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ABSTRACT

Orchids are valuable pot plants ar@gattleya intermediés a promising species underused in breeding oo
Recently, breeding work with this species produseplerior plants that are believed to be not thestspecies
owing to the morphological differences from wiléupls. The aim of this study was to estimate thel lefvgenetic
diversity and interrelationships between wild amgédCattleya intermediaollected at three different Brazilian
states and from commercial breeders with RAPD nrarlé total of 65 polymorphic bands were used toegate a
genetic distance matrix. No specific groupings wexecaled by the cluster analysis as bred matenatse not
different from wild plants. The genetic differetiba (Fst-0.01626) was very low indicating a high gene flo/Ci
intermediadue to artificial crosses and a high differentiatibetween populations. The genetic variability ke
within this species is high enough to allow genptmgress in flower shape and size.

Key words: Fy, domestication, molecular markers, genetic valitgborchids

INTRODUCTION including Sophronitissensu van den Berg, van den
Berg, 2008).

Orchidaceae is the largest botanical family rangin@attleya intermediais native from the South
from 7 to 10 percent of the flowering plant speciedtlantic rainforest, a biodiversity hotspot highly
(Dressler, 1993; 2005). Orchid commercializationendangered by human activities. It is distributed
both pot plants and cut flowers, is highlyfrom Uruguay, in the south, to the Brazilian State
significant worldwide and is increasing year afterof Rio de Janeiro, in the north. Classified as a
year. Cattleyga together with Cymbidium bifoliate Cattleya (Fowlie, 1977), it has a
Phalaenopsis and Dendrobium are important considerable variation in flower colour and shape.
commercial ornamental species due to its larg&€he flower of the type specimen is pale rose with
spectrum of colors and relatively high cross apilit the central lobe of the labellum outstandingly
with other generaCattleyaspecies are among the detached and darker than the other floral segments.
most important plant genera for pot and floweHowever, C. intermedia is one of the most
orchid trade industry. The number of describedariable orchid species with several desirable
species in this genera is still a matter of debateharacteristics for plant breeding as colour (type,
ranging from 49 (including Cattleyella and orlate, punctuate, alba, red blood, cerulean, wine-
Guarianthe Withner, 1988) to 112 species coloured and amethystine), shape (normal, peloric
(excluding Guarianthe and Cattleyella and and aquini), multi flower stem (5-10 flowers in the
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wild forms and 3-4 flowers in the bred lines) andmay alter dramatically the flower shape even with
medium size flowers (8-12 cm). Also, it is backcrossings.
considered one of the most precocious speciddolecular markers are used in plant breeding
within the Cattleyagenus, flowering for the first programs as they can rapidly assess population
time within three years (Fowlie, 1977; Bicalho,variability without environment interference, with
1977; Withner, 1988; Lacerda et al., 1995). Thesadvantages over morphological characters, in
characteristics have prompted breeding efforts tterms of discrimination, confidence and costs
select superior plants. (Assis et al., 2003). PCR (Polymerase Chain
Orchid breeding by hybridization is relatively Reaction) based protocols allowed an increase in
common and easily done, allowing thethe analysis of the variability or plant systematic
