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ABSTRACT

In this study, 15 different types of Iranian let#tuaccessions that were collected from differentioresy were
investigated. Using root apical meristem, the numaed size of the chromosomes were measured and the
karyotypic formula was determined. The basic chrmonee number was 9 (n=9) in all accessions and their
chromosomal types were metacentric, submetaceatiicsubtelocentric. Analysis of variance showedificant
differences between chromosomal characteristice. Mbaximum and minimum length of the genome wasdpstio

to Qom (62.45 uM) and Babol (19.94 uM) accessimspectively. Symmetrical and asymmetrical karyesypere
observed between the accessions. Formula in Ahweeasaion was 12 m + 4 sm + 2 t, which had the maxim
centromic index (40.93%), while Fasa accession with + 10 sm + 4 st karyotypic formula had the mmam value
(28.73). There were differences in having satalli@ chromosomes between the accessions, somenottd 2
satellites, some 1 and the others had not anylgatdh principle component analysis, two compdsemad more
than 82.75% of the data variatiorBased on the first and second components, the sioossseparated into three
groups.Cluster analysis of karyotypic traits based on UP&khethod separated accessions in three groups. The
results of this study are useful for accessiordssification.
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INTRODUCTION

Lettuce (actuca sativalL.) is a dicotyledonous plant which belongs to ekateae family and Chicorideae
subfamily. This plant is one of the important leafygetables which are used for salad and fresh atingg also
some types of them is used in baked type [7]. §bisus has more than 100 species and 6 types. &iffgmpes of
lettuce include; Romaine (cos), Crisp head (IceheBgtter head, Stem (Asparagus), Leaf (Cutting) &ilseed
lettuce [16]. In modern lettuce breeding, the genetsources of lettuce species that conserveddemrld’s gene
bank are very important [10]. The role of wild sigs¢ such a&. serriolg L. aculeateL. salignaandL. virosahas
been intensively studied by lettuce breeders[2{tuce species have been shown to be diverse bghological
analysis and molecular and biochemical markers (&romosomal studies have played an important iole
accelerating crop improvement [3]. On the otherdharytogenetic studies are also related in theysbfdplant
evolution and diversification [18]. For concludidgvelopmental trends within particular plant groapd analyzing
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traits, karyotype characteristics has provided afallel data, such as changes in chromosome numbsrsado, in
chromosome length, and in karyotype symmetry [L8heda et al. [9] reported that there are 98 spedfidettuce
(Lactucaspp.) in the world, which included from 17 Europedh African, 12 American, 3 Australian and 51 Asia
species. In these 51 species, the greatest spadiasss is distinguished in Iran, India and Pakigtl5, 18 and 23
species, respectively). Lebeda [8] divided the neindf lettuce chromosomes into three groups; a)in=Buropean
and Himalayan species, b) n=9 in Indian, Meditezeam African, Asian and some European species¢andl17 in
Northern American from Canada to Florida. The arigf Asian speciek. aculeataandL. scarioloidesis 2000-
3000 m altitude of Afghanistan, Iranian Azerbaijand Irag Kurdistan [8]. There are many studies alibe
chromosome number of this genus [5, 15, 17]. Irsehstudies, evolution and phylogenic relationsHipnter-
specific in lettuce were evaluated. Karyotypic gael and chromosome structure in domestic lettlucedtivg and
wild lettuce (. virosa, L. serriola, L. saligrjawere studied by FISH method [13]. The resultsngabthat n=9 in all
species, but the size of chromosomé.isalignais shorter than the other three species. On ther ttand. virosa
had the longest chromosomes between the other shesges, also had different karyotypic shape batvikemL.
virosahas a different pair of satellite chromosome. frit@aimum karyotipic similarity was betweén sativaandL.
seriolain comparison with.. sativaandL. virosa[4]. Although only one satellite pair of chromosesnhas been
reported inL. virosaand two pairs of satellite ih. sativa, L. serrioleandL. saligna[4] but the results of Matoba et
al. [13] studies showed only one pair satellitd_irsalignaand two pairs of that ih. serriola, L. salignaandL.
virosa In some species, which have different namesadywstion areas using of cytogenetically markes iseful
method for naming and identifying of them [2]. Thee of inter-specific crossing is a useful techaitu increase
environmental stress tolerance, diseases, yietde@sing quality and to overcome agricultural deficy [8]. There
is a high diversity in Iranian lettuce accessiond #shese accessions were considered as a valuzdgarce for
breeding programs. Because there is no any cytmbgitudy about Iranian lettuce, in this study, ceeinted and
measured chromosomes in selected accessions aphas¢aof mitosis. Also, the karyotype of accessivas
determined to identify chromosome number. Curréudys evaluated the shape and size of the chromasame|
accessions to identify the possibility of inter-sifie crossing by using multivariate statisticspto

