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Polygonatum ( Convalleriaceae) and Their
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Abstract: Based on the results of the phytochemical studies on genus Polygonatum , this paper divided all of the steroidal
sapogenins that isolated from this genus into five classes of the oxidation level. The rules of the molecular evolution of these
sapogenins in different oxidation levels were analyzed. Moreover, correlations between the molecular evolution of steroidal
saponins and the morphological aspects of this genus were discussed. The results showed that the original taxa, such as the
species from Ser. Alternifolia, contained saponins with lower oxidation level. Whereas, most of the saponins with higher
oxidation level sapogenins were found mostly in the relative evolutive taxa, especially in Ser. Verticillata. This chemotaxo-
nomic viewpoint will conduce to establish a phylogeny of the genus Polygonatum .

Key words: Steroidal saponins; Polygonatum; Chemotaxonomy; molecular evolution

1 ERBEMSEFEE I XE AR — LR, BERE

H¥ER (Polygonam) RWEEAEAMY, ARAKNSXREHETAFRKM T, RIES
HAEMARRZE, B0, FhTiems, £ (2003) WRTFHEYA\RREHERRELBETAE
ENHTREGRBEHRSLKBK., REA A% (Liliopsida) A-H EH (Liliidee) % 2 H
39 Ffh, HHRRER 23 AL, BFZHEM, (Convallariaceae) HIFKEE (Polygonateae) , % 2%
RiZBHEY SO G (R 1D, BUBESBOEMEEBTNIRE, \AHA

* @INAESH . Author for correspondence; E-mail: zhangyj @ mail.kib.ac.cn
Wk H B 2007-06-11, 2007-08-02 HZ K&
WHER . B2 (1942-), B, BRf; FEHATE.: HYRESHEYLE.


http://www.cqvip.com

£ 000 http://www.cqvip.com]

592 z BmE Y W R 9%

£1 PEABRADMESSH
Table 1 Species and its distribution of genus Polygonatum in China

& Series P& R Botanical name

4345 Distribution

A & Ser. Bracteata KERKE Polygonatum desoulavyi
B P. iwolucratum
FHHHE P. leiboense

KEENME P. megaphyllum

FM 5K P. acuminatifolium
Wi HK P. adnatum

Bl ELEHE P. arisanense
ZIEEM P. cyrtonema

H M7 Ser. Altemifolia

KAEEH P. filipes

B4 P. franchetii

INEAT P. humile

BREN P. inflatum
KAREHE P. longipedunculatum
HE K P. macropodium

PR EKE P. nodosum

AP P. odoratum

W JB HKs P. omeiense
B A Ser. Kingiana HEH P. kingianum
¥ 4E % Ser. Hookeriana MAEERS P. hookeri

S AEF Ser. Punctala
KT AR Ser. Alte-lobata

Xt 2 Ser. Oppositifolia

SAEEK P. punctatum
KA EH P. altelobatum

B L BKE P. cathcanii
ZHKEHE P. griffithii
BEEM P. longistylum
Xt 8¥E P. oppositifolium
¥k EHE P. tessellatum

H AWK P. aternicirrhosum
B P crhifolium
FM &M P. cunvistylum
IR ZEHHM P. gracile
HEHHE P. hirtellum