combination of several genera and the generatiqwan den Berg et al., 2002; Pires and Sytsma,
of interspecific, intrageneric and intergeneric2002). Among the various types of molecular
hybrids. C. intermediais often used to produce markers available, Random Amplified
hybrids and their registered offspring surpass 280Bolymorphic DNA (RAPD) is a methodology that
types. Cattleya loddigesji another fast growing does not require previous genome knowledge, it is
species, but presenting fewer phenotypicheap and accessible especially when molecular
variations, is represented by more than 400hformation is scarce (Williams et al., 1990;
hybrids (Wildcatt, 2002). On the other handWeeden, 1992). It has been used to indicate
species improvement by breeding (intraspecifigenetic relationships between orchid species
crosses) is restricted when compared with hybriDemeke et al., 1992; Choi et al., 2006), to unrave
breeding (interspecific and intergeneric crossing)cultivar identification (Weeden, 1992; Menezes et
This is due to the genetic gain observed in floweal. 2002), to study the systematic\dnda(Lim et
shape, substance and texture, that is usually highal., 1999) and’halaenopsigGoh et al., 2006) and
at the beginning and tend to lower values in furtheto analyse the genetic diversity asGymbidium
generations (Allard, 1999). (Choi et al., 2006)Changneienia amoend.i and
Species breeding efforts in orchids are questione@e, 2006) andCypripedium calceoluéBrzosko et
because the improved offspring are sometimesl., 2002).
very different from the wild types. It is well RAPD was an important tool to assess the
known that domestication strongly reducesvariability as inBouganvillea(Srivastava et al.,
sequence diversity at genes controlling traits 02009), Catharanthus roseugShaw et al., 2009),
interest (Allard, 1988; Wang et al., 1999; SalaminiCoffea (C. arabica autogamous - Diniz et al.,
et al., 2002). In populations submitted to constar2005; C.canephoraallogamous - Ferrdo et al.,
selection, where just the superior individuals wer009), cassavavanihot esculenta Ferreira et al.,
promoted for reproduction, the alleles controlling2008) and inPAspidospermdrainforest allogamous
characters of interest had their frequencyree - Torezan et al., 2005).
increased, leading to diversity loss in crop plantén this study, we investigate the variation of wild
(Salamini et al., 2002). In orchids, flower shag®, and bred Cattleya intermediaaccessions using
well as colours, has been improved by breedingkandom Amplified Polymorphic DNA (RAPD) to
flower number, conversely, has decreased. Whilelarify the genetic relationships between breddine
in wild specimens ofC. intermediait is common and accessions collected in the wild. To our
to find plants carrying 5 to 6, or even 10, flowersknowledge, this is the first report of the use of a
per stem, in bre. intermediacultivars no more DNA-based polymorphism assay to assess the
than 5 flowers are present even in exceptionallievel of variability inC. intermediaaccessions.
well developed plants.
Two hypotheses have been suggested to explain
the highest phenotypic differences observe€in MATERIAL AND METHODS
intermediaspecimens: 1. use of improved parents
with flower characters that dramatically differ Plants (accessions) were obtained frQattleya
from the wild specimens in breeding strategies, asermplasm Bank, located at Escola Superior de
the peloric or the called “aquinii” forms and 2.Agricultura Luiz de Queiroz (ESALQ-USP) (Séao
gene introgression froi@attleya loddigesiiwhich ~ Paulo, Brazil) or were kindly supplied by breeders
(Table 1).

