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ABSTRACT

Eighty-four specimens collected from 13 populations from Malaysia, Thailand, and Vietnam were ana-
lysed, revealing 21 putative haplotypes with overall estimated haplotype and nucleotide diversities of
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0.79 and 0.0079, respectively. High levels of diversity and an absence of founder effects were observed

among populations in peninsular Malaysia. In contrast, populations from Sarawak exhibited low genetic
diversity, which is a typical sign of colonies introduced from a single source. Historical translocation of
Trichopodus pectoralis from Thailand to Malaysia, as well as to the Philippines, Indonesia, and
Myanmar was apparent. Historical introduction of T. pectoralis from Vietnam was also detected in pen-

insular Malaysia.

Introduction

The snakeskin gourami, Trichopodus pectoralis (Regan 1910)
(Perciformes, Osphronemidae), is an important example of an
aquaculture candidate in Southeast Asia. This species is
widely known among the peoples of Southeast Asian coun-
tries (Berra 2011) by different names, i.e. sepat siam in
Malaysia (Ambak et al. 2010), pla salid in Thailand, ca sac ran
in Vietnam, trey kawnthor in Myanmar, and pa salid in Laos
(Boonsom 1986). Many studies have reported that it is native
to the Mekong basin in Laos, Thailand, Cambodia, and
Vietnam as well as the Chao Phraya basin (Boonsom 1986;
Kottelat 2001) and that it has been widely introduced to
Malaysia (Smith 1945; Boonsom 1986), India, Bangladesh, Sri
Lanka, Indonesia, and the Philippines (Boonsom 1986). This
piscine species is an important ornamental and food fish.
Nevertheless, its population size declined due to habitat loss
and degradation, especially in Thailand (Vidthayanon 2012).
Understanding the genetic diversity and structure of an
economically important species is crucial prior to manage-
ment planning and the development of a conservation strat-
egy (Sousa-Santos et al. 2016). Such knowledge helps to
determine what to conserve and where and improves the
understanding of the genetic distribution and phylogenetic
relationships of species of interest. Mitochondrial DNA
(mtDNA) markers, particularly cytochrome ¢ oxidase subunit 1
(COT), have been proven to be powerful tools for revealing
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species identities (Kochzius et al. 2010; Ward 2012), phylo-
geographic patterns (Tan et al. 2015; Taboada and Pérez-
Portela 2016) and the genetic diversity of native and non-
native aquatic species (Jamsari et al. 2011; Lejeusne et al.
2015). These markers are potentially useful for revealing con-
temporary and historical conspecific introductions (Geller
et al. 2010; Lejeusne et al. 2011; Tan et al. 2012).

A previous report on the population genetics of T. pectoralis
from Thailand used isozymes and morphological analysis
methods (Prasertwiriyakul and Baoprasertkul 1999). There were
high genetic identity coefficients among the surveyed popula-
tions (Samutprakan, Pitsanulok, Suphanburi, Ubon Ratchathani,
and Pattanee) ranging from 0.923 to 0.985. In another study,
the phylogenetic relationships of T. pectoralis were inferred
based on whole mitochondrial genomes, supporting a greater
genetic proximity between T. pectoralis from Thailand and
Malaysia than between Vietnam and Malaysia or Vietnam and
Thailand (Gan et al. 2017); however, the population genetics of
this species are still poorly known. Therefore, in this study, the
mtDNA COT gene was sequenced to investigate the genetic
diversity and population connectivity of T. pectoralis collected
from Malaysia, Vietnam, and Thailand, with the inclusion of
GenBank DNA sequences of T. pectoralis from the Philippines,
Indonesia, and Myanmar for phylogenetic analysis. The specific
aims were to characterize the genetic diversity and define the
population structure and phylogenetic relationships of
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Table 1. Haplotype diversity (H) and nucleotide diversity () of T. pectoralis based on COT sequences. Standard deviation (SD).

