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Abstract: The nutritional, therapeutic and ecological value as well the dioeciously state of

Hippophaë rhamnoides L. explains the increased interest on this plant for both scientific

community and farmers. The evaluations of sea buckthorn from Romania are performed

based primarily on phenotypic expressions and biochemical particularities. Thus, the aim

of this study was to identify the cytogenetic characteristics of sea buckthorn from natural

and cultivated populations in order to determine the genetic variation at chromosome

level. The number and structure of the mitotic chromosomes from ten populations were

analyzed using classical staining methods and C-banding. The first observation is their

small size, incomplete spreading and incomplete condensation. The prevalence of

metacentric and submetacentric chromosomes was observed, although the centromer

position is quite different and the morphological classification of the chromosomes is

characteristic for each population. In the natural populations (for example, Proviţa and Sf.

Gheorghe) subtelocentric chromosomes were identified, but this morphotype is only an

exception for the cultivated populations. Our research confirms the fact that, the sex

chromosomes of sea buckthorn cannot be identified morphologically. Because the results

of the cytogenetic studies are not conclusive regarding intra- and interpopulational genetic

variability the most appropriate approach is DNA marker-based.
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Introduction

Sea buckthorn (Hippophaë rhamnoides L.), a member of the Elaeagnaceae

family, is a hardy shrub native to Mongolia and Siberia. According to Bartish et al.

(2006), this species comprises eight subspecies: four distributed in central and eastern

Asia (subsp. mongolica, turkestanica, sinensis and yunnanensis) and four in either

Europe (subsp. rhamnoides, fluviatilis and carpatica) or Asia Minor (subsp. caucasica).

It is a temperate plant, but is very adaptable to extreme conditions, including

temperature variations between -43° C to 40°C, high altitude, arid or wet soils, salinity

and alkalinity (Ercisli et al. 2008), particularities which explain its broad geographical

distribution and contribute to their extensive diversity.

Growing as a thorny shrub, sea buckthorn reaches 2 to 4 meters high and has an

extensive root system which can penetrate to 3 meters. In addition it has the ability to

fix atmospheric nitrogen by nodule root symbiosis with a soil actinomycete from genus

Frankia. The combination of all these attributes makes sea buckthorn an ideal plant for
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erosion control and windbreak, but these represent only a small part of the numerous

utilizations of this plant.

The medical qualities of sea buckthorn are relatively new for Europe and North

America, but well known in Asia, where the first mentions belong to the traditional

Tibetan medicine, dating more than a millennium ago (Tang 2002). The fruits, seeds

and leaves contain an impressive array of antioxidant compounds. Thus, the berries

are very rich in vitamin C, vitamin E, carotenoids, flavonoids, sterols, superoxide

dismutase and polar lipids. The leaves are equally rich source of antioxidants,

including beta carotene, vitamin E and significant concentrations of calcium,

magnesium and potassium. Also, sea buckthorn is a good source of fatty acids,

including a spectrum of mono-saturated fatty acids. The nutritional and therapeutic

value of sea buckthorn explains the increased interest on this plant for both scientific

community (Li 2007) and fanners.

In Romania Hippophaë rhamnoides L. is represented by two subspecies:

H. rhamnoides subsp. carpatica Rousi and H. rhamnoides subsp. rhamnoides, spreading

from the Southern Sub-Carpathian hills to the Eastern Subcarpatian hills, along the main

rivers and their tributaries and also in Danube Delta and at the Black Sea shore. Because

the wide geographical distribution is based on a high level of genetic variability, which

is reflected on morphological and biochemical diversity is important to determine the

level of the genetic variation in and between the wild and the cultivated populations of

sea buckthorn.

Earlier evaluations of sea buckthorn from Romania were performed based

primarily on phenotypic expressions and biochemical particularities (Uluitu et al. 1995,

Brad et al. 2002, Rati & Rati 2003). Nevertheless, information from the morphological

environmentally influenced characteristic is not sufficient to identify the genetic

variation of this species, because the differences are often subtle and misleading (Ercisli

et al. 2008). Thus, is extremely important to analyze the genetic particularities at the

DNA level using molecular markers. Worldwide the genetic identification of sea

buckthorn populations was performed using RAPD and ISSR markers (Persson &

Nybom 1998, Jeppsson et al. 1999, Bartish et al. 2000, Tian et al. 2004, Singh et al.

