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Abstract

Two genetic maps of DNA-markers (RAPD, AFLP and ISSR) of Ananas
comosus var. bracteatus and A. comosus var. comosus have been previously published
by our team. These maps were constructed at the Laboratory of Genetics and Plant
Breeding of FERN, University of Algarve, using an F1 mapping population derived
from a cross performed in Martinique between the two botanical varieties. However,
the use of a F1 population, the small size of this population and the use of molecular
markers with dominant inheritance allowed only markers that were heterozygous in
the parents to be included in those maps and prevented the construction of an integ-
rated high-density map. A new genetic map, intended to cover all the pineapple
genome, is currently under construction using a mapping population of 142 F2 plants.
This new map will integrate the already published maps and will include markers that
had remained unlinked, as they were polymorphic but homozygous in parental geno-
types, as well as newly identified markers. At the present time, the new map consists of
seven linkage groups (> 40 cM) that integrate markers from both parents, 21 groups
(> 40 cM) with markers mostly from one parent, six groups (< 40 ¢cM and > 25 ¢cM)
with markers from one parent, and 12 smaller (< 25 ¢M) linkage groups, covering
approximately 62% of the pineapple genome.

INTRODUCTION

The new pineapple taxonomy (Coppens d’Eeckenbrugge and Leal, 2003)
recognizes five botanical varieties for Ananas comosus (L.) Merr.: var. ananassoides, var.
bracteatus, var. comosus, var. erectifolius, and var. parguazensis. They are very similar in
their floral structure and biology, chromosome number (2n=50), and they intercross
successfully, producing fertile offspring (Coppens d’Eeckenbrugge et al., 1997). Ananas
comosus var. comosus corresponds to the pineapple cultivated for fruit, characterized by
large edible fruits, a trait resulting from human selection. 4. comosus var. bracteatus
(Lindl.) Coppens & Leal (grouping the former A. bracteatus (Lindley) Schultes f. and A.
fritzmuelleri Camargo), characterized by a medium size inflorescence with long bracts, is
cultivated as a living fence and as ornamental and is still found as a sub-spontaneous plant
in southern South America. Two F1-based genetic maps have been published recently for
these two varieties. The map of 4. comosus var. bracteatus gathers 335 DNA markers
assembled in 50 linkage groups covering 57.2% of the genome length. The map of A.
comosus var. comosus gathers 156 markers in 30 linkage groups covering 31.6% of the
genome. The locus P, whose dominant allele determines the morphological trait “piping’,
a silvery streak and the absence of spines along the margin of the upper leaf (Cabral et al.,
1997), was also included in the last map (Carlier et al., 2004).

The use of a F1 population, following the pseudo-test-cross methodology, allowed
the rapid obtaining of these results. However, the small size of this population and the use
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of molecular markers with dominant inheritance allowed only markers that were
heterozygous in the parents to be included in those maps and prevented the construction
of an integrated high-density map. In a second step, one of the F1 plants was selfed for
the construction of a F2-based genetic map. This new genetic map, intended to cover all
the pineapple genome, will integrate the already published maps and include newly
identified markers, as well as markers that had remained unlinked, as they were
polymorphic but homozygous in parental genotypes. We present here the first results of
this work.

MATERIALS AND METHODS

Plant Materials

The mapping population consisted of 142 F2 plants obtained from a selfed F1
plant from a cross between Ananas comosus var. comosus, cv. Rondon, clone BR 50, and
Ananas comosus var. bracteatus, cv. Branco do Mato, clone BR 20, performed at the
CIRAD-FLHOR experimental station in Martinique. Leaves, collected from each F2 plant
and progenitors, were sent to the University of Algarve for molecular marker analysis and
map construction.

DNA Extraction and Molecular Markers Analyses

Procedures for DNA isolation and RAPD and AFLP analyses were as previously
published (Carlier et al., 2004). ISSR analysis was performed as described in Farinh6 et
al. (2004).

