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Resumen

Se estudiaron por prinera vez |os nunmeros cronpsém cos somaticos y se aplicaron técnicas de bandeo O\/A3/ DAPI a
nueve especi es de Schinus del sur de Arérica del Sur: S. areira S. fasciculatus, S. johnstonii, S. longifolius, S. o donellii, S
pat agoni cus, S. praecox, S. roigii, y Schinus sp. (una nueva especi e ain no descripta afina S praecox). Todas | as especi es
presentaron 2n = 28, resultados que sugieren un nlmero basico de x = 7. Los cronosomas fueron de tanmafio pequefio,
m di endo desde 0,6 a 1,9 pm El largo total del genoma hapl oi de en todas | as especi es estudi adas fue en pronedio de 1,1 um
d nco especies (S. areira S fasciculatus, S. longifolius, S o' donellii, S. roigii) presentaron un par cronosénico de nayor tanafio
con un satélite en el brazo corto. Se realizaron bandeos cronpsénicos con QA /DAPl en todas | as especies, excepto en S.
longifolius por escasez de material. Con esta técnica, aplicada aqui por prinera vez en Anacardi aceae, se observ6 un par
cronosém co con una banda OVA"/DAPI~ terminal, asociado con |a regi6n organizadora nucleolar. En ninguna especie se
observaron bandas CMA'/DAPI .

Pal abras clave: nameros cronopsém cos sométicos, bandeos QWA / DAPI ,

Schinus, Anacardi aceae.

Abstract
We here present results on the somatic chronpsone nunbers and CNAS/DAPI banding of nine southern South
Anerican Schinus species: S areira, S fasciculatus, S johnstonii, S longifolius, S o donellii, S patagonicus, S praecox, S roigii, and

Schi nus sp. (a new species to be described akinto S. praecox). Al species were exam ned cytol ogically for the first time and
showed 2n = 28, a result suggesting that x = 7 is the basic nunber for the genus. Chronosones were snall in size, ranging
from0.6 to 1.9 um being quite honmbgeneous anmong all the species anal yzed. The average chronosone length for all the
speci es studi ed was 1.1 pmin average. Five species (S. areira S fasciculatus, S longifolius, S. o' donellii, S roigii) hadalarger
chronosone pair that bore a small ternminal satellite in the short arm whereas the remaining speci es showed honobgeneous
si zed chronmpsones with a pair with terninal satellites in the short arm CNA3/DAPI doubl e staining was performed in all

speci es, except S. longifolius for which we had not enough naterial. This technique, appliedfor the first tine for Anacardi aceae,

reveal ed one chronpsome pair with a CVA/DAPI™ terminal band, associated with a nucleolar chromosome. No bands
OVA'/DAPI © were detected in any species.
Key words: somatic chronosonme nunber, CIVA3 / DAPI bandi ng, Schinus, Anacardi aceae.

I ntroduction

The genus Schinus L. bel ongs to Rhoeae, the | argest speci es have become established i n tropical and warm

tribe of Anacardi aceae (Mtchell & Mori, 1987), and regions of the Wrld, where they were introduced

comprises around 30 South American species  (parodi, 1980). S areiraL. (known as “Peruvi an pepper

(Barkl ey, 1957; Mifioz, 2000). Its range of distribution tree”, “aguaribay”, “aroeira vermel ha", “cornefba”,

i ncl udes Peru, Bolivia, Chile, Paraguay, Brazil, Argentina,
and Uruguay. Its center of diversificationis thought
to be northern Argentina (Barkley, 1957), a region

where 22 species grow spontaneously. Sonme Schinus

etc.) iswidelycultivated for the abundant production
of coral-red odorific fruits which contain essenti al
oi | s and pi peri ne and are used as condi ment (Bricher,

1989) .
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These plants are shrubs or trees with alternate
| eaves and are typical because of its fruit: a small
drupe with a thin exocarp and a resi nous mesocarp
that adheres to a bony endocarp (Barkley, 1957).
Concerning its reproduction, they are pol yganp-

di oeci ous (Mifioz, 2000).

