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Chromosome Karyotype Analysis of Six Populations
in Atractylodes DC.

LI Xiao-ling, WANG Xue-song, CHENG Sui-han, GUO Hai-hui, YANG Jin
( Engineering Research Center of Eco-Environment in Three Gorges Reservoir Region,

Ministry of Education/China Three Gorges University , Yichang Hubei 443002 )

Abstract: Six populations of Atractylodes DC. ( Compositae) were used to analyze their chromosome number
and karyotype by applying root tip squash method. The results showed that chromosome number in all six popula-
tions of Atractylodes spp. was 2n =24 and the karyotype formulas were as follows ;: Baokang population 2n =2x =
10m + 12sm + 2st, Shangluo population 2n =2x = 14m + 10sm, Yuexi population 2n =2x =12m + 12sm, Yingshan
population 2n =2x = 14m + 10sm, Xinyang population 2n =2x = 14m + 8sm + 2st, Shennongjia population 2n =2x =
8m + 10sm +4st. All of karyotypes for the investigated populations were 2B type but Yingshan population with 2A
type , which showed that Yingshan population plant belonged to a relatively primitive type and relatively ancient or
the primitive plant in evolutionary processes of Atractylodes. According to the dendrogram of Q analysis and karyo-
type analysis of Atractylodes plant, Yingshan and Shangluo population plant was clustered into one sub-subgroup,
whose centromere karyotypes were same ,and Xinyang population plant which belonged to A. chinensis and the former
two population plant was clustered into one subgroup, and Baokang and Yuexi population plant which belonged to
southern A. lancea into another subgroup. The result don’ t support A. lancea subsp. Luotianensis treated as a sepa-
rate new subspecies and Yingshan population plant should be A. chinensis plant, but support northern A. chinensis

was a new subspecies of A. lancea. The results also showed that there was distant relationship between Shennongjia
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population and other five ones. This might relate to its high altitude and complex habitats so that Shennongjia popu-

lation plants had less gene exchange with them.

Key words : Atractylodes ; compositae ; chromosome ; karyotype analysis

G AJE (Atractylodes DC. ) 22§ F} ( Compositae )
R —A/NE IR 7 B oA U R X
HEEARRW EE M XX, BAREMY), 25
L5, iR Atractylodes lancea (Thunb. ) DC.
Je i 2y BRI X B H 2 2L,
TIreMsE AR TS KBS KR IR | X TE S
B MR E S, AR S ARE LR G A
il 35t 97 A BB A1 i /0 g s s S A T S BE AR T (I
B B B aEE . 8 1 1837 41 De Can-
dolle RE 5 , [l N Ab2 5 M MIIE 2 AW A 1) 25
232 B B3 AT SRR T 1 R Y A
WESE AERS T8 T A K BT A i R o — BLAFAE S
B (CPEBEYEYEILE AR A. chinensis (Bunge)
Koidz. MIZEBEAR (FEAR) A. lancea ( Thunb. ) DC.
HIFNEAR A lancea (Thunb. ) DC. 7! (FKILHY)
R %) L& R E K B Atractylodes  chinensis
(Bunge) Koidz. , BB A E LT AR BAEFPS
MARFLAEET WS IR E A 5 FhARJE Y, 4 )

®1 HEKR

Table 1 The source of materials

BERE AR T A, AL S ARIFAE G AR N, B HEAR
AR AT RN X 2 B 45 B
ARE—AF ) H B A, a5 2 P HEAR A lancea
subsp. Luotianensis, FHY) Y (A% H AL &R &R
E AR 2RI 2 — | WF ST 0 LB b B A% U A7 B
TR AN BT b ] ) 2R GO0 2 e A SR 2 TR Y
KFR RERMRERE G == Rk 2
N T LB AR B AR R KT SRR o S
AR A SCNZIR ALY 6 4 a1 G (R 1% 1
HEAT 2B He A, 1 1B A 22 i A 2 0 2 K b i st A%
G R FR TSR AR ARAE