Map Construction

All segregating polymorphic markers were used for map construction, utilizing the
JoinMap 3.0 program (Van Ooijen and Voorrips, 2001) set for the Kosambi’s mapping
function. Linkage groups were built with LOD thresholds varying between 3.0 and 7.0.
The marker order within each linkage group was established using a LOD threshold of 1.
Linkage groups established on the F2 population that exhibited at least two markers
common to linkage groups of the F1-based maps were integrated with the latter. Linkage
groups established on the F2 population that only shared one marker with linkage groups
of the F1-based maps were placed side by side, connected through that specific marker. In
the cases of such complex groups the larger group was used for map length estimation.

Markers and Linkage Group Identification

The linkage groups established on the F2 population are identified by the letter A
followed by a number. Integrated groups are identified by the F2 group designation
followed by the previous identification of the Fl-based maps group(s). For example:
A12+Ab4+Ac6 stands for group Al2 (established using the F2 population) integrated
with groups Ab4 and Ac6 of the F1-based pineapple genetic maps (Carlier et al., 2004).

RAPD and AFLP markers were designated as previously (Carlier et al., 2004).
ISSR markers were identified by the capital letters ISSR followed by the two digit
number ascribed to each ISSR primer (Table 1) and the estimated fragment size; e.g.
ISSR221050 stands for a 1050 bp ISSR marker generated by primer 22.

Markers that segregate with a slight deviation from the expected ratio (qu:o,os <2
< Xzazom) are identified with one asterisk and those having a more marked deviation (y~ >
¥ a=0.01) With two asterisks. The new markers, analysed among the F2 population, but not
among the F1, are identified by the prefix “n”. The suffix Ab and Ac at the end of marker
designations refers to its origin, respectively A. comosus var. comosus or A. comosus var.
bracteatus.

RESULTS AND DISCUSSION

The construction of the new genetic map using the F2 population was initiated
using the RAPD primers and the AFLP primer combinations that, during the construction
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of the F1-based genetic maps, had amplified either more polymorphic makers or markers
strategically distributed along the linkage groups (Carlier et al., 2004). Twenty-one out of
the tested 32 ISSR primers (Table 1) amplified 38 markers adequate for mapping. The
type and number of molecular markers whose segregation was analysed among the F2
population are discriminated in Table 2.

The integration of the segregation data among the F1 and the F2 mapping
populations resulted in an integrated map (Fig. 1) of 574 markers (454 AFLP, 79 RAPD
and 41 ISSR) gathered in 46 linkage groups, spanning over 2421 cM (3.9 cM). Using the
arithmetic average of the previously computed genome sizes of 4. comosus var. comosus
(4146 cM) and A. comosus var. bracteatus (3693 cM) as an estimate of the average
genome size of Ananas comosus (3919.5 cM), we calculated that the new integrated map
covers approximately 62% of the pineapple genome.

The integrated genetic map depicted in Fig. 1 is still incomplete. A very dense and
integrated genetic map of molecular markers, complemented with microsatellite and
SCAR markers, organised into 25 linkage groups covering almost all the pineapple
genome will constitute a major scientific breakthrough. Such a map would allow the rapid
location of markers flanking any gene of interest for use in marker assisted selection
(MAS) or in gene isolation via map-based cloning and would constitute a reference
network for physical mapping and genome sequencing programmes in pineapple.

ACKNOWLEDGEMENTS

J.D. Carlier was the recipient of Ph.D. fellowship SFRH/BD/12652/2003 awarded
by Fundagfo para a Ciéncia e a Tecnologia (FCT) of the Portuguese government. FCT
and Fundag@o Calouste Gulbenkian supported his participation to the 5™ International
Pineapple Symposium.

Literature Cited

Cabral, J.R.S., de Matos, A.P. and Coppens d'Eeckenbrugge, G. 1997. Segregation for
resistance to fusariose, leaf margin type and leaf colour from the EMBRAPA
Pineapple Hybridization Programme. Acta Hort. 425:193-200.

Carlier, J.D., Reis, A., Duval, M.F., Coppens d'Eeckenbrugge, G. and Leitdo, J.M. 2004.
Genetic maps of RAPD, AFLP and ISSR markers in Ananas bracteatus and A.
comosus using the pseudo-testcross strategy. Plant Breed. 123:186-192.

