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The inclusion of multiple new markers, in particular 41 sequence specific markers, resulted in drastically
improved version of a previously published F1-based genetic map of pineapple (Ananas comosus). The
integration of the new version of this map with a more recently published F2-based map resulted in
a map that assembles 741 loci: 739 DNA markers (25 SSR, 12 EST_SSR, 22 SCAR, 8 CAPS, 20 ISSR, 109
RAPD, and 543 AFLP), one isozyme (PGM) locus and the morphological trait ‘piping’, in 28 integrated
linkage groups, spanning 2113 centimorgans (cM) and covering approximately 86% of the genome. Four
small F1-based linkage groups and 5 small F2-based linkage groups assembling more than two markers,
totalling 292 cM, remained not integrated. The present integrated genetic map is expected to be a helpful
tool in genomic studies on pineapple and other Bromeliaceae genera and species.

© 2013 Published by Elsevier B.V.

1. Introduction

Pineapple (Ananas comosus (L.) Merr.), with a global production
of 18 million tons in 2007 ranks third, after banana and citrus,
among the world most important tropical fruit crops (Coppens
d’Eeckenbrugge et al., 2011)

Consumed mostly as fresh fruit, pineapple is also worldwide
commercialized as canned slices, chunks, juice and juice con-
centrate. Bromelain, used as a meat-tenderiser and nutraceutical,
and fiber are other two important derivates from pineapple, a
species whichimportance in the ornamental plant market is rapidly
increasing (Coppens d’Eeckenbrugge et al., 2011).

The pineapple taxonomy was recently revised and simplified
by Coppens d’Eeckenbrugge and Leal (2003) who downgraded
the two genera, Ananas and Pseudoananas, and the seven species
of the Smith and Downs (1979) classification, to two species:
A. comosus (2n=50) and Ananas macrodontes (2n=100). Accord-
ing to this new classification A. comosus is subdivided in five
botanical varieties: var. comosus, var. ananassoides, var. erectifolius,
var. parguazensis and var. bracteatus, which include the former
(Smith and Downs, 1979) diploid species. A. comosus var. como-
sus is the domesticated form with largest fruits and the most
widely cultivated and commercialized pineapple. A. comosus var.
bracteatus is cultivated as living fences and for fiber production,
and used in traditional medicine (Coppens d’Eeckenbrugge et al.,
2011).

Although slowly, the genomics and transcriptomics of pineap-
ple is developing and so far among the approximately 1300
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genomic sequences uploaded to the main genome data bases
(www.ncbi.nlm.nih.gov) mostly (1163 sequences) belong to var.
comosus followed by var. bracteatus (105 sequences). Mostly
uploaded by Moyle et al. (2005) and by Ong et al. (2012) the totality
of the uploaded 5941 pineapple expressed sequence tags (ESTs) are
from var. comosus which contributes with most (183 out of 199) of
the so far unveiled protein sequences.

The first genetic maps of pineapple were constructed using
46 F1 plants (Carlier et al., 2004). The map of the female par-
ent A. comosus var. comosus (cv. Rondon, clone BR50) gathered
156 molecular markers in 30 linkage groups covering 31.6% of the
genome length, whereas the map of the male parent A. comosus
var. bracteatus (Branco do mato, clone Br20) included 335 molec-
ular markers assembled in 50 linkage groups that covered 57.2%
of the estimated length of the genome of this botanical variety
(Carlier et al., 2004). These two F1-based maps were later inte-
grated with markers which segregation was analysed among the
subsequent F2 population, given rise to a new map with 46 link-
age groups covering 62% of the estimated average length of the
parental genomes (Carlier et al., 2006). Updated versions of this
provisional integrated map were later included in review articles
on pineapple genomics (Carlier et al., 2007; Botella and Smith,
2008).

Recently, we constructed a genetic map exclusively based on
a F2 population assembling 492 DNA markers (57 RAPD, 22 ISSR,
348 AFLP, 20 SSR,12 EST-SSR, 25 SCARs, 8 CAPS) and the coding for
spineless leaves locus “piping” into 40 linkage groups that cover
approximately 80% of the estimated average genome length (Carlier
etal., 2012).

