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Abstract

Knowledge about the role of litter and dung decomposition in nutrient cycling and
response to climate change and grazing in alpine ecosystems is still rudimentary. We
conducted two separate studies to assess the relative role of warming and grazing on litter
mass loss and on the temperature sensitivity of litter and dung mass loss. Experiments
were conducted for 1-2 years under a controlled warming-grazing system and along an
elevation gradient from 3200 to 3800 m. A free-air temperature enhancement system (FATE)
using infrared heaters and grazing significantly increased soil temperatures (average
0.5-1.6°C) from 0 to 40cm depth, but neither warming nor grazing affected soil moisture
except early in the growing seasons at 30 cm soil depth, Heaters caused greater soil warming
at night-time compared with daytime, but grazing resulted in greater soil warming during
daytime compared with night-time. Annual average values of the soil temperature at 5 cm
were 3.2, 2.4 and 0.3 °C at 3200, 3600 and 3800 m, respectively. Neither warming nor grazing
caused changes of litter quality for the first year of the controlled warming-grazing
experiment. The effects of warming and grazing on litter mass losses were additive,
increasing litter mass losses by about 19.3% and 8.3%, respectively, for the 2-year decom-
position periods. The temperature sensitivity of litter mass losses was approximately
11% “C™" based on the controlled warming-grazing experiment. The annual cumulative
litter mass loss was approximately 2.5 times that of dung along the elevation gradient.
However, the temperature sensitivity (about 18% “C™") of the dung mass loss was about
three times that of the litter mass loss. These results suggest greater warming at night-time
compared with daytime may accelerate litter mass loss, and grazing will enhance carbon
loss to atmosphere in the region through a decrease of litter biomass and an increase of
dung production with an increase of stocking rate in future warmer conditions.

Keywords: alpine meadow, climate change, decomposition, dung, global change, grazing, infrared,
litter, temperature sensitivity, warming
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Couteaux ef al., 1995; Aerts, 1997, 2006; Robinson, 2002).
Grasslands are one of the largest terrestrial ecosystems,
The decomposition of plant litter is a key component of and grazing is the main land-use on grasslands across

Introduction

the global carbon (C) budget (Raich & Schlesinger, 1992; the world. Climate change, especially warming, is pre-
dicted toaffect most regions of the northern hemisphere

Comrespondence: Shiping Wang, tel. +8 9716106617, fax +86 and will be particularly pronounced at high northern
971 6143282, e-mail: wangship2008@yahoo.cn latitudes during this century (ACIA, 2005; [PCC, 2007).
1606 ©) 2009 Blackwell Publishing Ltd
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ABSTRACT

Aim Most species of temperate regions are believed to have shifted to lower
latitudes or elevations during the glacial periods of the Quaternary. In this study
we test whether this phylogeographic assumption is also true for the plateau
zokor (Eospalax baileyi), a fossorial rodent endemic to the climate-sensitive
Qinghai-Tibetan Plateau (QTP), which ranges in elevation from 2600 to 4600 m.

Location The QTP of western China.

Methods Phylogeographic analyses were conducted based on the mitochondrial
cytochrome b gene sequences of 193 individuals from 20 populations over the
entire range of the species.

Results A total of 54 haplotypes identified in the present study clustered into
four geographically correlated clades located in the interior of the QTP (clade A)
and at the platean edge (B, C and D). Molecular calibrations suggest that the
interior plateau (A) and plateau-edge (B-D) clades diverged at 1.2 Ma and that
the three plateau-edge clades diverged between 0.85 and 0.80 Ma. These estimates
are concordant with diastrophism and glaciation events in the QTP. Coalescent
tests rejected both the hypothesis that all current populations originated from a
single refugium at a low elevation during the Last Glacial Maximum (LGM) and
the hypothesis that the two lineages diverged during the LGM. The tests instead
supported the hypothesis that there were four refugia during the LGM, and that
the four clades diverged prior to the late Pleistocene.

Main conclusions Our results suggest that Quaternary diastrophisms and
glaciations repeatedly promoted allopatric divergence of the plateau zokor into
geographical clades, and that these regional clades subsequently persisted at high
elevations, rather than migrating to the low-elevation plateau edge during
subsequent glacial ages.

Keywords
Cytochrome b, Fospalax baileyi, genetic divergence, phylogeography, plateau
zokor, rodents, Qinghai-Tibetan Plateau, western China.