Genetic diversity

Country Region Population N #V nH Hd SD T SD
Malaysia East Peninsular Malaysia (1) JR 5 4 3 0.80 0.16 0.0033 0.0026
(2) ST 5 22 5 1.00 0.13 0.0170 0.0109
West Peninsular Malaysia (3) GR 4 3 2 0.60 0.18 0.0029 0.0024
(4) LH 6 1 3 0.60 0.22 0.0077 0.0050
(5) SB 2 2 2 1.00 0.50 0.0033 0.0040
Southern Peninsular Malaysia (6) MR 4 2 3 0.83 0.22 0.0019 0.0018
Malaysian Borneo (7) SA 13 3 3 0.29 0.16 0.0010 0.0009
(8) SR 12 1 2 0.17 0.13 0.0003 0.0004
Subtotal Peninsular Malaysia (east, west, and southern) 26 26 1 0.86 0.05 0.0122 0.0066
Malaysian Borneo 25 3 3 0.29 0.11 0.0007 0.0007
(Malaysia) 51 26 12 0.66 0.07 0.0075 0.0042
Vietnam Vietnam 9) CT 3 4 3 1.00 0.27 0.0049 0.0043
(10) BL 3 14 3 1.00 0.27 0.0153 0.0121
Subtotal (Vietnam) 6 17 6 1.00 0.10 0.0132 0.0083
Thailand Thailand (11) LP 5 6 3 0.70 0.22 0.0043 0.0032
(12) PT 6 3 2 0.33 0.22 0.0016 0.0015
(13) UR 16 3 3 0.66 0.07 0.0019 0.0015
Subtotal (Thailand) 27 8 6 0.81 0.04 0.0035 0.0023
Total 84 28 21 0.79 0.04 0.0079 0.0043
Mean 6.5 6 2.8 0.69 0.29 0.0050 0.0053

Sample size (N), number of variable sites (#V), number of haplotype (nH), haplotype diversity (Hd), nucleotide diversity (=), standard deviation (SD). JR: Jerantut;
ST: Setiu; GR: Guar; LH: Lahat; SB: Sungai Besar; MR: Muar; SA: Seri Aman; SR: Serian; CT: Can Tho; BL: Bac Lieu; LP: Lamphun; PT: Pattani; UR: Ubon

Ratchathani.
The values are in bold to highlight the subtotal, total and mean values.

T. pectoralis within the habitats where it occurs, with special
attention being paid to Malaysian populations.

Materials and methods
Sampling, DNA extraction, and PCR amplification

Random sampling of 13 wild T. pectoralis populations from
Malaysia, Vietnam and, Thailand was conducted, and the
sampling locations were divided into six regions (Table T,
Table S1, and Figure 1). Live specimens from wild popula-
tions were collected from local fishermen, and the catch
localities were determined. Small pieces of individual fin rays
were cut and preserved in 1.5 ml tubes containing 95% etha-
nol solution until use. The representative T. pectoralis samples
collected from Vietnam, Thailand, and Malaysia were stored
at the |Institute of Oceanography, Universiti Malaysia
Terengganu, with voucher ID UMTGen01310-01312.

Total genomic DNA was isolated from the fin tissue using
the AQUAGENOMIC™ kit. PCR amplification was carried out
in a volume of 30 ul using 100 ng of genomic DNA, each pri-
mer at 0.24 pM, 0.20 mM dNTP, 1 x PCR buffer, TmM MgCl,,
and 0.08U of Tag polymerase (all from iNtRON), in an MJ
PTC-200 Thermal Cycler (MJ Research, Waltham, MA).
Amplification of the mtDNA CO7 gene was conducted
using the primer pair FishF2 (5" TCGACTAATCATAAAGA
TATCGGCAC-3") and FishR2  (5”-ACTTCAGGGTGACCGAA
GAATCAGAA-3") (Ward et al. 2005). The PCR temperature
profile consisted of an initial incubation at 95 °C for 4 min, 35
cycles of 94°C for 60s, 60°C for 60s, 72°C for 120s, a final
extension at 72°C for 20min, and a final hold at 4°C. The
PCR products were visualized in a 1.7% agarose gel stained
with SyBr Safe to confirm successful amplification. All prod-
ucts were sent for DNA sequencing (First BASE Laboratories
Sdn Bhd, Selangor, Malaysia) and reading from single
DNA strands.

Data analysis

Multiple sequences were aligned and edited manually using
ClustalW implemented in MEGA version 6.0 (https://www.
megasoftware.net/) (Tamura et al. 2013). The DNA sequences
were translated into amino acids to ensure accurate align-
ment. All haplotype sequences were deposited in GenBank
under accession numbers KX817191-817211. The number of
haplotypes, haplotype diversity (Hd) and nucleotide diversity
(r) were calculated to describe DNA polymorphism at each
sampling site using Arlequin version 3.5 (http://cmpg.unibe.
ch/software/arlequin35/) (Excoffier and Lischer 2010).