2006, Chen et al. 2008, Ercisli et al. 2008).

In the last years, few cytogenetic studies on some Romanian varieties of sea

buckthorn were published, but until now no DNA marker-based study was carried out

(Cîmpeanu et al. 2004, Trată et al. 2007).

The main goal of this study was to identify the cytogenetic characteristics of the

dioecious species Hippophaë rhamnoides L. from natural and cultivated populations in

order to determine if there is genetic variation at chromosome level. This study

represents the first step in research of DNA marker-based which has as a final objective
the improvement of the selection and breeding programs.

Material and methods

Sample collection

Seed samples for cytogenetic analysis were collected during 2009 year from five

populations in native state and seven cultivated varieties of Hippophaë rhamnoides

subsp. carpatica Rousi. Table 1 presents the list of all populations analyzed with their
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localization for the natural ones and the locality of origin for the others. Sampling sites

were chosen to give a good representation of the distribution area of this species in

Romania. After collection, the seeds were placed to germinate at 22°C, in dark and roots

(5-10 mm in length) were harvested.

Analysis of mitotic chromosomes by classical staining method

The roots were immersed in colchicine 0.05% solution for 2 hours at room

temperature, and fixed in ethanol: acetic acid 3:1 for 24 hours in refrigerator. After 8

min. hydrolysis in HCI IN at 60°C, the samples were stained. Three different staining
methods were tested: Schiff reagent (basic fuxine), Carr-Walker stain and aceto-iron

hematoxilin (Schwendiman 1992). The best results were obtained when Carr-Walker

method (Carr & Walker 1961) was used. The microscopic slides were made using the

classical squash method, analyzed with Amplival microscope and photographed.

Analysis of mitotic chromosomes by C-banding
For accurate identification of metaphasic chromosomes C-banding procedure

was used. This method stains selectively the constitutive heterochromatin and is based

on the preferential DNA loss as a result of depurination and denaturation. The roots

were immersed for 8 min. in HCI IN at 60° C and squash slides were made. Then they

were treated with Ba(OH) 2 5%, for 5 min. at 50° C and incubated for 1 hour in solution

2XSSC (NaCl 3M and sodium citrate 0,3M, pH = 7) at 60° C (Raicu et al. 1983). After

washing with distilled water the slides were stained with 4% Giemsa solution in

phosphate buffer (pH = 6.8). Dried slides were then analyzed with optic microscope.

Table 1

List of the Hippophaë rhamnoides L. populations from Romania analyzed for number and

structure of mitotic chromosomes

1 For the natural populations is indicated the sampling site and for cultivated varieties the locality

of origin.

Results and discussion

During this study the number and structure of the mitotic chromosomes from

twelve populations of Hippophae rhamnoides L. were analyzed using first the classical

Population

Type

Geographical

Region

Sampling site/Origin locality
1

Commercial

name

Natural DanubeDelta Sulina

DanubeDelta

Prahova

Sf. Gheorghe

Teisani

Prahova Proviţa

Argeş 45 km down stream Bâlea Lac

Cultivated Danube Delta

Danube Delta

Danube Delta

Danube Delta

Sf. Gheorghe

Sf. Gheorghe

Sf. Gheorghe

Sf. Gheorghe

Diana

Victoria

Ovidiu

Auras

Bacău Serbanesti Tiberiu

Bacău Serbanesti Silvia

Bacău Serpeni Serpenta
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staining methods. In order to improve the microscope identification of the chromosomes

we have tested three different staining methods, and finally we have selected Carr-

Walker staining which allows a better visualization. For every population the

chromosomes were ordered according their size and morphology and the karyotypes

were realized.

The interphase nucleus for the majority of studied populations shows the

presence of condensed centers which generally correspond to the individual

chromosomes observed during mitotic cell division.

The first observation on the mitotic chromosomes of all studied populations is

their small size, incomplete spreading and incomplete condensation. The overall length

of the chromosomes seems to be similar in all populations, but an exact measurement

can be performed only ifall chromosomes are equally condensed.

An interesting particularity observed in many populations is the fact that, even

in late prophase the ends of the chromosomes are weak colored and diffuse, this

characteristic being maintained in the early metaphase (Fig. 1). Similar aspects were

described for other plant species too, for example species belonging to the genus

Impatiens (Tischler 1951).

