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Introduction

The genus Hippophae includes 7 species and 8 subspe-
cies in the world (Swenson and Bartish 2002; Bartish
et al. 2002; Sun et al. 2002), these species are all diploid
of 2n=24 and are restricted to Qinghai-Xizang plateau
and adjacent areas except Hippophae rhamnoides L. which
is naturally distributed from Asia to Europe and was in-
troduced to South and North America (Rousi 1971; Lu
1997; Heinz and Barbaza 1998; Lian et al. 2000; Bartish
et al. 2000a, 2002; Roy et al. 2003). Sea buckthorn (H.
rhamnoides) has shown enormous agricultural, ecologi-
cal, nutritional, medical and ornamental values (Vikberg
and Itamies 1999; Zadernowski et al. 2002; Cheng et al.
2003; Tsydendambael and Vereshchagin 2003). Commer-
cialy, sea buckthorn has been suggested as a hardy,
multi-purpose plant with orange, red or yellow berries,
and being widely introduced and extended in the world,
especialy in China.

H. rhamnoides ssp. sinensis and H. rhamnoides ssp.
mongolica of six subspecies of H. rhamnoides are mainly
and widely distributed in China, Mongolia, Russia and
other countries of Asia and eastern Europe. Breeding
programmes for improving adaptability, tolerance and
yield have been carried out since 1960. Some fine culti-
vated varieties have been successfully selected or bred by
scientists of these countries, especially in China, Russia
and Mongolia. However, the different cultivated varieties
have advantages and disadvantages. Cultivated varieties
from China have strong adaptability and are fast-growing,
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but bear small fruits, more thorns, short fruit stalk, and
have lower content of bioactive substances, and are more
prone to dried-shrink disease. Cultivated varieties from
Russia and Mongolia show many promising agronomic
traits, such as big fruits, few or no thorns, long fruit stalk
and high content of bioactive substances, and resistance
to dried-shrink disease (some varieties), but show weak
adaptability and are slow-growing.

Many cultivated varieties from Russia and Mongolia
have been introduced into China since 1991 to supply and
improve sea buckthorn germplasm of China and to gain
commercial benefit. Some of them adapt very well to the
new habitat and yield high economic benefit. Some of the
fine cultivated varieties from Russia and Mongolia se-
lected and bred by Chinese breeders are being planted on
alarge scale in China. However, sea buckthorn breeding in
China also faces serious problems, such as unstable adapt-
ability, unsteady yield and quality of introduced varieties,
and difficulty of harvesting native varieties with thorns.
An available approach for breeding fine varieties is
crossing between H. rhamnoides ssp. sinensis and H.
rhamnoides ssp. mongolica, and crosses between them
once bred two fine hybrids (Liachuyihao and Liaohuer-
hao) in China, but selecting parents is still a major prob-
lem. Knowledge of genetic relationships in parental
varieties could improve the effectiveness of breeding
programmes (Le Thierry d' Ennequin et al. 2000). More-
over, some of the commercially desirable sea buckthorn
cultivated varieties could be reproduced by micropropa-
gation; thus, unauthorized commercialization of patented
varieties leads to lawsuits requiring careful technical in-
vestigation. However, investigators often look only at
morphological characters, which do not always yield clear
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answers concerning identification of the sea buckthorn
varieties. The molecular approach has proved increas-
ingly valuable in the identification of plant varieties
(Morell et al. 1995; Welsh and Mcclelland 1990; Williams
et al. 1990; Congiu et al. 2000).

Different types of genetic markers have been used to
assess phylogenetic relationships and diversity in sea
buckthorn: initially, isozymes (Yao and Tigerstedt 1993),
later randomly amplified polymorphic DNA (RAPD)
(Bartish et al. 1999; 2000; Bartish et al. 2000a; Chowdhury
et al. 2000; Ruan et al. 2004), and, recently, chloroplast
DNA and internal transcribed spacer (ITS) segnences
(Bartish et al. 2002; Sun et al. 2002). Y ao and Tigerstedt
(1993) looked at isoenzymes and found a within-popu-
lation genetic diversity of 0.168. They also noted that the
populations of H. rhamnoides ssp. rhamnoides were more
diverse (as revealed by Nei’'s genetic distance of 0.037)
than those of H. rhamnoides ssp. sinensis (0.007). Bartish
et al (1999) studied 10 populations of H. rhamnoides ssp.
rhamnoides from Northern Europe using RAPD and es-
timated that 85% of the genetic variation was within the
populations and 15% due to differences among the popu-
lations. This result was supported by further RAPD analysis
by Bartish et al. (2000b).