Braz. Arch. Biol. Technol. v.54 n.5: pp. 939-94@p80ct 2011



Assessment of genetic diversity@attleya intermedid.indl. (Orchidaceae) 941

Table 1- List of Cattleya intermediaccessions, collection code, flower shape/cotatus, geographical of origin
(State) and donor.

Collection code* Shape/Color Form Status** Origin*** Donor
ESA165 Type wild RS ESALQ-USP
ESA19928 Type Wwild SP ESALQ-USP
ESA20083 Type wild SP ESALQ-USP
ESA20093 Type wild SP ESALQ-USP
ESA20110 Type Wwild SP ESALQ-USP
ESA20162 Type wild SP ESALQ-USP
ESA2804 Type wild SP ESALQ-USP
ESA300 Type wild SP ESALQ-USP
ESA3028 Type wild RS ESALQ-USP
ESA4072 Type wild scC ESALQ-USP
ESA4077 Type Wwild SC ESALQ-USP
ESA4079 Type wild scC ESALQ-USP
ESA4082 Type wild scC ESALQ-USP
ESA4112 Type Wwild SC ESALQ-USP
AO1 Alba Wwild uo Aurora Orchid House
AO2 Aquini coerulea Bred line RS Aurora Orchid House
AO3 Type Bred line RS Aurora Orchid House
AO4 Coerulea Bred line RS Aurora Orchid House
AO5 Multiform Bred line RS Aurora Orchid House
AO6 Orlata Bred line RS Aurora Orchid House
AB1 Alba peloric Bred line RS Alceu Berger
AB2 Amethyst Bred line RS Alceu Berger
AB3 Aquini Bred line RS Alceu Berger
AB4 Sanguinea Wild RS Alceu Berger
AB5 Flamed hatinger Bred line RS Alceu Berger
AB6 Flamed marginata Bred line RS Alceu Berger
AB7 Bordeaux Bred line RS Alceu Berger
AB8 Coerulea Bred line RS Alceu Berger
AB9 Orlata-b46 Bred line RS Alceu Berger
OoM1 Type Bred line uo Cotovia Orchid House
OoM2 Type Bred line uo Cotovia Orchid House
OoM3 Type Bred line uo Cotovia Orchid House
OoM4 Type Bred line uo Cotovia Orchid House
KS1 Pintada do Tenente wild RS KS Orchid House
SC1 Type wild SC Ricardo Scarante
SC2 Type Wild SC Ricardo Scarante
SC3 Type Wild SC Ricardo Scarante
SC4 Type wild SC Ricardo Scarante
SC5 Type Wild SC Ricardo Scarante
SC6 Type Wild SC Ricardo Scarante
SC7 Type wild SC Ricardo Scarante
SC8 Type Wild SC Ricardo Scarante
SC9 Type Wild SC Ricardo Scarante
SC10 Type wild SC Ricardo Scarante
SC11 Type wild SC Ricardo Scarante
SC12 Type wild SC Ricardo Scarante
SC13 Type wild SC Ricardo Scarante
Gw1 Type Wild RS Gerson Willrich
GW2 Coerulea wild RS Gerson Willrich
GW3 Type Bred line RS Gerson Willrich
oG Type Wild RS Otto Georg
oG Suave Wild RS Otto Georg
LJL1 Venosa Wild RS Luis J Linnen
LJL2 Flamed amethyst Bred line RS Luis J Linnen
EF Amethyst Wild RS Eloir Fleck
BM Type wild RS Belmiro Muller
WRS1 Aquini | wild RS Wilson R. Silva
WRS2 Concolor wild RS Wilson R. Silva

*Normal font: plant selected from natural populagpltalic bold: bred lines. All "ESA" plants areatained at ESALQ-USP, S&o Paulo State.
**Wild — plants collected directly from nature, Witut selection; Bred Line — Genotypes selected fpmpulations or from crosses between
selected clones. ***RS - Rio Grande do Sul Stat@-Santa Catarina State; UO - unknown origin.
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Total DNA was extracted from petal fragmentsobserved and He is the expected
preserved in silica gel at -18°C or from youndheterozigosity respectively, obtained by the
green leaves as described by Doyle and D0y|Arquuin software.

(1987). The DNA was dissolved in TE buffer pH

8.0 and quantified at 260/280nm wavelength in a

GENESYS 5 Spectrophotometer (SpectroniRESULTS AND DISCUSSION

Instruments).

