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Abstract

Ths paper reports the ka,iσ KrphDIoglcal obswatlorrs m seven speCi∞ o】 Cε″炯 m,The clu⒅αⅡles of

au tlF studled spec16 at rgtIng g阃 ge md mtotlc p⒑phase at∞m·m1y oft.he α刈plex chmImntertype aI记

mtastitd.type,respocuvely.· rhe ka。 otym· fomluhe ape s fd.bws:C,n″ i02n=46=34m+10sIn+z玫

=4L+14M2+24M】 +4S;C.留″u2n=34=12nl+12all+lOs=2△ +12M2+20M1;C. α△曰△
`∝

卜g0货u

2n=16=1⒍】+6&n=lOM2+6M】 ;C,,u‘″田″rhc 2n=26=26m(2sAT)=4L+6M2+14M!+2s;C.

mt山ig⒊m2n=24=24m=14M,+10 MI;C. plt”do,`:|j2n=24 = 201n+4· In= 14M2+lOM1;C.

ttu篮 ,】F,:,s2n=24=22m+2sIn=16M,+8MI.

Key Ⅲr‘;G材姆冫:‘∶;Ka~om⒑ rp1ˉnl咕y;C”otaxo⒑ my

G诏77r塑
`I刀

∝〉ntaIns 361 spec16 bclonglrlg to 15欲 ℃d()ns(「 Io&Liu 1990),mdcly dlsthbuted in thc

nonhenl temperatc axle.I‘ hlgh dlveBlty of spec16 and sections(xcured in west Cluna(Ib et a1.1996).

Alth名h num饭灬 rePDns()n the chm⒀me lllmb¨ and hwot巩蹋 of c臼′″,】c ha(l beetl mdc(YuaIt,

1993;Yuan&Kupfer 1993;Kupfer&Ymn,1996),i“ s difficult to understand the mechamgn()f the

chmII】⒅ llal ev()lutlon in a,″ 姆m⒊nCc II⒑ rpk)loglcal and cho】 )osα】】al hα noplasy preval‘ in thc gen“ .In

ordcr to detect thc phylogenetic rclat1()nship of the genus C四 r勿涩,a senes of c”otaxαlmuml studlcs were

cBmd()(lt to a】 wer叼 nc of the qtlest1o【△s αnCeriung ch血 Ix双Ⅱ∶〗e data of Chlnc∞ specles,∞ peclaly the

spocies f¤n the hg1】 altitude regcns of west C1】 1na.We attempt乱 bv ob茹wing as m‘ lny spectes as阝 蹋 ble,

to△nd the key ch¤Κ曲ηe num陕 Mnd the links between thα o,in order to undestaIld the ch¤
·Ⅸ咖 谢

cvdutl()n of the genus.TIus paper ls the founh in a senes of repods(Ho et d.1997;Chen et d.1997)

dealing v`lth cltKInosxIn.l observauons。 n Chinese gentians.

卜1aterials and Methods

The materials aild their locallties are tabdated in Table 1.The v(ucher specimens are preserved in the

△ △11e p:qect wgs supported by tite Key prq笛 tF叔m戈 t¤l of uF Chm四 :Acadmly of⒌len∞ and the NatIOnal

Natural“ eIlce Fotmdatm d Chlm.
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helban匝 n of Nonhwest Platmu Institutc of BIology,the Chnese Acad0lly of scicnces,Thc pOoplc’ s

Republic of China(H卜 TWP).