Both RAPD and AFLP markers are useful for studying
relationships among DNA sequences, independently of
their location in the chromosomes or of particularities in
their nucleotide sequence (Cabrita et al. 2001). However,
the higher multiplex ratio of AFLP markers makes them
more suitable for distinguishing between closely related
genotypes, such as different clones within a given culti-
var (Cervera et al. 1998), which often, having diverged
by small mutational events, present minimal genetic dif-
ferences (Cabrita et al. 2001). AFLP markers have been
used to study genetic relationships in many plant species,
such as Setaria italica and S. viridis (Le Thierry d' En-
nequin et al. 2000), Gossypium (Abdalla et al. 2001),
Ficus carica (Cabrita et al. 2001), Saccharum spp. (Lima
et al. 2002) and Olea europaea (Sensi et al. 2003).

Though we evaluated genetic relationships among 14
sea buckthorn cultivated varieties from China, Russia and
Mongolia using RAPD markers earlier (Ruan et al.
2004), in this study we further report the usefulness of
AFLP markers for analysing DNA fingerprint patterns
and genetic relationships among 15 sea buckthorn culti-
vated varieties from China, Russia and Mongolia, which
are mainly and widely planted and extended varieties in
China. The data provides a scientific basis for crossing
strategies for sea buckthorn, identification of cultivated
varieties, and management of germplasm.

Materials and methods
Plant materials and DNA extraction

The 15 sea buckthorn cultivated varieties used in this study,
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about 4-5 years old, are growing in the YCIT (Institute
of Yancheng Technology) test garden, Yancheng city,
Jiangsu Province of China. Nine cultivated varieties of
H. rhamnoides ssp. mongolica from Russia and Mongolia
were: Xiangyang (XY), accession no. YCXY02009;
Chengse (CS), YCCS02017; Chuyi (CY), YCCY02033;
Alelyi (ALY), YCALYO02141; Zdiang (ZL), YCZL02084;
Huoguang (HGG), Y CHGG02145; Nuyou (NY), YCNY -
02023; Hongyun (HY), YCHY02187; and Wulangemu
(WLGM), YCWLGMO02255. Three cultivated varieties of
H. rhamnoides ssp. mongolica from China were: Zhong-
guoshgji (ZGSJ), YCZGSJ02024; Zhongguoyou (ZGY),
YCZGY02251; and Hongguo (HG), YCHG02243. Three
hybrids from China were: Liaohuyihao (LHYH), YCLHYH-
02006; Liaohuerhao (LHEH), YCLHEH02001; and Zgji-
aoliangzhong (Z2JLZ), YCZJLZ02076. The source and
morphological characteristics of 14 sea buckthorn culti-
vated varieties were described by Ruan et al. (2004). The
other, ZJLZ, isahybrid of ZGY x wild H. rhamnoides ssp.
sinensis with the morphological characteristics of few or
no thorns, medium fruit size and fast growth. Three hun-
dred annual micropropagated seedlings of ZJLZ were
introduced from the experimental field at Ansai County
of Shaanxi Province in 1999 and planted in YCIT test
garden.

Total genomic DNA was isolated from fresh leaf tissue
of 4-5-year-old sampling plants as described by Ruan
et al. (2004).