A phylogenetic tree was constructed using the maximum
likelihood (ML) method in MEGA 6.0. GenBank sequences of
T. pectoralis from Indonesia (KU692922-692927, KM213050),
the Philippines (HQ682726-682730) and Myanmar (LC190090)
were included for spatial comparison, and single sequences
from the three-spot gourami, T. trichopterus (JN896639),
moonlight gourami, Trichopodus microlepis (KF805360), and
pearl gourami, Trichopodus leeri (KR029983), were included as
out-group taxa. The confidence levels at each node were
assessed by 1000 bootstrap replications (Hall 2013).

A spatial analysis of molecular variance was conducted
using SAMOVA version 2.0 (Dupanloup 2016) to identify gen-
etically similar groups of populations and to evaluate the
amount of genetic variation between the partitions. The opti-
mal number of groups (k) was determined based on the
highest variance between groups (Fcy), incorporating infor-
mation on haplotype divergence and geographical proximity.

Results and discussion

The overall haplotype (Hd) and nucleotide diversity (r) were
0.79+0.04 (mean=0.69+0.29) and 0.0079 +0.0043 (mean-
=0.0050£0.0053), respectively (Table 1), indicating a rela-
tively high genetic diversity of T. pectoralis within the studied
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Figure 1. Trichopodus pectoralis locality distribution. Samples of Vietnam (solid black) and Thailand (vertical line) assemblage is presented proportionally in

pie chart.

areas. However, closer inspection according to country indi-
cated that individuals from Vietnam were the most diversified
(Hd=1.00+£0.10; ©=0.0132+0.0083), followed by those
from Thailand (Hd=0.81+£0.04; 7=0.0035+0.0023) and
Malaysia (Hd=0.66+0.07; 7 =0.0075+0.0066) (Table 1).
Interestingly, the segregation of Malaysian populations into
two geographical areas (i.e. peninsular and Malaysian Borneo)
resulted in a much higher diversity estimate for peninsular
Malaysia (Hd=0.86+0.05; 7 =0.0122+0.0066), which was
even higher than that for the Thai samples, while Malaysian
Borneo presented the lowest genetic diversity among all
examined regions (Hd=0.29+0.11; = = 0.0007 + 0.0007).

While it was not surprising to observe highly diversified
individuals in Vietnam and Thailand as the countries of origin
(Boonsom 1986; Kottelat 2001), the identification of a rela-
tively large gene pool in peninsular Malaysia was rather
unexpected. It is commonly observed that introduced popu-
lations tend to show a founder effect or low diversity, as
only part of the DNA composition of the original populations
is dispersed (Wares et al. 2005; Excoffier et al. 2009); how-
ever, this study revealed a different situation. This result
could be a consequence of propagule pressure and multiple
introductions promoting genetic admixture, hybridization,
and introgression (Lejeusne et al. 2015) reviewed in Roman
and Darling (2007). Lejeusne et al. (2015) reported similar
observations in the introduced European and northwest
Atlantic populations of the oriental shrimp Palaemon macro-
dactylus, which exhibited higher haplotypic diversity than
most native populations from Japan (and likely South Korea
and China).

The phylogenetic tree inferred via the ML method reveals
clustering of the 21 haplotypes into two major lineages: a lin-
eage of Thai origin (Clade 1) and a lineage of Vietnamese ori-
gin (Clade ) (Figure S1). Clade | consists of haplotypes found

in all regions (except Vietnam), including the Philippines,
Indonesia, and Myanmar, indicating the close kinship of hap-
lotypes across these vast geographical areas. Welcomme
(1988) reported that the T. pectoralis occurring in Indonesia
were introduced from Malaysia; however, it is more likely
that the actual origin was Thailand based on the present
molecular data, as supported by Boonsom (1986). We postu-
late that the introduction was human-mediated and not asso-
ciated with natural dispersal because the species is known to
be a non-migratory fish (Vidthayanon 2012), and there were
no palaeo river systems traversing both regions (Voris 2000).
On the other hand, clade Il comprises haplotypes from CT
and BL (both populations from Vietnam), ST (eastern peninsu-
lar Malaysia), and LH (western peninsular Malaysia), indicating
probable historical introduction of the T. pectoralis from
Vietnam into peninsular Malaysia.