INTRODUCTION

genetic samples have provided evidence of glacial retreats and
interglacial/post-glacial recolonizations by most temperate

Quaternary climatic oscillations have played an important role
in shaping the current distribution of biodiversity in the
Northern Hemisphere (Hewitt, 2000). In both Furope and
North America, phylogeographical studies of contemporary

© 2009 Blackwell Publishing Ltd

organisms (Avise, 2000). Both animal and plant species ranges
have been shown to have shifted repeatedly in response to
climatic oscillations, tracking favourable climate (Hewitt, 2000;
Rowe et al., 2004; Steele & Storfer, 2006).

www.blackwellpublishing comfbi 657
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ABSTRACT

Aim We aimed to examine the phylogeographical structure and demographic
history of domestic and wild yaks (Bos grunniens) based on a wide range of
samples and complete mitochondrial genomic sequences.

Location The Qinghai-Tibetan Plateau (QTP) of western China.

Methods All available D-loop sequences for 405 domesticated yaks and 47 wild
yaks were examined, including new sequences from 96 domestic and 34 wild yaks.
We further sequenced the complete mitochondrial genomes of 48 domesticated
and 21 wild yaks. Phylogeographical amalyses were performed using the
mitochondrial D-loop and the total genome datasets.

Results We recovered a total of 123 haplotypes based on the D-loop sequences
in wild and domestic yaks. Phylogenetic analyses of this dataset and the
mitochondrial genome data suggested three well-supported and divergent
lineages. Two lineages with six D-loop haplogroups were recovered for all
morphological breeds of domestic yaks across their distributions in the QTP,
while one more lineage and more endemic haplogroups or haplotypes were found
for wild yaks. Based on the mitochondrial genome data, the divergences of the
three lineages were estimated to have occurred around 420,000 and 580,000 years
ago, consistent with the geological records of two large glaciation events
experienced in the QTP.

Main conclusions There are distinct phylogeographical differences between
wild and domestic yaks. However, there is no apparent geographical correlation
between identified haplogroups and distributions of domestic yaks. Three
differentiated lineages of yaks probably evolved allopatrically in different regions
during the Pleistocene glaciation events, then reunited into a single gene pool
during post-glacial population expansion and migrations before the start of the
domestication of yaks in the Holocene.

Keywords

Bos grunniens, China, demographic history, D-loop, domestication, mitochon-
drial genome, phylogenomics, phylogeographical structure, Qinghai-Tibetan
Plateau.

studies indicate complex phylogeographical histories of the ani-

INTRODUCTION . .

mals used for meat (e.g Lau ef al., 1998; Luikart ef al, 2001;
The domestication of animals made available stable sources of Troy et al,, 2001; Jansen ef al., 2002; Beja-Pereira et al, 2004;
protein and enabled the development of human dvilization Larson et al., 2005; Pedrosa et al., 2005; Meadows et al., 2007;
(Mason, 1984; Diamond, 2002). Molecular and archacological Naderi et al., 2008). For example, distinet phylogengraphical
2332 www blackwellpublishing. comijbi © 2010 Blackwell Publishing Ltd
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ARTICLE INFO ABSTRACT

Article history: A great deal of uncertainty is associated with estimates of global nitrous oxide (N;0) emissions because
Received 22 October 2003 emissions from arid and polar climates were notinduded in the estimates due to a lack of available data.
Received in revised form In particular, very few studies have assessed the response of N30 flux to grazing under future warming
29 January 2010

conditions. This experiment was conducted to determine the effects of warming and grazing on N0 flux
at different time scales for three years under a controlled warming-grazing system. A free-air temper-
ature enhancement system (FATE) using infrared heaters and grazing significantly increased soil
temperatures for both of growing (average 1.8 °Cin 2008) and no-growing seasons (average 3.0 °C for

Accepted 14 February 2010
Available online 26 February 2010

Efﬂfr:;rmmg 3-years) within 20-cm depth, but only warming reduced soil moisture at 10-cm soil depth during the
Grazing growing season during the drought year of 2008. Generally, the effects of warming and grazing on Nz0
N0 flux flux varied with sampling date, season, and year. No interactive effect between warming and grazing was
Soil temperature found. Warming did not affect annual N0 flux when grazing was moderate during the growing season

Soil moisture
Alpine meadow
FATE

Tibetan plateau

because the tradeoff of the effect of warming on NaO flux was observed between the growing season and
no-growing season. Mo-warming with grazing (NWG) and warming with grazing (WG) significantly
increased the average annual NzO flux (57.8 and 31.0%) compared with no-warming with no-grazing
(NWNG) and warming with no-grazing (WNG), respectively, indicating that warming reduced the
response of N3O flux tograzing in the region. Winter accounted for 36-57% of annual Nz O flux for NWNG
and NWG, whereas only for 5-8% of annual N0 flux for WNG and WG, Soil temperature could explain
5-35% of annual N2O flux variation.

