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Abstract The karyotypes of the genus Whytockia was investigated in order to reveal its sys- 

temafic 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 “m in all the investigated 

species of Whytockia． 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 Klugleae．The morphology of the resting nudei in Whytockia belongs to the cornplex 

chmmocenter type．The chromosomes at mitotic prophase are classified into the gradient 

type．The evolution of karyotypes in Whytockia is toward inarease of the chromosomes with 

submedian centromeres and especially those with subterminal osntmmeres．The karyotype of 

the variety W ．tsiangiana(Hand．一Mazz．)A．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 all 

independent species with affinity to W ． m矗5． 

Key words Asymmetry；Basic number；Evolution；Karyotype；Whytockia 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 ch romosomes， 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 dvsDlc．ids?And what is its basic chromosome number? 

The genus Whytockia endemic t0 China is considered as the most primi tive representa— 

tire in Klugieae．Six species and two VBEieties have been established since it was first de． 

scribed by Smith(1919)with only one species．However，there has been no information 

about chromosomes of WhMockia up to now．This paper aims to provide basic information on 

the karyotypes of WhMockia，a key genus in the phylogeny of the tribe Klugieae．Further- 

m0re。it discusses the variation of ch romosome numbers in the Klugleae an d the karyotype 

evolution within WhMockia 
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1 M aterials and M ethods 

The materiais used in the present study are shown in Table 1．Rcot 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℃，and fixed in Camoy’s I 

(100％ ethanol and glacial acetic acid，3：1)for 1 hr st about 5℃ ．The fixed matedals were 

macerated in 1 mol／L HCl for about 1 min at 60℃．stained with Carbol fuchsin and then 

squashed． 

Species 

Table 1 The origin of materials 

W bifieensis Y z Wang 
W hehouensisY Z W ang 

W  purpurn sY．Z．W 衄 

W ．tslangiana 【Hand．一Mazz )A Weber 

tslanglana A Weber 

呱 wilsonii A Weber 

]~jie．Guizl】0u 
Hek⋯ Y nnan 

Hekoul Tu衄Y Ⅱ 

Jiangkou．Guizhou 

Leibo．Sjchum 

vouchers 

Wang Y zkI】g 94002(PE)．95001(KUN) 

w咖 Yln-Zhe~g 930O8(PE) 

Wang Yin-Zheng 93082(PE) 

Wang Yin—z} 94001(IrE) 

Wang Yin-Zheng 93026(PE) 

Karyotypas w~t'e analyzed following Li(1991)．The chromosome numbers were counted 
based on 15 cells．The terminology and treatment describing the resting nucleus and chromo— 

somas at prophase referred to Tanaka(1980，1971)．The parameters of karyotypes canle 

from the measurement of chromosomes in 5 cells The asymmetry of karyotypas were classi— 

fled according to Stebbins(1971)． 

2 Results 

2．1 Whytockia bqieensis 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 ellipsoidsl 
heteropycnotic bodies with the diameter of 1——2 pm．The other chromatin of the nucleus 

consists of chromomeres and chromoneraata w ch are scattered almost homogeneously within 

the entire re on of the nucleus This type of nucleus is referred to as the coufl【plex chromo— 

center type of Tanaka(1971)． 

At the mi totic prophase(Fig．1：2)，all chpmusomeg have early condensed segments at 

proximal region of one or both 81"ITIS．Some of them have early condensed segments not only 

at the proximal regi0ns of one or both alms but also at the interstitial and term inal regions of 

one altlf1．Early and late condensed segments of chromosomes show a gradual transition he— 

tween them ．This type of prophaas chromosomes is referred to as the gradient type of Tana— 

ka(t980) 

At the mitotic metaphase(Fig．1：3，10)，18 chromosomes are 2．08～3．65(i=2．90) 

tan long(Table 2)，and vary gradually in length．Of the 18 chromosomes，there are one pair 

0f M—chromosomas (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，Nos．1，3，7，8)．The kary— 

otype is fortnulated as 2n=2M +8m+8sm(1sat)(Tabk 2)．One chromosome of the third 

pair has a satellite at the terminal region of the short alTll(Fig．1：10)．The asym metry of 

karyotype is classified as 2A． 
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Fig 1 Mielophotographs of ksr／otypm 0f W． ．W ．t．qangiana Ⅲ  and W．hekouansis(×2000) 
1-- 3 W ． ／eens／s 1 Resting nucleus；2．Mitotic prophase chr。m。s0Ⅲ曙 ；3．M itotic melaphase ehromcamaes 4-- 

