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Abstract The genetic variability of four natural popula-
tions of Larix gmelinii from East Siberia was determined
and compared by RAPD analysis. Comparison of the
RAPD profiles provided an estimation of variability in 193
RAPD fragments. More than 89% of these fragments were
found to be polymorphic. The main genetic variability
parameters of the two populations from Central Yakutia, a
region free of fluoride pollution, had considerably higher
values than those from East Transbaikalia, a region
potentially affected by fluoride pollution (FLU, near a
fluorite quarry growing on soils with a high natural content
of fluorides). AMOVA revealed that 72.94% of the varia-
tion was within populations, while only 7.05% of the
variation was between populations within geographical
regions. The genetic diversity of the FLU fluoride-tolerant
population was the lowest, but only slightly lower than that
of a fluoride non-tolerant population from Chita, 50 km
distant from FLU. Although this study demonstrates the
absence of fundamental alterations of genetic structure
within the populations of L. gmelinii growing on soils with
a high content of fluorides, it is presumed that the reduction
of genetic diversity was the genetic response of the FLU
population to such an environmental stress as a constantly
high concentration of fluorides within the soil.
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Introduction

The Dahurian larch Larix gmelinii (Rupr.) Rupr. is one of
the most widely distributed species of the genus, occurring
in northern and eastern Siberia, north-eastern Mongolia,
northern and north-eastern China, Korea and the Russian
far east in a variety of site and soil conditions (Farjon
1990). Some regions of Siberia are characterized by a high
level of atmospheric pollution due to industrial emissions.
Atmospheric fluorides are probably the most phytotoxic
compounds among other pollutants (Smith 1990; Rozhkov
and Mikhailova 1993). Gaseous fluorides are absorbed
through leaf stomata and directly influence the plant and
may cause injury. Plants also incorporate fluorides from
soil (Arnesen and Krogstad 1998; Domingos et al. 2003).
In the case of fluoride pollution of both air and soil, direct
absorption of airborne fluorides by plant foliage masks
soil uptake (Kabata-Pendias and Pendias 1984; Vike and
Habjorg 1995). Numerous investigations have been carried
out to examine the influence of fluorides on plants (Miller
1993; Fornasiero 2001; Domingos et al. 2003).

Many chemical contaminants have been demonstrated to
induce genetic mutations and therefore affect the genetic
structure of populations (Fishbein et al. 1970). The effects
of heavy metals on the genetic diversity of plant popula-
tions are well known. In particular, heavy metals were
assumed to contribute to the lower genetic diversity found
at the urban sites (Keane et al. 2005). It has been shown
that some plant species had lower values of genetic
diversity in the heavy metal-tolerant ecotypes compared
with non-tolerant ones (Bush and Barrett 1993; Vekemans
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and Lefébvre 1997; Nordal et al. 1999; Mengoni et al.
2001). To our knowledge, however, no studies to date have
evaluated the effect of fluorides on the genetic structure of
natural conifer populations.

In the present study, we applied RAPD analysis and the
analysis of molecular variance (AMOVA) technique to
investigate the genetic diversity of four natural populations
of L. gmelinii affected to a various degree by fluoride
pollution from the fluorite quarries and industrial plants.

Materials and methods

Four natural populations of L. gmelinii from two different
regions of East Siberia were chosen for analysis (Table 1).
Two populations from East Transbaikalia might in princi-
ple be affected (to a greater or lesser degree) by fluoride
pollution from fluorite quarries and industrial plants.
Transbaikalia is a single region in Asian Russia where
numerous deposits of fluorite (at least ten) have been
discovered (Eremin 2004). The individuals of the first
population (code-named FLU) grew in the territory of the
Solonechny fluorite quarry (Chitinskaya oblast, East
Transbaikalia) on soils containing a naturally high content
of the fluorite ion. The trees of the FLU population dem-
onstrated the morphological changes compared with a
normal phenotype. The second population is in the Chita
region (CHIT) 50 km west of the fluorite quarry and grows
on soils containing normal concentrations of the fluorite
ion. The trees of the CHIT population had a normal phe-
notype. The sampled trees from these populations were 30
to 35 years old. Two further populations were sampled,
from Pokrovsk (PKR) and Namtsy (NMT) in Central
Yakutia (approximately 1,350 km distant from the CHIT
and FLU populations), 30 km south of Yakutsk and
approximately 40 km north of Yakutsk, respectively. The
PKR and NMT populations were free of any impact of
fluoride pollution as this region lacks fluoride-generating
industry and fluorite deposits.