© 2010 Elsevier Ltd. All rights reserved,

1. Introduction Mummey et al, 1997, 2000; Ball et al., 1999; Breuer et al., 2000,

Billings et al,, 2002; Xu et al., 2003a,b; Saggar et al,, 2004; Wang

Nitrous oxide (N30) is one of the major greenhouse gases (IPCC,
2007). Intensive studies in temperate grassland/steppe ecosystems
and agricultural land in Euro-Asia, North America, Australia, and
New Zealand have revealed that N;O fluxes vary with vegetation
types, soil properties, dimate conditions, and land uses, and that the
role of N20 emissions from grasslands in the world is an important
consideration in the global N20 budget (Mosier et al., 1991, 1996,
1998, 2002; Velthof and Oenema, 1995; Flessa et al, 1996;

* Comesponding author at: Institute of Tibetan Plateau Research, Chinese
Academy of Sciences, Beijing 100085, China. Tel.: 486 971 6106617; fax: +86 971
6143282,

E-mail address: wangship2008@yahoo.cn (5. Wang).

003807175 — see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.so0ilbio.2010,02.011

et al, 2005; Du et al., 2006; Ma et al, 2006; Holst et al., 2007,
Maljanen et al, 2007; Barton et al,, 2008; Briimmer et al., 2008).
Stehfest and Bouwman (2006) recently calculated  that
1.8 Te NoO-N yr~" is emitted globally from grasslands, However,
agreat deal of uncertainty is associated with estimates of global N0
emissions because emissions from arid, polar, and boreal climates
were not included in the estimates due to a lack of available data,
especially data during the winter (Bouwman et al, 2000; Stehfest
and Bouwman, 2006).

In temperate ecosystems, particular interest has focused on
winter fluxes of N0 because much of the annual flux appears to
occur during winter and during the transition from winter to
spring, when freeze-thaw events are common (Brumme et al,
1999; Groffman et al., 2000, 2006; Butterbach-Bahl et al, 2002).
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Concentrations of the Active Constituents of the Tibetan Folk Medicine
Qinjiao (Gentiana sect. Cruciata) within and between Taxonomic Species
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The Tibetan folk medicine Qinjiao is traditionally used to treat various conditions, and its main
active constituents comprise four iridoid glycosides, i.e., loganic acid, swertiamarin, gentiopicroside, and
sweroside. The traditional crude medicine Qinjiao is derived from the dried roots of three species
belonging to Gentiana sect. Cruciata (Gentianaceae) growing in the Qinghai-Tibetan Plateau (QTP). In
this study, we determined by HPLC the contents of the four main active constituents in the dried rools
collected from 83 localities at different altitudes across the QTP The material was classified under the
seven taxonomic species G. straminea, G. dahurica, G. crassicaulis, G. waltonii, G. officinalis, G. ihassica,
and G. macrophylla, Our results suggested that the four constituents were present in the roots of all seven
species for all localities, but their concentrations varied greatly within and between species. The level of
gentiopicroside revealed to be the most dominant for all examined localities (2.1-12.4 mg/g), and G.
macrophylla PALL. contained the highest concentration of all the four constituents at the species level.
Except for loganic acidin G. afficinalis, there was no significant correlation between the contents of these
constituents and the altitude of the sampling localities. These results suggest that all species of all origins
can be used as reliable resource for the crude medicine Qinjiao. However, a few species contain higher
concentrations of the main active constituents, irrespective of their origin.