FEE EAT P. prauii
HEEIE P. roseum

WK P. sibiricum

B &K Ser. Verticillata

Pert ¥ P. stenophyllum
Vs 58 P. stewartianum
B P. venicillatum
BRI P. wardii

WL M P. zanlanscianense

L2y, 210

BE L WAL, EAR, BRI, TT. BT
paji

L) E I = | AN 1T BN

WL, TF . HA
i

M. WE. TR, TR BN, M. #db. WL 0.
L8, L. BREE. i

TR, BE. R, T, W8, IR, L. ¥
Wb, Mg, BREE. m

mib, BRIL. H#k, OT

B, EHHKk.OIT

wni, =

miL, IT

B, B WdE. BeE, . B

Za. HR. TR, W, BRI, WA, ML, #e. T
BN N o

gl

2 N TN

M. FE. BAE. . wHK. =

JUEE. BN, M. BREE. Pl K

=8

i, wE. =

. =

i

HA. . TE, B8, KA. W, #&. ZE
. =m

HAt, BRAE. W

HaAr, g, ml

. =/

i

L, B, e, B, WE. w0 OT. TR, K
B, WP, IR, #T

Wb, BRIL, H, IT

wni. =

i, BE. BB, LT, M), B, 5

(il

HAr, SR BN WIE. WAL, TRE. TR, TOW. BRA.
puji . #

G KGR IR S FE 0 RF ST
RAAYIE o

BHRE R — % Lo KRR B
Mi, SR B ME KR REZERIES X
4, RANHLKEBRE, R, BAKDE
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¥R N3N (PEBEREYITR, 1978),
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ER—FNERAEBR KL, FETEIE R
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RAUERHE, BEBEHEYI N SINER: YA
(Ser. Bracteata). H M % (Ser. Altemifolia). &
B¥E & (Ser. Kingiana). M 7EFR (Ser. Hookeri-
am) . 5 fE & (Ser. Punctala). % & & (Ser.
Alte-lobata) . XJM-Z& (Ser. Oppositifolia) F1 %5 H
& (Ser. Verticillata), (PEHEYE) (hEE*#
BetrEMI BT AT, 1978) R THERMFHKF
4t Tamura (1993) MRHEHRGEKKEHMIELEY
REFIEHS AR AP A, BP: Sect. Polygo-
natum F1 Sect. Verticillata, FiHFLHFEHEH R, &
HAMERR; FELHEMER. SER. X
. EHERANRH R, RHUHEE (2000) X
¥RAY tmK BE A mpl16 F K ¥ 1T PCR-RFLP
ayFT, ERFBWT AN HBRAR, WX
HEHMBEMHPMERZRRER. REMK, ®
R ARG ETRRE— M HERA R,

2 HREEY C-27 SFEEFHNS FEHM

C-27 KB H (steroidal saponins ) 22
RARGFERHEYEEER, HEHIGC (sapogenin X
FR genin BY, aglycone) FIHEEE (sugar moiety) HLT
B GTE M. SRET TREARRHES
TR FEAELZ, BHE L (cholestan) S C-27 H§
REEITAEYE BRI, BERmNaEsEl
M3, EREEEHICH EAXMFF, EXMF
A LNEAEETE k4, PROVIRGIBSEAY (spirostan),
# FIRIREBUEE, W mkmsii5eRd (furostan)
HIGEM . H B B/C 3R AT C/D RS,
D/E RIS C-18 M C-19 HAFE, C
S3NGEENBEEBR. BRERS, SESEH
SMIEY I REERERA, C-3, C-6, C-T7,
C-11, C-12, C-15# C-23 FhiEH ] i —
AW HRE, C-4 (5), C-5 (6), C-7 (8),
c-9 (11), C-17 (20), C-20 (21), C-20
(22) #1C-25 (27) “hiE NS E I HIHEER
R, e C-2SNHHFEE RFMSH
AR, DL R BIBRE. AMERAEYY, BE
RSB EE R C-3 NERE FEEEE,
Ry Bl 65 FO B 4K (monodesmoside) . K i £ ¢ &Y
WHE L C-26 (s FEOWL, T BPURHEEC
A (bisdesmoside) . WKW &t RIFCEE AR 5 H
X SR 8 e R R AE A LRI . MY

EETE SRR B B, C-26 AL MBEEETE
PRIEREH MR BRE A T HER, X
T2 RSO DL B R B e AU Ok R (B 1),

B C-27 MARHITH AR
Fig. 1 Basic skeletons of C-27 stemidal sapogenins

HYRAERB =R RN RER S 72
R EERM, SR RERNEETE
TN REEE RIETT R, RIMEMIE SRR E
MY EA S TKF EMRR, BRERBTY
HYE B BEE SRR, B4b/KF (oxidation level)
R AERRRE - ERE ERBS 7Rl
fath SR, RMUHBREY SR EAE
BT HFHEE, CWREYYRER SR
(17