Total genomic DNA was extracted from 50-70 mg of
fresh young needles according to Doyle and Doyle (1987).
RAPD analysis was carried out using primers OPA-11,
OPA-19, OPA-04, OPA-09, OPB-10, OPB-11, OPC-19
and OPC-02, chosen from a set of primers which were
effective in the PCR reactions with the larch DNA tem-
plates and generated the highest number of the fragments
(Sazonova et al. 2001). Each reaction was repeated twice or
four times and only those bands that could be scored
without ambiguity were scored.

For each primer, bands were scored as either present (1)
or absent (0). Both POPGENE (Yeh and Boyle 1997) and
TFPGA (Miller 1997) software was used to estimate the
frequency of each band, the proportion of polymorphic loci
at P <0.05 (Pys), expected heterozygosities (He) and
Shannon’s index of gene diversity (SI). A dendrogram was
constructed based on the Nei’s genetic distance (Nei 1978)
between populations by applying the unweighted pair
group method (UPGMA). Binomial RAPD matrix was also
applied to an analysis of molecular variance (AMOVA,
implemented in ARLEQUIN 3.01; Excoffier et al. 2005).
The hierarchical analysis was conducted at three levels: (1)
among geographic groups; (2) among populations within
groups; and (3) within populations. For each analysis,
50,000 permutations were performed to test the signifi-
cance of the variance components.

Results and discussion

RAPD is a relatively fast and low-cost technique that has
found the widest application in analyses of genetic variation
below the species level, despite their drawbacks (Renau-
Morata et al. 2005). Recent comparisons of different nuclear
DNA markers for estimating intraspecific genetic diversity
in plants demonstrated that estimates derived by the domi-
nantly inherited markers (RAPD, AFLP and ISSR) are very
similar and may be directly comparable (Nybom 2004).
RAPDs proved to be a successful method for the detection

Table 1 Geographic information on four populations of L. gmelinii from East Siberia included in the study

Region Population (code) Latitude, longitude No. of Concentration
samples of fluorite
ion in soil (%)*
Transbaikalia Fluorite (FLU) 51°30'N, 118°50'E 21 0.195-1.540
Chita (CHIT) 51°35'N, 118°20’'E 14 0.044-0.046
Yakutia Pokrovsk (PKR) 61°48'N, 129°31'E 14 0.060-0.063"
Namtsy (NMT) 62°20'N, 129°48’E 14 0.060-0.063"

 Fluorite ion mass/dried soil mass ratio expressed as a percentage

° Average concentration in the Earth’s crust (Dobrovolsky 1983), precise data are absent
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of genetic variability in natural populations of Larix species
(Sazonova et al. 2001).

Comparison of the RAPD profiles provided an estima-
tion of the variability of 193 RAPD fragments. As a result,
185 of these fragments (89.4%) were found to be poly-
morphic. The number of fragments in the RAPD profiles
varied from 16 to 33 depending on the primer used, con-
stituting on average 24.1 loci per primer. The population’s
diagnostic fragments of L. gmelinii were totally absent. All
diversity parameters (Pos, He and SI) for individual pop-
ulations showed the same patterns FLU < CHIT <
NMT < PKR, and these same parameters for the Yakutia
group were more than 1.3—-1.4 times higher than those for
the Transbaikalia group (Table 2). Nearly as wide a range
of genetic variability has already been reported in this
species. Semerikov et al. (1999) examined allozyme
diversity in six populations of L. gmelinii from East Sibe-
ria, and found that P varied from 66.0 to 73.3% and He
from 0.140 to 0.186. The lowest values of these parameters
were derived from the Nerungri population (56°44'N,
124°42’E), whose environmental condition is unfavorable
(i.e., coal-mining and a dressing plant for the production of
metallurgical coal concentrate).