In spite of the systematic, evolutionary, and
cytol ogical inportance of the chronpsone nunbers,
t he genus Schinus has been scarcely studied fromthis
poi nt of view As fewas two speci es have been reported
so far: S nolleL. (Schnack & Covas, 1947; Copel and,
1959; Oginune et a ., 1993), and S polyganus (Cav.)
Cabrera (Schnack & Covas, 1947). This lack of
know edge may be due to the small chronpsone size
of the menbers of the famly (e.g., Caceres & Avil a
Todesco, 1987; Vogt & Aparicio, 1999; Fasi hi Harandi
& CGhaffari, 2001), a circunstance that al so prevents
bui | di ng karyot ypes. For the Anacardi aceae as a whol e,
the original basic chronpsonme nunber is x =7, with
nost of the evol ution proceeding at the tetraploid
| evel (Raven, 1975). The avail abl e chr onosone reports
show a wi de range of nunbers: 2n = 30, 40, 28, 32

and 20 i n decreasi ng order of frequency (e.g., Fedorov,

1969; Col dbl att, 1985; Gol dblatt & Johnson, 2000).

Chromosome | ocation and cytochemi cal
characterization of constitutive heterochronmatin by
fl uorescence staining procedures has been applied
with success in several plant famlies (e.g., Querra,
2000;

Souza & Benko-I|seppon, 2004), but in

Anacardi aceae it has not been attenpted.

Upon this background, in this contribution we
present results on the somatic chronpsonme nunbers
and CMA,/ DAPI banding of nine Shinus species that

grow natural ly i n southern South Aneri ca.

Mat eri al and nethods

Al species anal yzed were col lectedinthewld, in
Argentina. Vouchers are kept in the herbarium of
the Facul tad de Agronomia - Universidad Naci onal

de La Panpa (SRFA).

Seeds were soaked for 24 h in running water and

then put in Petri dishes on noist filter paper and
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stored at 30°C. Root tips were fixed in a 3:1
et hanol : acetic acid m xture, after pretreatnent in
saturat ed sol uti on of 8-hydroxyquinoline for 3 h; they
were stored in 70%et hanol at 4-6°Cuntil required.
For slide preparation, root tips were hydrolyzed with
HCl 1 N for 30 min at roomtenperature and then
washed, stained with Feul gen for 2 h, and squashed
in a drop of 2% acetic carm ne. Permanent nounts
were made following the nmethod of Bowen (1956).
The nunber of individuals and cells exam ned are

includedintable..

CMA,/ DAPI  double staining was perforned in
al | the species studied, except S longifoliusfor which
we had few seeds avail abl e (Tabl e 1). The neri stens
were washed twice indistilled water (10 nin each),
di gested with a 2%cel | ul ase-20%pecti nase sol ution
(30 min) and squashed in 45%acetic acid. Only one
root tip was used in each slide. After coverslip renoval
inliquidnitrogen, the slides were aged for three days,
stained with CMVA, (1 h), counterstained with DAPI
(30 mn), and finally mounted in Ml vaine's buffer-
glycerol v/v 1:1. Inall species, threeindividual s and

ten cel | s were observed.

Met aphases were photographed with a phase
contrast optic Axi ophot m croscope and pi ctures were

taken with a Leica DFC300FX canera.

Resul t s and Di scussi on

Al taxa are exam ned cytol ogically for the first
time and show the somatic chronpbsome number 2n
=28 (Table 1, Fig. 1, 2). The chronpsones are snal |
in size, ranging fromO0.6 to 1.9 uym being quite
honogeneous among the species analyzed. The
aver age chronmosone | ength for the species studied
is1l.1um(+£0.25). It isinterestingtonotethat in
five of them(S areirg S fasciculatus, S longifolius, S
o' donellii, and S roigii) thereis alarger chronobsone
pair that bears a snall satelliteinthe short arm(F g.
1, 2). Regarding the chronosone type, all of them

seemto be either nmetacentric or subnetacentric.

The double staining with CMA,/ DAPI reveal ed

one chronosome pair with a CVAY/ DAPl~ term nal
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band (Fig. 2), in the species examined with this
technique. This band is associ ated with a nucl eol ar
the other hand,

chronosone. On no bands CMA"/

DAPl * were detected in any species.