PCR was carried out in a reaction volume ofuf5 |n Brazil, C. intermediais distributed in the
containing Tris buffer (20mM Tris-HCI, pH 8.4), Atlantic Forest from Rio Grande do Sul (33 31
50mM KCI, 1.5 mM MgC}, 0.4uM of primer, g8 S 53° 224" W) to Rio de Janeiro (23°08,
0.2uM of each dNTP, 10aqpolymerase and 50- 43° 32 W). This ecological amplitude in
75 ng of template DNA. RAPD amplifications environment space may be the cause of genetic
were performed in a thermo cycler under theariability among theC. intermediageographic
following conditions: 94°C for 3 min for initial populations. Due to the fact that the Atlantic &tre
denaturation and then 40 cycles of 1 min at 94°Gp Southern Brazil is characterized by a high
1 min at 37°C for primer annealing and 90 s aglegree of fragmentation, it is generally agreed tha
72°C for chain elongation. An extra step of 5 minc. intermediais being subjected to a drastic
at 72°C for final elongation was included.population decline in humid forests of this region.
Amplification products were separated byThe majority of the orchids are alogamous, being
electrophoresis in 1.2% agarose gel. Gels wefgollinated by animals (hummingbirds, bees and
stained with ethidium bromide and Visualizedbutterﬂies)_A||ogamous Speciesl by definitione ar
using  Electrophoresis ~ Documentation  andmuch more variable than autogamous (Yanaka et
Analysis System 120 (Kodak Digital Science,al., 2005). In some allogamous species such as
Rochester, NY, USA). A 100bp ladder was used agromus inermisand B. riparius (Ferdinandez and
molecular markers. One hundred and twentyoulman, 2002) variability among populations is
Operon primers (A, C, D, X, Y, Z) were evaluatedhigher than within population. On the other hand,
and only primers with clear and distinct bandsn [olium multiflorum these values can reach 98%
present in two different conditions (75ng and 50ng@yithin populations (Vieira et al., 2004).

of DNA) were considered for the analysis. OnlyRAPD has been used to study the genetic
clear RAPD bands that were reproducible wergariability among populations for different number
scored numerically as present (1) or absent (Opf species, independent of the strategy of
Smeared and weak bands were excluded. Th@production, with success in autogamous (Diniz
binary data obtained was then analysed using th& al., 2005) or allogamous plants (Ferrdo et al.,
NTSYS PC (ROhlf, 1998) Similarities between a.”2009' Shaw et a|_, 2009, Ferreira et a|_’ 2008) In
accessions were estimated using Jaccardgur study, DNA from individuals representing
Similarity Coefficient. Cluster analyses wasBrazilian populations (Table 1) was scored for
conducted on similarity estimates using theolymorphic RAPD loci. Out of 120 primers used
unweighted pair-group method, arithmetic averaggy an initial screen, only seven (A12, A18, CS5,
(UPGMA) and the resulting cluster displayed as €12, C20, D7 and D20) that successfully
dendogram. Bootstrap analysis was done usingmplified DNA fragments of allC. intermedia
1000 replications. accessions were selected and used for statistical
Analysis of Molecular Variance (AMOVA) was gnalyses. The number of selected fragments
calculated by total decomposition of itsamplified by each primer and the percentages of
components among and between accessions usigglymorphic bands are shown in Table 2

the square distances (Excoffier et al., 1992) usingelected primers revealed polymorphic bands that
Arlequin program v. 3.11 (Excoffier et al., 2006).varied from 75% (with OPD-7 and OPD-20) to
Wright's measure of accessions differentiatiom ggos (with OPA-12, OPC-12, OPC-20) of
(Fs7) was also calculated with Arlequin v. 3.11s F polymorphism. Using those primers, a total of 65
(inbreeding coefficient) was calculated by thepands were generated, with sizes varying from 280
formula:Fis =1+ (- Fr)/(1-Fst); and Fkr to 2010 bp, of which 59 bands (95.8%) showed

(overall fixation index) was calculated by thepolymorphism among the examined individuals.
formula: Fr =1-(Ho/He) whereHo is the According to Chen et al. (2006) the genetic
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variability and clone diversity of three rare nafur fragments amplified by each primer and the
populations ofCaldesia grandiscould be assessed percentages of polymorphic bands are shown in
by means of RAPD study, with just 60 highly Table 2.

reproducible bands. The number of selected

Table 2 - Nucleotide sequence, number of bands and nuofiq@slymorphic bands of each primer used for RAPD-
PCR analyses dZattleya intermediaccesions.