T曰)le 1 【n臼1itles m门 山 “Ⅱ 凼旺e mm“ s of ur.α四“¤m饭 扭 Ⅲ C臼
`j四

田

·
I·axon Voucher

C.g″u

C.矽″za

C.忽“
`纷

加 扭

C.p·吼 访″″

C· ‘:`0lo`c″访
`

C.″ z汤幼夕留

Ct四留刀口:9s

Liu Jianquan 337

Liu Jlanquan.349

H.B.G 544

H.B.G,1252

1-~iu sluI·呕”̌u3550

H.B.G,727

Liu Jl‘ nq1an 269

For the obsm·ations of ovanes,the metlui int¤ 1uced by hu(1996)w小 taken.For the g· miwIng i∞ t

tips,the pn∝edme was孙 salne as our former repons(lb et d.,1997;Chen et a1.1997).Thc karyotype

fom11ae are estl:!nt耐 a⑾rding to L∞ van et al(1964).The terrmnology used for ch¤ nogne∞ mplαnent

of rdatlve length(C.R.L.)is that defined by K∞ et d.(1972).The c18ssl△ cati(m of karˇotyu as卵 mctrv

follo`啷 stebbins(1971).Thc intrach0△ 凼 △血 l as卵metrv index(AI)and thc interchrα n(总况nl as”nmetry

indα (A2)p珥溺 d by Rcmα)(1986)as well as indcx of the ka、0tmic孙 vⅡmetry(卢§.K%)pq溺 d by

Ara!⒑ (1%3)were adopted.

Results

Au。f the plants of 7 spec16 of Centiana坛 田 咖 nonly the r6ting nudo in their RDt menstα rntiC

cel△,whdl show贸℃d darkly stal!!胡 ,a醉egatd ch【xll∝ enters and scveml hge hete刀 。pycnouc b。dles

va叩ng n slze and numbcr(Plate I:1),Thus,the resting chnn(双 )〖 1es of 5 speci6姒 ild be clasind as thc

complα ch咖center tyr·

M.t°uc-pmphase d【m双mes m the 7 specls α)ntain heteI∝ ⒈̈ adc巽gnen‘ in the intαs“tid rcg,oⅡ

of吣tc跏 蜘 es of∞ ch oomplα】】ent(Plate I:2).Tlltls,tlle mitotic prophnse c隘 【助 mes codd be

da裰fld∞ the intcrstitial type.

1.C勿时记刀口“” Jje,Fmnclt.(sect.s勿 刀o幼″e)Table 2;Plate I:3,4

AⅡ plants studlcd sk)w the nlltoticmetaphase ch咖唧 △lc number of 2n=46 aild the ch∞in∞Ine

∝mplm记 nt conslsts of 34 mdlan-centK)iner1C, lO suboledian-cent¤ △enC and 2 subteFImna1-centlα nenC

chrα IKx∝,m.6,ChIαⅨ¤∷nle binxxiality ls indlstinct~lbwcver,the∝ np.letllent of rclative length of the plants

f0n poptlation 1 cxhbib 4 1ong(4L),14 1onger(14M2),24 sl orter(24M1)and 4 sh⒑ rt(4S)

c跏 ⒁ lles.The total length of the chmⅡ 斑 ne∞mpl咖 t s 59,03`m wlth the lengths ranglng fR)in

1.76 to 4.03`m.The mean 1曰 lgth。 2.571m.The哂Do0r w孙 esuIIntd to be thc 2B 0r acoordmg to

stebblns’ class1】 catIαt.Thc ka。 ot珏冶as|mn△etry indices are AI=0.30,A2=0.16 and As.K%=ω .03.

The chmxⅨ me nunlber and karyα norPhology of ths species are reponed llere for the flrst time.

N亻 aterial No. L∝ality

Rα)ts

Roots

o吧nes

ovan岱

Roots

R(x)ts

Roots

34

46

16

14

26

24

24

Lijia l￡ `,Yulmn,24(X)m

uilmg,Y1mm,24(X)m

M明σm,QⅡlghai,35(X)m

Dar18g,Qlngllai,38())m

Ton即n,Qu伽1,2αX)m

Maqin,伽lghi,49(Xm

Baoxit】 g, |sich.uan. 34(X)nl
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Table 2 ηr drαα¤no pmlme阝 .ill C.出r曰:nIld C.△”‘