ZEE C-27 kB HIXMEE KT 2R
FAKER ik, AU T EEWSTL
BEvE, T H SHEYHREZXRAMRREALE R
Xk, Bk, WITHEKBRE S FEREERYE
BRI, SETERSE. HRE RS
FREM FRIEFEWPIRITRL, A HEYHN
ARG KR BA FAMIES

ITXESREHABENIEEREZ— |
GBEHFOREESHEYHEZENLETE (chemi-
cal marker), kB HFREHBERHEYH EBRAE
Ry, CEXBRAAMEYN FEABENS
. B Janeczko % (Janeczko and Sendra, 1979;
Janeczko, 1980) M B IEEME (P. muliflorum)
Sy BB EIR B TR e RO R LR, AH4E
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Table 2  Steroidal saponins isolated from genus Polygonatum

ik HEYAR i) i P
Botanical name Chemical name Type  Sapogenins Sugar moiety
Polygonatum alte-lobatum ) 6 -gal (4-1) gle [(2-Dgle] (3-1) xyl
P falcatum PF-1 F 910 -gal (4-1) gle [(2-1)glc] (3-1) xyl, 26-O-gle
PO-2 S 9/10 -gal (4-1) gle [(2-D)glec] (3-1) xyl
PO-7 F 1 -gal (4-1) gle [(2-Dgle] (3-1) xyl, 26-O-gle
PO-3 S 1 -gal (4-1) gle [(2-)glc] (3-1) xyl
POD-1 (PO-3) S 12 -gal (4-1) gle [(2-1)gle] (3-1) xyl
P. kingianum HEHT A (kingianoside A) S 6 -gal (4-1) gl
HEMHE B (kingianoside B) ) 6 -fuc (4-1) gle
HEEHTH C (kingianoside C) F 6 -gal (4-1) gle, 26-0-gle
HEHH D (kingianoside D) F 6 -fuc (4-1) gle, 26-O-glc
Funkioside C S 1 -gal (4-1) gle
Po-8 epimer F 1 -gal (4-1) gle, 26-O-gle
25S-HEMH C (25S-kingianoside C)  F 7 -gal (4-1) g, 26-O-gle
25S-H #HEHF D (255-kingianoside D) F 7 -fuc (4-1) gle, 26-O-glc
HEMH E (kingianoside E) F 6 -gal (4-1) ge (2-1) gle, 26-0-glc
25S- L HHEH E (25S-kingianoside E)  F 7 -gal (4-1) gl (2-1) gec, 26-O-gle
HEHHE F (kingianoside F) F 3 -gal (4-1) glc (2-1) gle, 26-0-gle
25S-H B HEH F (255-kingianoside F) F 4 -gal (4-1) gle (2-1) gle, 26-O-gle
22-OH-wattinoside C F 4 -gal (4-1) gle, 26-O-gle
25R, 22-OH-wattinoside C F 3 -gal (4-1) glc, 26-O-glc
P . multiflorum F 1 -gal (4-1) gle [(4-1)gle] (2-1) xyl, 26-O-gle
S 11 -gle [(2-1)tha] (4-1) ara
P. odoratum PO-2 S 9/10 -gal (4-1) gle [(2-Dgle] (3-1) xyl
PO-3 S 1 -gal (4-1) gle [(2-D)gle] (3-1) xyl
odospiroside S 1 -gal (4-1) gle [(2-1)ge] (3-1) gle
polyfuroside F 1 -gal (4-1) gle [(2-1)gle] (3-1) gle, 26-O-gle