6 W ts／ang／ana var wilm il 4 Re3fini nucIe嘴 ；5．／vIitotic prophase~hromo~e*nes；6 Mitotle meta0hase~hro一 

ⅡK㈣ 7--9．W Ê Ⅲ ¨ 7 Re,sting nucleus；8 Mitotic prophase chrom es；9 Mitotic mela~0hase chro- 

mosom#~ 10--12．Kary~-rams of W bijieen．~is(10)，W ． g ~ilsonii(11)and  ̂。 m (12)． 
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2．2 Whytoekia hekoueasis Y．Z．Wang(Wang．1995) 

At the resting stage(F ．1：7)，many rod-shaped heteropycnotic bodies are distributed 
almost throughout the entire region of the nucleus．TKs type of nucleus is refereed to as the 

con]【plex chromocenter type 6f Tanaka(1971) 

At themitotic prophase(Fig．1：8)，aU chromosomes have early condensed segments at 

proximal region of one or both antis Some of them have early condensed segments at the ter— 

mina1 region of one anT1．This prophase chromosomes is referred to as the gradient type of 

TaTlaka(1980) 

At the mitotic metaphase(F ．1：9，12)，18 chromosomes are 2 28～4 55(i=3．63) 

／tm 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，Nus．4，5) The karyotype 

is formulated as 2n=4m+10sm(1sat)+4st(TabLe 2)．One chromosome of the eighth pair 

has a satelfite at the terminal region of the short ariD(not shown)．Seven chromc~omes 

(Fig．1：12，Nus．1，3，4，8，9)have secondary constriction at the interstithal region of 1ong 

ariT1S The asymmetry of karyotype is elassified as 3A． 

Table 2 The parameters of chromosomes in Whb~ockia 

r．№  
： ： +

b／j ／ een
+

si s 

。 ： +

he k

。

o uem i 

+ ： ： 。 

RL AR Type RL AR Type RL AR Type 

1 14 86 1 74 sm 13 88 1 72 sm 2 23 2 90 sm 

2 12 52 1 00 M 12 95 2．12 sm l 98 1 蛇 sm 

3 11 99 1 80 sm(1sat) 12 75 1．16 m l 76 1 63 r【L 
4 11 14 1 20 m 11 74 3．14 st l 58 4 34 gt 

5 L0 78 1 06 m 11 37 3．72 st 1 04 2 52 sm 

6 9 91 1 49 m 10 83 2．39 sm 0 66 4 33 

7 9 87 2 67 sm 9 10 2．76 sm 0 62 1 15 r【L 

8 9．56 2 5l sm 8 76 2．88 sm(1sat】 0 31 3 74 st(1s砒) 
9 9．36 1 07 m 8 61 1 32 m 9 86 5 32 

W  tsiangiana w  tsiangiana 

2n=18=4m十8smf2sat)十6st 

W tslanglana w  tuiIsonii 

2n=18=2M +Sin(1sat)+8sm(2sat) 

Note±RL=relativeleslgtht AR=㈣ ratiot =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)，l8 

chromosomes are 2．84～4．O8( =3．55) m 1ong (Table 2)，and vary gradually in 1ength． 

Of the 18 chromosomes．two pairs are median in eantromeric position(Fig．2：7，N08．3， 

7)，three pairs submedian(Fig．2：7，Nos．1，2，5)and four pairs subtermina1(Fig．2： 

7，N08．4，6，8，9)．The karyotypeisformulated as2n=4m+6sm+8st(1sat)(Table 2)． 

One chromosome of the eighth pair has a satellite at the termina1 region of the short arln(not 

意 

寝 

彗 
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shown) Ten chromosomes(Fig．2：7，Nos 
striction at the interstitial region of long alTI1 