`j访

C,9“
`|o

C ,甲ri

No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

RL

6.09

5.30

3.88

3.77

4,28

4.86

4.17

3,99

4.03

4.17

2,97

3.19

3,99

3,48

3.08

4,17

2,61

RS

I.81

1.92

3.12

2.97

2,21

1.60

1.96

1,74

1.56

1,05

2,21

1.99

1.16

1.67

2,07

0,91

1,96

RT

7.90

7,22

7.oo

6.74

6.49

6.46

6.13

5,73

5.59

5.22

5,18

5.18

5,15

5.15

5.15

5,08

4,57

AR

3,36

2.75

1.24

1,27

1.93

3.o4

2,13

2.29

2.58

3,96

1.34

1“⒑

3.43

2.09

1.49

4,(m

1.33

RL

5.32

3.40

3,34

2.46

3.59

2.51

3.12

3.18

2.45

2.25

2.66

2.32

2.12

2.35

2.20

2.24

2.08

2,18

2.08

2,42

1,85

1.69

1.57

Rs

1.51

2,49

1 52

2.39

1.22

2.27

1.64

1.51

2.24

2.05

I.57

1.88

2.08

1.81

1.95

1.57

1.85

1.73

1,81

().92

1,46

1.52

1.41

RT

6,83

5,89

4.86

4,85

4,81

4.,8

4,76

4,69

4.69

4,30

4,23

4.20

4,20

4.16

4.15

3.99

3.93

3,91

3.89

3.34

3,31

3.21

2,98

AR

3.52

1,37

2.19

1.03

2.94

1.lo

1.90

2,11

1.lo

1.10

1.69

1.23

1,02

1.30

1.13

1.54

1.13

1.26

1.15

2.65

1,27

1.11

1,12

I\· No

3

4

0

6

7

8

9

10

11

12

13

`t

14

15

16

17

18

19

2()

21

22

23

〓〓
~
i
m
m
m
m
m
m
m
m
m
m
m
m
m
m
m
m
m
m
m
m
m
m

RL=rehtive lalgth of long ar n;Rs=rdative length of`hon an1△ ;RT=re ative total length of chσ I※溜五ne|AR=

arln ratlo;PC=阝 碰tlon of centIα nere;m=ll△ edlan;sIn=suhlledhn;st=subten疝 :u1.

2, Cer9`加刀口seriul Franc△ . (sect. s彦 e●aog)叼e)'rable 2;Plate I:5,6,

The chIo双¤Ine number of thls spccles is 2n=34 at rrutotiC-metaphase.The ch⋯ 【胡 】e αnlplment

∞mis‘ of12 mdian centmenc,12 submc(lian-cent血 llenc and lO subtenlunal centK,InenC ChoⅨ Bn16.

The∞mpler!lcnt of relativc length cxhibi‘ 2 1ong(2L),12 1onger(12M2)and 20 shoner(20M1)

chmⅡ双mcs.The total length of tlte chm·K胡ne mnpldne!lt B 27,56” n mth the lengths ranglng fmm

1加 o2.18呷 .The mcan length is 1.62叩 .Chm琪me b涮allty is indlsdnct~T№ karyotvpe w孙

6timated to be the 2A type of stebbins(1971),TIlc kar”yr as咖 Ct” itldlces are A1=0.50,A2=0.16

and As.K%=68.07.The ch¤ Ⅸ胡 ne ntlInber and ka。 ⑾ orpldlogy of tlus specis nre rcported here for the

first tlme.

3.CeP,mmm口 .姒>夕咄叨 T,N.Ih(s∞ t.~Di油α刀r分2T· N· △b).Tabe 3,Plate Ⅱ:7,8.

