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Summary. C-banding patterns of  T. ovatum (Ae. ovata)  

and four T. aes t ivum cv 'Poros ' -T.  ova tum chromosome 
addition lines are presented, and the added chromosomes 
of  T. ova tum have been identified. Furthermore, nucle- 
olar activity and powdery mildew resistance were ana- 
lyzed in the ' P o r o s ' - o v a t u m  addition lines and compared 
to that of  T. ovatum and T. aes t ivum cv 'Poros ' .  The addi- 
tion lines II, I I I  and IV and 'Poros '  were highly suscepti- 
ble to powdery mildew isolates nos. 8 and 9, whereas the 
addition lines VI 1 and VI 2 showed high resistance. Even 
for an Ml-k virulent isolate, these two lines were highly 
resistant. By combining the cytological results and those 
o f  the powdery mildew analysis, the added chromosomes 
of  T. ova tum can be excluded from responsibility for the 
high powdery mildew resistance of  the addition lines VI 
and VI 2. The same is true for a modified chromosome 
6B, which is present in the ' P o r o s ' - o v a t u m  addition lines 
II, I I I  and VI. The high variation in C-banding pattern 
observed in the A-, B- and D-genome complement of  the 
addition lines is believed to be the result of  crossing 
different lines of  T. aes t ivum instead of  'Poros '  alone. 
Thus, we cannot trace the powdery mildew resistance 
back to a specific chromosome. 
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Introduction 

Many wild relatives of  hexaploid wheat, Tri t ieum aes- 

t ivum (genomically AABBDD),  are known to carry inter- 
esting genes, such as powdery mildew resistance (Gill 
et al. 1985), which might be useful in broadening the 
genetic variability of  cultivated wheats. Due to the close 
evolutionary relationship of  the genus Aegi lops ,  which is 

now included in the genus Tri t icum (Bowden 19 59), many 
of  these wild Tri t icum species can be crossed quite easily 
with cultivated wheat. The obtained amphiploids and, 
later on, the derived chromosome addition lines are the 
first steps toward the incorporation of  such new genes 
into cultivated backgrounds; exactly this is our intention 
in analyzing new possible sources for powdery mildew 
resistance. 

This paper describes the C-banding pattern of  the 
allotetraploid species T. ova tum (formerly Aegi lops  ovata, 

genomically U U M M ,  after Kimber and Sears 1987) and 
four T. aes t ivum - T. ova tum chromosome addition lines. 
In addition, the disease reaction of  these lines against 
Erys iphe  graminis  f. sp. tr i t ici  is analyzed. 

Materials and methods 

The material analyzed consists of the hexaploid winter wheat 
cultivar 'Poros' (kindly provided by the gene bank of Braun- 
schweig, FRG), Triticum ovatum (from Gatersleben, GDR) and 
the T. aestivum cv 'Poros'-T. ovatum addition lines II, III, IV 
and VI. These addition lines originated from D. Mettin, GDR, 
who attempted to increase the protein content by crossing 
T. aestivum with T. ovatum (Mettin et al. 1977). 

Chromosome identification was carried out in 20-30 plants 
per line by phase contrast analysis and Giemsa C-banding, ac- 
cording to Giraldez et al. (1979). Nucleolar activity was ana- 
lyzed by using the silver staining technique described by La- 
cadena et al. (1984). The methods used for testing powdery 
mildew resistance are described in detail by Heun and Fischbeck 
(1987 a, b): leaf segments placed on agar containing 50 ppm bza 
were inoculated homogeneously and stored for 10 days at 
17~ 1 ~ at low light intensity. Then, disease assessments 
were carried out by visual estimation of the infection grade 
(scale 0-9) and the infection type (scale 0-4). The pustule sizes 
were also recorded. These data were combined to form three 
classes: r=  resistant, i=intermediate and s= susceptible. The 
powdery mildew isolates nos. 8 and 9 described by Heun and 
Fischbeck (1987 b) and powdery mildew isolate no. 4 a, possess- 
ing Ml-k virulence, were used. 
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Fig. I a and b. C-banded mitotic meta- 
phases of a T. aestivum cv 'Poros' and 
b T. ovaturn 

Resul t s  and discuss ion 

C-banding  pa t t e rn  o f  T. ovaturn 

Figure 1 b shows C-banded mitotic metaphase of T. ova- 

turn. A detailed karyogram of this line is given in Fig. 2. 
The arrangement of chromosomes according to size and 
arm ratios follows the study of Chennaveeraiah (1960). 
Since data on the relationship to the homoeologous 
groups of Trit icinae do not yet exist, the chromosomes 
are lettered A to N. 

Two chromosome pairs of T. ovaturn show a sec- 
ondary constriction in phase contrast, which were identi- 
fied as chromosomes A and I after C-banding. Charac- 
teristic C-bands are also present in all the other 
chromosomes, allowing the identification of each chro- 

mosome pair. Only minor variation in C-banding pattern 
was observed within and between different plants of the 
T. ovaturn line analyzed. 