Here we report the construction of drastically improved version
of the F1 map (Electronic Supplementary Material) and its inte-
gration with the F2-based map which resulted in the assemblage


dx.doi.org/10.1016/j.scienta.2013.04.018
http://www.sciencedirect.com/science/journal/03044238
http://www.elsevier.com/locate/scihorti
http://crossmark.dyndns.org/dialog/?doi=10.1016/j.scienta.2013.04.018&domain=pdf
mailto:jleitao@ualg.pt
http://www.ncbi.nlm.nih.gov/
dx.doi.org/10.1016/j.scienta.2013.04.018

114 N. de Sousa et al. / Scientia Horticulturae 157 (2013) 113-118

of an integrated genetic map gathering 741 markers in 28 linkage
groups which cover 86% of the pineapple genome. Four small F1-
based and 5 F2-based linkage groups with more than 2 markers
remained non-integrated.

2. Materials and methods
2.1. Plant materials

The Fl1-based map (Electronic Supplementary Material) was
reconstructed using 46 F1 plants originated from the cross between
A. comosus var. comosus (cv. Rondon, clone BR 50) and A. comosus
var. bracteatus (Branco do mato, clone BR 20), utilizing the pseudo-
testcross strategy (Grattapaglia and Sederoff, 1994; Carlier et al.,
2004). The F2-based genetic map (Carlier et al., 2012) was con-
structed using 135 F2 plants derived from the selfing of a single F1
plant.

2.2. DNA marker analyses

Procedures for DNA extraction, DNA-markers analysis, conver-
sion of randomly amplified markers into Sequence Tagged Site (STS)
markers and identification and retrieving of SSR ad EST-SSR mark-
ers from public genome data bases (www.ncbi.nlm.nih.gov) were
as previously described in Farinh6 et al. (2007) and Carlier et al.
(2012).

2.3. Labeling of markers

Markers with dominantinheritance are identified by the suffixes
Ac or Ab according to their parental origin, var. comosus or var.
bracteatus, respectively. These suffixes are absent in co-dominant
markers. Markers heterozygous in both parents, and segregating
3:1 among the F1-population, are suffixed with a “cb”.

RAPD markers are identified by the letters OP (Operon Technolo-
gies) followed by the reference of the kit of primers, the primer
number and the estimated size of the marker in base pairs, e.g.
OPAB09_1200_Ac stands for the 1200-bp marker inherited from var.
comosus amplified by the primer 09 of the kit AB.

ISSR markers are denoted by this acronym followed by the num-
ber ascribed to the primer (Farinh6 et al., 2004) followed by the
estimated size of the marker, e.g. ISSR23_550_Ab for the 550-bp
marker derived from var. bracteatus amplified by the ISSR primer
23.

AFLP markers are identified by the two or three last nucleotides
of the two primers (pEcoRL.pMsel) in each combination followed
by the length of the marker in bp; e.g. AGC.CAG_243_Ac identifies
the 243-bp AFLP marker inherited from var. comosus, ampli-
fied by primers ending, respectively, with the random nucleotide
sequences AGC and CAG.

SSR and EST-SSR markers are denoted, by the respective
acronyms followed by the identification code of the respective
accession in the NCBI database, e.g. EST_SSR_.CO731816.

SCAR markers are identified by the prefix “Sc” before the des-
ignation of the respective original marker, e.g. Sc_ISSR03_662_Ac
stands for the dominant SCAR marker derived from marker
ISSR03.662 _Ac.

CAPS markers are denoted by the letters CAP followed by the
names of the marker it originates from and used restriction enzyme,
e.g. CAP_.OPD01.615/Mspl identifies the sequence specific marker
originated from the RAPD marker OPDO1_615 which polymorphism
is revealed by the restriction enzyme Mspl.

Additional information regarding marker identification and
labeling is provided in the text, figures and tables.