AFLP analysis

AFLP analysis was performed using Analysis System |1
(GIBCO-BRL Life Technologies) according to the manu-
facturer’s protocol. Genomic DNA (350 ng) was digested
with 25U EcoRIl and 5U Msel (MBI, Fermentas, Lith-
uania) in a final volume of 25m. After inactivation
(15 min at 72°C), two different adaptors, for EcoRI and
Msel, were ligated to the ends of the genomic restriction
fragments. The digested and ligated template DNA was
pre-amplified using EcoRI + 1 (56 GACTGCGTACCAA-
TTCA-39 and Msel +1 (5¢GATGATGCCTGAGTAAC-
39 primers in a total volume of 50 m containing 5 of
ligation mixture (diluted 10 times in TE). The cycle pro-
file was as follows: 94°C incubation for 30 s, then cycled
30 times (denaturation 94°C for 30 s, annealing 56°C for
1 min, extension 72°C for 1 min). Selective amplification
was performed in a 50-m final volume containing 5 m of
pre-amplification products (diluted 50 times in TE) with
the following cycling profile: 13 cycles with annealing
temperatures decreasing by 0.7°C each cycle starting
with 94°C for 30's, 65°C for 30s, 72°C for 1 min; and
ending with 27 cycles of 94°C for 30s, 56°C for 30 s,
and 72°C for 31 min. The selective amplification primer
combinations had an extension of three additional nucleo-
tides (see table 1). In all reactions, only the EcoRI prim-
ers were 5¢ labelled with *P. Primer selection was
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performed on four varieties of the samples using eight
EcoRI and eight Msel primers for a total of 64 combina-
tions in a Perkin-Elmer 2700 thermocycler. Based on the
number and quality of polymorphic fragments, eight
primer combinations (see table 1) were selected and se-
lective amplification was carried out on all samples. Am-
plification products were separated on a 6% polyacry-
lamide gel, and visualized by exposing an X-ray film to
the dried gel.

A reproducibility assay was performed to increase the
consistency of the results. Two selected cultivated varie-
ties (ZGSJ and ZL) were independently processed from
the beginning of the AFLP analysis five times with two
different primer combinations (E + AAG/M + CAG and
E + AGG/M + CTA).

Data analysis

The AFLP fragments were scored as present (1) or absent
(0). Jaccard (1908) coefficient was calculated by using
NTSY S, (Rohlf 2000). Similarity tree was produced
based on the Jaccard coefficient with the unweighted com-
bination group method using arithmetic averages (UPGMA)
and the SAHN clustering program. The goodness of fit of
the clustering was tested using the MXCOMP program,
which directly compares the original similarity matrix
and the cophenetic value matrix. Cluster analysis and
MXCOMP were conducted by using NTSYS,, (Rohlf
2000).

Results and analysis

AFLP analysis
The results obtained for the eight different primer combi-

Table 1.

nations used in this study are shown in table 1. A total of
731 AFLP bands were detected using eight combinations
of primers, 645 of which were polymorphic, representing
83% of the total number of bands. The primer combina-
tions differed in their ability to detect bands in the 15 sea
buckthorn cultivated varieties. The number of polymor-
phic bands over all samples detected by individual primer
combinations ranged from 47 for primer combination E +
ACG/M + CTA to 107 for primer combination E + ACC/
M + AAT (table 1). The number of unique bands over all
samples detected by individual primer combinations
ranged from one for primer combination E + ACG/M +
CTA to 28 for E+ AGG/M + CAG, with a mean of 16.
Eight primer combinations generated 128 unique bands
(18%) (table 1).

Numbers of bands detected by eight primer combina-
tions ranged from 267 (LHEH) to 449 (ZJLZ), with a
mean of 340, and unique bands varied from 1 (HG, HGG
and LHEH) to 43 (ZJLZ), with amean of 8.5 (table 1).

The reproducibility test, shown in figure 1, carried out
with primer combination E + AAG/M + CAG and E +
AGG/M + CTA, appeared to be highly consistent.

Cluster analysis

Genetic similarities (calculated with Jaccard coefficient)
among the 15 sea buckthorn cultivated varieties ranged
from 0.29 (between ZGSJ and WLGM) to 0.78 (between
CS and HGG), with a mean of 0.48. Based on the Jaccard
coefficient, a UPGMA dendrogram was constructed (fig-
ure 2). The measure of goodness of fit of cluster analysis
was given by the ‘cophenetic correlation’ (r) calculated
with the MXCOMP program. The dendrogram had a ma-

DNA fingerprinting patterns of 15 sea buckthorn cultivated varieties based on AFLP markers.