The extent of variation Shannon’s indices recorded in L.
gmelinii populations (0.24—0.35) was quite concordant with
that in Cedrus atlantica (0.210-0.316; Renau-Morata et al.

Table 2 Genetic variability in natural populations of L. gmelinii

Population Pos (%) He SI

FLU 46.4 0.153 (0.16) 0.241 (0.23)
CHIT 48.8 0.170 (0.17) 0.261 (0.25)
Transbaikalia 52.7 0.165 (0.16) 0.262 (0.23)

samples

PKR 63.8 0.228 (0.19) 0.335 (0.26)
NMT 59.9 0.205 (0.18) 0.309 (0.26)
Yakutia samples 69.1 0.231 (0.17) 0.351 (0.24)
Total 68.1 0.211 (0.16) 0.346 (0.22)

Standard deviations are in parentheses

Genetic distance

0.100 0.075 0.050 0.025 0.000

CHIT

100

Transbaikalia
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% Yakutia

MNT

Fig. 1 UPGMA dendrogram of genetic relationships between four
populations of L. gmelinii from East Siberia. The numbers at the
nodes indicate the clustering reliability values (bootstrap index)
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2005) and lower than in Fitzroya cupressoides (0.349—
0.648; Allnut et al. 1999). The genetic distances calculated
over 193 RAPD loci for pairs of populations varied to a
considerable degree, reaching a sixfold difference. The
population PKR was the most genetically distant from
the population FLU (0.0909), while FLU and CHIT were
closest to each other (0.0132). The genetic distance be-
tween the two groups was 0.0582. In an UPGMA cluster
analysis, the populations were grouped together according
to their geographic location (Fig. 1).

AMOVA revealed that 72.94% of the total variation was
within populations (Table 3), a result congruous with those
from most other woody perennial, outbreeding plant
species, especially conifers (Hamrick et al. 1992). Genetic
variation among Yakutia and Transbaikalia regions was
higher (20%) than the genetic variation among populations
within these regions (7%). Such a pattern of genetic dif-
ferentiation may be explained by both geographic and
environmental effects.

RAPD analysis detected no significant difference in
genetic diversity parameters between the two populations
from Transbaikalia. CHIT and FLU populations are char-
acterized by the lowest values of between-population dif-
ferentiation and genetic distance. This clearly indicates that
these populations are genetically very similar. Consider-
able morphological differences, however, were found
between them: the trees of the FLU population are char-
acterized by some variation compared with a normal phe-
notype (Rozhkov and Mikhailova 1993). The genetic
diversity of the FLU population was lower than that of the
CHIT population. This demonstrated that the FLU popu-
lation is situated in a less favorable environmental condi-
tion than that of the CHIT population and is under stronger
selection pressure (Altukhov 2004). Some morphological
peculiarities of the FLU tree population (e.g., the mor-
phology of needles) are probably adaptations to a high soil
concentration of fluorides. As a result, the fluoride-tolerant
population arose under selective pressure during thousands
of years. An analysis of responses to fumigation with
hydrogen fluorides and other experiments showed that the
FLU population is indeed fluoride-tolerant (Rozhkov and
Mikhailova 1993). The relationship of the FLU and CHIT
populations towards fluorides agree well with different
relationships of tolerant and non-tolerant populations to-
wards chemical agents in other plant species (Bush and
Barrett 1993; Vekemans and Lefebvre 1997; Nordal et al.
1999; Mengoni et al. 2001).