For SAMOVA, k=3 clusters returned the highest between-
group variation (Fcr, 74.99%), segregating 1) Vietnam (CT), 2)
eastern peninsular Malaysia (ST), and 3) other populations.
This result is not in accord with our gene tree, in which only
two lineages were detected. When k=2 was prompted, CT
and ST were grouped together with Fcr=74.73%, indicating
close kinship between them. Additionally, increasing the
number of k resulted in a decreasing value of Fct. The higher
Fcr value obtained for k=3 was expected because the pro-
portion of Fsc was reduced due to the smaller number of
populations within each group, thus reducing the differences
between them (Dupanloup et al. 2002). Furthermore, the Fst
index is not sensitive to k evaluation. Therefore, we propose
that the T. pectoralis present in Malaysia consisted of two dis-
tinct groups with origins in Thailand and Vietnam. This study
revealed strong invasive potential of T. pectoralis in Malaysia,
an important criterion for a cultured species to adapt and
reproduce in a newly introduced environment.


https://doi.org/10.1080/23802359.2019.1662741

Acknowledgments

Thanks to the final-year students Noorhani Syahida K., Fatin Fadila
Fadliana Z., Aini Nadia M., and Nur Amira Y. for their assistance through-
out the study.

Disclosure statement

The authors report no conflict of interest.

Funding

This research was funded by the Ministry of Higher Education of
Malaysia under project code RAGS/2013/UMT/SG06/2.

ORCID

Min Pau Tan http://orcid.org/0000-0003-0149-5247

References

Ambak MA, Isa MM, Zakaria MZ, Abd Ghaffar M. 2010. Fishes of Malaysia.
Terengganu (Malaysia): Universiti Malaysia; p. 334.

Berra TM. 2011. Freshwater fish distribution. Chicago (IL): University of
Chicago Press; p. 615.

Boonsom J. 1986. Pla-salid (Trichogaster pectoralis Regan). A life history
and manual for culture. Thai Fishery Gazette. 39:589-601.

Dupanloup 1. 2016. SAMOVA 2.0: A program to define the genetic struc-
ture of populations by a simulated annealing approach. [Bern
(Switzerland)]: University of Bern; [accessed 2018 Oct 11]. http://cmpg.
unibe.ch/software/samova2/.

Dupanloup |, Schneider S, Excoffier L. 2002. A simulated annealing
approach to define the genetic structure of populations. Mol Ecol. 11:
2571-81. doi: 10.1046/j.1365-294X.2002.01650.x

Excoffier L, Foll M, Petit RJ. 2009. Genetic consequences of range expan-
sions. Annu Rev Ecol Evol Syst. 40:481-501.

Excoffier L, Lischer HE. 2010. Arlequin suite ver 3.5: a new series of pro-
grams to perform population genetics analyses under Linux and
Windows. Mol Ecol Resour. 10:564-567.

Gan HM, Amornsakun T, Tan MP. 2017. The complete mitochondrial gen-
ome of the snakeskin gourami, Trichopodus pectoralis (Regan 1910)
(Teleostei: Osphronemidae). Mitochondrial DNA Part B Resources. 2:
148-149.

Geller JB, Darling JA, Carlton JT. 2010. Genetic perspectives on marine
biological invasions. Ann Rev Mar Sci. 2:367-393.

Hall BG. 2013. Building phylogenetic trees from molecular data with
MEGA. Mol Biol Evol. 30:1229-1235.

Jamsari AFJ, Tan MP, Siti Azizah MN. 2011. Genetic structure of the
snakeskin murrel, Channa striata (Channidae) based on the cyto-
chrome c oxidase subunit | gene: Influence of historical and geomoir-
phological factors. Genet Mol Biol. 34:152-160.

MITOCHONDRIAL DNA PART B (&) 2969

Kochzius M, Seidel C, Antoniou A, Botla SK, Campo D, Cariani A, Vazquez
EG, Hauschild J, Hervet C, Hjorleifsdottir S, et al. 2010. Identifying
fishes through DNA barcodes and microarrays. PLoS One. 5:212620.

Kottelat M. 2001. Fishes of Laos. Sri Lanka: WHT Publication Ltd; p. 198.

Lejeusne C, Bock DG, Therriault TW, Maclsaac HJ, Cristescu ME. 2011.
Comparative phylogeography of two colonial ascidians reveals con-
trasting invasion histories in North America. Biol Invasions. 13:
635-650.