Number of bands (total bands, and in parcentheses, unique bands)

E+AACM + E+AAG/M + E+ACT/M + E+ACC/M + E+ACG/M + E+AGG/M+ E+AGGM+C E+AGG/ M+ Sum

CAA? CAG CAT CAT CTA CAC AG CTA (731, 645,
Variety (115,95, 83,19° (72,58,81,16)  (93,80,86,16) (116,107,92,16) (51,47,92, 1) (100,93,93,17)  (91,77,85,28) (93,88, 95,15) 89, 128)
ZGSJ 65 (1) 33(2) 32(0) 37(0) 30 (1) 26 (3) 32(0) 67 (7) 322 (14)
LHEH 59 (0) 36 (0) 46 (0) 33(0) 18 (0) 43 (1) 24 (0) 8(0) 267 (1)
NY 53 (0) 38(0) 61 (1) 49 (1) 18 (0) 43(0) 32(2) 57 (0) 351 (4)
ALY 73 (0) 31(0) 52 (0) 39 (1) 4 (0) 32 (0) 34 (1) 40 (0) 271 (2)
HY 76 (1) 37(2) 63 (3) 60 (3) 14 (0) 48 (4) 49 (4) 55 (0) 402 (17)
ZL 47 (0) 42 (1) 44 (2) 27 (0) 25 (0) 45 (4) 50 (10) 42 (0) 322 (17)
HG 57 (0) 38(0) 51 (0) 48(0) 48 (0) 32(0) 39 (1) 15 (0) 328 (1)
XY 89 (11) 38 (0) 71(5) 54 (1) 19 (0) 25 (0) 31(0) 48 (1) 375 (18)
WLGM 69 (1) 25 (0) 43(0) 39 (0) 41 (0) 55 (1) 36 (0) 64 (1) 372 (3)
HGG 61 (0) 31(0) 50 (0) 33(1) 15 (0) 40 (0) 29 (0) 61 (0) 320 (1)
cs 70 (0) 33(0) 56 (0) 39 (0) 17 (0) 42 (1) 27 (0) 55 (1) 339 (2)
ZlLz 68 (4) 50 (9) 58 (5) 96 (9) 18 (0) 60 (3) 45 (8) 54 (5) 449 (43)
LHYH 69 (0) 30 (1) 50 (0) 32(0) 39 (0) 24 (0) 33(1) 60 (0) 337 (2)
ZGY 68 (0) 31(1) 53 (0) 33(0) 18 (0) 24 (0) 36 (0) 50 (0) 313 (1)
cYy 64 (1) 31 (0) 58 (0) 40 (0) 23(0) 31 (0) 33(1) 48(0) 328 (2)

#Primer combinations.

"The numbers are: total number of bands, number of polymorphic bands, polymorphism rate (%), and number of unique bands.
ZGSJ: Zhongguoshaji; LHEH: Liaohuerhao; NY: Nuyou; ALY: Aleiyi; HY: Hongyun; ZL: Zeliang; HG: Hongguo; XY: Xiangyang; WLGM:
Wulangemu; HGG: Huoguang; CS: Chengse; ZJLZ: Zgjiaoliangzhong; LHY H: Liachuyihao; ZGY: Zhongguyou; CY: Chuyi.
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trix correlation r =0.864, which was interpreted as a
good fit.

At a level of 0.47 (Jaccard coefficient), the following
clusters were formed: cluster | included four cultivated
varieties (H. rhamnoides ssp. mongolica) from Russia
(XY, CY, HGG and CS), one (H. rhamnoides ssp. mon-
golica) from Mongolia (WLGM), one (H. rhamnoides
ssp. sinensis) from China (HG), and three hybrids
(LHYH, LHEH and ZJLZ) from China; cluster 1l in-
cluded four cultivated varieties from Russia (ALY, NY,
HY and ZL), which all originated from H. rhamnoides
ssp. mongolica. The other two cultivars (H. rhamnoides
ssp. sinensis) from China (ZGSJ and ZGY) were not
grouped at that level. At a level of 0.60, one subgroup
within cluster | was resolved, including XY, CY, WLGM,
HGG, CS and LHYH; and one subgroup within cluster |1
also was resolved, including NY, HY and ALY. At a

Figure 1.
genomic DNA. The figure represents the reproducibility assay
performed on ZGSJ (lanes 1-5) and ZL (lanes 6-10) using
primer combination E + AAG/M + CAG, and ZGSJ (lanes 11—
15) and ZL (lanes 16-20) using primer combination E + AGG/
M + CTA.