Table 1
Sequence specific markers only present in the F1 map.
Sequence-specific markers Homozygous vs Alleles (B*-C*)
heterozygous
B* c*
SSR_OPC09.387 Het NotA ab_??
SSR_AJ845041 Het NotA ab_??
SSR_AJ845058 Het NotA ab_??
SSR_AJ845065 Het Het ab_cd
SSR-AJ845068 Het NotA ab_??
SSR_AJ845074 Het Hom ab.aa
SSR_AJ845075 Het NotA ab_??
EST_SSR_.CO731755 Het Hom ab_aa

B* and C* - var. bracteatus and var. comosus, respectively. Het — heterozygous; Hom
- homozygous; NotA - not amplified.

2.4. Map construction and genome length estimation

The assemblage and the graphical representation of the linkage
groups were performed using the JoinMap 3.0 program (Van Ooijen
and Voorrips, 2001) set for the Kosambi mapping function.

Except for 14 F1-based linkage groups established for a LOD
between 3 and 4, all the remaining F1-groups and all F2-based
linkage groups were established with a minimum LOD of 4.0.
The order of the loci within the integrated (F1+F2) groups
was established for a minimum LOD of 2.0, except for linkage
groups: Int LG3, Int LG5, Int_.LG11, Int.LG25, which order was
determined for a LOD between 1 and 2. Markers which segre-
gation was slightly (x24=0.05 < X2 < X%a=001), More pronouncedly
(X2a=0.01 = X* < X?a=001) oOr strongly distorted (x> x%4=001) in
regard to the expected Mendelian segregation ratios were labelled
with one, two or three asterisks, respectively.

The genome lengths of the parental genotypes were estimated
according to the method 3 of Chakravarti et al. (1991).

3. Results

The new F1-based map (Electronic Supplementary Material) is
constituted by 42 linkage groups, ranging from 12.9 cM to 103.6 cM
with an average size of 44 cM, which span over 1850 cM.

Nevertheless, though the new Fl-map includes 19 markers
common to both botanical varieties (suffixed with cb) and 14 co-
dominant sequence specific markers, 13 linkage groups still are
constituted by markers arising only from var. bracteatus and 10
groups by markers only from var. comosus. However, the improve-
ment of the F1-based map becomes evident if we recall that the
previous version was much more fragmented with 80 linkage
groups, 50 constituted by markers of var. bracteatus and 30 groups
by markers of var. comosus, among which 26 groups were simple
pairs of markers. For the construction of the new version of the
F1-map largely contributed the integration of 41 STS markers (10
SCAR, 3 CAPS, 21 SSR, 7 EST-SST) out of 61 markers of this type ana-
lysed among this population (Table 1. Electronic Supplementary
Material).

Eight of the sequence specific markers included in the F1-map
were mapped uniquely in this map (Table 1). The other 33 sequence
specific markers were already included in the previously con-
structed F2-based map (Carlier et al., 2012) and together with an
additional set of 128 markers: 109 AFLP, 18 RAPD and the “piping”
locus common to both maps, they were used to integrate the F1-
based and F2-based linkage groups. These markers are identified
with the symbol “00” (Fig. 1).