It is generally accepted that the U-genome of T. ova- 

turn is closely related to that of the diploid ancestor 
T. urnbellulaturn (formerly Aegi lops  urnbellulata), whereas 
the M-genome of T. ovaturn corresponds to that of the 
diploid progenitor T. cornosurn (formerly Aegi lops  co- 

rnosa) (Kihara 1937, 1946). Kimber and Sears (1983) 
proposed the genome symbols U U M M  for T. ovaturn to 
indicate that the M-genome of T. ovaturn is modified 
compared with the M-genome present in T. cornosurn. By 
analyzing meiotic chromosome pairing in different hy- 
brid combinations, Kimber et al. (1983) were able to 
show that the M-genome of T. ovaturn has undergone 
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substantial structural rearrangements since its incorpora- 
tion into T. ovatum, whereas the U-genome is much more 
closely related to that of the supposed ancestor T. umbel- 
lulatum. There is some evidence that the U-genome might 
also have been modified, however, to a much lesser de- 
gree than the M-genome (Kimber et al. 1987). 

Teoh and Hutchinson (1983), Teoh et al. (1983 a) and 
Gill (1981) analyzed the C-banding pattern of diploid 
species belonging to the genus formerly named Aegilops. 
Whereas only minor variation in C-banding pattern was 
observed in T. umbellulatum, a large amount of in- 
traspecific variation in C-banding pattern was observed 
in T. comosum. The polymorphic changes found n T. co- 
mosum include variation in C-band size and the presence 
or absence of bands within a basic pattern, as well as 
complete repatterning of the C-bands. 

The presented karyotype of T. ovatum is almost com- 
pletely different from that of the U- and M-genome of 
T. umbellulatum and T. comosum. An exception is the N- 
chromosome of T. ovatum, which corresponds to chro- 
mosome F of the C-banded karyotype of T. umbellulatum 
(Teoh and Hutchinson 1983). All the other chromosome 
pairs of T. ovatum show a C-banding pattern which dif- 
fers from that of the diploid ancestors, indicating that 
both genomes have become modified since their incorpo- 
ration into T. ovatum. This makes it impossible to iden- 
tify which of the T. ovatum chromosome pairs belong to 
the U- and M-genome. 

C-banding pattern of  the A-, B- and D-genome chromo- 
somes of  'Poros" and the 'Poros'-ovatum addition lines 

Figure I a shows a C-banded mitotic metaphase of 
'Poros'. The C-banding patterns of mitotic metaphases 
of the 'Poros'-ovatum addition lines are given in Fig. 3. A 
representative karyogram of 'Poros'  and the 'Poros'-ova- 
tum addition lines is shown in Fig. 4. (In accordance with 
the 7th International Wheat Genetics Symposium in 
Cambridge, 1988, chromosome 4A and 4B have been 
exchanged.) 

All A-, B- and D-genome chromosome pairs of 
'Poros'  can easily be identified by their characteristic 
C-banding pattern. The C-banding pattern of 'Poros'  is 
similar to that described for the hexaploid wheat cultivar 
'Chinese Spring', which was established by analyzing 
aneuploid and telocentric lines (Lukaszewski and 
Gustafson 1983; Endo 1986; Gill 1987). However, it is 
well known that small differences in the C-banding pat- 
tern of individual chromosomes between different culti- 
vars of wheat exist, which reflect the existence of poly- 
morphisms of C-heterochromatin (Endo and Gill 1983, 
1984; Friebe and Larter 1988). 

In the present study, no differences in the C-banding 
pattern of individual chromosomes were observed within 
'Poros'  or any of the 'Poros'-ovatum addition lines: the 

Fig. 2. C-banded karyogram of T. ovatum 

smallest deviation between 'Poros'  and the 'Poros'-ova- 
tum addition lines arose in the addition line IV. The 
C-banding pattern of the wheat chromosomes in that line 
are nearly identical to that of 'Poros',  with the exception 
of two faint interstitial C-bands in the long arm of chro- 
mosome 6A and a subterminal band in the long arm of 
chromosome 7B. Line IV is also the only addition line 
which carries a normal chromosome pair 6B, whereas a 
modified 6B was found in the addition lines II, III  and 
VI. 

In addition to the presence of a modified 6B, differ- 
ences in C-banding pattern of 2AS, 7AS, 7AL, 3BL and 
5BL distinguish the wheat chromosome complement of 
the addition line III  from that of  'Poros'. 