As observed i n Shinus, woody angi osperns nostly
have smal | chronosones with little differences in size
bet ween rel at ed speci es or genera (e.g., Stebbins, 1971;
Ehrendorfer, 1976). Thus, it seems that the
di versification in the genus Shinushas been associ at de
with a few chronpsone rearrangenments visible with
conventional and CMA/ DAPI staining, i.e. large
duplication, pericentric inversions, and reciprocal
transl ocation of segnents of unequal size. Inthis sense,
cunul ative small and cryptic structural changes nmay
have occurred and have played aroleinits evol ution,
as reported in other angiospernms (Bernardello &

Ander son, 1990; Acostaet al., 2005).

The somatic chronosome number 2n = 28 was
reported for the only two previously studi ed speci es:
S polygamous and S nmolle (Schnack & Covas, 1947;
Qgi numa et a., 1993, respectively); however, Copel and
(1959) also informed 2n = 30 for the | atter species
as part of an enbryol ogi cal study, areport that has to
be confirmed. These results suggest that x =7 is the
basi ¢ nunber for the genus Schinus, in agreenent with
the original basic chronpsonme nunber proposed for
t he Anacar di aceae by Raven (1975). In addition, 2n
= 28 was reported for other genera of the famly,
such as Lannea Hstacia and Schinopsis (e.g., Fedorov,
1969; Col dbl att, 1985; Gol dblatt & Johnson, 2000).
However, Anacardi aceae is heterogeneous in their
chronosone nunbers, with these nunbers reported:
2n = 30, 40, 28, 32 and 20, in decreasing order of

frequency (e.g., Fedorov, 1969; Gol dblatt, 1985;
Col dbl att & Johnson, 2000). Thus, with the avail abl e
data no trends within the five recogni zed tribes of

the famly (Mtchell & Mori, 1987) can be drawn.

Pol ypl oi dy was a rel evant evol uti onary nechani sm
for the famly, as it was for vascul ar plants as a whol e
(Bretagnolle et a .,

1998). According to Wendel

(2000), approxi mately 70% of angi osperns speci es

coul d be consi dered pol ypl oi dy, as happens wi t h nost
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Anacardi aceae. The nmmjority of its chronpsone

reports indicate 2n =30, 40, and 28, i.e., the evol ution
of the famly was at the tetraploi d|evel. Neverthel ess,
it should be mentioned that the fam |y has been
scarcel y exam ned cytol ogically: as fewas 14%of its
chronmosone

ca. 875 species are known in their

nunbers (e.g., Fedorov, 1969; Coldblatt, 1985;

Gol dbl att & Johnson, 2000).

Both Gadek et al. (1996) and Pell & Urbatsch
(2000) used the chl oropl ast gene rbcL to investigate,
in a nol ecul ar phyl ogenetic context, all fanilies
included in the order Sapindal es (sensu APG 2003).
According to these results, Burseraceae and
Sapi ndaceae are the nost closely related famlies to
Anacar di aceae. The scarce chronpsone data avail abl e
indicate that Burseraceae has 2n= 22-26, and
Sapi ndaceae show 2n = 22, 24, 28 and 30 (Fedorov,
1969; Col dbl att, 1985; Gol dbl att & Johnson, 2000).
Al though the numbers are variable, in the three
fanmilies polyploidy is frequent and the basi c nunber
goes fromx= 7 to x= 9. The sane is valid for the
other famlies of the order: Meliaceae (2n = 28, 42
and 52) and Rutaceae (2n = 18 and 20) e.g., (Fedorov,

1969; Col dblatt, 1985; Gol dbl att & Johnson, 2000).