The new integrated map gathers 741 loci: 739 DNA markers (25
SSR, 12 EST_SSR, 22 SCAR, 8 CAPS, 20 ISSR, 109 RAPD, 543 AFLP),
one isozyme (PGM) locus and the morphological trait ‘piping’, in 28
linkage groups constituted by markers from the two merging maps
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Fig. 1. The integrated genetic map of pineapple (Ananas comosus). Linkage groups are numbered according to size. Markers analyzed among the F1 population are in bold.
Markers analyzed in the F2 population are italicized. Markers mapped in both populations, used to integrate the F1 and F2 linkage groups, are simultaneously in bold and
italic and labelled with a 0. Markers which sequence is known are labeled with a «.
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433 T GPAo4 380 Ab- 209 44 ACT.CAA 770 A 4.2 ACG.CTA_147_Ab O ACT.CAG 430_Ab
g ACT.CAA 235 Ab 2254 Sc_OPRT5_385_Ac 4 5.1 48 ACACTA 241 Ab O 375 ACT.CAG_194_Ab
178 —F— AGC.CTT a252b 2284 ACT.CAA 128 Ac 56 CAT_326_Ab ACT.CAT 380 Ab
© 233 ACT.CAC_142_Ab** 6.3 /i \ACS Ch7 525 Ac 387 ACT.CTC 243 Ab
54 AGG.CTT 140 Ab 234 ACA; CTA_220_, Ac d /| gPK%{r_g;f’)TA:b o 391 ACA.CTG_280_cb
. — 247 PO18_600_Ac _571_4 394 SSR AJ875038 4
85.7 >V< ACC.CTG_360_Ab 254 OPU10_95! OPAE12_400_Ab 415 ACT.CTT 212 Ab
274 AAG.CTG 729 Ac O ACT.CAC_79_, 437 ACT.CAC_ 660_ Ab
278 Sc_ISSR03_386_Ab 4 AAG.CAT_160_Ab O 454 ACT.CAC_121_Ac
2811 TG_246_ ACA.CAG=217"Ab 456 ACA.CTG_225_Ab
2924 ACT.CAT 261_Ab’ CAG_250_Ac 459 ACT.CAAZ96_Ab*
302 AGC.CAG_ 243 Ac OPL03_201_Ab_# 4 46.4 AAG.CAA_239_Ab
323 4 C.CAG_386_Ac AAC.CAA_340_Ab O
348 AGG.CAG_222_Ab** T.CAA118_Ab O
433 AGG.CAG_223Ac /SSRW 1400_Ac
49.0 ACT.CTC_128_Ac
50.2 OPX07_1500_Ac
Int_LG21 Int_LG22 Int_LG23 Int_LG24 Int_LG25
0.0 ~—f\— ACT.CAC_900_Ab** 0.0 ~——f\— Sc_OPM10_583 4 0.0 ACC.CAA_270_Ab 0.0~ — AAG.CTG_455_Ab O 0.0 Sc_OPX18_1186_Ac <
52 \ /ACA.CTA_242_Ab o 36~ | —ACC.CAC_145_Ab* 6.9 ACT.CTC_360_Ab* 3.7 ~] AAC.CAA 170 _Ac 07 ACC.CTA_182_Ab
BN - AT.CTA_97. 84 ACC.CTC 284 Ab 71 OPU12_602_Ab_# 4 49 \=———Sc /SSRua 552 de 4 5.0 ACT.CTA 250_Ab
11.9 1 AAG.CTG_485_Ab O 9.7§_4ACC CTT_272_, Ab o 11.0 ACT.CTT_153 Ab* O 10.2 T.CTG_160_/ ACG.CAG_575_Ab
145 \ ACG.CTC 480 Ab 13.0 — CAA273 138 AAC.CTT_232_Ab** 112 OPF15' 1300 Ab P 13.9 AC.CAA_90 Ac
15.8 \— Sc_OPR15_841_Ab O+ 13.7 AGC.CAG 28,Ac - 14.5 ACC CAT_920_Ac 12.5 ~—F—f—— AGC.CAG_269_Ab* 16.8: ACT.CAT_305_Ab O
16.8 §=/MG.CTL 145 - ACT.CTG_292 Ab O 147 C.CAT_285_Ac 154 ~_1——ACG.CTC_308_Ab O 19.8 AAC.CAT_280_Ab
195 —1 ACT.CTG_217_Ab 16.0 AT.CTT_490_Ab 16.2 AAG CTA”257 Ac 16.6 ACT.CTA 351 Ac 20.9 ACT.CAC_267_Ab
196 — AAG.CTAZ176_Ab 168 ACT.CTC_365_Ab™ O 1633 ACT.CAC_145_Ab* 190 ACC.CTA_129 Ab O 211 ACT.CTC_105"Ac
211 ;:tus.c‘rciseujb 17.7 ACT.CTC_262_Ab 16.6 OPA18 1350 cb 192 —Z 14— AAG.CTT_198_Ab 21.4 ACT.CTG_312_Ab
225 AR AACTG 550 Ab 187 ACC.CTC_284_Ab 187 ACA.CTA_370_Ab 222 “ A~ ACT.CTA350_Ab ACT.CTC 285 cb
23.8 ZATNQ ACT.CTA 513 Ab 191 ACT.CAC 95 Ab 203 ACC.CTC 544 Ab™ o 246 ACT.CTC_246_Ab 215 ACC.CTA_135_ch
256 / AT.CAC_240 _Ab 20.1 ACT.CTT_393 Ab 214 OPZ04_620 289 ——’:\Ac'r CAT_245_Ab 22.8 AcT.CTG_95_Ab
28.5 AN ACT.CTC 319 Ab 218 ACT.CAC_390_Ab 218 QPR15_110 31.0 =] ACC.CTA_130_Ab 235 ACT.C,
318 AT.CTT_708_Ab 231 | | AAG.CTC_174_Ab O 230 CAP_( O'PHUS 1257/Nmfl Ab* O« 3347—§ACTCTA 108 Ac 248 AAG. CAT 430 Ab o
264 ACT.CTC 214 Ab* O 239 OPL15 710 34.6 24— AAG.CTG_415_Ab 26.8 AAG.CAC_200_Ab*
41 AAC.CTA_468_Ab* 269 ACC.CAG_169_Ab 244 T.C 37.7 ACT.CTA 575 _Ab 295 ACA.CTC 389_Ab*O0
416 AAG.CAA_224_Ab*™ 297 AAG.CTC 164 Ac 257 ACT.CTT_5 418 ISSR28_600_Ac 30.9 ISSR14_390 Ac_# <
454 ACT.CTT_165_Ab** 30.0 - AAC.CAT_610_Ab 26.9 SSR AJ84505B Ab « 424 ZATIN ACT.CAG_180_Ab 332 ACT.CAA_500_Ab
458 -/ AAC.CTC_512_Ab* 365/ \ACT CTA 272 Ac 294 ACT.CAG_580 Ab* 440 OPH13_431_Ab_# 4 384 OPF19_950_Ab
447 ACT.CAC_204_Ac** 301 ACT.CAG_330_Ab™ 426 ACA.CAG_575_Ab
335 Sc_OPHO8_971_Ac 4 =
355 ACT.CTT_222_Ac
142 AAC.CAA96 A
443 ISSR15_1200_ Ab*
Int_LG26 Int_LG27 Int_LG28
00 EST_SSR_CO731871_Ab 00 OPB07_1200_Ab 0.0 ACC.CTA_113_Ac**
56 - SSR_AJ845048 O«
74 EST_SSR AYUQ8521 « 59 > < SSR AJB45069 O«
94 ACACTC_161_, 99 ACG.CTA_600_Ac
129 AGC.CAG_416_Ab 00 ACG.CTG_157_Ab***
16.8 OPL15_910_Ab
204 OPDO1_627_Ac* # 4
233 ACG.CAT_154_Ac
26.1 EST_SSR_CO730888_Ab* 04 — 12.6 ——1—
303 AAC.CAT_297_Ac O 204 AAC.CAA_240_Ac
330 < AT.CAT_325_Ac
374 AGC.CAG_242_ Ac O 303 AT.CAG_ 155 Ac™ - OPKDS 790 Ab
424 AGG.CTT_400_Ac a7 AA.CAA_240_Ac -