Introduction, — The roots of three species belonging to Gentiana sect. Cruciata
(Gentianaceae), i.e., G. straminea, G. dahurica, and G. macrophylla, known under the
name Qinjiao, have been widely used in the Tibetan traditional folk medicine to treat
fungal and bacterial infections, hepatitis, constipation, rheumatism, pain, and hyper-
tension [1-3]. The main active constituents comprise four iridoid glycosides, i.e.,
gentiopicroside, loganic acid, swertiamarin, and sweroside ( Fig. 1) [3-5]. However, the
natural resources of Qinjiao have been declining in recent years, because of the
increasing demands and exploitation as well as of the habitat loss by deforestation and
excessive grazing in high altitude pastures in the entire Qinghai-Tibetan Plateau
(QTP). Although the other species of Gentiana sect. Cruciata are also distributed in the
QTP, it remains unknown whether these species also contain the four iridoid glycosides

1) These authors contributed equally to the work.
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Abstract: Predicting enzyme subfamuly class 1s an imbalance multi-class classtfication problem due to the fact that the
number of protems mn each subfamily makes a preat difference. In this paper, we focus on developing the computational
methods specially destgned for the mbalance multi-class classification problem to predict enzyme subfamily class. We
compare two support vector machine (SVM)-based methods for the imbalance problem, AdaBoost algorithm with
RBFSVM (SVM with BBF kernel) and SVM with arithmetic mean (AM) offset (AM-SVM) in enzyme subfamily classi-
fication. As mnput features for our predictrve model, we use the conjomnt triad feature (CTF). We validate two methods on
an enzyme benchmark dataset, which contains six enzyme main families with a total of thirty-four subfamuly classes, and
those proteins have less than 40% sequence identity to any other m a same functional class. In predicting oxidoreductases
subfarmilies, AM-SVM obtains the over 0.92 Matthew's correlation coefficient (MCC) and over 93% accuracy, and m pre-
dicting lyases, isomerases and ligases subfamilies. it obtains over 0.73 MCC and over 82% accuracy. The improvement in
the predictive performance suggests the AM-SVM might play a complementary role to the existing function annofation

methods.

Keywords: Enzyme subfamily class prediction, conjoint triad feature, imbalance problem, support vector machine.

1.INTRODUCTION

Enzymes. as one of the largest and most important group
of all protetns, participate n mamtainig and regulation of
the metabolic states of the cells. According to the definition
of Enzyme Commission (EC) number [1], all enzymes can
be classified into six main families: oxidoreductases, trans-
ferases, hydrolases, Ivases, isomerases, and ligases. And
each family can be further classified into a number of sub-
famuly classes. For a newly sequenced protem, which en-
zyme family and subfamily should 1t belong to? This 1s the
most important problem due to the fact that it 1s related to the
function protemn as well as its specificity and molecular
mechanism. However, experimentally determining the en-
zyme family and subfamily is still time-consuming and
costly, the computational methods then have become a viable
alternative to experimental approaches

Introduction of novel mathematical approaches and
physical concepts mto molecular biology, such as Mahala-
nobis distance [2.3], pseudo amino acid composition [4].
complexity measure factor [3.6]. graph and diagram analysis
[7-12], cellular automaton [13-16], grey theory [17], geomet-
ric moments [18], surface diffusion-controlled reaction [19].
and ensemble classifier [20], as well as a series of user-
friendly web-servers summarized in Table 3 in [21], can sig-
nificantly stimulate the development of biological and medi-

*Address cortespondence to these authors at the College of Science, China
Agricultural University, Beijing. China, 100083; Tel: 86-13718691409; Fax
86-0991- 8388010: E-mail dengnaiyang@caveducn and College of
Mathematics and System Science, Xinjtang University. Urumnchi, China,
830046; Tel 86-13681517962; Fax 86-10- 62361963;

E-mail: gjyangzie@sina.com

0929-8665/10 $55.00+.00

cal science. Here, we would like to mtroduce a novel
mathematical approach for predicting the enzyme subfamily
class.

The most common computational method 1s transferring
an enzymatic annotation between two globally aligned pro-
tein sequences, but it has been reported to significantly drop
under 40% sequence identity [22]. To remedy this, many
machine learning-based methods were successfully used.
Especially, as an excellent machine learning method, support
vector machines (SVMs) motivated by statistical learning
theory [23.24], have been provided state-of-the-art perform-
ance m particular in computational biology [25]. Further-
more, SVM-based machine learning algorithm was used 1n
predicting protein subcellular location [26], membrane pro-
tein type [27,28], protemn structural class [29], specificity of
GalNAc-transferase [30]. HIV protease cleavage sites in
protein [31], beta-turn types [32], protein signal sequences
and their cleavage sites [33]. alpha-turn types [34], catalytic
triads of serine hydrolases [35], B-cell epitope prediction
[36], et al. Here, we would like to use SVM-based methods
to predict enzyme subfamilies for proteins with low homolo-
gies fo known enzymes.

