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Quantitative classification of Carinae in Ammineae of Apiaceae based on fruit anatomical
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Abstract: Anatomical structures of fruit transection of Carinae (26 species, 4 varieties and 1 form in
7 genera) in Ammineae of Apiaceae, and Seselinae (6 species in 2 genera) as the outgroup were
observed by using paraffin section method; 18 structural characteristics were selected as quantitative
classification characters, the system cluster analysis and the principal component analysis were carried
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out; according to the results of quantitative classification, some classification suggestions were put
forward. The results show that the fruit transection of tested species show diversified traits in
characteristics of shape and size of mericarp body, shape and size of dorsal and lateral ribs, developed
degree of 1ibs, crystals and pigment piece morphology of exocarp and mesocarp, etc., a few species show
the particularity in some anatomical characters of fruit, in which, only fruits of species in Bupleurum
Linn. and Carlesia sinensis Dunn are hardly compressed, only Crypiotaenia japonica Hassk. with hidden
ribs in ventral side of mericarp body, only C. sinensis fruit with successive distributing vitta along the
mericarp body. The result of cluster analysis shows that the test species can be divided into 5 categories,
in which, C. sinensis, species in Ligusticum Linn. , C. japonica and species in Seseli Linn. are separately
clustered into category; species in 5 genera of Bupleurum, Pimpinella Linn., Acronema Falconer ex
Edgew., Ammi Linn. and Sinocarum H. Wolff ex R. H. Shan et F. T. Pu are clustered into one category
(including 5 groups) , in which, Acronema chinense Wolff, Ammi visnaga (Linn.) Lam. and Sinocarum
cruciatum ( Franch.) Wolff ex R. H. Shan et F. T. Pu are grouped into group A, group B and group C,
respectively, group D includes species in Pimpinella and Acronema, group E includes species in
Bupleurum and S. coloratum ( Diels) Wolff ex R. H. Shan et F. T. Pu. The result of principal component
analysis shows that the accumulative contribution rate of the first 6 principal components is 86.217%, in
which, the contribution rate of the first principal component is 36.561% , and the absolute weight values
of 4 characters of shape of the dorsal rib, shape of the lateral rib, number of vascular bundle in each rib,
with or without hidden ribs in ventral side are all higher; in general, there are great significance of
9 anatomical characters in 3 types of rib, mericarp body shape and secretory structure to quantitative
classification of Ammineae. According to results of quantitative classification, it is considered that
classification of Carinae and even Ammineae is unnatural, in which, the taxonomic position of
Cryptotaenia japonica and Carlesia Dunn should be promoted, the relationship between Acronema and
Pimpinella, and the classification of species in Sinocarum need to be further clarified; in addition, the
borderline and taxonomic status of Seseli in Seselinae need to be reconsidered.

Key words: Apiaceae; Ammineae; Carinae; schizocarp; anatomical characters; quantitative classification
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Table 1 Information of voucher specimens of species in Carinae of Ammineae in Apiaceae
s T Tt RENFRIES
No. Species Locality of collection Collector and No. of collection
1 & #5EW] Bupleurum aureum BRI Huocheng, Xinjiang FE#F WANG Xiping; 82665
2 HEM-SEEH B. bicaule A5 P L Manzhouli, Inner Mongolia XRS5, XU ME LIU Qixin, LIU Xintian; 89034
3 JINESEH B. candollei ZHI W Songming, Yunnan CHANG Y P; 0037
4 S B. chaishoui a1 Maowen, Sichuan ﬁﬁﬁ, TAEES YUAN Changqi, WANG Nianhe; 92043
5 KZ£450 B. longicaule JJLEF - Yuxian, Hebei # K 3C CUI Youwen; 2754
6  ZUALLEH B. longicaule var. giraldii Bl Shennongjia, Hubei FrSE A SR P A ) % 82BN Sino-US Joint Plant Investigation Team in