The chm】￡斑 nc n⒁ber of this suα es is 2n=16 at!ntot】 Gmetaphase.The ch血K铷 ne αmpldnent

∞Ⅱlsts of lO modlan cent血 nenc and 6 submdian-cen咖 mcchnnxm6.The∞ inplσnent of rclative
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length exhibits 10 1onger(lO M2)and 6 sl)orter(6M1)ch· nrⅨmes.The total length of the chσ【Ⅸme
cmpleInentis 25.56 Itm.Thc lengt抵 range fDrl1 2.49b3.59 um and the mean length is 3.⒛ ‘m.
Clrm·K№me bi¨dalty is indlstinct.The karvotype was estimatd to be the 2A typc of stebbins(1971).

The karvotype as聊 eoy indlc6 are Al=0.26,A2=o.11 and As.K%=58.21.The chα 】¤onc number
and kaD`()morphology of this specles is re∞ ned hele f。rthe l浴ttme.

Tnble 3· I诀 山R” 叩 mo.咖 c· mmJ咖

C.6″〃
`缈

卵 距

1      7.52    6.55    14.07    1.15

2     8.50    4.87    13.27    1.75

3     8.91    4,18    13.09   2.13

4     6,69    6.27    12.96    1.07

12.92

12,12

l1.69

9.75

1.09

1,81

1.40

1.19

N0 ItL   R$   R· I·   A.R   PC

C ‘tt.义″e″,s`s

No.    RL    Rs    RT    AR    PC

m
m
m
m

m
一

跏

m
m

5

6

7

8

6,68

7.80

6.82

5.29

6.24

4.32

4.87

4.46

C.p“石d(″
`ti氵

sec Taue 2 for the expiam咖 abbrevlatlons

4,‘讫″Jj‘:口口〃 砌 ″,jj Marq,(sect F'z82d口 )Table 4,Plate Ⅱ :9,10,

The chmⅡ蜘 lle n1〗 〗nber at nlItotic-metaphase is 2n=24;20 median cent¤ !leItc aild 4 submetacentnc

chr∞K⑩mes.The∞ mplement。f relative lengh shows lO lollger(10M2)and 14 sk)ner(14MI)

c响·吣 m6.mech研眼 me oompleinent has a total d∞ ,54㈣ a·ld a mean length of 2.55叩.The
lengt11s range f¤ 112.28 to 2.96 un.Chm众¤ne bi¨dality is indisinct.The ka、 n0贮 dassIflcation

bd。ngs to stebbII△s’ 1A tvpc.The kar,otype灬 ”lme● indices are A1=0.24,,A2=0.08 and As.K%=
57.34.The chm砥跏 nc number and ka”αnorpldogy of this sp∝i6are reponed heⅡ  for the△rst tme.

Table 4 1△ e chrn⒅me p△arotgs in C.卿
`:曰

:sIs and C.Ju浊 m||

No RL   RS   R· r   A.R.  pc No. RL  Rs  RT  AR  PC

5.08    4.42    9.50    1,15 1      6.18    3.5o    9.68

2     5.06    4.31    9.37    1,18 2      4.66     4.55     9.21

3     4.97    4.2o    9.17    1.18 3     5,24    3,5o    8.74

4      5,64    3.32    8.96    1.70 4     4.66    3.9·6    8.62

5      4.97    3.87    8.8.4    1,29 5      5.01    3.38    8,39

6     4,42    4,31    8.73    1.o3 6     4.20    4,08    8.28

7     5.41    3.32    8.73    1,63 7     4.20    3.96    8,16

8     4.75    3,87    8.62    1,23 8     4.66    3,5o    8.16

9     3,98    3.65    7.63    1.0.9 9    4.9()   3.15   8,05

10     3.76    3,32    7.o8    1.13 10     4.20    3.5o    7,7o

11      3.65     3.21     6.86     1.14 II     4,66.    2,91    7.57

12     3.32.   3.21    6.53    1.o3 12     4.78    2.68    7,46

1.77

1,02

1.~⒑

1.18

1,48

1.03

1.06

1.33

1.56

1,20

1.(⒑

1.78

m
m
m
m
m
m
m
m
m
m
m
m

see%ble 3 for the expla△ a“αl of abbrevlauons.