One key problem for using SVM-based methods 1s to
construct a number of features to represent a given protein
sequence. In previous studies, the amino acid composition
(AAC) representation has been widely utilized in many pre-
dicting problems [37-39). including enzyme family and sub-
family class [40]. Owing to lack of the sequence order m-
formation, some modified versions of AAC, such as pseudo
amino acid composition (Pse-AAC) [41] and amphiphilic
pseudo-amino acid composition (Am-Pse-AAC) [42] have

© 2010 Bentham Science Publishers Ltd,
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Abstract  Knowledge of the response of litter mass
loss to climate warming and litter quality in alpine
ecosystems is still sparse. Here, we conducted a 507-
day litter decomposition experiment along an eleva-
tion gradient from 3200 to 3800 m using different
litter types to determine the influences of litter quality
and climate change on the elemental mass losses and
on the temperature sensitivity of litter mass losses
(annual percentage decomposition (%) per 1°C tem-
perature difference). Mass losses of C, nitrogen (N),
phosphorus (P), potassium (K), sodium (Na), calcium
(Ca), and Magnesium (Mg) decreased with an increase
in elevation. In general, N and Na concentrations in
litter and ratios of C:N and lignin:N were the best
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predictors of C mass losses. A higher N concentration
and C:N ratio inlitter caused greater C mass losses, but
higher lignin:N ratio in litter resulted in lower C mass
losses. Litter decomposition occurred in a two-stage
process. Carbon mass loss in litter was mainly limited
by soil temperature in the first growing season of the
decomposition period, whereas N concentration and
ratios of C:P and N:P limited carbon mass loss in the
remaining litter during the second growing season of
the decomposition period. Soil moisture appeared not
to affect litter mass loss and the temperature sensitivity
of litter mass loss of grass litter was greater than that of
shrub litter in the alpine region.

Keywords Litter quality - Mass loss -
Soil temperature - Soil moisture - Elevation gradient -
Alpine meadow

Introduction

Litter nutrient conceniration, the concentration of
carbon fractions (e.g., lignin), carbon:nitrogen (C:N)
and lignin:N ratios have been widely used as litter
quality variables due to their influence on microbial
activity and litter decomposition rates (Melillo et al.
1982; Tayloretal. 1989; Berg et al. 1996; Murphy etal.
1998 ). These variables are also used in some ecosystem
carbon models (Running and Hunt 1993; Parton et al.
1994). However, there is still no universally accepted
litter-quality variable (see citations in Murphy et al.
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Abstract Itisbelieved that unreduced gametes with
somatic chromosome numbers play a predominant
role in natural polyploidization. Allohexaploid bread
wheat originated from spontaneous hybridization of
Triticum turgidum L. with Aegilops tauschii Coss.
Unreduced gametes originating via meiotic restitu-
tion, including first-division restitution (FDR) and
single-division meiosis (SDM), are well documented
in triploid F; hybrids of T. turgichem with diploid Ae.
tauschii (genomic constitution ABD, usually with 21
univalents in meiotic metaphase I). In this study, two
T. turgicum lines known to carry genes for meiotic
restitution were crossed to tetraploid Ae. tauschif.
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The resulting Fy hybrids (genomes ABDD), had
seven pairs of homologous chromosomes and regu-
larly formed 14 univalents and seven bivalents at
metaphase I Neither FDR nor SDM were observed.
The distribution of chromosome numbers among
progeny obtained by self pollination and a backcross
to T. turgidum showed the absence of unreduced
gameies. These results suggest that high homologous
pairing inerfered with melotic restitution and the
formation of unreduced gametes. This may be related
to asynchronous movement during meiosis between
paired and unpaired chromosomes or to uneven
distribution of chromosomes in anaphases, resulting
in nonviable gametes.