Late prophase in Hippophaë

rhamnoides L. from 45 km down

stream Bâlea Lake. The diffuse ends

of each chromosome are observed

Fig. 1.

The diffuse ends of metaphasic chromosomes worsen their precise identification

and measurement but allow the determination of the exact number. In both natural and

cultivated populations the chromosomal complement was 2n = 2x = 24 chromosomes.

The chromosome number more often reported for Hippophaë rhamnoides L. is

2n = 2x = 24 (Darmer 1947, Rousi & Arohonka 1980, Cîmpeanu et al. 2004), which

suggests a lack or a small level of numerical variation within this species. Nevertheless,

in literature is mentioned the presence of polyploid forms (Darmer 1947, Budashkina

cited by Truţă et al. 2007) but without any other specifications. For the Romanian

populations (natural or cultivated) the studies carried out until now did not confirm the

polyploid state, which generally speaking, confers for many plant species, high vigor
and productivity. Truţă et al. (2007), after the analysis of mitotic chromosomes in some

Romanian varieties of sea buckthorn, noticed the
presence of cell with other
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chromosome numbers (2n=32 or 36), but in our study such type of numerical variation

it was not observed.

From morphological point of view, by classical staining, the prevalence of

metacentric and submetacentric chromosomes was observed, although certain

differences between populations were recorded. Thus, the centromer position is quite

different and consequently, the morphological classification of the chromosomes is

different for each analyzed sample. The population from Proviţa (Prahova) has a

greater number of submetacentric chromosomes (chromosomes I, IV, V, VI, VII, IX),

two subtelocentric chromosomes (XI and XII) and the remaining being metacentric.

While the degree of representation for each morphological class is the same, for other

natural populations each class is composed by different chromosome pairs. For

example, as it can be seen in Fig. 2a-b, in the spontaneous population from Sf.

Gheorghe (Danube Delta) the metacentric chromosomes belong to the pairs I, 11, VI

and VIII, submetacentric to 111, IV, V, VII. IX and X pairs and the subtelocentric to

XI and XII pairs.

Mitotic chromosomes in Hippophaë rhamnoides L. from Sf. Gheorghe (Danube

Delta), a. mitotic metaphase; b. karyotype
Fig. 2.

In contrast with the natural populations, at the cultivated taxa 'Silvia' (originated

from Serbanesti, Bacău) the presence of the sutelocentric chromosomes was not noticed.

The karyotype of this variety shows seven pairs of metacentric chromosomes (I, 11, 111,

VII, VIII, X, XI) and five pairs of submetacentrics (IV, V, VI, IX and XII) (Fig. 3a-b).

Mitotic chromosomes in Hippophaë rhamnoides L. 'Silvia' (Şerbăneşti)

a. mitotic metaphase; b. karyotype
Fig. 3.
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Concerning the chromosome morphotype, the nomenclature used is not the same

in all studies, thus is not easy to compare the obtained results. In our study we have

identified subtelocentric chromosomes, with very short p arms, almost

indistinguishable, which were present in some of the metaphase plates. These

chromosomes were included in this morphotype, using the nomenclature of Levan et al.

(1964). It must be mentioned that for Romanian populations of sea buckthorn this

chromosome type was reported only as an exception for pair XII of 'Coteni-Buhoci'

cultivar and pair 111 of'Letea 3' cultivar (Truţă et al. 2007).

The presence of median and submedian centromeres is prevalent in all

populations and this particularity shows a certain degree of uniformity for the mitotic

chromosomes morphology of Hippophaë rhamnoides L. (Rousi & Arohonka. 1980,

Truţă et al. 2007, Cireaşă & Dascălu 1984, Cîmpeanu et al. 2004). The minor

differences noticed between the analyzed populations are not correlated with their state:

spontaneous or cultivated, no characteristic pattern being identified.

Because the classical staining it was not enough for the exact identification and

pairing of the chromosomes, we also used the C-banding procedure. The best results

were obtained for the natural population from Proviţa (Prahova), and the chromosomes

were grouped according their size and morphology, the corresponding karyotype being

realised (Fig. 4a-b). The comparative analysis of this karyotype and the idiograme

published by Rousi & Arohonka (1980) for Hippophaë rhamnoides subsp. rhamnoides

shows obvious similarities regarding C-pattern (centromere position and other C4}ands

along the majority of the chromosomes). The greatest difference was observed between

the smaller pairs of chromosomes.