MATERIALS AND METHODS

In this study, 15 accessions of Iranian lettuceewievestigated by chromosome specifications. Thelsavere
collected from Iranian research centers (Tabl@hg seeds were sterilized by 5% bleach water fanitband after
washing were placed in Petri dishes on wet fil@pgr in germinator at 20. After 72 h, the rootlets length was 1.5-
2 cm; the apical meristem was used for cytogentistudies and was placed in pretreatment forid ®.002 M 8-
hydroxyquinoline solution at room temperature. Afteashing by double distilled water, the materialswixed in
Acetic acid-ethanol (3:1) and stored &E4n refrigerator. After 24 h, three times washafgoots, samples stored in
70% ethanol. For cytogenetically studies in mitgiiase, the samples were hydrolyzed in 1% hydroichéaid for

5 min in 60C water, and then stained with 2% aceto-orceiBOI for 1 h. After squashing, five mitotic metaphase
spreads were studied for each accession.

In all accessions, for the numerical characteeratf the karyotypes, the following parameters weakeulated;
total chromosome length, long arm length, short &ngth, arm ratio, centromic index was measuredviigro
measure software. Also, other karyotypic parametech as total form percentage, differences ofiveldength
and relative length of shortest chromosome weresared. To determine karyotypic symmetry in the asions
used two-sided Stebbins table. Ideograms were emtet! by organizing the chromosomes into groumedraing
to their centromeric index, ordering them by desie@ length within each category, and finally nunibg them
consecutively using the same scheme. Parametersmezne compared by one-way ANOVA after Bartlett t&fs
homogeneity. Distribution diagram was achieved base the first and second components (PCoA). Amalgs
variance accomplished for chromosomal traits aradyZT he comparison of traits mean was multi-rabg@can in
1% probability. To determine the share of eacht tirmidiversion between the accessions, principlymonent
analysis was accomplished. Classification of adoassclustering was performed using the unweiglpi@id-group
method (UPGMA). For statistical analysis of datBSS ver.16 was used.

RESULTS AND DISCUSSION

Qom accession wagem lettuce and has anthocyanine, but Neishabasr&af lettuce. The other accessions were
similar morphologically and all of them were romaitype. Figs. 1 and 2 shathe metaphase mitotic chromosomes
and ideogram of accessions. The basic genome cemm®number was 9 (n=9) and all accessions weteidlip
(2n=2x=18). Previous studies confirmed these requi8]. Karaj, Neishaboor, Gorgan, Babol, Varan@hjraz,
Zirehi, Hamadan, Jahrom and Parsabad accessioesnuh\satellite. Abtavil, Ahvaz and Fasa accesstmse 1
pair of satellite; also Borazjan and Qom have twogof satellites. Other studies showed that ¢ettspecies have
one or two pairs of satellites [4]. Matoba et a3][reported thak. sativahas 2 pairs of satellites. The studies of
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Matoba [14] demonstrated that there was not relaligp between the number of satellites and otheyokgpic
traits. Although the number of basic chromosoméssame in all of the accessions, but there isrdity in size of
chromosomes. These results have conformity witholkatet al. [13] in karyotypic analysis and chronmab
structure. All of the accessions have little chreomes; therefore, these accessions have a lowemokome
length mean in comparison with other species. Tdraparison of genome length showed that the maxiranch
minimum genome length belong to Qom (62.45 pM) Babol (19.94 uM). Karyotypic formula of the access
determined based on Levan et al. [11] by arm rdtable 2 shows karyotypic characteristics. The Iteshowed
that the accessions have metacentric, submetacamnii subtelocentric, which is confirmed by othedies onL.
sativa[6, 13]. Evident from Tables 3 and 4, the analydiwariance and mean comparison of chromosoms tra
showed significant differences between total leraftbhromosome, length of long arm, length of slaon, relative
length and centromeric index in 1% probabilitiebe3e significant differences show karyotypic vartettween the
accessions. Because of these results, study abmrhosomes to determine the evolution and relgthétween the
accessions is necessary. There were a high lewdivefsity between the accessions in short and &mng length
(Table 2).The results showed Ahwaz with 12 m + 4 sm + 2 sgdtgpic formula had the highest total polymorphic
percentage (40.93), while Fasa with 4 m + 10 sm st &aryotypic formula had the lowest total polypiuc
percentage (28.73). Jahrom had the highest (56.#8%)Fasa had the lowest (19.61%) relative lendtth®

shortest chromosome (S %). Varamin had the higtiflstences of relative length (DRL) (14.05%) ardhbm had
the lowest (6.22 %).

