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100 ~'l of this mixture was added to each 
slide, which were incubated at 37°C for one lu. 
After incubation, the slides were washed in 
4XSSC, 0.2% of Tween 20 in 4XSSC and 
2XSSC at room temperature for ten min each. 
Then, the slides were either stained with 0.1 
] lIml of OAPI or with 0.4 DlIml of 
propidium iodide for ten min, and were 
mounted in OABCO. The fluorescence 
signals were examined with an 
epifluorescence microscope with Nikon B-2A 
filter cassette and microphotographs were 
taken on CCO camera (Pixera Pengium 
600CL). Analysis of hybridization signals was 
produced using Adobe Photoshop 7. 

RESULTS AND DISC SSION
 

Variation in chromosome number and 
karyotype has proved to be an imp011ant 
source of information for understanding plant 
evolution (Stebbins, 1966; Kondo et at. 1992 
and 1994). Physical maps of genes by 
fluorescent in situ hybridization represent a 
potentially new source of chromosomal 
characters that may be phyJogeneticaIly 
informative. In plants, physical mapping has 
focused on highly repetitive DNA or 
multigene families because technical 
difficulties remain for mapping low-copy 
genes (Jiang and Gill, 1994; Abd EI-Twab 
and Kondo, 2003). The most frequently 
mapped gene is the 18S-5.8S-26S ribosomal 
RNA gene (rDNA). Evolutionary 
implications of variation in the number and 
location of rONA loci have been explored in 
various plant groups (e.g., Maiuszynska and 
Heslop-Harrison, 1993; Jiang and Gill, 1994; 
Thomas et al., 1997). In the present study, 
Fluorescence in situ hybridization with the 
biotin labelled probe of pTa71 of 45S rONA 
produced strong signals at the secondary 
constriction of the satellited mitotic 
metaphase chromosomes of the four wheat 
varieties. FISH signals of the 45S rONA sites, 

which hybridized with the probe were four 
signals on the NOR- regions of the Sh011 anns 
of four somatic metaphase chromosomes in 
the chromosome complement of T turgidum 
(Bani Suif-l and -3; AABB genome; Fig.l A, 
C and E) and six signals were on the short 
arms of six somatic metaphase chromosomes 
in the chromosome complement of T 
aestivum (Sids-l and -6; AABBOO genome; 
Fig.l B, D and F). The interphase nuclei of 
the varieties of Bani Suif of T turgidum (A) 
and Sids of T aest;vum (B) showed four and 
six yellow-FISH signals of the 45S rDNA 
sites respectively. The metaphase chrom
osomes of the nvo varieties of Bani Suif of T 
turgidum had four subtenninal signals of the 
45S rDNA sites (Fig. 1 C and E), while the 
two Sids varieties of T aestivum had six 
signals of which four were subtenninal and 
two tenninal signals (Fig. 1 0 and F). Abd EI
Baki and Abd EJ-Twab (2004) could not 
count the exact sat-clu'omosome numbers that 
carried the NOR, which varied between one 
pair to two pairs in both the tetraploid and 
hexaploids cultivars. The present results 
showed that the two and three chromosome 
neither pairs carrying NOR could be detected 
by FISH analysis. The discrepancies observed 
cou Id be due t6 that not aU conventionally 
stained mitotic squash preparations resolve 
secondary constrictions either at the NOR or 
elsewhere.This could be due to differential 
contraction of the chromosomes during pre
treatments (Kondo et aI., 1996; Irigoyen et 
al., 2001). Consequently, the distribution and 
FISH signals of rDNA loci in tetraploid 
species observed in this work suggest that 
rRNA genes in the short arms of what 
chromosome number are associated with 
NORs. The comparison of homologous 
genome-specific repetitive DNA sequences 
from closely reIated organisms not only 
indicates the evolution of the sequences 
themselves, but also highlights relationships 
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Because of the pas ibi ity or random 
hybridization etwe n t trapl id and hexapl id 
wh at5, the A and B genomes are Ie s re lab! 
sources f in omlati n n h r lalion hip 
among he hexap aid fOI 11$ of wh at han th 