Fig. 4. Mitotic chromosomes in Hippophaë rhamnoides L. from Proviţa -

C-banding. a. mitotic mctaphase; b. karyotype

Another important aspect regarding sea buckthorn is its dioecious sexuality.

Generally, gender is genetically determined in dioecious plants either by presence of

distinguishable chromosomes, or by expression of alleles at some autosomale loci

(Durant & Durant 1990). The mechanism governing the sex determination has not been

determined in sea buckthorn, excepting the assumption of Shchapov (1979) who

reported the occurrence of sex chromosomes with the males being heteromorphic. The

morphology of the mitotic chromosomes from the Romanian populations it does not

suggest this.
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It is obvious that the analysis of mitotic chromosomes shows some degree of

genetic variation between populations regardless their state (native or cultivated), but

these variations are too subtle to be correlated with phenotypic particularities or to

establish the genetic relationships between them.

Conclusions

The study of the mitotic chromosomes on certain populations of Hippophaë
rhamnoides subsp. carpatica shows minor differences at morphological level. The main

characteristics of sea buckthorn chromosomes are the small lengths and incomplete

condensation, which makes their identification very difficult. The observed differences

between the analyzed populations are concerned with the centromere position, but in all

cases the prevalence of metacentric and submetacentric chromosomes was recorded.

This type of studies confirms the existence of interpopulational variation. Nevertheless,

the level of this genetic variability or the relatedness relations between populations

cannot be identified. Also, chromosome morphology is not enough to determine the

presence of sex chromosomes or other sex-linked particularities, which can be used in

early sex establishment ofyoung plants.

Due to the fact that such type of study is laborious, time consuming and the

results are not conclusive regarding the genetic variability within and between natural

populations, a most appropriate approach is that at the molecular level. The estimation

of the genetic variation based on molecular techniques gives the possibility to identify,

on one hand, the intra and inter population variations and, on the other hand, the

presence, in certain populations, of some superior productivity traits. In order to

genetically characterize the dioecious plant Hippophae rhamnoides L. which has an

important medical and economical impact, we will use in the future RAPD

fingerprinting methodology which has the advantage of providing a greater amount of

knowledge.
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STUDII CITOGENETICE COMPARATIVE ASUPRA UNOR

POPULAŢII SPONTANE ŞI CULTIVATE DE HIPPOPHAË RHAMNOIDES

Rezumat: Valoarea terapeutică şi ecologică, precum şi condiţia dioică explică interesul

crescut al cercetătorilor şi agronomilor asupra speciei Hippophaë rhamnoides L.. Studiul cătinei

în România a urmărit, în special, aspectele fenotipice şi biochimice. Din această cauză, scopul

acestui studiu a fost identificarea caracteristicilor citogenetice ale populaţiilor naturale şi cultivate

de cătină, în vederea determinării variaţiei genetice la nivel cromozomial. Zece populaţii de cătină

au fost analizate din punct de vedere al numărului şi structurii cromozomilor mitotici folosind

metode citogenetice clasice de colorare si bandare C. S-au observat, în primul rând, dimensiunile

reduse ale cromozomilor, incompleta etalare şi condensare. Cromozomii metacentrici şi

submetacentrici sunt predominanţi, deşi, pentru fiecare populaţie, poziţia centromerului şi

clasificarea cromozomilor pe criterii morfologice este diferită. în populaţiile naturale (de

exemplu, Proviţa şi Sf. Gheorghe) au fost identificaţi cromozomi telocentrici, însă, în populaţiile

cultivate acest morfotip apare doar excepţional. Studiul nostru a reconfirmat faptul că, la cătină,

cromozomii de sex nu pot fi identificaţi pe criterii morfologice. Deoarece studiile citogenetice nu

oferă informaţii concludente asupra variabilităţii genetice intra- şi interpopulaţionale, se impune

abordarea acestui subiect cu ajutorul markerilor ADN.

Keywords: cătină, cromozomi mitotici, variabilitate genetică