Eukaryotic chromosomes can vary in shape, numbeirsere. These traits are subject to evolutionagnges and
may vary between and even within individual orgarg420]. The size of the chromosome is also a suaiject to
evolutionary change. This variation could origindtg reciprocal translocation, sequence amplificatioss of
dispensable part and insertion [20]. The instrgctii chromosome evolution could be for an incregddeand
decrease in chromosome size [12]. The size of ktinencosomes varied in lettuce species [13]. In curstudy,
these characteristics were between 9.41 uM in Quan0a93 UM in Parsabad, respectively. In lettspecies, the
short chromosomes should be a more ancestral ¢dbathan longer ones [9] and this suggestion istidal with
the proposal that species with a lower DNA contere more initial [6, 13]. Karyotypic formula in tHettuce
species are moderately symmetrical and consish @fxelusively of m and sm chromosomes, also stmbsomes
observed in this genuk. sativaandL. serriola have only one pair and salignahas two pairs and. virosahas
three pair's st chromosomes [13]. Present studyg aloowed 9 types of different karyotypic formula time
accessions (Table 2). Representative karyotypeaesfemt accessions show that, Abtavil, Ahvaz, Baimol Shiraz

accessions have only one pair st and Karaj, HamaddriFasa accessions have two pairs st and otbezssions
without any st chromosomes.

Table 1. Code, origin, type and geographical locain of different Iranian lettuce accessions.

Geographic location

Longitude Latitude Altitude (m)
Code Origin Type Minute Degree Minute Degree

1 Abtavil Romaine 27 50 46 28 0

2 Borazjan Romaine 38 51 21 29 0

3 Ahvaz Romaine 17 48 25 31 30

4 Karaj Romaine 27 51 48 35 1360

5 Qom Stem lettuce 53 50 38 34 930

6 Neishaboor Leaf lettuce 47 58 12 36 1210

7 Gorgan Romaine 17 53 28 36 45

8 Babol Romaine 12 53 34 36 45

9 Varamin Romaine 39 51 19 35 915
10 Shiraz Romaine 22 52 37 29 1540
11 Kazeroon Romaine 24 51 25 29 985
12 Hamadan Romaine 31 48 48 34 1851
13 Parsabad Romaine 38 48 28 38 1280
14 Jahrom Romaine 33 53 30 28 1050
15 Fasa Romaine 39 53 56 28 1370
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Chromosomal symmetry is one of the karyotypic patans, that most used to explain evolution in @amnhis trait

is widely accepted to be more preparatory than asstmical ones, when the comparison is betweenaghegroups
of vascular plants [20]. Neishaboor, Jahrom, Qorh Rabol accessions failed in “2A” and “3A” categdrad the
most symmetrical karyotype. While Zirehii, Parsalad Fasa accessions failed in “3C” category hathasetrical
karyotype, which shows evolutions. Other accessifailed in “3B” category had asymmetrical karyotyde
lettuce, it was not detected a relationship betwaesmmetry and advanced taxa. We found an assutiagitween
asymmetrical karyotype and shorter total chromosdength (Table 2). The possible evolutionary diattin
lettuce would be from accessions with smallest ctugomes and more asymmetrical karyotypes in regions
considered primaries, to accessions with longeorobsomes and more asymmetrical karyotypes. Thexefor
increases in chromosome length are attached inolggg symmetry. Probably, increase amount of DN/ wa
unequally spread in the chromosome arms of the mmgnt, giving rise to accessions with larger chisames.
Principle component analysis (Table 5) was dordetermine the role of each studied traits. Theltesthowed that
traits classified into two components which had78% of the variety between the accessions. Thedosponent
showed chromosome length, long arm length and strartlength had the most effect. Therefore, thimponent
affected by the chromosomal traits. The most effedrait in the second component was arm ratioclassify the
accessions, cluster analysis was done based on WP accessions in 20% of Euclidean distance ifilegsn
three separated. Centromeric index (11.11), smori@ngth and arm ratio are the clear charactesisif this group.
The second groups had two subgroups. The first pgroansisted of Abtavil and Borazjan accessions. The
similarities of centromer index had two subgroupsiclw consist of; 1) Neishaboor, Gorgan, Babol, Wam
Shiraz, Zirehii, Hamadan, Parsabad and Jahrom siooss and 2) Ahwaz, Karaj and Qom accessions.dBaséehe
mean comparison, Qom accession had 6.94 uM tatgtHe 4.64 uM long arm length and 2.30 uM short arm
length. Also, this accession had the most numbeuubfmetacentric (16 sm) and the lowest number d¢hceatric
chromosome, and the highest average chromosomthldBg@sed on morphological studies, this accedsaongs