geno le. Because 1 D gc ome doe no 
r C0I1bine in s ch cros.c, it· :...~n ti 
r lation hi s rith th gene pool of Aegitops 
tauschii can po ntially provic valuable 

t11 om13 Ion l n 1e r lation.'hips amollg lhe 
variou tonns of h xapl id whl;aL nd on the 
\ ariou_ s enario of the ori in of T. aesfivlJ/ll 
(Dvorak et al., 199 . ~larificalion of th 
numb r and location of rD'. 10 i, might 
provid additional in 'ighL in 0 the 
me anisms of c<)n~ n d volution of rD A 
in pi nL (Zha 0' cl aI., 2002). 

Fig. (1 -F): F SH signal, of the 45 rDNA 'lies hybridi-ed with biotin loblled pTall 
probe on. ,~ito U: metaphase chromosomes in T turgidum (Ben i uif line-i' 
lou ubterminal ignals, i4.BBgenome;. , C & E) T. ae. tf ;um ( id 1i1/e-6; 
AABBDD enume;six signals:(our ubterminal and lw terminal8ignul, B, 
D & F). A-B. Interpha e. C·D. lWetaplw e chromosornes. E-F. n H ignals 
of the 45 ' rD... A carrying chromosome of the specie. Yel1ou.:-C'olor U'Q' 

fluore ced and vi 'lwlized b.i FITe and blue-wlor by DAP!. Bur=] 0 pm. 
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of the 458 r ! A arc tbund atlach d Lo Ih 
edges of the interphase nucleoli in each 
nu Jeus, The FISH si nal.s of th 5S rD A 
site. of metapha_e chromo ome were 
conti led at interphase of all varieties studied. 
In hi., FISH ca compl m nL th' informatiOr! 
pr vided by bOlh conventional an molecular 
cytogen tic' analysi:, T},' m tho so'"H 
used h re were e fecti, e in 'dentifying the sa 
chromosomes of each species and 
diJ"erentlaring breedin~ cultivars. Th rD, A 
marker are 'P l:' lC, a:; hey could 

ifferentiatc indlvidual Nor- 'earm 
chromo 0 e and arc therefor, the k'y 
m rk rs in the identification of parental 
species of amph. I ids in the rs 111 --rudy. 
The D A FI H \\'ould be a silll]: Ie and 
effe tive way to characterize di :crse 
collection of gerlllplaslll mar rial an 
breeding lines correctly, 11 th' amphiploi eLo;; 

examin d h r are slabl c i .ignal n mber l;l 

h xaploids (Table I; ~n=42). he mapping of 
the ribo omal gene has de ere apparent 
difference, among 1h se amphiploid:; in their 
rONA location and number (Fig. 1 and Table 
I). indicating tha •uch variation i' tolerated at 
the genenc Ie rcJ. Iud d rh ribos(lmal genes 
in the amphiploids appear t be ac:ti e 
essel tiaU: in th \-vheat g' nome~. a. indicated 
{~X nded constrichon and the dlsp ~r t::d in 

r;iW pa em of I:D "A expr s ion in im rpha-e 
nud ~oli lJ11icai of whea ribosomal genes 
(Le'Lch and H lop-Harri on. 199,:2). The 
chromosom complement o' th, llexaploid 
wh at (Triticum l/ 'livum) con. i·ts of hree 
genome .d . iQt1at d A Bl and D. lnferenc s 
on T.. ae tinan genome organization and 
volution are herefor din;ctl~' applicable to 

diploid relative f wheat { klonov cr ai" 
2003), 

Fi . (lA-F): FISH signal~ oftlle 455' I'D. ".4 .'lite~ hJbridh;ed with biotilliahefled pTa?1 plUhe on 
mitotic #uetaph l! chromo ome ;n Chrysamhellllllfl ;Ildicum (A-B). Cil. 
ocddelltali-japollell f! (C-D) and CII. vestitum (E-F). A~ C & E. !llterp'''a e. B D & . 
Metaphase 'Izromo ontes. 'el1o'W-coIQI" WlIS fTuore celt and l'isul1Uzed br FITC llml 
red (.'olor by PI BarJ 0 m. . 
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