Coppens d’Eeckenbrugge, G. and Leal, F. 2003. Morphology, Anatomy and Taxonomy.
In: D.P. Bartholomew, R.E. Paull and K.G. Rohrbach (eds.), The Pineapple: Botany,
Production and Uses, CABI Publishing, Oxon, UK. p.13-32.

Coppens d'Eeckenbrugge, G., Leal, F. and Duval, M.F. 1997. Germplasm resources of
pineapple. Hort. Rev. 21:133-175.

Farinho, M., Carlier, J., Svetleva, D., Coelho, P., Monteiro, A. and Leitdo, J. 2004.
Mapping adult plant resistance to downy mildew in Brassica oleracea. Theor. Appl.
Genet. 109:1392-1398.

Van Ooijen, J.W. and Voorrips, R.E. 2001. JoinMap® 3.0, Software for the Calculation of
Genetic Linkage Maps. Plant Research International, Wageningen, The Netherlands.

81



Tables

Table 1. Selected ISSR primers for the construction of a F2-based genetic map.

Code . Code . Code Primers
Primers Primers
number number number

02 (CA)8ARY 13 (AC)8YT 22 (TC)8G
03 (GA)SYT 14 (AG)8T 23 (CT)8RC
04 (GA)BYC 15 (AG)8C 25 (TG)8RC
05 (GA)BAYC 17 (GA)8T 29 VHV(GT)7
06 (AG)BGYT 18 (GA)BC 30 HVH(TG)7
07 (AG)8YC 19 (GA)SA 31 (AG)8VC
09 (AC)8YG 21 (TC)8C 32 CCC(GT)7

Table 2. Number of primers and number of markers analysed among the F2 population.

Number of markers
Number of 4. comosus var. bracteatus ~ A. comosus var. comosus
primers Previouslzy New Previouslzy New
mapped mapped
RAPDs 25 18 8 5 3
ISSRs 21 0 16 0 22
AFLPs 30" 116 82 41 61
Sub-total 134 106 46 86
Total 240 132

! Primer combinations

% Mapped in the F1-based genetic maps (Carlier et al., 2004)

82



av_00881NdO U} ) v
v 00015070
W 09LLLTY
~ sz
9y 7009}2d 1V M = I“NN
—
61
= 8L
2786460414V st ]
I g7
LTI FY iy N 14
o ~Geag0usS! 0 @ L8vbEd TN 0
LoV SLav+yev
08 K 89
v wm_%m«/n\%
o Z81Zpd 1Y U]
O LVZLed 1N, 25
1621, - 5
o GRS 75
v p0ZLrd 1Y U | | 08
_ELLyId ]
905210740 - o
Qv 16GEATV_U| -
Qv OvELza 1Y Ul /.I\.
9 8LLLZd 1N U H o
v _91852d vl =
v T0LESZd 1. T~
WLV | [T
| L iy
68
H———c
g€
| L —c
H——oc
¥ 00200 Y, 9
v TBLLS K. 2
Y 06511V ) L @ Z0ES04 TN £l
Y o o
QY “20690d T2V, Y T02E6Ed TV U 4
cvav €1av+Lv

Q7 059€ LTV

v T0Z9E0d TV

v "8sp0zd

v Te88ed 1V

O LIS Y

v T08VERd Y

Y 69€02d 1V

Q¥ 05251 4d0

St
el

¥ 09 LYY

O " LvzEEd Y

@7 7552661,

oLav

v 76526641V,

ceqv

% 00Z1810c

oy 0051 ZeuSS U

N 9g182d 1Y U

0625180 |
A370Lb2d 1Y

OV $1Z58d 1Y

AOTL9kvEd 1V

2
5
7
||\|

9y 708Z91NdO

9 720188414V

9979Z1v2d 14V

o TerLovd v

9y 7061 v2Zd 14V

EOV+PVY

A T

°

Qv 0s04zzusst u [

9900681 HO

RS Al

00412110

Nl
NN\

I3

oy TyOEBTd 1Y

9v02.£00d0

9¥700520HAO

Y

9y 08zzEd 1Y

b

Qv TEVZ80d 1Y

b

A00$200vd0

o

T5z6ed 1V

o

ooV+8LY

LI Y

93702€91d14v| Sl
97086151 NaOf

N THOZLYA TV, 6

9 TpSZ6Ld Y. 0

€Lov

oV TILBELI TV,

Y7951 ed V. [

Qv T0ZSS LTV )