to stem lettuce. Other accessions in the secondpghad the same arm ratio, and centromeric indéresd@
accessions had the highest number of metacentrmmdsomes. Based on Table 2, Fasa accession waslghe
accession in the third group, which had the loveest ratio (0.41) and the lowest average of centrammiedex
(28.73). Also, it had the lowest relative length gbfortest chromosome (19.61 S %). The most siryilavas
between Abtavil and Borazjan accessions, and th&t as between Fasa with Abtavil and Borazjan ssioes.
Based on the results, although these accessiommoiphological traits are similar, but they had eliéint
chromosomal traits. Also, these accessions in kgpyo formula, Stebbins symmetry class and the ayedength

of the genome were different. Totally, Babol actes$iad the lowest total length of the genome @Au®) and
Qom had the highest total length (62.45 uM). Kaypit studies about these accessions were for riigtifine.

Distribution diagram (PCoA) based on the first @aedond components separated the accessions iatodhoups.
The greater importance of such characteristics reasaled in cluster and PCoA (Fig. 3). Qom (5) asimm it is
distinguishable and stood far apart from all gepetyin the study due to, the highest total lenlghg arm and
short arm (6.94, 4.64, 2.30 uM), respectively. BbBl (8) accession, it is distinguishable and stiawdapart from
the all genotypes due to presence the lowestlgth, long arm and short arm (2.22, 1.34, 0.87 edpectively).
Also Abtavil (1) with the lowest centromer indext(11%) and Fasa (15) with the highest arm rati8q2.M) were
distinguished and stood far apart from the otheessions. Cluster and principal component anatysisharacters
revealed the existence of variability among theestigated accessions. The greater importance ofi suc
characteristics was revealed in cluster and PCa#alTlength, long arm and short arm had positiieiesin PC1.

At the same time, arm ratio had positive valueB@2.

Table 2. Chromosome and karyotypic characteristicsf different Iranian lettuce accessions.

Longest Shortest
Accession TL SA LA r-value AR d-value chromosome chromosome Cl B DRL% SAT  Category Karyotype
Abtavil 47.05 17.02 30.03 1.72 0.57 13.01 7.11 3.11 36.17 43.74 8.49 2 3B 8M+6m+2sm+2st
Borazjan 4495 16.59 28.36 1.71 0.58 11.77 47.1 3.05 36.91 42.72 9.1 4 3B 10m+8sm
Ahvaz 40.92 16.75 24.17 1.44 0.69 7.42 6.83 2.18 4093 31.92 11.38 2 3B 12m+4sm+2st
Karaj 51.1 18.56 32.54 1.75 0.57 13.96 7.97 3.34 36.32 4191 8.46 - 3B 10m+4sm+4st
Qom 62.45 20.68 41.75 2.01 0.49 21.07 9.41 516 33.11 54.84 6.81 4 3A 2m+16sm
Neishaboor  42.92 16.04 26.89 1.67 0.59 10.85 86.2 35 37.37 55.73 6.48 - 2A 8m+10sm
Gorgan 33.57 1275 20.83 1.63 0.61 8.08 5.73 722 3798 39.62 10.29 - 3B 10m+8sm
Babol 19.94 7.85 12.09 1.54 0.65 4.24 3.01 1.51 39.37 50.17 7.62 - 3A 12m+4sm+2st
Varamin 25.34 9.5 15.84 1.67 0.59 6.34 4.81 1.25 3749 25.99 14.05 - 3B 10m+8sm
Shiraz 35.63 129 2274 1.76 0.57 9.84 5.11 1.87 36.21 36.59 9.11 - 3B 10m+6sm+2st
Zirehii 38.95 148 24.15 1.64 0.61 9.35 6.14 51.4 38.00 23.62 12.04 - 3C 12m+6sm
Hamadan 29.09 10.31 18.79 1.82 0.55 8.48 4.44 11 2. 35.44 4752 7.69 - 3B 10m+4sm+4st
Parsabad 2485 9.15 1571 1.72 0.59 6.56 4.14 93 0. 36.82 22.46 12.92 - 3C 10m+8sm
Jahrom 4356 1522 28.34 1.86 0.54 13.12 6.27 56 3. 3494 56.78 6.22 - 2A 8m+10sm
Fasa 36.69 10.54 26.16 2.48 0.41 15.62 6.22 1.22 28.73 19.61 13.64 2 2C 4m+10sm+4st