1 MRl57EE

1.1 ##

IR S AR 6 R EFFE SR AL HLLL K
ABEWER L, TR G AREHY 6 BB 28 =k
PN <= L7 e o3 L Bl e R S 2 [| RASAER K7L Ri
IR AL T =W R A S B 57 %

S ) A [iR7/ e 0N SRAEHL MK (m) GLhRE RS
Population Plant species Botanical name Locality Altitude Latitud and longitude Voucher

35 AR A. lancea B[RS 462 E:31°52'41" N:111°15'40" Li201008001
T bR A. chinensis B Ve T v 788 E:33°52'13" N:109°56'25" Li201008002
&7 MEAR A. lancea LT 395 £:30°53'33" N.115°52'42" Li201008003
Bl B HBEAR A. lancea subsp. AL 115 E:30°44'05" N:115°40'52" Li201008004
(L] AR A. chinesis E{E 112 £:32°08'49" N.114°05"28" 1i201008005
AL MEAR A. lancea 7l i e 998 E:31°45'16" N:110°17'14”  Yang201008006

1.2 FHik B A PRGF (AR IR B T AR R v e K 4R

K HARERE AR R AR IR K R
0.5~1.5 cm B, R HATELE, T 9:00 ~
11:00 Z BT F AR, £ T 0. 1% Bok Al
IRTALRE 2.5 ~3.5 b Z&8mKEvE 2 ~3 R H
K R EE R (95% LB VKBS =3:1,v: v) fE4 ~
15 °C 4 I GE 20 ~24 hy B 8 E 5 8 R
FHZE R K IV 5 8N 60 °C fE TR /K 7 403 b I B
1 mol/L HCl ', fi# 55 10 min R )5 JHZEME K sk 2 ~
3K, R 3 min'"!

W25 22 AR VAT, R R R A AT Y 0, 2 5 10 min
& A Bk, AR R AR B R A R
AU W R A, 20K R WK B Ak sk A
il el
1.3 SEEZESH

7E 100 1578 [E Leica 2\ F] DMR £ I 6g W {55
MG T R 5 N BRI IR, B JE HEPREE 50
A2 R AR R A T g (IR R B Gt B e
BARIREE, XFUEAT R M AR S, 43N 5 A
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DL AR o R0 T EL 43 OB i G R 43
SURAAERZ AL B (1) K BEORH T A5 1 e R R
AT IFIN i AR R (L AR I S £ s
PTG L ARBC 20 5, 2 il R el
PRI 05, B B S A ANIE AY-E Y (EAE A i A
IS, RS i R 2k 2 T bR e AT
BRI FRYESR B G. L. Stebbins""* (432, 4 74
AKFRPE R BOTE H. Arano' ™ 771, YL (A AB X
KL A% S. R. Kuo 2520 (43 2HKhmifi
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=N N\ :
“é)l::?) | Fy
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I',/U ) 0{
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2 GRE5HMH

2.1 BRAEBEEY6 NBELEEHE

R TEBER B RLE £ 50 e R 0 B 1Y
YA CE 1) R RIS A 45 5L AT Y R B H
gt (£ 2) . WNERHIT I 6 AR FEYL A% H 4
Kiborh 24 45, HA WD B MAE A 23 .22 .21
E QIOE B b N M e A S o | 5 N<
Y2 TR A5 R — 3K

C
g -
& /7
= Ry
- =
— * L : e

ARBREFEBE B ISR RE C. VG R, D A FH I B S L R e F . fif S0 Ja i
A ; Baokang population, B ; Shangluo population, C: Yuexi population, D ; Xinyang population, E: Yingshan population, F ; Shennongjia population

E1

EREEY 6 NEERNPEALEME (bar =10 pm)