7 LFYNEEE B. gracillimum 7 P AR Deqgen, Yunnan

8  ILJREELEH] B. malconense PUJI A Maowen, Sichuan

9 M4 B. marginatum HEIH 241" Xingren, Guizhou

10 SR B. microcephalum VY1 SEB Maowen , Sichuan

11 RSN B. petiolulatum PUJIHERE Kangding, Sichuan

12 1589 B. scorzonerifolium VLA EZ# Lianyungang, Jiangsu

13 DXESER B sibiricum ST HETEFF Bikegi, Inner Mongolia
14 ERYEW B. sibiricum var. jeholense L4 Xinglong, Hebei

15 AU B smithii NS A /R 44 Ergun, Inner Mongolia
16 /NHMASEET B, smithii var. parvifolium TR Tongxin, Ningxia

17 BISEH] B. wenchuanense P % B Maoxian, Sichuan

18 HLMIZSHH B. yinchowense TEIEUR Jingyuan, Ningxia

19 M5 JLIT Cryptotaenia japonica VLIP3 Nanjing, Jiangsu
20 PIHE JLIT C. japonica f. pinnatisecta FMNPLE Kaili, Guizhou
21 BKIT Ammi visnaga TLF R AL (51Fl) Nanjing, Jiangsu ( Cultivated)
22 #Z/NFE Sinocarum coloratum Vi L Bagen, Xizang
23 HR/INT S. cruciatum U1 Daocheng, Sichuan
24 W) E[ - Pimpinella chungdienensis = Ml Zhongdian, Yunnan
25  HEHALEFF P. smithii U1 /K B Markam , Sichuan
26 M Z2I%1F Acronema astrantiifolium PUJIIA B Muli, Sichuan
27 KMLLTE A. chienii P Aba, Sichuan
28 ANZLM 22T A. chienii var. dissectum VU1K HL Muli, Sichuan
29 RIRFF A. chinense PUJITBAT3N Aba, Sichuan

30 RIHELZIET A. paniculatum PUJIIAHL Muli, Sichuan

31 WIEFF Carlesia sinensis WA & Qingdao, Shandong

32 MEFEPUXT Seseli glabratum Bramb /R 2§ Altay, Xinjiang

33 HMBEPERUT S. squarrulosum PO Maowen, Sichuan

34 XAVGRXUE S. valentinae Frimili vk 1l Bokeda Mountain, Xinjiang
35 KEEEEAK Ligusticum thomsonii PYJI#A% Songpan, Sichuan

36 BRMEEA L. preridophyllum = 223 Lanping, Yunnan

37 P L. daucoides PO JE L Emeishan, Sichuan

Western Hubei; 111

WIFH, ZESF, % PAN Zehui, YUAN Changgi, et al; 84-159

WA PAN Shengli; 0436
Mia&3, 3Kk CHEN Zhigiang, ZHANG Yongtian; 7579

E®R=, REAK, /A YUE Junsan, SONG Guojie, ZHUANG

Tide; 86148

F73CH; FANG Wenpei; 3632

XISEg, Wk LIU Shoulu, YAO Ganj; 8331

XISE, BN R LIU Shoulu, CHEN Weimin; 25
WG PAN Zehui; 83939

XUFE58, XU E LIU Qixin, LIU Xintian; 89022

T 1t 3, Be4xBE XING Shirui, DUAN Jin'ao; 92002
FEFF, T4 YUAN Changqi, WANG Nianhe; 92042
REFF, T4 YUAN Changgi, WANG Nianhe; 9124
IR PAN Zehui; 87-02