PO-1 S 9/10 -gal (4-1) ge
PO-4 S 3/4 [C-1-0-ara (2-1) tha]
PO-5 S 3/4 [C-1-O-fuc (2-1) rha]
PO-6 F 9110 -gal (4-1) gle, 26-O-gle
PO-7 F 1/2 -gal (4-1) gle [(2-1)gle] (3-1) xyl, 26-O-gle
PO-8 F 12 -gal (4-1) gle, 26-O-gle
PO-9 F 3/4 -fuc (4-1) gle, 26-O-gle
POD-1 (PO-3) S 172 -gal (4-1) gle [(2-1)gle] (3-1) xyl
POD-II S 9 -gal (4-1) gle [(2-Dge] (3-1) xyl
POD-IV S 12 -gal (4-1) gle [(2-)gle] (3-1) gle
F 6 26-0-gle
POD-IIT S 9/10 -gal (4-1) gle [(2-1)gle] (3-1) gle
PO-a S 9/10
P. odoratum var. POD-1II S 9/10 -gal (4-1) ge [(2-Dgle] (3-1) gle
pluriflorum PO-a S 9/10
PO-b (PO-2) S 9/10 -gal (4-1) gle [(2-1)gle] (3-1) xyl
PO-c F 9/10 -gal (4-1) gle [(2-1)gle] (3-1) xyl, 26-O-gle
PO-d F 9/10 -gal (4-1) gle [(2-1)gle] (3-1) gle, 26-O-gle
PO-e S 2 -gal (4-1) gle [(2-1)gle] (3-1) xyl
P. orientale polysceptroside S 13 -gal (4-1) gle [(2-1gle] (3-1) xyl
spiroakyroside S 18 -gal (4-1) gle [(2-Dgle] (3-1) gle
P. prattii BEE EATH A (pratioside A) S 11 -gal (4-1) gle (2-1) gle
REEATH B (pratioside B) F 1 -gal (4-1) gle (2-1) gle, 26-O-gle
BEE AT C (pratioside C) S 14 -gal (4-1) gle (2-1) gle, 27-O-gle
BEEEATE D1 (pratioside D1) S 6 -gal (4-1) gle (2-1) gle
BE EATH El (pratioside E1) S 8 -gal (4-1) gle (2-1) gle
BEEME F1 (pratioside F1) S 16 -gal (4-1) ge (2-1) gle
REE EATHF G (pratioside G) F 5 26-O-gle
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Botanical name Chemical name Type  Sapogenins Sugar moiety
BEEMNH H (pratioside H) F 1 -gal (4-1) gle [(3-1)xy1] (2-1) gle (2-1) gle, 26-O-gle
Funkioside B F 1 26-0-glc
PO-7 F 1 -gal (4-1) gle [(2-1)gle] (3-1) xyl, 26-O-gle
PO-3 S 1 -gal (4-1) gle [(2-1)gle] (3-1) xyl
HH R (dioscin) S 1 -gle [(2-1)tha] (4-1) tha
Tu, ) 11 -gle [(2-1)tha] (4-1) tha (4-1) tha
P. punctatum HMIEFERHE A (polypunctoside A) S 12 -gle (4-1) rha, 23-O-ara
FIEERET B (polypunctoside B) S 12 -gle (4-1) rha, 23-0-(2-O-acetyl)-ara
SIEFERET C (polypunctoside C) S 12 -gle (4-1) rtha, 23-0-(3-O-acetyl)-ara
SIEEHT D (polypuncioside D) S 12 -gle (4-1) rha, 23-0-(4-O-acetyl)-ara
HH B (dioscin) S 1 -gle [(2-1)rha] (4-1) rtha