(Table 2, Fig. 1). Nine small linkage groups with more than two
markers from both maps remained not integrated and are shown

in Fig. 2.

Fig. 1. (Continued ).

Table 2

Loci in the integrated map.

Type No. Observations
In addition to SSR and EST_SSR markers, which sequences have - —
been retrieved from public databases (www.ncbi.nlm.nih.gov/) the Isvé;‘;phomg'cal . ; f\llrl’lsr;g senced
integrated map includes sequence specific SSR, SCAR and CAPS EST_SSR? 12 All Seguenced
markers derived from sequenced randomly amplified (RAPD, AFLP, SSRb 1 Sequenced
ISSR) markers (Figs. 1 and 2; Tables 1 and 2). In 34 cases the SSRRAPD 3 All sequenced
specific markers derived of the sequenced RAPD and ISSR mark- SSRISSR 2 All sequenced
. . Sc_.RAPD 18 All sequenced
ers were monomorphic between the progenitors and could not SCISSR 3 All sequenced
be re-mapped as STS markers. These markers are labelled with Sc_AFLP 1 Sequenced
the symbol “#” in Figs. 1 and 2 and the respective sequences CAPS_EST 1 Sequenced
(www.ncbi.nlm.nih.gov) can be used for genetic mapping using CAPS_RAPD 7 All sequenced
other mapping populations or for other purposes in genetic or }:ELZI;PGM 54;
genomic studies. RAPD 109 24 sequenced (#)
The F1- and F2-groups that have originated the new integrated 2 sequenced (2#)
groups are discriminated in Table 3. The integration resulted in 2 sequenced (#.i)
few main alterations in the previously established groups: (a) the ISSR 20 5 sequenced (#)
former linkage F2-group 4 was split in two smaller groups (4a and Total 741 1 sequenced (2#)