HSRIBA Investigation Team of South in Guizhou; 03568
SHEN T; 37-36

Fi {52 TAO Deding; 11120

TN Investigation Team of Qinhai-Tibetan; 5162
W8 %5 PAN Zehui, et al; 84-86

B2 =, REMA, JEAM YUE Junsan, SONG Guojie, ZHUANG

Tide; 64049
TS, Wk PU Fading, YAO Gan; 491

BR=, REA, FAME YUE Junsan, SONG Guojie, ZHUANG

Tide; 64100

RS k% PU Fading, YAO Gan; 247

25BN Medicine Investigation Team in Tibetan; 832
TS, Bk PU Fading, YAO Gan; 118

CHIAO C Y; 2805

JHKR, % ZHOU Taiyan, et al; 652177
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Tide ; 64147
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1 JIEEES Bupleurum candollei Wall. ex DC.; 2 ZL56W] B. scorzonerifolium Willd.; 3. 25 REEH B. sibiricum var. jeholense (Nakai) Y. C. Chu ex R.
H. Shan et Y. Li; 4. BUISEH] B. wenchuanense R. H. Shan et Yin Li; 5: 20 LT Cryptotaenia japonica f. pinnatisecta S. L. Lious 6 BI>KT Ammi
visnaga (Linn.) Lam.; 7. BEIR/INE Sinocarum cruciatum (Franch.) Wolff ex R. H. Shan et F. T. Pu; 8: ENAEG Pimpinella smithii Wolff; 9. FIENS S
223475 Acronema chienii var. dissectum R. H. Shan et S. L. Liou; 10: 23R A. chinense Wolff; 11 [B4E22/F A. paniculatum (Franch.) Wolff; 12
W% Carlesia sinensis Dunn; 13 JEFEFG XUT Seseli glabratum Willd. ex Spreng. ; 14 PIELEEA Ligusticum daucoides (Franch.) Franch.; 15. {258

R L. thomsonii C. B. Clarke.

1 CRBFAXEFRSETFIRBSKRMENRSEVIERES 5

Fig. 1 Anatomical structure of fruit transection of some representative species in Carinae of Ammineae in Apiaceae
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HINLES] Bupleurum yinchowense

FWLES] Bupleurum petiolulatum

2484 Bupleurum microcephalum
Prit2e] Bupleurum marginatum

Y57 Bupleurum chaishoui

25 RYEH] Bupleurum sibiricum var. jeholense
/NI REEE] Bupleurum smithii var. parvifolium
2188 H] Bupleurum scorzonerifolium
LEANSEN Bupleurum gracillimum

BNSES] Bupleurum wenchuanense
JIEE] Bupleurum candollei

I IRKESE] Bupleurum malconense

UEN] Bupleurum smithii

W SEN] Bupleurum sibiricum

RIS L8] Bupleurum longicaule var. giraldii

K2L5EH] Bupleurum longicaule
SN Bupleurum aureum
HEM-SE8] Bupleurum bicaule

SEENT Sinocarum coloratum

BSLWIT Pimpinella smithii

41 T Pimpinella chungdienensis

K223 )7 Acronema chienii

223§ )T Acronema astrantiifolium

[ HE L2 1T Acronema paniculatum

NS 2230 )T Acronema chienii var. dissectum
BN T Sinocarum cruciatum

iK' Ammi visnaga

R ST Acronema chinense

MALTGRST Seseli valentinae

JEBLVG AT Seseli glabratum

KRS VG X Seseli squarrulosum

15 )L/ Cryptotaenia japonica

PIZENS LT Cryptotaenia japonica f. pinnatisecta
KELEEAR Ligusticum thomsonii

PIEEA Ligusticum daucoides

BRI EEA Ligusticum pteridophyllum

WHi 4 Carlesia sinensis

i

E EV
| 1V
E Al
Al
E 'l

5 10 15 ZIO 2.5

TR ECER S Squared euclidean distance

B2 ETRIEEBIEROEERRFREE T IRMERHREE

Fig. 2 Cluster dendrogram of species in Carinae of Ammineae in Apiaceae based on anatomical characters of fruit transection
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- SRR A RTINS, A B SE R A Akt
P (3 15 Fp 3 A Fp) DA S 5 ZX /NI [ Sinocarum
coloratum (Diels) Wolff ex R. H. Shan et F. T. Pu],
FERHE R SRR DD T 235 [BE | BRI B
THIE R BN, 5 A R e R A o 242 43
A7 5 B P ATIAE 24> v R B S 2R B A v R
ZA B ORI B AT
23 ERSAMER