Lejeusne C, Saunier A, Petit N, Béguer M, Otani M, Carlton JT, Rico C,
Green AJ. 2015. High genetic diversity and absence of founder effects
in a worldwide aquatic invader. Sci Rep. 4:5808.

Prasertwiriyakul S, Baoprasertkul P. 1999. Population genetic structures of
the snakeskin gourami, Trichogaster pectoralis (Regan, 1910) in
Thailand [1999]. Thailand: Thai National AGRIS Centre. Technical Paper
No. 22.

Roman J, Darling JA. 2007. Paradox lost: genetic diversity and the success
of aquatic invasions. Trends Ecol Evol. 22:454-464.

Smith H. 1945. The freshwater of Siam, or Thailand. Washington (DC):
Government Printing Office; p. 622.

Sousa-Santos C, Robalo JI, Pereira AM, Branco P, Santos JM, Ferreira MT,
Sousa M, Doadrio I. 2016. Broad-scale sampling of primary freshwater
fish populations reveals the role of intrinsic traits, inter-basin connect-
ivity, drainage area and latitude on shaping contemporary patterns of
genetic diversity. Peer). 4:e1694.

Taboada S, Pérez-Portela R. 2016. Contrasted phylogeographic patterns
on mitochondrial DNA of shallow and deep brittle stars across the
Atlantic-Mediterranean area. Sci Rep. 6:32425.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. 2013. MEGAG6:
molecular evolutionary genetics analysis version 6.0. Mol Biol Evol. 30:
2725-2729.

Tan M, Jamsari A, Muchlisin Z, Siti Azizah MN. 2015. Mitochondrial gen-
etic variation and population structure of the striped snakehead,
Channa striata in Malaysia and Sumatra, Indonesia. Biochem Syst Ecol.
60:99-105.

Tan MP, Jamsari AFJ, Siti Azizah MN. 2012. Phylogeographic pattern of
the striped snakehead, Channa striata in Sundaland: ancient river con-
nectivity, geographical and anthropogenic singnatures. PLoS One. 7:
€52089.

Vidthayanon C. 2012. Trichopodus pectoralis. The IUCN Red List of
Threatened Species 2012: e.T188087A1852593. Gland (Switzerland):
IUCN.http://dx.doi.org/10.2305/IUCN.UK.2012-1.RLTS.T188087A1852593.
en. 11 October 2018.

Voris HK. 2000. Maps of Pleistocene sea levels in Southeast Asia: shore-
lines, river systems and time durations. J Biogeography. 27:1153-1167.

Ward RD. 2012. FISH-BOL, a case study for DNA barcodes. DNA barcodes.
Berlin (Germany): Springer; p. 423-439.

Ward RD, Zemlak TS, Innes BH, Last PR, Hebert PDN. 2005. DNA barcod-
ing Australia’s fish species. Philos Trans Royal Soc B: Biol Sci. 360:
1847-1857. doi: 10.1046/10.1098%2Frstb.2005.1716

Wares JP, Hughes AR, Grosberg RK. 2005. Mechanisms that drive evolu-
tionary change. Insight from species introductions and invasions. In:
Sax DF, editor. Species invasions: insights into ecology, evolution and
biogeography. Sunderland (MA): Sinauer Associates; p. 229-257.

Welcomme RL. 1988. International introductions of inland aquatic spe-
cies. Rome (ltaly): FAO Technical Paper: FAO; p. 294.


http://cmpg.unibe.ch/software/samova2/
http://cmpg.unibe.ch/software/samova2/
https://doi.org/10.1046/j.1365-294X.2002.01650.x
http://dx.doi.org/10.2305/IUCN.UK.2012-1.RLTS.T188087A1852593.en
http://dx.doi.org/10.2305/IUCN.UK.2012-1.RLTS.T188087A1852593.en
https://doi.org/10.1046/10.1098%2Frstb.2005.1716

	ABSTRACT
	Introduction
	Materials and methods
	Sampling, DNA extraction, and PCR amplification
	Data analysis

	Results and discussion
	Acknowledgments
	Disclosure statement
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects true
	/DownsampleMonoImages true
	/PassThroughJPEGImages false
	/ColorSettingsFile (None)
	/AutoRotatePages /All
	/Optimize true
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /OK
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Bicubic
	/EmitDSCWarnings false
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/DetectCurves 0.1
	/PDFXTrapped /False
	/ColorImageFilter /DCTEncode
	/TransferFunctionInfo /Preserve
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage true
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