4b); (b) three pairs of small F2-groups 28/38,21/22,and 15/36 fused

# - Sequenced but monomorphic as STS marker; 2# - with two different sequences;
#_i - incomplete sequence.

a Sequences retrieved from public databases.

b Other origin.

in 3 larger linkage groups; and c) multiple small F1-groups were
included (e.g., groups 22, 35, 36 or groups 12, 25, 40) into large
integrated groups (Table 3).
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F1-based groups

LG21 LG29 LG31
(4.0) (5.0) (41)
0.0 ACA.CAG_247_Ac 0.0 OPN06_990_Ab 0.0
8.4 ACG.CTC_500_Ab
10.4
16.0 ACG.CTT_212_Ac 15.6 ACC.CAT_350_Ab*
216 AGG.CAT 105 Act 207 ACT.CAC_229_Ab* 19.8
26.4 OPP03_1350_Ac 26.2 ACG.CTA_413_Ab**
21.7 OPH04_880_Ac = 28.2
33.8 OPC06_810_Ac 33.2 ACT.CAA_410_Ab
45.7 ACA.CTC_473_Ac
LG20 LG29 LG31
0.0 OPE03_246_Ac_# < 0.0 ACC.CAT_249_Ac 0.0
7.3
10.8 ACC.CAA_320_Ac 10.6
16.6 OPD15_1800_Ab 143 AAC.CAA_102_Ac
18.4 ACT.CAT_166_Ab 18.2 -, AAC.CAA_98_Ab
244 AAC.CTT_192_Ab
29.8 OPA02_335_Ac_# <
357 w, ISSR17_310_Ab*

117

LG38
(4.2)
AAC.CAA_297_Ac 0.0 AAG.CTC_265_Ab
ACT.CAT 315 Ac* 9.5 ACG.CTA_269_Ab
15.0 ~J | —AAcG.cTC_169_cb
164—11 AAG.CTA_270_Ab
ACT.CTT_180_Ac** AAG.CTA_268_Ab
23.0 SSR_AJ845041_Ab
OPP3_480_Ac**
LG37 LG39
EST_SSR_CO731753 4 0.0 OPX11_1300_Ac 0.0 ACG.CAG_122_Ac
8 AT
. B s, )_AC
SSR_AJ845081 < 8.4 Sc_ OPL12_665_Ac 4
Sc_ISSR19_571 4 9.6 | OPAB09_1400_A
-6 _Ac
125 O ACT.CAA_140_Ac

AT.CAT_250_Ac*

25.3 AT.CTA_125_Ac
31.5 ~—4 L — OPU12_1200_Ac*

ACT.CAG_650_Ac*
ACT.CTG 297 Ac*

35.0 )

Fig. 2. The F1- and F2-linkage groups assembling more than two markers that remained non-integrated.

The sum of the lengths of the 28 integrated (F1+F2) groups
totalise 1958 centimorgans (cM), a value that increases to 2113 cM
when the average distance between markers (2.76 cM) is added to
both ends of all linkage groups. The genome length of the A. como-
sus var. comosus and A. comosus var. bracteatus genotypes used as
progenitors of the mapping populations in this study, were pre-
viously estimated, respectively, as 2814 and 2126cM to which

Table 3
Origin of the integrated linkage groups (new map).

Integrated Map (Int_LGs)? F1-Map (LGs)? F2-Map (LGs)?