N T k20 B A A T A BT A e 2 I
JEFRZEHY 18 AN S IR O &R 3147 T iy
ST, AR 2, KBRS R R KMO = 0.604 ( P<
0.05) , BB Tt iR U BdE 4, I BLET 6 4> 0o
R DTk IL $186.217% , R WK HIHT 6 4> 3 53 Al
FEAREIAERE R

M1 2 PT O 55 1 3 o0 1Y STk R B K, 35 3
36.561% , Forr, 15 AR RARIE AR ORI AR | A 2R pk
AR BRI T A B 4 M HRIR Y 4 X5 AL

F2 CHMFRFREZTIRMERN 18 MREBIEROERSPHER

Table 2 Result of principal component analysis on 18 anatomical characters of fruit of species in Carinae of Ammineae in Apiaceae

By BRI EFALEAEY  Absolute weight value of each character!
Principal
component Cl Cc2 Cc3 C4 C5 C6 Cc7 C8 C9 C10 Cl1
1 0.314 0.000 0.071 -0.032 0.543 0.968 0.932 0.707 0.832 0.221 -0.188
2 0.048 0.295 0.516 0.722 0.689 0.093 0.255 0.214 -0.265 0.238 -0.016
3 0.424 0.839 0.291 0.468 0.030 -0.068 0.111 0.433 0.148 0.877 -0.082
4 -0.009 0.011 -0.132 -0.079 -0.079 0.021 -0.027 -0.145 0.035 -0.121 0.224
5 0.083 0.079 0.047 0.009 0.127 0.054 0.037 -0.085 -0.013 0.008 -0.074
6 0.178 0.207 -0.013 0.123 0.105 0.065 0.084 0.085 -0.043 0.055 0.142
Iﬁﬁ‘% BRI A XIS Absolute weight value of each character! AL E‘#ﬁ’?/% %ﬁ'ﬁﬁﬁ%/%
Principal Ficenvalue Contribution Accumulative
component C12 C13 C14 C15 C16 C17 C18 8 rate contribution rate
1 -0.005 -0.017 0.110 -0.113 0.044 0.439 0.117 6.581 36.561 36.561
2 0.150 -0.031 0.884 -0.098 0.064 0.474 0.291 3.010 16.724 53.285
3 -0.117 -0.081 0.295 -0.166 0.040 0.264 0.236 2.569 14.275 67.560
4 0.462 0.899 0.059 -0.053 -0.252 0.180 0.064 1.498 8.324 75.884
5 -0.375 -0.278 0.027 -0.073 0.939 -0.137 -0.116 1.224 6.799 82.683
6 0.041 0.060 0.055 -0.955 0.084 0.070 -0.003 0.636 3.534 86.217

b Cl: AR Transection shape of mericarp body; C2. SRR i 2 10 e R Type and degree of mericarp compressed; C3: SRR R
/N Size of mericarp transection; C4: FAZH%E Equality degree of ribs; C5: bk K IAFEEE Developed degree of ribs; C6: b RARIEAR Shape of
the dorsal rib; C7: fll#BTEAR Shape of the lateral rib; C8. F5dk HH () 4EE H % Number of vascular bundle in each rib; C9. T &7 A Fakk
With or without the hidden ribs in ventral side; C10; ) T A A 5 5 R R Y JE G The angle between the vallecular side and the ventral side; C11; %
AN Rz A0 A EEZS H BE Curvature of the outer wall of exicarp cell on ribs; C12; AN Bz N 45 A (%) (92 Crystal and (or) pigment piece in
exocarp; C13: HHIRR7 P&k RN (8K) Bk Crystal and (or) pigment piece in mesocarp; Cl14. #& [ 4ERF o LIS o SR B2 ARALFR B Lignification
degree of mesocarp outside of vascular bundle on rib; C15; FEBAHEIMA AL Vitta number in each vallecular; C16: JHAF U RAKIEL 3 With or
without successive distributing vitta along the mericarp body; C17: /£ Fe/E Width of commissure; C18: F i MfIJEAR Shape of epidermal cell of
seed.
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