Regardi ng t he appl i cation of fluorochrone bandi ng
on Anacardi aceae, it should be nentioned that we
found no previous reports. Published data on tropical
variation in the

woody plants show a great

het erochromatin distribution (Mrawetz, 1986); on
the contrary, our data on Schinusreveal a honbgenous
distribution. After the double stainingwith CM(-\3/
DAPI, one CMA'/DAPI -~ band could be observed in
al | studied speci es, probably corresponding to a NOR-
associ at ed heterochronatin, as found i n other species
fromother fam lies (Mrawetz, 1986; Guerra, 2000).
Thi s evi dence suggests that Shinus species arerel atively
poor in heterochromatin, atypical feature of plants
with snall

2005) .

chronmosones (Guerra, 2000; Gtai eta.,

Ot her fam |lies of Sapindal es have been studi ed
with CMA/ DAPI. As the Shinus speci es here studied,
few

in Uvillea (Sapindaceae) there is
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het erochromati ne as CMA+ bands (Urdanpilleta et

a., 2006). On the other hand, in Qtrus (Rutaceae)
there are many di fferent heterochromati c bands that
are useful to differentiate species (Guerra, 1993;
Cornelio et a., 2003). These results showthat nore
cytol ogical data on these interesting plants are badly
understand the chronosomal

needed to fully

evol ution within Shinus.

Acknowl edgement s

The authors thank Consejo Nacional de

I nvestigaciones Cientificas y Técni cas (CONI CET),
SECYT

(Universidad Nacional de Cdérdoba,

Argentina), Agencia Cordoba Ciencia S.E., and
Facul tad de Agrononia (Universidad Naci onal de La

Panpa) for financial support.

Literature Gted

Acosta, M C., G Bernardello, M Guerra & E. A
Moscone. 2005. Karyotype analysis
Sout h American species of Solanum and Lyci ant hes

Taxon 54: 713-723.

in several

rantonnei (Sol anaceae).

Angi osperm Phyl ogeny Group |1
update of
classification for the orders and fam |ies of flowering

APG ||. Bot. J. Linn. Soc. 141: 399-436.

[APG]. 2003. An
the Angi osperm Phylogeny Group

pl ants:

Barkl ey, F. A 1957. A study of Schinus L. Lilloa 28:
5-110.

Ber nardel |l o, L. M & G. J. Anderson. 1990.
Karyotypic studies in Solanum Section Basarthrum

(Sol anaceae). Aner. J. Bot. 77: 420-431.

Bowen, C. 1956.
nmaki ng slides permanent.

Freezing by liquid carbon dioxide in
Stain Technol. 31: 90.

Bretagnolle, F., F. Felber, F. G Calane & P. Kupfler.
1998. La pol ypl oide ches | es pl antes. Bot. Hel vetica
108: 5-35.

Briucher, H. 1989. Useful plants of Neotropical origin.
Springer-Verlag, Berlin Heidel berg, New York.

Caceres, M E. & P. Avila Todesco. 1987.
Crompsomas nito6ticos de Schinopsis haenkeana y

Loxopt eri gi umgri sebachii (Anacardi aceae). Kurtziana

19: 47-51.

Copel and, H. F. 1959. The reproductive structures of
Schinus molle (Anacardiaceae). Madrofio 15: 14-
25.

Cornelio, M T. M N, A R Figueiroa, K G B.
Santos, R Carvalho, W S. Soares Filho, & M
Guerra. 2003. Chronosomal relationships anong

cultivars of Qtrus reticulata Blanco, its hybrids and
rel ated species. Plant Syst. Evol. 240: 149-161.

Ehrendorfer, F.
chromosomal

1976. Evolutionary significance of

differentiation patterns in
Gymosperns and primtive Angiosperns., In C.
B. Beck [ed.], Origin and early evolution of
angi osperns. Columbia University Press, New York
and London.

Fasi hi Har andi , 0. & M. Ghaf fari. 2001.
Chronosone studies on Pistachio (Pistacia veral.)

from lran. Options Mdit. 56: 35-40.

Fedorov, A. A (ed.). 1969. Chronosome nunbers of
flowering plants. Reprinted 1974 by O. Koeltz Sci .

Publ ., Koeningstein, Gernany.

Gadek, P. A, E S
Hoot, T. Terrazas
Sapindal es:

Fernando, C. J.
& M W
Mol ecul ar

Quinn, S. B.
1996.
delimitation and
83: 802-811.

Chase.

infraordinal groups. Anmer. J. Bot.

& AL M
features and
Evol . 253:

Gitai, J., R
2005.
Bronel i aceae.

Horres, Benko-1seeppon.
evol ution of

65-80.