s.‘汔口】o″口 s勾“k”跖
"r】

。 Maxim,ex Kus11.(sect.Crtlciata)Table 5;Plate 
Ⅱ :11,12

T1】 ssuα essh)、Ⅱ the chⅡ【ll蜘 1e nuinbcr of 2n=26.The Imtoticˉ metaphase qmlplα nent consIs‘ of 26
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mediancentR)InenC Ch∞Imm.6.The third patr of chmn¤ ne show a欲¤mda△ co〖讼stncuon.The

∝mplement of relati田 length shows 4 1ong(4L),6 1onger(6M2),14 shoncr(14M1)and 2 olx)rt(2s)

c№rl)o∞In够 .The total length of the chα Ⅸ※狈e四nplelllcnt is 30,29严n Mth thc lcngt“ ranglng fr(,n

1.69 to 3.19″ na!ld a menn length of 2.33``m.OIσⅨ¤m1c bmdatty s lndisunct.Thc hryotype wa:,

∞tegori留d to be the 1A type ac∞ rdrng to stebbins(1971).The hwotype as” m)etry illdlces are Al=0.16,

A2=0.19 and凡 .K%=54,67.T11e chK)IIl D汹 1e nmber 8Ild kawα norphology of this spccis arc reponcd

here for tlle fis“ me.

6, GePIJjon‘ I PI″Jjgt,,,‘ I Edgew. (sect. F· rigida)'r· able 5, Plate Ⅱ : 13, 14.

The d蜘 ⑾ nle number at nlltotc metaphasc o 2n=24.The chm· ∝血 ne∝※ndmlcnt α)〖‘ists of 20

nledlan centKrnerlC ald 4 subrldkln众 咖 Kmenc ch∞ 丫的 mes and the co¤ lplαnent of dative length sho9吣

14 1onger(14M2)and lO shorter(lOMI)chmⅨ 双狲 6.Ch血 ·
饭田 ne bⅢ⒑dallty is indlstlnct.The total

leilgth of the c1ocnxx天 m)e(ompleInent ls· 28.91‘ rn wlth lengtls rangl【 lg f“ x】】1.96 to 2.71伊 n. 'rhe Inean

le:、gth s 2.41 un.The kar” type w孙 categorlzd to be the 2A type of stebbins(1971).The ka。 otype

as”
·nneoy in山 ces are A1=0.23,A2=0.(⒚ and As.K%.=56.89. The chα嘲 nc nunber alld

karvomorpllol鲳 y of this spccies are reportod herc for the first time.

T“bk s△ 】:drⅡ“¤门Ⅱ 田 rm0“ 阝 in C.口△】8曰叼 nod C.“

'田

m。△。

(.9, 7:tt它 9∶8toI口
C. si`功 oma″

`乃

口

No.

1

2

3

4

5

6

7

8

9

10

11

12

RL

4.93

5,30

4,56

5.17

5.54

4,56

5,91

4.80

4,43

4,31

3.82

3,57

Rs

4,43

3.94

4.44

3.69

3.()9

3.94

2.46

3.45

3,57

3.33

3.57

3,20

RT

9.36

9.24

9,oo

8.86

8.63

8,50

8.37

8,25

8.00

7,74

7.39

6.79

AR

1.11

1、 35

1,03

1.40

1.80

1,16

2.40

1,39

1,24

1.29

1.07

1.12

No.

】

2

3

4

5

6

7

8

9

10

11

12

13

Rs

5,05

3.93

4.02

3.93

3.50

3.20

3.07

3.17

3.30

3.20

3,27

3.lo

2.58

AR

1.09

1,63

1,23

1,05

1.23

1,26

1,35

】.24

1.13

1.19

1,08

1.05

1.16

K
m
m
m
m
m
m
m
m
m
m
m
m
m

∝
m
m
m
m
m
m
m
m
m
m
n
m

see· rable 3 for the explanauon of abbrenatlαs.