Primers Sequence (5= 3) No. of bands scored No. of polymorphic bands ghlymorphism %
OPA-12 TCGGCGATAG 10 10 100
OPA-18 AGGTGACCGT 6 5 83.3
OPC-05 GATGACCGCC 9 8 88.8
OPC-12 TGTCATCCCC 12 12 100
OPC-20 ACTTCGCCAC 12 12 100
OPD-20 ACCCGGTCAC 8 6 75
OPD-7 TTGGCACGGG 8 6 75

Total 65 59 -
Mean 9.3 8.4 90.3

The dendrogram resulting from the UPGMApopulation (0.01626) and their subpopulations (RS
cluster analysisC. intermediausing accessions 0.02515, SC 0.02142 and SP 0.03060) shows that
collected at distant places showed that there wetbhe origin —bred lines and accessions collected in
no grouping pattern differentiating bred plants andhe wild, had a great influence on the results, as
wild accessions (Figure 1). However, since thisvith the exception of plants of unknown
species is distributed in a large area with complegrovenance, all bred lines are originated from RS.
environments and our data have shown that thefiéhese findings could be probably the result of the
IS an obvious inter- and intra-populations genetiextensive use of SC and RS intermediaplants
diversity in C. intemedia, we may consider that in breeding programs, which affect directly the
the found variability is sufficient to encouragegene flow. Also, the genetic difference of SP
continued breeding within the available gene pooplants from both RS and SC accessions, and the
In accordance with other authors that also found law use of the formers in breeding programs,
high genetic flow between orchid populations anad¢ould make them a valuable source of variability
commercial plants (Brzosko et al., 2002; Azeveddor genetic improvement.

et al., 2007), an induced gene flow due to breedinip Platanthera leucophaea rare and endangered
could be involved in the genetic diversity amongorchid, the kr values from RAPD and allozyme
the accessions analyzed in this study. markers (0.889 and 0.754, respectively) were
Overall, the differentiation ) between the wild consistent among both kind of markers and
and bred accessions was no significant (P < 0.0%)dicated a large amount of endogamy as
with an average value of 0.01626. The values afuggested by Walace (2002) and Holsinger and
Fst changed between the overall populations t@Wallace (2004). This was also the case in
local populations - SC, SP or RS, with higherAnthirrhinum subbaeticuniScrophulariaceae), an
values observed when accessions collected in S@ademic endangered plant of Spain, in whigh F
Paulo are considered as an isolated subpopulatioalues ranged from 0.64231 to 0.91061 (Jimenez
(Table 3). et al., 2002).

A low gene flow could lead to highsfvalues However, Cypripedium calceoluqlady's slipper
indicating that populations became endogamiorchid) showed very low 4 (0.014), even in a
and, consequently, for allogamous species, mogopulation characterized by extensive vegetative
vulnerable to gene erosion (Wright, 1978, Allard propagation (Brzosko et al., 2002). Ambiel et al.
1999, Wallace, 2002, Holsinger and Wallace(2008, 2010) estimated thats;Fvalues ranged
2004). from 0.244 to 0.437 inBrachiaria, with the
According Wright (1978) & values ranging from apomitic specie®. brizanthashowing the lowest

0 to 0.05 indicates that subpopulations are ndtsy, but with the highest number of polymorphic
genetically different. In our case, thgrFor all bands as an indication of higher variability.
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Figure 1 - Dendrogram based on UPGMA cluster analysis andJ#ueard’s Similarity Coefficient of
RAPD data generated by seven random primers f&¢.58termediaaccessions (wild: normal
font; bred lines: italic and bold). Numbers on bianches are bootstrap values. Scale (bottom)
is the dissimilarity index. The individuals are édlled with the codes listed in Table 1.

Table 3 - Wright’'s measure of population differentiatiofsf) and inbreeding (E), observed H,) and estimated
Heterosigosity le) using RAPD markers faCattleya intermediand three subpopulations.