Digitalized electrophorogram of AFLP profile of
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level of 0.66, two sub-subgroups within the subgroup of
cluster | were resolved, one including XY and CY, an-
other consisting of WLGM, HGG, CS and LHYH; within
the later, HGG was very closely related to CS, and the
two formed a subgroup with LHYH. Two sub-subgroups
within the subgroup of cluster Il also were resolved, one
including NY and HY, and another only ALY .

Discussion

Fifteen sea buckthorn cultivated varieties from China,
Russia and Mongolia were fingerprinted with AFLP
markers. The fingerprinting patterns obtained allowed
unequivocal identification of each cultivated variety. Some
primer combinations were better suited to discriminate
among the varieties (table 1). Primer combination E + CC/
M + AT detected the highest number of polymorphic loci
in all the varieties. It is followed by primer combinations
E+AC/M + AA and E + GG/M + TA.

ZGS]
LHEH

HG

rl'TII|IEII|1III]IIII|
0.39 049 0.59 0.68 0.78
Coeflicient
Figure 2. Dendrogram of 15 sea buckthorn varieties by

UPGMA cluster analysis based Jaccard coefficient, using 645
AFLP polymorphic bands obtained by eight primer combinations.
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Genetic similarity between ZGSJ and WLGM was the
smallest (0.29), as was expected since they represent dif-
ferent subspecies. ZJLZ is a hybrid of ZGY x wild H.
rhamnoides ssp. sinensis; however, the AFLP results
showed it to be distinct from ZGY and ZGSJ.

ZGY was selected from wild H. rhamnoides ssp.
sinensis by Chinese scientists breeders. However, the
genetic similarities based on AFLP (0.333) and RAPD
(0.460; see Ruan et al. 2004) data were lower between
ZGY and ZGSJ, and the clustering results with AFLP and
RAPD markers (see Ruan et al. 2004) showed it to be
distinct from ZGSJ. Based on these, we infer that it may
be incorrect to see ZGY as originating from wild H.
rhamnoides ssp. sinensis. ZGY was selected from the
interzone of natural distribution of wild H. rhamnoides
ssp. sinensis and wild H. rhamnoides ssp. mongolica, and
its morphological characteristics are intermediate, such
as wide leaf, no or few thorns and fastgrowth. These
suggest that ZGY may be a hybrid between wild H.
rhamnoides ssp. sinensis and wild H. rhamnoides ssp.
mongolica.

At Jaccard coefficient 0.59, HG was grouped together
with cultivated varieties of H. rhamnoides ssp. mongolica.
HG was selected from wild H. rhamnoides ssp. sinensis
distributed in Inner Mongolia of China. It is difficult to
distinguish HG from HY (H. rhamnoides ssp. mongolica)
by phenotypic characteristics, and the region where it
was selected borders on the distribution zone of wild H.
rhamnoides ssp. mongolica. These indicated that intro-
gression is likely to have taken place between HG and
wild H. rhamnoides ssp. mongolica. However, we cannot
accurately determine the genetic origin of HG.

While LHYH and LHEH are hybrids of Qiuyesike (H.
rhamnoides ssp. mongolica) x H. rhamnoides ssp. sinen-
sis, AFLP analysis showed that the two grouped with
cultivated varieties from Russia and Mongolia (H. rham-
noides ssp. mongolica) at Jaccard coefficient 0.53. It may
be from matroclinal inheritance, or perhaps in the long
term of artificial selection matroclinous variations were
selected. Matroclinous characteristics include big fruits,
few or no thorns and low susceptibility to dried-shrink
disease.

The dendrogram obtained with AFLP markers is in
agreement, except for ZJLZ, with that based on RAPD
markers (based on Nei and Li’s genetic distance) of Ruan
et al. (2004) to a large extent. However, RAPD gave a
dlightly different cluster with HG, HGG and ZL. HGG
was placed in a subgroup with XY, CY, WLGM, CS and
LHYH based on AFLP data but RAPD data. ZL was
placed in cluster 11 (at a level of 0.47) with AFLPs but
RAPDs. HG was grouped with XY, CY, WLGM, CS and
LHYH (at a level of 0.59) with AFLPs but RAPDs. We
cannot rule out the possibility that if more of primers
well used in RAPD analysis one might be able to place
HG, HGG and ZL more precisely in the tree.