trigoneoside XIIb F 1 -gle (2-1) tha, 26-O-gle
Pa S 1 -gle [(2-1)tha] (4-1) ara
ophiopogonin C’ S 1 -gle (2-1) tha
FE#HLH (protodiescin) F 1 -gle [(2-1)tha] (4-1) tha, 26-O-gle
P. sibiricum PO-2 s 9/10 -gal (4-1) gle [(2-1)gle] (3-1) xy)
PO-3 ) 1 -gal (4-1) gle [(2-Dgle] (3-1) xy1
sibiricosideA (PS-1) F 1 -gal (4-1) gle [(2-Dgle] (3-1) xyl, 26-O-gle
PS-II F 10 -gal (4-1) gle [(2-1)gle] (3-1) xyl, 26-O-gle
PS-III S 10 -gal (4-1) gle [(2-Dgle] (3-1) xyl
PS-IV s 17 -gal (4-1) gle [(2-Dgle] (3-1) xyl
neosibiricoside A S 27 -fuc (4-1) gle (2-1) gle, 1-O-acetate
neosibiricoside B S 4 -gal (4-1) gle [(3-1)xy1] (2-1) gle, 1-O-acetate
neosibiricoside C S 2 -(2-O-acetyl)-gal (4-1) gle[ (3-1)xyl] (2-1)gle
neosibiricoside D S 12 -gal (4-1) gle (2-1) gle
huangjinoside A S 25 -ara
huangjinoside B S 25 -gal (4-1) gle
huangjinoside C S 15 -ara
huangjinoside D S 15 -fuc
huangjinoside E S 15 -fue (4-1) gle
huangjinoside F S 15 -gal (4-1) gle
huangjinoside G s 15 -fue (4-1) gle (2-1) gle
huangjinoside H S 15 -gal (4-1) ge (2-1) gle
huangjinoside I S 23 -ara (4-1) gle
huangjinoside J S 23 -fuc (4-1) gle
huangjinoside K S 23 -gal (4-1) gle
huangjinoside L S 28 -gal (4-1) gle
huangjinoside M S 29 -fuc (4-1) gle
huangjinoside N S 30 -fuc (4-1) gle, 24-O-gle
huangjinoside O S 24 -fuc (4-1) gle, 24-O-gle
huangjinoside P F 22 -fuc (4-1) gle, 26-O-glc
P. stenophyllum polygonatoside C, S 11 -gle (4-1) ara (2-1) tha
polygonatoside C, S 11 -gle (4-1) rha (2-1) tha
P. verticillatum JFEHZH (protodioscin) F 1 -gle [(2-1)tha] (4-1) rha, 26-O-gle
P. zanlanscianense Pa S 1 -gle [(2-1)rha] (4-1) ara
ophiopogonin C’ S 1 -gle (2-1) tha
WL EHH A (polygonatosides A) S 19 -fuc (4-1) gle, 27-O-gle
BIJL K B (polygonatosides B) S 19 -gal-(4-1) gle, 27-O-gle
BIIL K H C (polygonatosides C) S 26 -fuc (4-1) gle
WHLEFETF D (polygonatosides D) S 14 -gle (4-1) tha, 27-O-gle
) 14 -gle [(2-1)tha] (4-1) rha
S 14 -gal (4-1) gle (2-1) gle
HMEHEHE (gracillin) S 1 -gle [(2-1)tha] (3-1) gle
parissaponin Ph ) 1 -gle [ (2-1)tha] (4-1) tha (4-1) rha