Marker bands in 5AL, 2BL, 7BS, 2DS and 2DL show 
a similar deviation from the C-banding pattern of 'Poros '  
in the addition lines II  and VI. Furthermore, both lines 
possess the same type of modified 6B, which lacks the 
terminal C-band in the short arm, compared with the 
modified 6B found in the addition line III. However, 
both lines differ in C-banding pattern from each other 
with respect to 1AL, 7AS, 7AL, 3BL, 7DS and 7DL. 

The large amount of C-banding polymorphism found 
between the A-, B- and D-genome chromosomes of 
'Poros'  and those of the 'Poros'-ovatum addition lines 
was not expected since, as mentioned above, no polymor- 
phism for C-heterochromatin was observed within the 
wheat cultivar 'Poros'.  Structural rearrangements, which 
are known to occur during the production and further 
propagation of alien chromosome addition lines (Lu- 
kaszewski and Gustafson 1983; Friebe and Larter 1988), 
could not account alone for the high degree of variation 
observed. Thus, it seems probable that different parents 
were used in the production of these addition lines in- 
stead of pure 'Poros' crosses alone. 

Identification of the added chromosome pairs 
of  the 'Poros'-ovatum addition lines 

The added chromosome pair in the 'Poros'-ovatum line II 
is sub-metacentric and shows a secondary constriction in 



420 

Fig. 3 a - L  C-banded mitotic metaphases of the T. aestivum cv 'Poros-T. ovatum chromosome addition lines a II, b III, c IV 
homozygous, d IV heterozygous, e VI 1 and f VI 2 (added chromosomes of T. ovatum are marked with arrows) 

the short arm in phase contrast. This arm is marked by 

a C-band adjacent to the centromere, a band located 
distally to the secondary constriction and a terminal C- 

band, whereas the long arm shows a pronounced termi- 
nal band and two faint bands - one located distally and 

one near the centromere. This chromosome is supposed 
to correspond to chromosome I of  T. ovatum,  which is 

very similar in its C-banding pattern, except that the 
proximal C-band in the long arm is more pronounced in 

chromosome pair I of  T. ova tum  than in chromosome H 
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Fig. 4. C-banded karyogram of T. 
aestivum cv 'Poros' and the 'Poros'-  
ovatum chromosome addition lines 
(differences in C-banding pattern be- 
tween 'Poros' and the A-, B- and D- 
genome chromosomes present in the 
addition lines are marked with trian- 
gles) 

chromosome pair  of  T. ovatum is sub-metacentr ic  and 
shows large C-bands  on bo th  sides of  the centromere; a 
p ronounced  proximal ,  and faint subterminal  and  termi- 
nal bands  in the short  arm, and a proximal ,  interstit ial 
and terminal  band in the long arm. The corresponding 
chromosome of  T. ovatum is ch romosome L, which is 
similar in morpho logy  and C-banding pat tern  but  lacks 
the terminal band in the long arm. 

Two different types of  alien chromosomes  were found 
in the 'Poros ' -ovatum addi t ion  line IV, now designated as 
IV~ and I V  2. Seventeen plants  were homozygous  for 
ch romosome IVy;  eight were heterozygous for chromo-  
somes I V  1 and I V  2. Chromosome I V  1 is sub-metacentr ic  

lal and small bands adjacent  to the 
arms and a distinct subterminal  C- 
i. In addi t ion,  this ch romosome pos-  

sesses a large block of  centromeric  C-heterochromat in  
and another  faint band in the long arm. The correspond-  
ing chromosome o f  T. ovatum is ch romosome G, which 
addi t ional ly  has another  faint band in the distal region of  
the long arm. 

The long arm of  chromosome type 1I/2 possesses the 
same C-banding pa t te rn  as the long arm of  11/" 1 , whereas 
the short  arm is marked  by two intersti t ial  C-bands  
which are characterist ic for the long arm of  chromosome 
3B  of  wheat. 

Two different progenies o f  the 'Poros ' -ovatum addi-  
tion line VI were analyzed,  called VI 1 and VI2; the added 
chromosome pairs were designated VII and VI  2. Chro-  
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mosome VI 1 is identical in C-banding pattern and mor- 
phology to chromosome IVI  described above. A differ- 
ent type of alien chromosome pair was found in the 
progeny VI 2. The short arm of VI 2 shows the same C- 
banding pattern as the short arm of chromosome VII 
and IVy; it also contains the same small proximal band 
in the long arm and the same large block of centromeric 
C-heterochromatin, but it lacks the subterminal and ter- 
minal C-bands characteristic for the long arm of chromo- 
somes VI~ and I V  1 . The morphology and C-banding 
pattern of VI 2 indicates that this chromosome carries 
either a deletion of the distal region in the long arm and 
is otherwise identical to chromosomes VI~ and IV~ or 
could be the result of a centric fusion of the short arm of 
chromosome VI~ and the long arm of chromosome 6D of 
wheat, which has a similar C-banding pattern. Since the 
centromeric region of 6D is marked by a very faint 
C-band and chromosome VI 2 carries a large block of 
centromeric C-heterochromatin similar to that observed 
in chromosomes VI~ and Via, the deletion hypothesis is 
more probable than the translocation theory. 