Keywords Aegilops tauschii - Chromosome
pairing - Triticum turgidum - Unreduced gametes

Introduction

Polyploidy is very common in nature. Many impor-
tant crops such as wheat, potato, cotton, oat, sugar-
cane, banana, groundnut, tobacco and numerous
horticultural species are polyploids. It is believed
that unreduced gametes (2n gametes with the chro-
mosome numbers of a somatic cell) play a predom-
inant role in polyploidization (Harlan and De Wet
1975: Ramsey and Schemske 1998, 2002; Cai and Xu
2007; Jauhar 2007). Unreduced gametes can help in
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Temperature sensitivity of nutrient release from dung along
elevation gradient on the Qinghai-Tibetan plateau

Guangping Xu * Zengguo Chao - Shiping Wang - Yigang Hu + Zhenghua Zhang -
Jichuang Duan -+ Xiaofeng Chang + Ailing Su + Caiyun Luo * Yingnian Li -

Mingyuan Du

Recetved: 18 March 2009/ Accepted: 17 August 2009/ Published online: 4 September 2009

© Springer Science+Business Media B.V. 2009

Abstract The temperature sensitivity of nutrient
release from dung decomposition will influence
ecosystem nutrient recycling in the future global
warming. However, the relationship between temper-
ature and nutrient release is not well understood. We
conducted a 2-year-long study to understand the yak
dung decomposition and its potential response (o
climate change along an elevation gradient from 3,200
to 4,200 m above sea level on an alpine meadow on
the Qinghai-Tibetan plateau. Mass loss of different
chemical components of dung [organic carbon (C),
cellulose, hemicellulose, lignin, N, P, potassium (K),
calcium (Ca) and magnesium (Mg)] significantly
decreased with elevation. The ratios of C:N and N:P
in the remaining dung increased significantly with
decrease in elevation. The average temperafure
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sensifivities (% °C ") (i.c., increase of the mass loss
(%) per 1°C temperature increase among elevations)
were approximately 37, 75, 168, 41, 29, 37, 29, 34,
and 31% per 1°C warming within a 273-day decom-
position period, which decreased with decomposition
time, for organic C, cellulose, hemicellulose, lignin,
N, P, K, Ca, and Mg, respectively. The temperature
sensitivity of organic C mass loss is positively
correlated o the C:N ratios in dung. The average
temperature sensitivity of phosphorus mass loss was
higher than that of nitrogen mass loss for the first 273
days and thereafier this situation was reversed.

Keywords  Temperatre sensitivity -
Nutrient release - Dung decomposition -
Elevation gradient - Alpine meadow

Introduction

The temperature sensitivity of dung decomposition
will influence the ecosystem nutrient recycling in the
future global warming. In natural grazing ecosystems,
litter fall and dung from grazing animals are the two
important processes by which minerals contained are
returned to the soil through decomposition { Anderson
and Coe 1974; Comelissen et al. 2007; Fierer et al.
2005; Herrick and Lal 1995, 1996; Hirata et al. 2008).
Temperature is often the primary factor determining

@ Springer



Biochemical Systematics and Ecology 38 (2010) 264-274

Contents lists available at ScienceDirect

binchemical
systematics
and ecalogy

Biochemical Systematics and Ecology

journal homepage: www.elsevier.com/locate/biochemsyseco

Genetic diversity of wild populations of Rheum tanguticum endemic

to China as revealed by ISSR analysis

Yanping Hu®¢, Li Wang?, Xiaolong Xie®, Jian Yang?, Yi Li**', Huaigang Zhang ***"

*Key Laboratory of Adaptation and Evolution of Plateau Biota, Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining 810001, PR China

" Henan University of Traditional Chinese Medicine, Ziengzhou 450008, PR China
“ Groduate University of Chinese Academy of Sciences, Beijing 100045, PR China

ARTICLE INFO ABSTRACT

Article histary: Rheum tanguticum is an important but endangered traditional Chinese medicine endemic

Received 24 November 2009 to China. The wild resources have been declining. Establishing the genetic diversity of the

Accepted 9 [anuary 2010 species would assist in its conservation and breeding program. Inter-simple sequence
repeats (I55R) markers were used to assess the genetic diversity and population genetic

Keywards, structure in 13 wild populations of R tanguticum from Qinghai Province. Thirteen selected

Rheum wnguicum primers produced 329 discernible bands, with 326 (92.94%) being polymorphic, indicating

