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Genetic variation and aiffinity of Cordyceps sinensis in Qinghai Province based on analysis
of morphologic characters and inter-simple sequence repeat markers
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Abstract: Objective To identify Cordyceps sinensis from different habitats in Qinghai Province of
China and estimate their genetic variation, affinity, and regional distribution. Methods Morphological
characters and inter-simple sequence repeat (ISSR) markers were analyzed among the C. sinensis samples
from 11 Counties in Qinghai Province. Results Significant genetic variations were detected in both
morphological characters and ISSR polymoerphisms among these . simensis samples. Data from
morphological analysis showed that these C. sinensis samples could be approximately divided into three
groups, which distributed around the Qinghai Lake, middle east, and south areas in Qinghai Province,
respectively. However it was arduous and ambiguous to identify the specific samples only by morphological
characters. Based on the analysis of ISSR markers, C. sinensis of Qinghai Province could be classified into
two major groups. One included the samples from the areas around the Qinghai Lake and another from the
other two areas, one of which could be further divided into three subgroups, well correlated with the
different habitats of south, center, and east areas in Qinghai Province, respectively. Conclusion C.
sinensis with genetic variation and affinity in Qinghai Province distributes widely according to their living
environment. ISSR analysis is an effective tool in identifying C. sinensis samples and determining their
genetic affinity particularly when combined with the analysis of morphological characters.
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Fig. 1 Distribution of C. sinensis

from Qinghai Province
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Table 2 Morphological characters and significant difference of €. sinensis from 11 Counties in Qinghei Provinee
- £H/g HEK /em FHEEK/cm BEER/om FHEH/cm FRATES
f M ST M ST M ST M ST M ST M ST
MQ 0.59a 0,80 1.46a 0.19 3.45c  0.28 0.43a  0.48 0. 20bc 0. 32 3.8 0.42
YS 0.36b 0.59 3.84b 0.18 3.78bc 1.01 G.41a 0.26 0. 2lab 0.37 3. 5a 0.53
ZD 0.38b 0.7 3.78b  0.27 3.73bc 0. 66 0.40ab .38 0.24a 0.4l 3.8a  0.42
QL 0.14de 0. 24 2. 58e 0.12 3.26c 0.93 0.3lc G. 21 0.1%bc  0.43 0.00e 0.00
HZ 0.23c 0,77 3.12¢ 0.23 4.08b  1.08 0.40ab 0.59 t2lh 0,27 1.10d 0,32
GC 0. 10e 0. 33 2. 43e 0.14 3.1lc 0.79 0.30c 0.31 0.17¢  0.19 1.10d 0.32
T) 0.13de 0. 20 2.38e  0.16 2.83c  0.37 0.3lc  0.43 0.15c  0.29 £.10e  0.32
GH 0.12de 0. 16 2.56e 0.18 3. l4c 0. 66 0. 32¢ 0. 43 0. 17¢ 0. 21 0.10e  0.32
XH 0.26c  0.50 3. 08¢ 0. 35 3.81b 0. 7% 0.37b  0.42 0.20b  0.31 2. 20c 0. 42
GN 0.17d  0.68 2.88d  0.29 3.78b 1.18 0.30c  0.60 0.17c  0.37 2.00c  0.00
HN 0.26c  0.98 3.2l .22 4.76a  ©.81 0.37b  0.40 0.23ab 0.30 2.80h  0.42
BROAGSEBE]1 TEATES CFRATFFES.-FERATFRN - FRATHER - FRATEX FRIFERX M-FH{H

ST-4HM¥ HHARAFHHRASTHHEESKATFLEBXERBNEFERD,

Sample codes sre same to Fig. 1
deviation

sigmificant difference teat
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Ascus spore form; O-unobvious, 1-smaller, 2-little big, 3-big, 4-extremely big M-mean. ST-standard

Means labelled in different letters within same colume are statisticslly different at 0. 05 level of significance based on protected least
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Table 3 Eigenvalues of correlation matrix for six morpho-

logical characters on samples of C. sinensis

from 11 Counties in Qinghai Province

¥ R4
1 (4.55, 75.83%) 2 (0.97, 16.12)) 3 (0.24, 4.04)0)