In general, the within-population genetic diversity of
both the FLU and CHIT populations compared with the
Yakutia populations is low. These populations may theo-
retically be affected by fluoride emissions, but to differing
degrees. The CHIT population is situated about 150 km to
the east of the Zabaikal mining and concentrating combine
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Table 3 Hierarchical analysis of molecular variance for 63 individuals of L. gmelinii representing four populations in two geographic regions

(Yakutia and Transbaikalia)

Source of variation df Sum of squares Variance Percentage Fixation
components total index
Among regions 1 267.96 6.64 20.02 Fer = 0.200%
Among populations within 2 120.42 2.34 7.05 Fsc = 0.088*
geographic regions
Within populations 59 1,427.90 24.20 72.94 Fsr =0.271%

df Degrees of freedom
* P < 0.00001

(JSC ZabGOK) that produces fluorite—tantalum and nio-
bium concentrates, about 100 km north-east of the Kalan-
guy fluorite deposit, and about 50 km west of the
Solonechny fluorite quarry. These, as well as other possible
sources of fluorides, might theoretically affect this popu-
lation, as particulate fluorides may be transferred by wind
for a distance of more than 100 km (Rozhkov and Mik-
hailova 1993). If there is any such effect, however, it
should be minimal, because of the great distance from
potential sources of fluorides, and also as particulate fluo-
rides are less toxic than gaseous.

It was assumed in a previous, non-genetic study of this
population that because it adapted to a high soil concen-
tration of fluorides during thousands of years, this should
be reflected in its genotype (Rozhkov and Mikhailova
1993). Our results indicate that the high concentration of
fluoride in the soil did not fundamentally alter the genetic
structure of L. gmelinii, although some reduction of genetic
diversity in the FLU population compared with the other
populations was apparently the genetic response to this
environmental stress. Future investigations should clarify if
lower parameters of genetic variability in the Transbaikalia
populations are connected with higher gene flow between
them or with general fluoride “infection” in this region
because of numerous fluorite deposits.

Acknowledgments We thank two anonymous reviewers for pro-
viding comments that improved this manuscript. The financial support
of the study was provided by the Integration Project of the Far East
Branch of the Russian Academy of Sciences (RAS) No. 06-11-CO-
06-023, and was partly supported by the Siberian Branch of RAS
interdisciplinary grant No. 53, 5.18.

References

Allnut TR, Newton AC, Lara A, Premoli AC, Armesto JJ, Vergara R,
Gardner M (1999) Genetic variation in Fitzroya cupressoides
(alerce) a threatened South America conifer. Mol Ecol 8:975-
987

Altukhov YUP (2004) Dynamics of population gene pools under
anthropogenic pressures (in Russian). Nauka, Moscow

Arnesen AKM, Krogstad T (1998) Sorption and desorption of fluoride
in soil polluted from the aluminium stelter at Ardal in western
Norway. Water Air Soil Pollut 103:375-388

Bush EJ, Barrett SCH (1993) Genetics of mine invasions by
Deschampsia cespitosa (Poaceae). Can J Bot 71:1336-1348

Dobrovolsky VV (1983) Geography of trace elements. Global
dispersion (in Russian). Mysl, Moscow

Domingos M, Klumpp A, Rinaldi MCS, Modesto IF, Klumpp G,
Delitt WBC (2003) Combined effects of air and soil pollution by
fluoride emissions on Tibouchina pulchra Cogn., at Cubatao, SE
Brazil, and their relations with aluminium. Plant Soil 249:297—
308

Doyle 1J, Doyle JL (1987) A rapid isolation procedure for small
quantities of fresh leaf tissue. Phytochem Bull 19:11-15

Eremin NI (2004) Non-metallic minerals (in Russian), 2nd edn.
Moscow University Press, Moscow

Excoffier L, Laval G, Schneider S (2005) Arlequin ver. 3.0: an
integrated software package for population genetics data anal-
ysis. Evol Bioinform Online 1:47-50