Genetic diversity
Inter-simple sequence repeats ([SSR)
Conservation

high genetic diversity at the species level. The Nei's gene diversity (He) was estimated to be
0.1724 within populations (range 0.1026-02104), and 0.2689 at the species level. Analysis
of molecular variance (AMOVA) showed that the genetic variation was found mainly
within populations (71.02%), but variance among populations was only 28.98%. In addition,
Nei's differentiation coefficients (Gg) was found to be high (0.3585), confirming the rela-
tively high level of genetic differentiation among populations. Mantel test revealed
a significant correlation between genetic and geographic distances (r=0.573, P=0.002),
and the unweighted pair-group method using arithmetic average (UPGMA) clustering and
Principal coordinates analysis (PCoA) demonstrated similar results. Meanwhile, the genetic
diversity of R tanguticum positively correlated with altitude and annual mean precipita-
tion, but negatively correlated with latitude and annual mean temperature. This result
might be an explanation that the natural distribution of & tanguticum is limited to alpine
cold areas. We propose conservation strategy and breeding program for this plant.

@ 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Rhubarb (Dahuang in Chinese), as animportant traditional Chinese medicine, is derived from the dried rhizome and root
of Rheum palmatum L., Rheumn tanguticum Maxim, ex Balf, and Rheum officinale Baill. of the family Polygonaceae. Bitter in
flavor and cold in property, it is widely used as a purgative and anti-inflammatory agent (Chinese Pharmacopoeia
Commission, 2005). R. tanguticum is an endangered perennial herb endemic to China. It is mainly distributed in Qinghai,
Gansu Provinces and west Tibetan Autonomous Region at altitudes ranging from 2300 m to 4 200 m and can be found on
margins of forests, in valleys or shrubs (Yang, 1991; Liu, 1997; Li, 1998; Wu, 2004). Because of overexploitation and deteri-
oration of its habitat, the wild resources of the plant decreased annually and rapidly (Zhang et al., 2008). In fact, it is

* Corresponding author. Tel. /ffax: +86 971 6101454,
** Corresponding author. Tel.: 486 971 6143630
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ARTICLE INFO ABSTRACT
Article history: To clarify the relationship between two genera, Draba and the narrow genus Coelonema,
Received 16 February 2010 endemic to the QilianMountains of the northeastern Qinghai-Tibet Plateau, phylogenetic
Accepted § August 2010 analyses were conducted using nuclear ribosomal DNA ITS, and the chloroplast DNA tral,
from Coelonema draboides and 30 species of Draba representing eight sections, including
Keywords: 25 species of Chinese Draba, seven of which were endemic to the study region. The results
Biogeography unambiguously support several previously published proposals to unite Coelonema with
Eu;:;mm Draba and accommodate C draboides in the latter genus on the basis of morphological re-
IS examination. Our molecular data presented here also provide evidence that these two
Phylogeny genera should be combined as a monophyletic group with high support. In addition, it is
tmL estimated that Draba may have originated about 136-2.71 Mya, with C. draboides

diverging from Draba about 0.15-0.31 Mya, based on the molecular calibration of ITS
datasets. The assumed speciation and rapid expansion of these two genera is likely to have
occurred in the eastern edge of the QilianMountains area according to molecular
phylogeny and estimated divergence times, which correspond well with the known
geological and palecbotanical histories of the Qinghai-Tibet Plateaw.

@ 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The Qinghai-Tibet Plateau (QTP) is the largest, highest and youngest plateau in the world, covering an area of more than
25 % 10%km? atan average elevation of about 4000 m above sea level {Zheng, 1996). Despite significant impacts from both
the ice sheet that covered almost the entire plateau during the Quatemnary and the uplifting of the QTP since the Tertiary,
which must have resulted in large-scale recession and extinction of the flora (Li et al., 1995), the QTP is characterised by an
exceptionally young florawith more than 12,000 species of 1500 genera and 189 families. It is estimated that about 50 genera
and more than 25% of the total number of species are endemic to this region (Wu, 1980, 1987; Wang et al., 1993; Wuand Wu,
1996). These endemic genera of the QTP, which have been classified primarily on morphological characteristics, are
hypothesized to be closely related, and to have originated from local or adjacently distributed genera {Wu, 1980, 1987; Wu
et al, 1995). If this hypothesis is correct, it should be possible to find the sympatrically or immediately specific progenitors

* Corresponding author. Tel.: +-86 971 6110067; fax: +86 971 6143282,
E-mail address: slchen@nwipb.cas.cn (5. Chen),
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