S: BEISER (spirostan); F: BREISERY (furostan); gal: FPLMLMMEE (galactopyrancsyl); gle: MiZIMMIEE (glucopyranosyl); rha: 2=t
Wik (thamnopyranosyl) ;s xyl: ARMMMEE (xylopyrancsyl); ara: BfHifAPEMIBEE: (arabinopyranosyl); fuc: A 3EALMIIEE (fucopyrancsyl)
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Table 3 The steroidal sapogenins of Polygonatum plants

0,
ﬁf #£3% sapogenins RIL R RS R4 RS R6 R RS 5555 fjf

1 EFHEHIL (diosgenin) H H H H H H CH; H R
2 AERHFIL (yamogenin) H H H H H H CH;, H S
3 BWTTEHFIT (ruscogenin) OH H H H H H CH; H R
4 HEWMTEHFT (neoruscogenin) OH H H H H H CH, H S
5 (25R )-spiro-5-ene-7-one-3B-ol H H H H H H CH; =0 R
6  HHREETIT (gentrogenin) H =0 H H H H CH, H R
7 FEEEEHIT (neogentrogenin) H =0 H H H H CH; H S
8 Isochiapagenin H OH H H H H CH;3 H R
9 Prazerigenin H H OH H H H CH; H R
10 Neoprazerigenin H H OH H H H CH; H S
11 {RIEZHITT (pennogenin) H H H OH H H CH, H R
12 isoplexigenin B H H H H OH H CH H R
13 Sceptrumgenin H H H H H H =CH, H

14 Isonarthogenin H H H H H H CH,OH H S
15 BAWEFET (huangingenin) OH OH H H H H CH;, H R
16 (25R )-spiro-5-ene-38, 12a, 17q-triol H OH H OH H H CH; H R
17 Sibiricogenin H H OH H OH H CH;3 H R
18  Akyrogenin H =0 H H H H =CH, H

19 (258 )-spiro-5-ene-12-one-33, 27-diol H =0 H H H H CH,OH H S
20" (25R )-spiro-5-ene-18, 38, 23a-triol OH H H H OH H CH; H R
21" Cepagenin OH H H H H B-OH CH,3 H R
22 (25R)-spiro-5, 20 (22 )-dien-1B, 3B, 12a-triol

23 (25R )-spiro-5-ene-18, 38, 12a, 23o-tetrol OH OH H H OH H CH; H R
24 (25R )-spiro-5-ene-13, 38, 12a, 24B-tetrol OH OH H H H OH CH; H R
25  Spiro-5, 25 (27 )-dien-183, 38, 12¢-triol OH OH H H H H =CH, H

26 (258 )-spiro-5-ene-12-one-33, 23a, 27-triol H =0 H H OH H CH, OH H S
27 (25R )-spiro-5-ene-183, 38, 23a, 24-tetrol OH H H H OH OH CH; H R
28 (25R )-spiro-5-ene-183, 3B, 12a, 17a, 23e-pentol OH OH H OH OH H CH, H R
29 (25R )-spiro-5-ene-13, 38, 12a, 23a, 24a-pentol OH OH H H OH OH CH; H R
30 (25R )-spiro-5-ene-18, 38, 12a, 23a, 24B-pentol OH OH H H OH OH CH, H R

-
-
~
“

I 20" FRFE TS (Ruscus aculeatus), 21 FFETHE (Allium cepa) h, BRBHERNL

XTI ENKE (P. alte-lobaum ) (Huang %, 1997), 1993), S A HEMN (P.punctatum ) (Yang and
HAENE (P.falcaum) (Ono %, 1988), HEHENE  Yang, 2006), ¥§ (P. sibiricum) (Ahn %, 2006;
(P. kingianum) (Li %, 1992; Zhang %, 2006),  Son and Do, 1990; FhEEE, 1999), ¥k nf # K
EAT (P.odoratum) (Ono %, 1988; MRJE X%, (P. stenophyllum) (Strigina and Isakov, 1982), #
1994; ZRIEHE, 2004; Janeczko %, 1987), £ M EM (P.venicillaum ), WL ENE (P. zanl-
EAT (P.odoratum var. pluriflorum ) (Sugiyama %5, anscianense) (Jin 5§, 2004) HFLFEREBEHDY
1984), R A #E X ( P.orientale) (Yesilada and 2B AT TS, 1253083 109 1k
Houghton, 1991), BEEEAST (P.prawi) (Li %, BHEF (F2),
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B R W Sk e TR B R,
R EHNEN (F3), XEHTRKR C-3uE
4N, fEC-1, C-12, C-14, C-17, C-23, C
-24, KUK C-27 % E LHAAREF= A B E IR
R BEBEBHFHIAEC-12F C-22i; £ C-5
1 C-6 [BLEA WG, B/RE25 (27) 20 (22)
IR SN, EEEREEY D, EHEHFT
(diosgenin) (1) MAZREHIT (yamogenin) (2)
XRA C-3 B BERA, HEEETE
W —R AWK, REEASEEETEYE

o, S
§ O—rcHoH
N b
‘a, e() oy
“

m 0O
U, "‘

OH

BT EY .