9y 705190d 13V, 29
Y 05190 1Y A 19

N 6vi6ld
9705961940, 6t
N I80Ld Y gy
oY 195641 o
v e aranay —
E Y i
505600
Y0898 1 HdO 18
9" 00280uSS) Uy —~p=— 0
@y _G225Hd 1| ]
@ 0 L6Ed TN e Ve
Qv T6EZEZd T 6z
N ZOL8ed 1N 8¢
L —
av ~20€0vd 1| i
10252 TN e 2
BRI
AN
avozsoudo—"| | st
LR P —
97252101 —
Q¥ 0104 . ]
2 7B8E LAY 0
LOV+LLAV+EZY

Qv T8LE8Ed T4V,

Y TLLLIZA.

R

v 0ez61d

¥ 759152414V

409 T0SYLLLAdO U

av_Gzsspd vl
¥ T0LERLd Y.

¥ 2892414V

i

O LBV N | [t}

v T0LpG LY.

Qv ~059Y0NSS!

6LV
5929241V al 08
Qv Z80240d 14V
v Z0210d TN | | —=89
9 Z692yEd TV 29
95760192d TV vs
o Gty = l/A

N

!

I\I

&Ry —

N 6115241V

av_0gyBedlav U

Qv _082y0d 14V

X "Gor8Ld T

Qv 08561 4SS U

PV+AV+CLY

$3an31q

83



9V 70595 HSSI V.

N TGE82Zhd 14V .

9 T02590MSSI U

evv

WV TBLLOLI T

97 ~058624SSI U

o7 ~0ggzeNss U

ocv

+9Y T00G0EUSSI” U,

v T00562¥SSI U,

9V

N Zyziid Y.

v 162ved

N 95120414V €l

9y 700p80d 14Y. 0

VIOV+PY

Qv "0QvEQuSSI U

2 00981040

2 0S60LNdO U
LR /AN
- x

I\)

I(

X 02ZLE 1Y ]
oy _epzild1dv U "]
% 0LIShd 1Y U ]

= 98

Y 0LH0Zd 1Y 1 S€
o oosonnay v | ‘I/z
OV_62ZLZ 1N /mn
Eraile s = ]
~ e s A N
2 798s0zd Y | | 12

~v TBZLIZd 1Y

7 0L9E LSS U,

9750258 14V

YIS TV Y,

oV 20162d 14V U

o 7261 Lbd 14V

N T6616YdTV U

i

% T0YLLZdTAY U

6EV

v 8z Izd 1Y

YOvV+0LY

9¥0095Ed TV U

¥ T00E120uSSI U

orv

_ Y 706652d 1Y .
w3y L6251 - [— T — 1
29V 0590Kd TV U o
~9¥700Z1ZLNdO ™Y L v 708851 TV
oV TBLEZ IV, oY TSZIERd TV Y 0 oY 79025 kv
Ledv Lev SLOV+ILY
- A
270094070, v
2 706ZE0d Y. a or
9 ~90V80d V. o ~0.220usS €€
- 9V TGSS LIV, 9
o
T e )
9 06v518dO. it4 N _Lezsed1v. L
Y 6Z€82%d 1Y U, 61 970€L40VO. 61
o 06ZE0d 1N ——T |8l
99 780VSEd 1. £l
_ N LY p Y - ,
N PLIE0A Y. [
751180474V U, £
9 0GZPZd 1AV U, 0 27 5650d 1. o 9 7GE5L LA TN, 5
L2OV+SLY 69V 8v
oy OV LS 1Y U M 69
oY TGSV U £9
% ToLL8Ld 1Y | M
% gLi8zd v u b
——2Y 202664 1Y 68
oy TEZEsId 1V 9
N PSLZEd TV :14
R e ——t
X GIYE0dTY 2z
% GBLEEdTAY U 17
R — —— _ _
W TESLZE TV | [ bl 9 T0E90MSSI U i
o7 T98LYOd TV v
9970vS 224, L
9705601 4d0 € 9970LEGVATN. z
_ ~ X 2026641 I’ - _
Y TOBLYOd Y U 0 +89705190d 1] <V TLEIR0dTAY Y 0
GOV+9EY 620V :1A