Farjon A (1990) Pinaceae. Drawings and descriptions of the genera
Abies, Cedrus, Pseudolarix, Keteleeria, Nothotsuga, Tsuga,
Cathaya, Pseudotsuga, Larix and Picea. Koeltz Scientific Books,
Konigstein, Germany

Fishbein L, Flamm WG, Falk HL (1970) Chemical mutagens:
environmental effects on biological systems. Academic, New
York

Fornasiero RB (2001) Phytotoxic effects of fluorides. Plant Sci 161:
979-985

Hamrick JL, Godt MW, Sherman-Broyles SL (1992) Factors influ-
encing levels of genetic diversity in woody plant species. New
Forests 6:95-124

Kabata-Pendias A, Pendias H (1984) Trace elements in soils and
plants. CRC Press, Florida

Keane B, Collier MH, Rogstad SH (2005) Pollution and genetic
structure of North American populations of the common
dandelion (Taraxacum Officinale). Environ Monit Assess
105:341-357

Mengoni A, Barabesi C, Gonnelli C, Galardi F, Gabbrielli R,
Bazzicalupo M (2001) Genetic diversity of heavy metal-tolerant
populations in Silene paradoxa L. (Caryophyllaceae): a chloro-
plast microsatellite analysis. Mol Ecol 10:1909-1916

Miller GW (1993) The effect of fluoride on higher plants. Fluoride
26:3-22

Miller MP (1997) Tools for population genetic analysis (TFPGA) 1.3:
a Windows program for the analysis of allozyme and molecular
population genetic data. Computer software distributed by author

Nei M (1978) Estimation of average heterozygosity and genetic
distance from a small number of individuals. Genetics §9:583—
590

@ Springer



392

J For Res (2007) 12:388-392

Nordal I, Haraldsen KB, Ergon A, Eriksen AB (1999) Copper
resistance and genetic diversity in Lychnis alpina (Caryophyll-
aceae) populations on mining sites. Folia Geobot 34:471-481

Nybom H (2004) Comparison of different nuclear DNA markers for
estimating intraspecific genetic diversity in plants. Mol Ecol
13:1143-1155

Renau-Morata B, Nebauer SG, Sales E, Allainguillaume J, Caligari P,
Segura J (2005) Genetic diversity and structure of natural and
managed populations of Cedrus atlantica (Pinaceae) assessed
using random amplified polymorphic DNA. AmJ Bot 92:875-884

Rozhkov AS, Mikhailova TA (1993) The effect of fluorine-containing
emissions on conifers. Springer, Berlin, Heidelberg

Sazonova 1Y, Kozyrenko MM, Artyukova EV, Reunova GD,
Zhuravlev YUN (2001) DNA from various tissues of far eastern
larches and its applicability for RAPD analysis. Izv Ross Akad
Nauk Ser Biol 28:196-201

@ Springer

Semerikov VL, Semerikov LF, Lascoux M (1999) Intra- and
interspecific allozyme variability in Eurasian Larix Mill. species.
Heredity 82:193-204

Smith WH (1990) Air pollution and forests. Interaction between air
contaminants and forest ecosystems, 2nd edn. Springer-Verlag,
New York

Vekemans X, Lefebvre C (1997) On the evolution of heavy metal
tolerant populations in Armeria maritima: evidence from allo-
zyme variation and reproductive barriers. J Evol Biol 10:175-
191

Vike E, Habjorg A (1995) Variation in fluoride content and leaf injury
on plants associated with three aluminium smelters in Norway.
Sci Total Environ 163:25-34

Yeh FC, Boyle TIB (1997) Population genetic analysis of co-
dominant and dominant markers and quantitative traits. Belg J
Bot 129:157



	Effect of fluoride pollution on genetic variability�of Larix gmelinii (Pinaceae) in East Siberia
	Abstract
	Introduction
	Materials and methods
	Results and discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