Fig.1 Metaphase chromosome of six populations of Atractylodes DC. (bar =10 pm)

x2 BERIAEEHBSHESFITER
Table 2 Frequencies and absolute number of six populations chromosome (%)
, TRBR T T FE HVE el R 1R R MR T T
o (K , ‘ ‘ !
Baokang Shangluo Yuexi Yingshan Xinyang Shennongjia
No. of chromosome
population population population population population population
24 9 90 92 92 94 96
23 4 6 4 6 4 0
22 2 4 2 2 2 2
21 2 0 2 0 0 2

2.2 BRE6NEHLEMKZE

2.2.1 REEEEE MRIE S AAuMAg I R
ARG EE N 24 (I 2A) 1% 1.3.5.7.12
XA 2 i e AR (m) (55 2.4.6.8.10 11 XJ T
HER A 22 g AR (sm) FNES O X 3T o 30 o 22 s 4
iR (st) 41, Yo o iR 4l i A0 X R AR 1k R
4.86% ~12.18% , L /8 LL(E S AL EI7EL. 06 ~
4.04 Z [ (I 3A) e A AR 2n =2x =24 =
10m + 12sm + 2st, J& 2B #% K A% RN KR R 50
64.95% , Y e AR A XK BEZH R 2n = 2x =24 = 6L

+6M2 +8MI1 +4S (F3 . F4),

2.2.2 TEREE ¥ES5 DU E, R
ARGt A% H ol 24 (K 2B) %5 2.5.6.7.8.10,
12 X 22 S e i (m) FI%E 1.3 4.9 .11 T
HERE 22 S R (sm ) 2R, G o fAR AL 1) AH X
JEARAE A 3. 75% ~7.92% , et KR LU AR AR Ak 75 Fl
TE1.07 ~ 2.54 Z 6] (K 3B), e o i A A\ 5K
2n =2x =24 =14m + 10sm , J& 2B & RS FR
FECH 64.95% , Gt R X BE AL 20 =2x =
24 =6L +2M2 +12M1 +2S8($ 3 £ 4),
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A :Baokang population, B;Shangluo population, C; Yuexi population, D Xinyang population, E ; Yingshan population, F; Shennongjia population
E2 BAREEY6 NMEHLBMEFZE
Fig. 2 The chromosome karyotype of six populations of Atractylodes DC.
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A : Baokang population , B; Shangluo population , C; Yuexi population , D ; Xinyang population , E ; Yingshan population, F ; Shennongjia population
B3 6 MEHNEERREENE
Fig. 3 Chromosome karyotype idiogram of six populations of Atractylodes DC.
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R3 TAREEY 6 MNEHLBEZIESHY

Table 3 Chromosome karyotype parameters of six population from Atractylodes DC.