In conclusion, our results demonstrate that AFLP
markers are useful for fingerprinting and detecting ge-
netic relationships among sea buckthorn cultivated varie-
ties from China, Russia and Mongolia. The results can be
used as guidelines for improving germplasm collection
and breeding. For example, ALY has excellent adaptabi-
lity to a large region of China (Shannxi, Liaoling, He-
longjiang and Jiangsu province, etc.), and has promising
characteristics (e.g. big fruits, high Vitamin C content in
seeds and leaves, etc.). Genetic similarities between ALY
and ZGSJ based on AFLP data was relatively low
(0.364). Crossing between ALY and ZGSJ may breed a
fine hybrid.

Acknowledgements

This research was funded by China-Russia project No.
BZ2001028 from Jiangsu Scientific and Technological Com-
mittee of China, partly supported by the special project of sea
buckthorn No. 20010416 from the Chinese Ministry of Water
Resources, and partly supported by the Young Natural Science
Foundation of Institute of Yancheng Technology project No.
2002XY K04. We thank Dr Jianwei Zheng for technical help.

References

AbdallaA. M., Reddy O. U. K., El-Zik K. M. and Pepper A. E.
2001 Genetic diversity and relationships of diploid and
tetraploid cottons revealed using AFLP. Theor. Appl. Genet.
102, 222- 229.

Bartish G. I., Jeppsson N., Bartish I. V. and Nybom H. 2000a
Assessment of genetic diversity using RAPD analysis in a
germplasm collection of sea buckthorn. Agr. Food Sci.
Finland 9, 279- 289.

Bartish 1. V., Jeppsson N., Bartish G. I., Lu R. and Nybom H.
2000b Inter- and intraspecific genetic variation in Hippophae
(Elaeagnaceae) investigated by RAPD markers. Plant. Syst.
Evol. 225, 85- 101.

Bartish 1. V., Jeppsson N. and Nybom H. 1999 Population ge-
netic structure in the dioecious pioneer plant species Hippo-
phae rhamnoides investigated by random amplified polymor-
phic DNA (RAPD) markers. Mol. Ecol. 8, 791- 802.

Bartish J. V., Jeppson N., Nybom H. and Swenson U. 2002
Phylogeny of Hippophae (Elacagnaceae) inferred from par-
simony analysis of choloroplast DNA and morphology. Syst.
Bot. 27, 41-54.

Cabrita L. F., Aksoy U., Hepaksoy S. and Leitdo J. M. 2001
Suitability of isozyme, RAPD and AFLP markers to assess
genetic differences and relatedness among fig (Ficus carica
L.) clones. <ci. Hortic. 87, 261- 273.

Cervera M.-T., Cabezas J. A., Sancha S. G., Martinez de Toda
F., Martiaez-Zapater J. M. 1998 Application of AFLPs to the
characterization of grapevine Vitis vinifera L. genetic re-
sources. A case study with accessions from Rioja (spain).
Theor. Appl. Genet. 97, 51-59.

Cheng J. Y., Kondo K., Suzuki Y., Ikeda Y., Meng X. S. and
Umemura K. 2003 Inhibitory effects of total flavones of Hippo-
phae rhamnoides L on thrombosis in mouse femoral artery
and in vitro platelet aggregation. Life. Sci.72, 2263- 2271.

Chowdhury M. A., Jana S. and Schroeder W. R. 2000 Pheno-
typic diversity in four woody species on the Canadian prai-
ries. Can. J. Plant. Sci. 80, 137- 142.

Journal of Genetics, Vol. 84, No. 3, December 2005 315



Chengjiang Ruan and Diagiong Li

Congiu L., ChiccaM., CellaR., Rossi R. and Bernacchia G. 2000
The use of random amplified polymorphic DNA (RAPD)
markers to identify strawberry varieties: a forensic applica-
tion. Mol. Ecol. 9, 229- 232.

Heinz C. and Barbaza M. 1998 Environmental changes during
the Late Glacial and Post-Glacial in the central Pyrenees
(France): new charcoal analysis and archaeological data. Rev.
Palaeobot. Palyno. 104, 1-17.

Jaccard P. 1908 Nouvelles rescherches sur la distribution flo-
rale. Bull. Soc. Vaud. Sci. Nat. 44, 223- 270.