3A． 

1，3，4，5，6，7，8)have a secondary con． 
The asymmetry of karyotype is classified as 

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． 

Atthemitoticmetaphase(Fig 2：6，8)，18 chromosomes are 2．93～ 4．56(i=3．44) 
m long(Table 2)，and vary gradually in length from the longest to the shortest、Of the 18 

chromosomes，two pairs are me出an(Fig 2：8，Nos 3，9)，four pairs submedian(Fig．2： 

8，Nos 2，4，7，8)andthree pairs subterminal(Fig 2：8，Nos．1，5，6)．The karyotypeis 

fornaulated 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 interstitia1 region of 
long alTn．The eighth pair chromosomes have a satellite respectively at the terminal region of 

the short arm (Fig．2：6，8；Tahle 2)．The karyotypeis classified as 3A． 

2．S W ．tsiangiana var．wilsonii A．Weber 

At the resting stage(Fig．1：4)，the nucleus contains many snlall ellipsoida1 to rod- 

shaped or spherica1 chromocenters with 0 7—1．6 um in diameters．The other chromatin of 

the nucleus consists of chromomeres and chromonemata which are distributed almost homo— 

gensously throughout the entire region of the nucleus．This resting nucleus is referred to as 

the complex chromocenter type of Tanaka(1971)． 

Th e morphology of chromosomes at the mitotic prophase(Fig 1：5)is similar to that of 

W．bifieensls described above． 

Atthemitoticmetaphase(Fig 1：6，11)，18 chromosomes are 2．36～3．73(孓=2．61) 

m long(Table 2) Th ey vary gradually in length．1_he karyotype is form ulated 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-ehromosomes(Fig．1：1i，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 mini Three chromosomes have a satellite respectively at the termina1 re． 

gion ot?the short arm (Fig．1：11，Nos．3．8)．The asymmetryof karyotypeis classified as 
2A． 

3 Djscussion 

On the basis of morp hological data， the genus Whytockia is considered as the most 

primitive group in the tribe Klugieae from which the other genera have evolved(Wang et 

口Z．，1996；Weber，1982，1978，1977)．Most genera in the Klugieae have a high prqportion 

of polyploids and dysploids(Skog，1984；Ratter，1975)．Among them，Rhynchoglossum 
has 2n=20，22，36，42，54，Epitheraa 2n：16，18，24，M mmphyllaea 2n=20，22，24． 

32，Stauranthera n= 18，20，andone exarnined spe cies of Loxon缸 n=22．2n= 16 in Ep— 

ithema was exam_med only from one popuhtion of E ．saxatlle．which has 2n=18 chromo． 

somes mostofotherlocalities(A．Weber，pem．comm．)．2n=16isprobabIv a secondary 

reduction of chromosome numbe rs within the same species．The basic chromosome numbers 

of the abovegenera intheKlugieaeform  a continuous series x：8，9．10． 11 and 12．Onthe 

contrary，the species examined in Whytockia show a constant chromosome number．2n= 

18．Furthermore，chromosomes of atlthe g日m in the Klugieae are generally I∞ than 2
． 0 m  

long except that of Whytockia．The longest dhromosome exami ned in M onophyllaea is only 

3 m(A．Weber，pers．COrDD2．)，while the chromosomes in Whytockia is between 2～5 m 
long，and the longest reaches 6 m．Apparently， Whytockia represents the most primitive 
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characteristics in chmmosome number and size in the tribe Klugieae．In addition，the Ire— 

queneies of x=8．9，10，11 and 12 investigated up to date in the Klugieae are 8％ ，4O％ ， 

28％ ，12％ and 12％ respectively．X = 10 occurs much D2ore frequently in Monoph ／aea 

than in the other genera This genus has a close affinity to Wh3cockia，but is apparently 

highiy advanced in morphology and anatomy．Thus，we suggest that x 9 be the primitive 

basic chromusome number of the tribe Klugieae 

Differences among the species witlain the genus Whytockia in karyotype mainly lie in 

frequency of median，submedian and subterminal chromosomes．W ．bijieensis and W ． 

tsian ana var．wilsoni are charaeterized by having median and submedian chromosomes， 

and lacking  subtermi nal on@s．0n the contrary，the other three taga have the suhtermlnal 

chmmosomes but 1ack M—chromosomes．The proportion of the chmmusomes over 2．0 of arI22 

ratio Is 22．2％ in W ．bljieensis and 33．3％ in W．tsiangiana var．wilsonii．The asyrnme· 

try of karyotypes of these two taxa is classified as 2A．The propo rtion of the chromosomes 

over 2．0 of aTnl ratiois 55．6％ in W ．hekouensis and W ．tslangiana var．tsian ana，and 