R e MHREE (%) B K Type || Fapg F5 o MK (%) B L 2 Type
Population  No. Relative length ~ Am ratio [ | Population  No. Relative length ~ Am ratio [ = (o
B 1 1.89+2.96=4.85  1.57 m s || m 1 1.16+2.59=3.75  2.24 sm S
2 1.64+3.93=5.57 2.4l sm S 2 1.99+2.17=4.16  1.09 m M1
3 2.82+3.00=5.82  1.06 m M1 3 1.41+43.02=4.42 214 sm M1
4 2.13+3.70=5.83 176 sm Ml 4 1.69+2.98=4.67 1.77 sm M1
5 2.73+3.35=6.08  1.23 m M1 5 1.80+2.95=4.75  1.63 m M1
6 1.71+4.71=6.42 2.76 sm Ml 6 2.30+2.46=4.76  1.07 m Ml
7 3.34+4.42=7.76  1.36 m M2 7 1.96+2.89=4.85  1.48 m Ml
8 2.97+5.25=8.22  1.77 sm M2 8 2.26+2.99=523  1.31 m Ml
9  1.66+6.64=8.30  4.04 st M2 9 1.76+4.48=6.24  2.54 sm M2
10 2.89+7.12=10.01  2.46 sm L 10 2.79+4.14=6.93  1.49 m L
11 3.47+6.61=10.08 1.91 sm L 11 2.29+5.49=7.78  2.39 sm L
12 4.69+7.49=12.18  1.59 m L 12 3.51+4.37=7.88  1.23 m L
E7 1 1.29+2.71=4.00 1.6l m s || W 1 1.62+2.41=4.03  1.49 m S
2 1.64+2.02=3.66 1.23 m S 2 1.99+2.32=4.31 1.17 m Ml
3 1.51+3.08=4.59  1.70 sm M1 3 1.41+42.92=4.33  2.07 sm Ml
4 1.79 +2.32 =411 1.29 m Ml 4 1.99+2.42 =441 1.21 m Ml
5 1.84+2.51=4.35  1.37 m Ml 5 1.79+2.09=3.88  1.73 sm M1
6 1.19+3.47=4.66  2.91 sm il 6 1.48+3.41=4.89  2.30 sm M1
7 1.97+2.74=4.71 139 sm il 7 2.01+3.01=5.02  1.49 m M1
8 2.08+2.91=4.99  1.39 m il 8 2.00+3.08=5.08  1.54 m M1
9  1.80+4.08=5.8  2.27 sm M2 9 2.39+3.99=6.38  1.67 m M2
10 2.74+4.75=7.499 L.73 sm L 10 2.32+4.37=6.69  1.88 sm M2
11 2.29+5.49=7.78  2.39 sm L 11 2.72+5.00=6.72  2.92 sm M2
12 3.49+5.01=8.50 1.44 m L 12 3.04+4.88=7.92  1.60 m L
=m 1 1.91+3.21=5.13  1.68 m S | ke 1 1.63+2.45=4.08  1.51 m S
2 2.27+3.42=5.69  1.51 m S 2 1.43+2.86=4.29  2.00 sm S
3 2.47+3.58=6.05  1.45 m Ml 3 2.04+2.61=4.65 1.28 m Ml
4 2.69+3.66=6.35  1.36 m Ml 4 1.54+3.29=4.83  2.19 sm Ml
5 2.89+4.12=7.01 1.42 m Ml 5 2.09+2.76=4.85  1.32 m Ml
6  2.98+4.06=7.04  1.36 m M1 6 1.32+3.67=4.98  2.77 sm Ml
7 3.00+4.11=7.11  1.37 m M1 7 2.02+3.46=5.48  1.71 st Ml
8  2.43+5.88=8.31  2.42 sm M2 8 3.00+3.34=6.34  1.11 m M2
9  2.00+6.91=8.91  3.45 st M2 9 1.56+5.77=7.33  3.71 st M2
10 2.95+6.45=9.40 1.72 sm L 10 2.45+5.58=8.03  2.27 sm
11 3.68+6.36=10.04 1.72 sm 11 3.27+5.77=9.04  2.10 sm
12 3.05+7.06=11.11 1.74 sm L 12 4.06+5.82=9.88  1.43 m

2.2.3 EWEE S5 DU R EYE R
BARMYG AR H N 24 (B 2C) 5 1.2.4.5,
8 A2 X H I EHE £ Sk (m) % 3.6.7.9,

10 11 Xz i 5 5 22 5 e e K (sm) 4 A%,
IR A X K BEAZ AL 3.37% ~8.51%

ey i)

)

R AR L JE B AE 1.23 ~ 2.91 Z & (A
3C), Yoo R A A K 2n = 2x=24 = 12m +
12sm, J& 2B #Z B B RUAR T AR R BN 62. 04%
e e (R A0 XK B4 A 2n = 2x =24 = 6L +
2M2 +12M1 +4S( %3 % 4),
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x4 BREEY 6 NEFHLEAZBESHILE
Table 4 Comparative karyotype parameters analysis result of six population of Atractylodes DC.

e [E3NN B BARISEH] BRI FRFREL (% )

Populations Karyotype formula Length composition Karyotype type Nuclear asymmetry coefficient