Total length of chromosome (TL) in M, sum of shams (SA) in uM, sum of long arms (LA) in uM, tigkalength (RL), arm ratio (AR),
centromic index (Cl), ratio of long arm to shorna(r-value), long chromosome-short chromosome (deyan pM, difference of relative
length (DRL), relative length of shortest chromosd®%), satellite number (SAT).
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Table 3. Analysis of variance for the karyotypic chracteristic of different Iranian lettuce accessios.

MS
Source of variation  df TL RL LA SA AR Cl
Accession (A) 14 39.57* 0.000011** 18.42** 4.49** 0.11** 0.017*
Chromosome (C) 8 42.28** 0.0033** 21.81* 3.78* 1B** 0.19**

AxC 112 2.09** 0.0001** 1.22**  0.43* 0.078** 0.3*
Error 270 0.007 0.000004 0.007 0.014 0.006 0.0009
CV (%) - 2.05 5.36 3.19 7.64 13.39 8.21

**: Significant at 1% probability levels, TL: totd&ngth of chromosome, RL: relative length, LAda@mm length, SA: short arm length, AR: arm
ratio, Cl: centromic index

Table 4. Mean comparison of different Chromosome ahkaryotypic traits in Iranian lettuce accessions.

Accession code TL LA SA AR Cl
1 5.23c 3.34c 1.89bc 1.44b 11.11c
2 4.99cd 3.15cd 1.84bc 1.76b 11.22c
3 4.55ef 2.69ef 1.86bc  1.64b 39.78a
4 5.67b 3.62b 2.06ab 1.78b 37.33a
5 6.94a 4.64a 2.30a 2.1lab 33.44ab
6
7
8
9

4.77de  2.99cde 1.78bc  1.70b  38.33a
3.73h 2.31fg 1.42de 1.62b  38.89a
2.22k 1.34i 0.87f 1.80b  39.22a
2.82j 1.76h 1.06f 169 38.1la

10 3.96gh 2.52f 143de 1.87b 37.1l1a
11 4.33fg 2.68ef 1.64cd 1.64b  38.78a
12 3.23i 2.09gh  1.15ef 2.10ab 34.89ab
13 2.7j 1.75h 1.02f 1.83b  36.44a
14 4.84cde 3.15cd 1.69cd 1.89b 35.56ab
15 4.08gh  2.91de 1.17ef 2.80a  29.44b

Table 5. Principal component analysis of karyotypidraits in different Iranian lettuce accessions.

Parameter First component Second component
TL 0.989 0.072

LA 0.974 0.193

SA 0.962 -0.168

AR -0.050 0.995

Cl -0.461 0.102

Eigen value 3.07 1.07
Relative variance (%) 61.32 21.40
Cumulative variance (%) 61.32 82.75
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Fig. 1. Metaphase mitosis of different Iranian lettice accessions (numbers 1 to 15, refer to Table 1).
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Fig. 2. Ideogram of different Iranian lettuce accesions (numbers 1 to 15, refers to Table 1).
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Fig. 3. PCoA based on chromosomal characters (Codeto 15, refers to Table 1).

CONCLUSION

In conclusion, diversity and heteromorphism betwedmomosomes in Iranian lettuce accessions could be
possibility due to their origination from differerggions or their being evolved through repattegrafter transfer to
another region (s). The results showed that chromescounting, measuring and determining of differen
characteristics such as chromosome length, kariotgpmula and chromosomal symmetry are suitabidstto find
effective crossings and periodic diversificationletfuce accessions. Also, our results are effedtivclassification
and selection of Iranian accessions. In generdhdu studies are needed to genetic constitutiehcdmomosome
structures using genetic mapping and genomgitu hybridization techniques.
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