66．7％ in w ． rpurascens．The asymmetry of karyotypes of these three tax8 is dassified 

as 3A．Even though the forn2er two haxa have the similar karyotype，the asymmetry of kary— 

otypes of W ．tsiangiana var．wilsonii increases compared to W．bijieensis．The differ— 
ence~among the 1atter three taxa mainly 1ie in frequency of submedian  and subterminal c}1r0一 

mosomes．The frequencies of submedian chromosomes are 55．6％ in W ．hekouensis，44． 

4％ in W ．tsian 跏 n v丑r tsiangiana and 33．3％ in w ． rpufasce~ ．The frequencies 

of subterminal chromosomes are 22．2％ in W ．hekouensis，33．3％ in W ．tsiangiana var． 

tsian ana and 44．4％ in W ．加rDurscen5．Moreover，satellites have been observed respes— 

tively in the third and eighth pair chromosomes in the live investigated species and variety． 

Whytockia bijieensis and W．tsiangiana var．wilsonii gather almost all the primitive 
characters of the genus Whytockfa，that is，two free or alⅡm t free stigmata，erect stem， 

1arge corolla．1ackin~ true compitum as a primitive state of syncarpy an d so on．On the con- 

trary， W ．purpurascens and W ．tsiangiana var．tSiangiana demonstrate a bighiY phylo- 

genetical derivation in morphology and anatomy，as evidenced by two subconnated or wholly 

eonnated stigmata， a creeping stem，and the unilocular state in the uppe r part of ovary ． 

However，W ．hekouensis is characterized by a series of transitiona1 features in W hytockia， 

such as erect stems，subconnated stigmata，a compital pore rather than unilocular state in the 

upper part of ovary．Taking the morphological and karyotypical information together into 

consideration，the evolution of karyotype in W tockia siE~ms toward increasing asym metry ． 

Th at is to say， the frequendes of submedian chromosomes，especially those of subterm ina1 

ones，increase in karyotypical evolution witlain the gen us W hytockia． 

In addition，A．Weber(1982)treated a~veral locat poPulationa of this genus in Sichuan 

of China as a new variet —一 W ．tsiangiana (Hand．一Mazz．)A．Weber var．wilsonii A． 
W eber．The karyotype of this variety is distinctly different from that of W ．tsiangiana var ． 

tsianglana as demonstrated above The difference in karyotype well consistent with the 

gross morp holng y．The form er possesses erect stems，two almost free stigm ata， large and 

purplish red corolla 1．8～2．4 cm long ，while the latter possesses creeping stems，uspitate 

stigmata(two stigmata wh0l1y connated)，and smal1 and white comUa 0．8～1．2 cⅡl long． 

This variety is close to W ．bijieensis in stigma and karyotype，but different from it in other 

distinctive characters of this variety．So，we sug gest that this variety be separated from W ． 

tslanglana as an independent species in Whytockia with affinity to W ．bijieensls． 
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摘要 本文首次报道了中国特有异叶苣苔属的染色体数目及核型。该属所研究种类的染色体数目均为 

2n=18．染色体长度在 2 0 m 以上，在尖舌苣苔族所报道的染色体中显示出较原始的性状。尖舌苣苔 

族的染色体基数可能是 X=9。异叶苣苔属的间期核均为复杂型 ；前期染色体呈渐变型。核型从对称型 

向不对称型的演化主要表现在近中部着丝粒，尤其是近端部着丝粒染色体 比倒的增大。毕节异叶苣苔 

W．6 e~zsis和峨眉异叶苣苔 W．tsiangiana v日r．~oilsonii的核型分别为 2n=2M+8m+8sm(1sat)和 

2n=2M+8m(1sat)+8sm(2sat)，较为对 称。紫红异叶苣苔 W．pgrpurascens和白花异 叶苣苔 w 

tsiangi＆加 v ts缸 ＆加 的棱型分别为 2n=4m+6sm+8st(1sat)和 2n=4m+8sin(2sat)+6吼．比较 

特化。河17r异叶苣苔 w h~ouends的核型是 2n=4m+ 10sm(1sat)+4st，处于二者之间。峨眉异叶苣 

苔和原变种白花异叶苣苔的核型差异较大，在外部形态方面二者之间的性状变异也间断较大。本文建 

议将该变种从白花异叶苣苔 W．tsiangiaaa中移出自成一种，并和毕节异叶苣苔近缘。 

关键调 非对称；染色体基数 ；进化；核型；异叶苣苔属；尖舌苣苔族 
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