, W
#fk. MR EE W, hobouensis FHARE 2n=4m+ 10sm{lsat) +dst, S6F =% 2 [, RERoHE
EHNEERAERNESNBENERE R, ANEEZ A - E AMERTER B AT R, 2k
P ETERAALERNES W, miangiona PEREHE -, FAREHYRITEY LS.,
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