(7353 2n =2x =10m + 12sm +2st 2n =2x =24 =6L +6M2 +8MI1 +4S 2B 64. 95

T 2n =2x =14m + 10sm 2n =2x =24 =6L +2M2 + 12M1 +2S 2B 64. 95

i) 2n=2x=12m + 12sm 2n =2x =24 =6L +2M2 + 12MI1 +48S 2B 62. 04

Pl 2n =2x =14m + 10sm 2n=2x =24 =2L +6M2 + 10MI +2S 2A 63.25

{5 MR 2n =2x = 14m +8sm +2st 2n=2x=24 =4L +6M2 +8MI1 +4S 2B 60. 12

Hik2e 2n =2x =8m + 10sm +4st 2n =2x =24 =6L +4M2 + 10M1 +4S 2B 64. 14
2.2.4 FWER 455 DA R RILERE ATET TSRS R 22 R AE BEXREAR ST
AREGG A E R 24 (K 2D) , % 1.2.4.7.8.9, 4338, 4p 2R 000 ik RS A KN 28 0L 7R
12 X 22 i g K (m) FI%E 3.5.6 .10 11 X5 R, 1 HAF R 732825 R 43 2807 1k He s b A S fin 4
UErP R 22 gk (sm) A, G RA AT EOMATE . ARBFIERT 6 AR BERE ST R4

KEA N 4.03% ~7.91% , Je {0 (A8 HAE AR bl
FITE 1.17 ~ 2.92 Z[H] (& 3D) , Ge i R % B A =X
2n =2x =24 = 14m + 10sm, J& 2A BB KRR
FHCHR 63.25% , Yo AR AR BE 20 B K20 =2x =
24 =2L +6M2 + 10M1 +2S( 323 3 4),

2.2.5 {EPEEEEE 55 DU {5 P E

(st) A%, Yeta Rl i Al X B ARkl 5. 13% ~
11. 12% , G o AR LU AE 28 A [l TR L. 36 ~ 3. 45 Z[H]
(EI3E), e i A% AN 50 2n =2x =24 = 14m +
8sm +2st ,JE 2B A A RIAXIFR R BN 60. 12% ,
Ye AR K BE BN 2n = 2x =24 = 4L+ 6M2 +
8MI1 +4S(F3 £ 4),
2.2.6 ARZEEE WS YUAIIE M e
MEARN R OREEH N 24 (B 2F) 15 1.3 5.8,
12 Xt 22 S g i (m) 552 .4 .6.10 11 XHiE
HER A 22 YA (sm) FIER 7.9 XoF 3T g S 45 24 4,
Pefa iR, YR AR BE AR TR 4. 08% ~
9.89% , YL OIS LUAE B AL AE 1. 11 ~ 3.71 Z
B (K 3F), e iR % A5 2n = 2x =24 =8m +
10sm +4st, J& 2B BH AR R R BN 64. 14%
Yea RAIRT K BE SN 2n = 2x =24 = 6L + 4M2 +
10M1 +4S(3£3 % 4),
2.3 6 MEEREEZE QBIEEST

R HT (cluster analysis ) I 553285 My ek &
BAEHT , FR B ) PGS B AR o3 4Ll
FH LT G S 22N 2 A B et B e — 400
TFFEXT G55 AR ()3T A R4 ( clusters ) ISR T3 AT
BR o TIEAIATIE RIR M HEAh J vk B W — 4
FEARB AR R T 2R 2051 ik, Q BBy

B, 25 RN 4, BEIR R B 7S T TR Z TR A 15
TG MRS e AT, AR 6 T R’
% Bl R AR BT S ANERE N — KRS Tt
PRIEE AR A R —2 ) X ] i A 20 b AR
Yo AR AT O, B B AR T Be A ph o SR B
55 A JE R TR A2 i A2 BEL T i s A B 5, 5 HLAD
FERBE RGO R I, wvs o1l 5 FH O RR
VU 5 AN EREES O R BT, v RERE R 2T i LB 2