7, t为.,J,o`|0” us曰昭口s泌 iMa“1.(sect.Frlgida)'「 able 4.Plate Ⅱ:15,16.

Thls specles hls the ch!orr蜘 ne nunbα  of 2n=24 at lm1totiCˉmetaphase:22 median-centromenc a!ld 2

submdlan cen收mencckn嘲 nes.The σ npltrnent of relative length sho凇 16 1onger(16M2)aild 8

shorter(8M1)c际·IKMnes,The total length of the chσ
·K版犯 oomplenlent o 32.21 Fm.The meanlσ uh

is 2.69岬,The length range f咖12,l to 3.06叩 .Ch¤I⒅me bmnda10 s itldl咖 nct.T№ k咀”ot咿

was estrmtod to be the 1A type of stebbiⅡ (1971),The ka,oty∞ 孙”Imetrv indlces are Al=0.17,A2=

0.12 and As,K%=55.(X).The chKn为 αrne nmbα  atd k肛yⅪ⒑叮)kk名y of ths specles are reported hepe

for the nst time.

·71·

RL

5,48

6.40

4.95

4.13

4.32

4.03

4.13

3,93

3.73

3.80

3,53

3.24

3.00

RT

10.53

lO.33

8.97

8.06

7.82

7,23

7.20

7.10

7.03

7.00

6,80

6.34

5,58

|

|

|
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Discuslon

According to thc a跑 ikble chulmmc da伍 (shlgαlobu,1984;Yuan,1993;Yuan&Kupfer 1993;

Kupfer&Yuan 1996;lb et d.1997;Chen ct a1.,1997),a mde n鸭e ofch0K铷ne number varlatlon

was fotnd in the genus Ce`7场 肥 fKm 2n=12 to 96.As poInted out by Kupfer&Yuan(1996),grα at

vanatlolls eXist among g驷 le secti()rls some secti()ns are restncted to a certaln Chrα 】α丫me nm】ber while&汛 lc

sectioIls sI⒑W.Inuch lugher varlatl。 ns.That meaIs the clrI· Ⅸ¤ nlc d.ata are tsl正 lⅡy in∞n留vent wlth the

morphologlcal data.Tllercfore,,it is still difflcdt and渤 netlInes imIⅪ slble to deteIImne a baslc number for a

specinc scctim sInce the hwologlcal mechaism⒛ d polanti6 d chn№ mal vanatim is∞ t cl∞¨ t.It is

t∝)early to s阝 ¤.ali贺 the ances咖 l baslc nmbcr of C冫 ″
`m∶

诩..F1“hertrK)re,孙 indi∞ted in the prescnt paper

and the fornler reporOs(shgenobu,19⒏ ;Yuan,1993;Yuan&Kupfcr 1993;Kupfer&Yum 19%;Ho et
a1,1997)the ka~。 type stmCtures a⒑ 吧 the taxa of o`沏叨 are very aImlar,maldy oomsisting of median-

centronlenc and submedianˉ cen愆σnσlc chm双※川es wIthout bmodality.The dlffelentiadon of thc

ka:” 叻 焰 咖 ng specl够 0r sectIms is indi⒍ inct.The kano.叹 冶 田 sd‘ add nDre pldes to und¨ tand the

ch0△xⅫIml mechamsIr△s of this genus.New expenmental paths t。 det∝ t the chαn∞,ml四献u“αl of

Cg″rm仇z.are badly neoded,
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2n=24)=24n1=

=24)=22m△ 2sIn

△
讶

本文

间型。它

24Ml+4s;锯齿龙胆为 2n=34=12m+12st1+lOs=2L+

=lOM2+6M1管 花秦艽为 K(2n=26)=26m=4L+6M2

12M2+ 2n=16=10m+6△n

14M2+lOM1;氓 县龙胆为 K(2n=24)=20m△ 4曰l=14M2

=16M2+8Mi。
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