2304 8 0. 908 —0.385 -
HkeE 0.951 ~0. 281 -
FHELEE 0. 624 0. 740 0.130
HEER 0. 534 —0, 109 —~0.277
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FERT 0.923 - 0.327
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Fig. 2 Scatter plot showing morphological variation
of €. sinensis from 11 Counties in Qinghai
Province established on first two components
of principal component analysis (Sample

codes are same to Fig. 1)

2.2 ISSR 4r#H7: M 100 & ISSR Bl ik B i
WA . EEHEN 14 R3IW.HFEREERY
PHEERLEINE I, HFEAFAABMKHELRE
BEESFARELHFEHBMER, L RFUNEE
#1114 EMABE R DNA BT A 115 £%,
BEMEE 0K, FHEEEN 6. 6%, FHES
Bl 401 & 8. 21 &, P S HTE 300~3 000
bp(F 1), 7R [F 7= 4t B & i B ¥E n) AR 48 4% A #9 ISSR
WE B X AR, X S0 RESHRWTRATE
EXEAREE, '

WET WHBISSR ZFRHERWBRTERES
WMAGHRE(E O, EREMREP,FEE 1
MEMARBEEAETUSY 22K, QL.GC.
TJ 1 GH B — 23 EH MR 0.71 AR
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NOM-+[H{# ¥ % BMB-HEBER Marker-100 bp DNA
Ladder Plus HA&RFKSEHE1

NQM-P. sinensis BMB-H. sinensis
Ladder Plus Other sample codes are same to Fig. 1

B 3 ISSR 3|47 889§ 18 A 4 I W4 U HEL ik
Fig. 3 Fingerprint of C. sinensis amplified
by ISSR Primer 889
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Fig. 4 UPGMA dendrogram of genetic affinity of
€. sinensis based on Jaccard similarity
coefficient from ISSR data
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B OE.AW BB Hyoscyamus niger BIRBIEFEERE., A 2%/ A4.LBAY02 F C58C]1 = EHEHF
BHEAR LSS THSA AERE e ABNEREKNELERREEM EARE KRBT W PCR ETHLE
B ESERPEYNMLESEMEE. &R HIRFAALBRITE A4.LBASL02.C58C1 ZFrE I HEE D
SHER HETTEZLHESMMEFATR L PCR EFiEH R i T-DNA CHESBEEHRBY. &id
HEERERERNE Y IAARARSIETRESTHE RS RASTHARER ST kkE™
BETHA.

E@E. B A RAFE 2R

o B 4 %5 . R282. 02 SCMRERIAE A S-S 0253 - 2670¢2005)12 - 1864 — 05

Establishment of hairy root culture of Hyoscyamus niger
LU Bei-bei's ZHANG Lei', KAI Guo-yin®, ZHANG Han-ming', DING Ru-xian', CHEN Wan-sheng'
(1. Department of Pharmacognosy, School of Pharmacy, The Second Military Medical University, Shanghat 200433,
China; 2. Plant Biotechnology Research Center of Shanghai Jiao Tong University, School of Agriculture and Biology,
Fudan-S]TU-Nottingham Plant Biotechnology Reaearch and Development Center, School of Life Science and Technology,
Shanghai 200030, China; 3. Changzheng Hospital of the Second Military Medical University, Shanghai 200003, China)
Abstract: Objective To establish the cultural system for hairy root of Hyoscyamus niger. Methods
Hairy root of H. niger was obtained from cotyledon explants after infected with Agrobacterium rhizogenes
strains A4, LBA9402, and C58C1, respectively. The growth curves were determined and the effects of
different factors on the growth of hairy root were compared. The transformation of Ri T-DNA was
examined by PCR. And the contents of alkaloids in hairy root were determined. Results The hairy root of
H. niger was successfully induced by using A. rhizogenes strains A4, .LBA9402, and C58C1 for the first
time and the best system of hairy root culture was established. The transformation of T-DNA from Ri
plasmid to the hairy root was confirmed by PCR analysis. Conclusion  The establishment of cultural
system for hairy root of H. niger lays foundation for regulating the secondary metabolism of H. niger by
genetic engineering technique and for the large-scale production of active drug components.
Key words: Hyoscyamus niger L. ; Agrobacterium rhizogenes; hairy roots
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