84



LR 7N 99
. - 'e)
o Z0LLzd NV U o
_ ¥ 0LL0LY
_ _ _ Qv 0051518d
v T00ZV5 1SS Y, 18 Q¥ 0810V 1s
. V00854,
Qv 08ESZTY 6e
V0915 K1Y g€
_ _ QY6924 TV €
0¥ 0881 b 1Y U e - o~ _ _
v 56950SS! v 786108d 14V v 09e8d v TBIELZTN U g
— av_ovzizd1ay 9 Qv 069Z 1 8dO.
QY PYSYIdTAY. e QY T6ZH LTV % 0022244,
x 1N,
- O SKZoId Y W 08wz 9y gBE LAY U
- 00svousS! Qv TOELLITY i QY 26126414V
- v v erZsidav. _
QY7001 161240 270260041 U, e W Styied 4 Y B0SE0dTAY. L—avoosis18d0
N PYSHLATY _ _ 755521V ' _l QvToPLEOdTN U P —— 6
97022501V ¥ 0L9Z1NdO U 6 av ~082Z0bd V.
_ v T80£E0d 1AV
& SrLBLY
v 08501 v ESk LRIV Y, 0 Q0LVELHIO 0 v SsvLzd1 Y, v 2921t 1. av~szesed 1Y - 00LpLuSSTY °
ezav Zv 0Sav+62v
Qv T0LS 10TV 011
av 60102414V <01
- - 09921°O. —
av~oggLcusSI U ) 26 v osezy % _
LIty a W Seztedv %6
Qv7095211d0, 26 QY 09EZ0HA0 26
v TELTENTAV. o8
Q970501 1 1ekiO 08 QY T96EZZA Y. 18
¥ 0801 80MHO T T 24 - . o
0¥ _8020ve 1V ] _L—T51 Vv erivd
o omﬁﬁ.ﬁmﬁl\ﬂ v 009010, sz v 0vzLed Y. v
=W OB H—" -
9 - I T i o el _ «~av"08EYONEO. 1
— 69 v 8ze ka0 — 69 av 06205 14v. 6
A o v Z0EL KTV Y 99 Q" ZGH0Nd 1AV 89
- v T .
! — 14v- -
v T PR et 2 8V "002E0VdO 20
- Mm AV T2V 65 O TELZZIA T, 9
| | \ . ¥ 7052910 9 _ W 6E28Zd Y.
Ho e - bt o =%
L — =
7z s g%
- \. Qv TSEL9%d 1V 2 av "0818ed 14V a@ﬂmmmmﬂu&/ %« v SIv6zd 1w v pLZLed Y
H_— / \E W, FOE TN U s
= - LA — — ——
Iﬂs " B av_cectiaw U — v b0, or
T™~u ' 962L0d7V av Z6oLELd 1T [ ~~6¢ Qv ZsoLrd1av. s 9 0SEE0VA0
= - Y4 Rl N . S =
=, u ve
= S o OrLaS u«/ 8 V" 06690NA0
= i Qv v} 0 14v_Y) — -
¥ T9LI8Zd 1Y U | | Qv P LE0dTV. 8z av 08E6 114V Y - 9 AV ~00SE0d 14V
~ I Qv Spblpd Tyl - v Lezred 1Y
T 09zeRdY < @ av oLz VA & LRy £
- A 1
W 00syEd Y /m oy IzZb8ld v u) 2 -
RN o — av 6zzeld Y
£ U o v Szzord4v. —
av rzseed v v S ) -
Qv 0saLb1Y el el " 7001818 e v ostaa o
v 0LEVZTY ] v T60rSEd 1Y U ] av eLerzd Y ]
av 80262414V v
- _ _ _ @ V601 1Y L _ _ _ av Zos1szd 1Y '
N TPLLYOA Y o Q¥ 0EV603d0 Y TE9Z61dTY U 0 Y TS0ELEdTY U = 0 QY TELLGRTY U . o ¥ 0071217dO. o av "8szz0daY rs