Chr omosomal

Pl ant Syst.

Index to Plant Chromosome
Syst. Bot. M ssouri

Gar den.

Gol dbl att, P. 1985.
numbers 1982-1983.
Bot. Gard. 13.

Monogr .

M ssouri Botani cal

Johnson. 2000.
1998-1999.
Gard. 43.

Gol dblatt, P. & E.D. Index to Plant
Chronosome numbers

Bot. M ssouri Bot.

Monogr .
M ssouri

Syst.
Bot ani cal
Garden.

Guerra, M 1993. Cytogenetics of Hi gh
chronosonal variability in Citrus species reveal ed
by CMA/ DAPI Heredity 71: 234-241.

Rut aceae. V.

stai ni ng.

heterochromatin
Genet. Mol.

Guerra, M 2000. Patterns of
distribution in plant chronpsones.
Biol. 23: 1029-1041.

D. & S. A Mri. 1987. The Cashew and
(Anacardi um Anacardi aceae). Mem
Gard. 42: 1-76.

Mtchell, J.
its relatives
New York Bot.

Mor awetz, W 1986. Remarks on karyol ogical

differentiation patterns in tropical woody plants.

Plant Syst. Evol. 152: 49-100.
Muifoz, J. D. 2000. Anacardi aceae. Fl ora
Fanerogéamica Argentina, fasc. 65: 1-28

CONI CET, Cordoba, Argentina.

Ogi numa, K., A. Kato, H Tobe, S. G Mathenge, &
F. D. Juma. 1993. Chronosomes of some woody
plants in Kenya. Acta Phytotax. Geobot. 44: 53-
58.

Parodi, L. R. 1980.
agricultura y jardineria. 3% ed.

Encicl opedia argentina de
Ed. Acme, Buenos
Aires.

Pell, S. K. & L. Urbatsch. 2000. Evaluation of
evol utionary rel ationshi ps in Anacardi aceae using

mat K sequence data. Aner. J. Bot. 87 (suppl.): 149.

Arnaldoa 13(2): 270 - 275, 2006



Las Pefias et al.: Cytogenetic studies in Schinus

Raven, P. H. 1975. The bases of angi osperm phyl ogeny: Urdanpilleta, J. D., M S. Ferrucci, J. M D.

cytology. Ann. Mssouri Bot. Gard. 62: 724-764. Torezan, & L. L. Vanzela. 2006. Karyotype
rel ationshi ps anong four South American species
of Urvillea (Sapindaceae; Paullinieae). Plant Syst.
Evol . 258: 85-95.

Schnack, B. & G. Covas. 1947. Estudios cariol 6gi cos
en antofitas. Haumania 1: 32-41.

Souza, M. & A. N. Benko-Ilseeppon. 2004.
Cytogenetics and chronmosone banding patterns in
Caesal pi ni oi deae and Papi | i oni oi deae speci es of Par4,
Amazonas, Brazil. Bot. J. Linn. Soc. 144: 181-191.

Vogt, R & A Aparicio. 1999. Chronosome nunbers
of plants collected during Iter Mediterraneuml!Vin
Cyprus. Bocconea 11: 117-169.

Wendel, J. F. 2000. Genonme evolution in polyploids.
Plant Mlec. Biol. 42: 225-249.

Stebbins, G L. 1971. Chromosomal evolution in
hi gher plants. E. Arnold, London.

< 4§ _
'tHJ;II. . »

Fig. 1: Metaphase chronpsonmes of Schinus species; a S. areira; b. S. fasciculatus; c. S. johnstonii; d. S. longifolius;
e. S o'donellii; f. S patagonicus; g. S praecox; h. S roigii;i. S sp. Acrows indicate the pair of |arger chronosones.
Bar corresponds to 5 um

l'_h‘_.l.a.
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2: Chronosomes of Schinus species after sequential staining with the
fluorochromes DAPI (a, c, e, g) and CMAg(b, d, f, h). a-b. S. areira; c-d S.

fascicul at us;

e-f S. praecox; g-h S. johnstonii. Arrows mark CMA"/ DAPI ™~ NOR-

associ ated heterochromatin. Bar corresponds to 5 pum
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