B 12 FR#EAZRENKF, O AR
(C-1) 3, 4), B#¥ (C-6) (5), C¥ (C-12
g C-14) (8-10), D¥ (C-17) (11), UK F
B® (C-238 C-27) (12-14) WE. Ht, C
-REREAFE-SENAEBERE (6, 7). B
BHEELEEETTREZASE C-1 iR E,
FH, EREHKELHEHTEHT (us-
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Fig. 2 The oxidation level and possible biosynthesis pathway of stervidal sapogenins in genus Polygonatum
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Fig. 3 The sugar moiety types of steroidal glycosides in Polygonatum plants
gal: EFLBEHE (galactopyranosyl); gle: Wi%MEHE (glucopyranosyl); tha: BZEHEE (thamnopyranosyl) ;
xyl: AMEEE (xylopyranosyl); ara: FUHI{HHE3E (arabinopyranosyl); fuc: 7 SEAgEE (fucopyranosyl)

HE=FEAKFELE, HIX3IK C-12 iRk
R EMEREIC (huanjingenin) (15), R KR
B Fit— L EB R, R, LEY 16
-19 ¥l —REAKF EAIR 4Tt — 2Rk
o

MU EAK T MR EBAUR ik 2
JT (22-26). A, 24 F127 RS FIK B cepage-
nin (21) F 23¢-hydroxyl ruscogenin (20), f5 4
253 BB B (Ruscus aculeatus) (Mimaki %,
1998) FMIPER (Allium cepa) (Kravets %, 1988)
PR, MAERKBEYPTEH,

245 KRB RHEY S kBT FRR
R ERENAERENKE . ERRELKE
L, @AAFEMEMEMRRE, BERTETEZR
BAKLESY, WRTBEREYEEARTETE
B T2,

HEREY AR ERET UM C-3 1
LR, BF C-1 RN, BE5R
BB REHPRHRE L, ARE FIHFH C-
23, C-24 8 C-27 i EFCHEAL, TERDUME G AL
B, C-3 A7 AREGE th 25 ROl 2 DA [F] Y i 4

FRAR HH, B - FF ML (41)
BntmarE L[ (2-1) WA EMFEEE] (3-1) AKniLmg
FEE {gal (4-1) gle [(2-1) gle] (3-1) xyl} HBKY
PURERERE RN E W, BAh, IR IR
B, PIRARERASA MR, RinhwamEEs
FEgE, DARd =Ms R B EEE (B 3),
B, WEETOMEEETE R REY) & &
BESTEHENEERR,

HHREY 8 R B H TR B K LU
BEMRSHEUAAR T FERHEREST
SR, WHRSFRARRE, hERREY
MM REANRRGRE TERERNER

3 WHERHNESE
EBERRRNS TH LR, T %K
K FPHEREHT (1) AIAREHT (2) £
BMREYEERE S THARATE, EZRP
RUEBFEHEHRENB Y, EHE2ET (D
A BCRE A R B R AL RO SR AT o
ERTHORRE, EMHRRAERKR, &
BERKTRE, E#FRBEREH, HEETAE,
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HRZ N B R ZREESRE; 4 115,
FEERERI, MIRESABIARBX, B
EraERnEELHZ—, HP, EMT(P.o-
dorawm) B EE K BH YR ITT 1 BEHEE,
AL EHBEHFMWH TR C-1(3, 4) K C-
14 (9, 10) BEBA, B_REMKF. HHF
BB C -3 AoREE B oy S0 7Y i) 0% 5
W, RmARAEBEE, A0 =RE
B, NS TE C-1 i bRk, &1
e, SHMRMEEETRMHEE, 5
M RN B R P LR R IR