Population* Fst Fis H(sD) He(sb)

C. intermedigoverall) 0.01626 -0.3201 0.5273(0.225) 0.4060(0.113)
C. intermedigRS plants) 0.02515 -0.357% 0.5372(0.231) 0.4231(0.124)
C. intermedigSC plants) 0.02142 -0.348% 0.5357(0.242) 0.4018(0.110)
C. intermedigSP plants) 0.03060 -0.2930¢ 0.5089(0.276) 0.4087(0.119)

P-value (<0.05)
SP - Sd0 Paulo State, RS - Rio Grande do Sul &at&C - Santa Catarina State; # - significantab$ F test

Cattleya intermedia bred materials are very al. (1999). In orchids, flower shape, as well as
distinct from wild plants, mainly in characterigtic colour, has been improved by Brazilian breeders
such as flower number and shape, which isising superior plants to develop flower qualityt bu
consistent with the domestication syndrome awith an additional cost in decreased flower
proposed by Koinange et al. (1996) and Wang etumber. If this would happen in the wild it could
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be a trade off event, but in this case is a driven dissimilarity as shown by RAPD Marker€rop Breed
selection effect. In wild specimens o€. Asgliosp %Oﬁih'l%fj;ts RE. Cru. Cb- Valle. C.B
e PlrLs S 2009, Dt e eapicis diacrra

. ) : ! baseada em diferentes grupos de caracteres
exceptionally developed breeding lines cannot morfolsgicosRev Bras Zoote®2, 576-584
produce more than five good shaped flowers.  Azevedo, M.T.A.; Borba, E.L.; Semir J.; Solferini, V.N.
Despite these evident morphological differences (2007), High genetic variability in Neotropical
the analysis of genetic distance using RAPD myophilous orchidsBot J Linn Soc]S3 33-40
markers evidenced that the wild and bré&d Bicalho, M. (1977)Native Orchids of BrazilAssociacao

. . . Orquidofila de Sao Paulo
intermediagenotypes are closely related, I"Jlem("Brzogko, E.; Wréblewska, A. and Ratkiewicz, M. (2002),

significant divergences. The decrease genetiCgpqtial genetic structure and clonal diversity siid
variability that is detected in populations due to populations of lady's slipperCgpripedium calceol)s
driven selection (Wang et al., 1999) could be not from the Biebrza national park (northeast Polah
found in this work. This could be due to the early Ecol,11, 2499-2509

stages of domestication 6f intermediaor by the ~Chen. J-M.; Gituru, W.R.; Wang, Y-H. and Wang, Q-F.

recurrent use of wild superior forms (selected (2006). The extent of clonality and genetic diviyrsn
the rareCaldesia grandigAlismataceae): Comparative

plants) in the breeding programs. It is aISQ W_e” results for RAPD and ISSR markerdquat Bot, 84,
documented that although most domestication 3g91-307

traits are quantitatively controlled, the dramaticChoi, S.H.; Kim, M.J.; Lee, J.S. and Ryu, K.H. (2Q06)
morphological changes that accompanied Genetic diversity and phylogenetic relationship agon
domestication may be due to relatively few genes and within specigs of. oriental cymbidiums based on
(Koinange et al., 1996). Therefore, the genetic RAPD analysisSci Hortic 108 79-85

. . . emeke, T.; Adams, R.P. and Chibbar, R. (1992),
variability present in the wild and bre€. Potential taxonomic use of Random amplified DNA

intermedia accessions, including variations in (RAPD): a case study iBrassica Theor App Gen84,
flower shape and number, precocity, texture and 990-994

substance (the thickness of floral parts), may bbBoyle, J.J.and Doyle J.L. (1987), A rapid DNA isolation

the result of plant domestication and the use of method for small quantities of fresh tissuBlytochem
; Bull Bot Soc Amer19, 11-15
superior genotypes. Dressler, R.L. (1993), Phylogeny and Classificatibthe
orchid family. Dioscorides Press. Oregon
Dressler, R.L. (2005), How Many Orchids Species.
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