piiib ezt

T
Euclidean distance

4 BAREEY 6 MNEHIZE Q BREHE
Fig.4 Dendrogram of Q analysis for karyotypes

of six populations of Atractylodes DC.
3 itig

A FE A B 2K R AR B A 6
FERY YL AR BRI UEAT T HIF5T, %R P R 4 1 5325 R
WALTEAT TRV, WFE85 R, EARJE 6 DA
R ) B R G AR R 2n =24 55, FEH
T P 25 22 b e AR 2 A, A AE 2 (0 A J3E 2 K
R R R T AR AR AR S, ZREEEE L R
B 2E 5 F B AP AE 1997 AERE AR AR e £,
PRRI R — B0, 2 WA [+ 1t R IR0 15 A e €0
B EEEMN, R G. L. Stebbins!" 15, 75 24E
W 1) 0 At A v e € (AR R Pl o R ) A X AR
1k, G. L. Stebbins' " 3 33 % 4 H 4% B ¢ H)Y 43
T, 5 Y (A RS R PR B A B A h 12 b2
(1A 2A 3A 4A;1B 2B 3B .4B;1C.2C 3C 4C),
TR AZE TR X R A 1 140 2 0, L o A S
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ZIN AR A AT 5 7T S %o R AR R R 1 A
HYL o R S OR AL R s  ASESE 6 s
ARJERZIL o 28 R B Ll e BES AR 2A BUAh
R RER S 2B B SRS JE REE S AR E s T
JEARRAY e 1l Jm A rh AR G 22 R K Y 58% , FI
T SR RE G 2R 7 LU AR R, 8 s AR e A
O3 FRBIN X PR 600 m LA b X 38, 7 tH bR &
HE KA L XK 600 m DL b IAE AR E 44— HT
MBI A —% H & R A. lancea subsp. , 4R /)N 2%
SV ITS 41 43 A A atpB-rbel | pshB-psbF
AT tnLetenF R 607905097 , 22015 125 R 5
AR Z 8] {3515 BB E AR /D, B A AR— AR A
— NP3, ARG R R N Y SRR
AR NG AR TR I3 R A G B . AT Ll
JEREEARMETNS B (ALEAR) R —/NE RTH
FL RGO R B, W] REHE PN A2 I o %6 iy HL
P AR 2200 BT o5 e — ) PRI ASBIE A
BB MG AR (T ERE) 5 H A G AR 23 IF kK, 5
AT 44 A A 0 B P R 535, R Rk
Bt AREREAR A. lancea (Thunb. ) DC. AZAEFf,
ALE IR R ISR SR AEF, 4R
ANDLEE S SR A AL 2 A S5 A LA oA
WA RS RAE RS ARAEFN A lancea (' Thunb. )
DC. By RALBRESEHY . AWEFE g i e RE AL
ARGHE SRR ARR N —2 M BB 22k A [
ATRETE I ERFA AR bR 1515 FH R fF L
RN, A 5T D40 L 27 £ BE 73 B o A 32
FEE AR AR R —A 3 0 MBS B, S SRR T 4G
BILFHE Al i o S 40 10 3 2B W 2 e s 45
MBI TEAR I — 2D o DR A AL PG FE R 2R
MEAR, B, WS R0 SRt
ARAE AR AR, FHIAZ B I e s 7
AL Q RIS RIS R W], Bvs el A5 PH DR
VG 5 DERER A —28, MRS FE RS 2R g o) —
2, 5 HAMERFE AR RGO R BL 3 7T g 5 AR 2E
MR i, AR 3 A A G B TR TT RE A A A
20 T3 Al e T s DAL 2 it 52 L T 3 i 35t 14 2,
5 A SRR RGOSR BOE, R S R
P PRBRE E7E 5 D FR N — 28 R RE
i, JF HASAR N W A Bk i, W LA s HE 2 1)
BRI L BIN S, LR GBI IT A SRR AT,
JbBAR A. lancea (Thunb. ) DC. FER (BHEAR)A.
lancea (Thunb. ) DC. 5% HEAR A. lancea subsp. luo-
tianensis LRI — 73 30— AREGK, X 5 H.
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