HEBRMNEEERE (P.kingianum) —F,
HHEE Im P E, BBK, BHEEKTRA,
HRE A, HEEMEABE TR C-18kC-
2B AL RFFAE (W 3, 436, 7). ¥
B A= RS, AT S e
B, G5 EYNALTRETERE M bBESL
fitgh, AU ZREMKTERRIEN. $
— P B R PR BORE P R AR TR Y
KR,

BAEENE (P.punctaum) BREFEHEH
JC (1) BRIFWEES, LA F HREALH) isoplexi-
genin B (12) MECRHANFEE, ARNERITI12
C-23 {324 FARCHEAL (BTHifA e mps R, B
FREEAN ZBL), TERSREREE. C-
3 OpEEEh DB DR A E M R RS SRR
RN, WP EAREEE, RESLEE
HRHFITB T —RM_REKF, EHBHELR
fowsie, SaHMEA, B/, BHESERE
REFLSFIE, RRAMARNSERNERER
B AR R

BHROBERESEAREN, BB/, A
1A, BEEFEERMEELRHZ —. BH
AN BHERABEEEN T FEHEE. H
th, REEMN (P.pramii). #XE (P. sibiricum)
MM ALK (P zanlanscianense ) 8 1K B 5T
FABRBE, BTHEMKTELHTERRE,
I BB B Y S AR A . RIAT, PAYTIDREEERY
KRB L, B DY IR ES, BAU L5
SO SR LRI E n  E, ARG
TS RE B9 D-H %5 Nk mbE B8 Y DR RO 26 B
B, B RMEEER P HEHILER, &

BRI TSR X EEE, B
MR TR EAFEENS FERENE, B3N
B FHLEE . XRSREYEENE
S, UREMRFRATHHLBESRX,

PLEA K EFBEENMER A ERE R E
Mgt os iR, EHRANER
BRRRER, HEERAMSERRARLMYE
B, HE5EMERE—ENEKR. R RME KR
RSB TERL, SKFERE, RExtiHt
HIAHE

BiIGE, FRBEREYNREEEE IRRYE
FIALAER B R R N8 B AR, Jefaiki
BEUEBEHEERMEATRNE, AETR
MEMRERHRZEZSEEMES, EFHE
HYH, A FEBER R FREA Y
B BH RAMEBAXNHERENH REEH R
58, MMM REBO N#L, B ARSEM R
BARBHEN. SEFEREEAXFRENZ
B, AREHNIENEZNREK, A BH R
o Hit, TIeNEARIE, ERMEZEINEH
EHERASEHBNAL TRHREM T LXMNE (KD
R, 1989; BRFFIRFEFAR, 2005), DL 4
HRERS Sk eBF S FHbBEmkEs L
Z BT EE RAR L,

A L4125 BOBIFIE BT o BOKE IR i R Gt 43 2 4R 4t
HYMLEA S FE2HEERIEE. ETEEEMA
WERMAERBTIBR, FRAGWEYILEH
R¥E—HEEMERA L LS, FABTH
R BRSLKRGEME,

HHENEENAAEY . BEMETNE
RfEgE R, Ko, 8 (P.sibiricum). H
¥ (P.kingianum) M EB L HHE (P.mul-
tiflorum) FPEZGHM (2005 FERR) WRHPAE
FHEEEY . BT (P.odoratum) WA E
MRIESR. ZHERBEDERBEEENPHR
WA EATR O S RS MRS AY, &
REOTRLEREY, EBRHEY AR R &
BRI EBENER, BRARNEENR—Z
AR, R 25 SR I 2R R L [ — B —
YIHITT I R R, YL ES T RN RS
ProTaEm b, A B S A2 B2 AT
Blpiftr, ot —SXRX—8R,
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