€AV+ELV+LY 8zav 6LAv+6v LEAV+SAV+ZCY viav+ev 2av+sev 8YAv+0Zav+Lav+yLV



“snsout0o spuvup Jo dewr onouos pojersojuy ‘1 ‘31

- o a)
QY70S04E 40 an _ 5 _ v I8k an [t ,
av0sLiLZusS U M 6
Q¥ T0586vd T4V U, €
W LVZIZd T 0 ay095INdO OV 050161440 , 0 avTosiszdld 0 Y 70001 50SSI U 0
Sev vrav v Lyav+ivv Svv
- )
.9¥000191NdO ™Y, o¢ v BovSedY.
- o) 4@ 0092130, sz - -
Q¥ T06vLE1Y o 98190d713V. it 0V 7006811V
v~ 055Y0SS!. ) 9 Q¥_05290NO. 0z
v 265Y 11V, 9 979618241V ., dv_68cevd 1. i O "Zr2LEd 14V, ¥
FHeEREI; e
700250040 QY 91E1Zd 1Y) st -
~ 10V 56 L1V v OV 58YLZd V.
/99161, L _ O ZPLBLIY :./"\2 Y 0gHEOTV L
0V ZSLZrd TV - L av 0081 uSSI UL ) st aV70022Y0Hd0 v 3 LLESI 1Y) = oy 2SR50y
IR o — I/N_ v L66vd Y U]
W 26LErd 1Y [ . w v 0zE6ld 1N " | W P88 0.
62101V U, 6 @ _LLeSld TV
[ Ay e — ——ennt] U R Qv 09592 14v.
LTI m— v S— K Qv eLesZdT N
_ 9V705980HdO, z _
- - _ - _ - Q¥ 7968841V 0 V7152901V U 0 v BLELZd V. 0
v 0LZ0vd Y 0 Qv LLZEN 0 avoLELLYSSIU ) av “szevouss!, 0 = =
[:1A"4 LY [T GZAV+YEVY 2eav+sv L2av+EVY Lzav+eev
o SpLZRdIN U - av av TLezeed M 67 v T5L56edTV. - 6t
- - @Y 709E0d 14V U oy
Qv Gszved Y U M s L T T — — 44 _
_ _ - i @ T80¥9ZTY 4 QY S0E6LATY. 1
A BYLIAIY, - 4 08552, M 44 N Riveoun — N L9ZRL TN U L
o7 ~6915¥d _ _ Q¥ _0029€d 14V SE
- _ _ & 0vZ6rITN U L @Y Z0Ep6Zd Y. - ve
X OVEORIN. i Q¥ 0Ly Lpd 1Y U se W TRLLLEN U, se L4 %;E._&/I\ e€
Qy_S6SLd TV = [t
LR N g
- PE— 99758212474 -
v sLeSKAY, 8z 90 GEL/Ld | =
[ o LSSV, o & 08V N | |8
Q¥ Z0055vd 14V, %
av "e0eLzd V. f Qv Z08EBId1V. 1z AV SL98EdTV.
V7 82C60d TN [ 00 _
_ - _ v T68LERITY I
v ggHge V. 9t ¥ 0SGEOVHO s L E 9 _
Qv T05252d 1Y, v
Qv TSELS0d V. 01 Y ”16Ed TV U 0k -
av ~52Z1 pd 14V L N 0BEZY 1Y e [~———B v TSELE0d TV U, 'y v TZ8LLIdTa. 6
- L .v S22l V- 9 Q¥ TG0k pd 1V Y
. - - - N e 1 | - - _ -
V7009014V, 0 O TGPV, 0 Y291V, 2 9610hd Y U 1) @ BELOVI TV, ) v 0ggezuss U 0 v 0e520usS! 0
Liav osv 8iqv Lev 9V SEAV+EEY cLav+ily

86




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /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 /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /NLD <>
  >>
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [595.000 842.000]
>> setpagedevice