Int_LGO1 6 27
Int_LGO2 3 1
Int_LGO3 22,35,36 2
Int.LG04 11 3
Int.LGO5 4,37 7
Int_LGO6 10,34, 39 8
Int_LGO7 17 5
Int.LGOS 1 25
Int_LGO9 9 15,36
IntLG10 12,25, 40 6
IntLG11 2 28,38
Int.LG12 5 21,22
Int1G13 13,41 24
Int1G14 15 9
Int.LG15 24 10
IntLG16 16,23 11
Int1LG17 18 4(b)
Int.LG18 19,30 17
Int.LG19 20 12
Int_LG20 7 26
IntLG21 14 34
Int.LG22 28 4(a)
Int1G23 27 13
Int1G24 8 14
Int_LG25 26 16
Int.LG26 32 18
IntLG27 42 19
Int_LG28 33 23

2 Int.LGs - integrated linkage groups.

correspond a species average genome length of 2470 cM (Carlier
et al.,, 2012). Having into consideration all these values the present
integrated map is estimated to cover 86% of the averaged pineapple
(A. comosus) genome. The non integrated F1- and F2-groups span
over 130.1cM and 112 cM, respectively.

4. Discussion

During the last few years we have published some provisional
pineapple genetic maps integrating the first constructed F1-based
map (Carlier et al., 2004) with a successively growing F2-based map.

The first of these provisional maps gathered 574 markers in 46
linkage groups (Carlier etal.,2006), while a second version included
in Carlier et al. (2007) integrated 661 loci in 36 linkage groups.
A new version, assembled for inclusion in the review article on
pineapple published by Botella and Smith (2008), was still very
fragmented but with 32 major linkage groups integrating markers
from both populations.

Recently we have reconstructed the Fl-map including 41
sequence specific markers (SSR, EST-SSR, SCAR and CAPS) and
several other new markers, most of them previously analysed
among the F2 population (Electronic Supplementary Material). The
integration of this drastically improved F1-based map with the pre-
viously published F2-based map (Carlier et al., 2012) allowed the
construction of the present integrated map constituted by 28 link-
age groups, a number still not agreeing completely, but much closer,
to the n=25 chromosomes of the species.

For the robustness of the new integrated map testifies the fact
that markers used to join the two maps are assembled in the same
way and in the same order both in the F1- and in the F2-based map.

Although relatively high (17.6% in the F1- and 14.2% in the F2-
based map), the number of markers with distorted segregation is in
the range of the commonly found in intraspecific crosses of multiple
other plant species (Jenczewski et al., 1997).

In the integrated map some linkage groups still are constituted
uniquely (Int_LG21) or almost exclusively (Int_LG5, Int_.LG17 and
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Int_LG20) by markers from var. bracteatus and, at much less extent,
by markers from var. comosus (e.g. Int_LG12).

We can hypothesize that the assemblage of linkage groups
exclusively, or almost exclusively, constituted by markers arising
from one of the botanical varieties (progenitors), is caused by the
existence of genomic regions of var. bracteatus with no homolo-
gous counterpart in var. comosus (and vice versa) which tend to be
inherited as blocks with very low internal recombination. A similar
trend is observed with regards to markers with skewed segrega-
tion: in the F1-map three relatively small linkage groups (27, 30
and 39) are mostly constituted by distorted markers arising from
var. bracteatus while in the F2-based map (Carlier et al., 2012) three
linkage groups (8,11 and 25) assemble 21 distorted markers arising
from this botanical variety.

Nevertheless, these and other issues regarding the highly frag-
mented pineapple genomes organized in large number of very
small chromosomes, from 2n=50 in A. comosus to 2n=100 in A.
macrodontes (Gitai et al., 2005), are expected to be completely
elucidated by genome sequencing which, with every passing day,
becomes technically easier to perform and economically more
affordable to accomplish.

The genomic studies on pineapple (Ananas) are expected to be
significant far beyond this genus and to be particularly relevant for
the other Bromeliaceae genera and species. This has been already
demonstrated by Wohrmann and Weising (2011) who have ampli-
fied eighteen pineapple EST-SSR markers through a wide range of
genera and species from six subfamilies of the Bromeliaceae. The
present integrated map is expected to be a useful tool for marker
assisted selection, positional cloning of genes of interest and phys-
ical mapping in Ananas and, simultaneously, a useful instrument
for comparative genomic studies within the Bromeliaceae family.
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