Le Thierry d’Ennequin M., Panau O. and Toupance B. 2000
Assessment of genetic relationships between Setaria italica
and its wild relative S. viridis using AFLP markers. Theor.
Appl. Genet. 100, 1061- 1066.

LianY. S, Lu S. G, Xue S. K. and Chen X. L. 2000 Biology
and Chemistry of the genus Hippophae (in Chinese). Gansu
Science & Technology Press, Lanzhou, China, 214 pp.

LimaM. L. A., GarciaA. A. F., Oliveira K. M., Matsuoka M.,
Arizono H., de Souza Jr. C. L. and de Souza A. P. 2002
Analysis of genetic similarity detected by AFLP and coeffi-
cient parentage among genotypes of sugar cane (Saccharum
spp.). Theor. Appl. Genet. 104, 30- 38.

Lu R. 1997 Eco-geographical distribution of sea buckthorn and
prospects of International cooperation. In: Lu S., Li M., Hu J.
and Liu S. (eds) Worldwide Research & Development of Sea
buckthorn. China Science & Technology Press, Beijing, pp
123- 129.

Morell M. K., Peakall R., Appels R., Preston L. R. and Lloyd
H. L. 1995 DNA profiling techniques for plant variety identi-
fication. Aust. J. Exp. Agr. 35, 807- 819.

Rohlf F. J. 2000 NTSY S: numerical taxonomy and multivariate
analysis system, Verison 2.1. State University of New York,
New York.

Rousi A. 1971 The genus Hippophae L. A taxonomic study. Ann.
Bot. Fennici. 8, 177- 227.

Roy P. S., Porwal M. C. and Sharma L. 2003 Mapping of Hippo-
phae rhamnoides Linn. in the adjoining areas of Kaza in La-

huland Spiti using remote sensing and GIS (vol 80, pg 1107,
2001). Curr. Sci. India 84, 713- 713.

Ruan C., Qin P., Zheng J. and He Z. 2004 Genetic relationships
among some cultivars of sea buckthorn from China, Russia
and Mongolia based on RAPD analysis. Sci. Hortic. 101,
417-426.

Sensi E., Vignani R., Scali M., Masi E. and Cresti M. 2003
DNA fingerprinting and genetic relatedness among cultivated
varieties of Olea europaea L. estimated by AFLP analysis.
Sci. Hortic. 97, 379- 388.

Sun K., Chen X., MaR., Li C., Wang Q. and Ge S., 2002. Mole-
cular phylogenetics of Hippophae L. (Elacagnaceae) based
on the internal transcribed spacer (ITS) sequences of nrDNA.
Plant. Syst. Evol. 235, 121- 134.

Swenson U. and Bartish 1.V. 2002 Taxonomic synopsis of Hip-
pophae (Elaeagnaceae). Nord. J. Bot. 22, 369- 374.

Tsydendambaev V. D. and Vereshchagin A. G. 2003 Changes
in triacylglycerol composition during ripening of sea buck-
thorn (Hippophae rhamnoides L.) seeds. J. Agr. Food. Chem.
51, 1278- 1283.

Vikberg V. and Itamies J. 1999 Buckthorn (Hippophae rham-
noides L., Elaeagnaceae), a new important food plant for the
larva of Tenthredo vespa Retzius in Finland (Hymenoptera,
Tenthredinidae). Entomol. Fennica. 10, 201- 208.

Welsh J. and McClelland M. 1990 Fingerprinting genomes using
PCR with arbitrary primers. Nucleic. Acids Res. 18, 7213- 7218.

Williams J. G. K., Kubelik A. R., Livak K. J.,, Rafalski J. A.
and Tingey S. V. 1990 DNA polymorphisms amplified by
arbitrary primers are useful as genetic markers. Nucleic. Ac-
ids Res. 18, 6531- 6535.

Yao Y. M. and Tigerstedt P. M. A. 1993 Isozyme studies of
genetic diversity and evolution in Hippophae. Genet. Resour.
Crop. Ev. 40, 153- 164.

Zadernowski R., Naczk M., Nowak-Polakowska H. and
Nesterowicz J. 2002 Effect of sea buckthorn (Hippophae
rhamnoides L.) berry extracts on the activity of lipase and li-
poxygenase. J. Food. Lipids. 9, 249- 25.

Received 6 March 2005

316 Journal of Genetics, Vol. 84, No. 3, December 2005