Nucleolar activity 

In T. ovatum, two pairs of chromosomes show a sec- 
ondary constriction in phase contrast, which were identi- 
fied as chromosomes A and I after C-banding. This 
agrees with the maximum number of interphase nucleoli 
observed after Ag-NOR banding, which was four. 

The number of satellite chromosome pairs of T. ova- 

tum corresponds to that in earlier reports (Pathak 1940; 
Chennaveeraiah 1960) and also agrees with the number 
of Ag-NOR bands at metaphase and the maximum num- 
ber of nucleoli observed after silver staining (Cermefio 
et al. 1984a). However, by using in situ hybridization of 
a rRNA gene probe, Teoh et al. (1983b) found another 
pair of chromosomal sites which carry rDNA sequences 
in T. ovatum. Two pairs of chromosomes showing nucle- 
olar activity were found in the supposed progenitors, 
T. umbellulatum and T. comosum (Cermefio et al. 1984a), 
whereas in T. ovatum, nucleolar activity of the M-genome 
was shown to be completely suppressed by the presence 
of U-genome originating from T. umbellulatum. 

In hexaploid wheat two pairs of chromosomes, 1B 

and 6B, are known to show a secondary constriction. In 
addition, chromosome pair 5D is also active in organiz- 
ing nucleoli (Cermefio etal. 1984b). In 'Poros', as in 
other cultivars of hexaploid wheat, two pairs of chromo- 
somes, IB and 6B, have a secondary constriction in phase 
contrast. Furthermore, the maximum number of inter- 
phase nucleoli was six, indicating that three pairs of chro- 
mosomes, 1B, 6B and 5D, were active in organizing nu- 
cleoli. A similar reaction was observed in the addition 
lines III and VI, which carry a modified 6B. However, a 
partial inactivation of nucleolar activity was observed in 

the 'Poros'-ovatum addition line II. In this line, usually 
only one pair of chromosomes possesses a secondary 
constriction in phase contrast, which was identified as 
being the added chromosome pair - similar in morphol- 
ogy and C-banding pattern to chromosome I of T. ova- 
tum. In 4 of 27 analyzed metaphases of the 'Poros'-ova- 

turn addition line II, three secondary constrictions were 
found in phase contrast and, in these cases, chromosome 
1B of wheat also has a secondary constriction. The max- 
imum number of interphase nucleoli observed in this line 
was seven. This indicates that nucleolar activity was not 
completely suppressed, but that NORs on 1B, 6B and 5D 

were also active in organizing nucleoli. 
This situation is similar to that reported for the T. aes- 

tivum-T, umbellulatum addition and substitution lines 
(Martini et al. 1982; Lacadena and Cermefio 1985). In 
the T. aestivum-T, umbellulatum addition lines B and C an- 
alyzed by Lacadena and Cermefio (1985), the presence of 
nucleolar organizer chromosomes 1U and 5U of T. um- 

bellulatum produce a partial inactivation of the NORs on 
1B, 6B and 5D of wheat. This was expressed as the almost 
total disappearance of secondary constrictions on 1B and 
6B and the corresponding absence of Ag-NOR bands at 
metaphase. However, this inactivation was not complete, 
because in some cases a secondary constriction and 
metaphase Ag-NOR bands were also observed on chro- 
mosome 6B. Furthermore, the analysis of interphase 
nucleoli in the T. umbellulatum addition lines B and C 
indicates that chromosomes 1B, 6B and 5D might be 
active in organizing nucleoli. The similar effect of the 
added chromosome pair in the 'Poros'-ovatum addition 
line II, compared to that of the T. aestivum-T, umbellula- 

tum addition lines B and C on nucleolar activity of NORs 
belonging to wheat might indicate that the added chro- 
mosome H and the corresponding chromosome I of 
T. ovatum originated from the U-genome of T. umbellula- 

tum. However, the occasional presence of a secondary 
constriction in 1B observed in the 'Poros'-ovatum addi- 
tion line II differs from the behavior of the T. umbellula- 

tum addition lines. The different behavior of chromo- 
some 6B and the modified 6B present in the 'Poros'- 
ovatum addition line II strengthens the modified charac- 
ter of this chromosome, whose origin is at present un- 
known. 

Powdery mildew resistance 

The above-mentioned genotypes (i.e.T. ovatum, T. aes- 

tivum cv 'Poros' and the 'Poros'-ovatum addition lines II, 
III, IV, VI 1 and VI2) together with controls carrying 
known powerdy mildew resistance genes were inoculated 
with powdery mildew isolates nos. 8 and 9. Their reac- 
tion to different Pm/Ml-genes of the host is shown as 
follows: 
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Powdery mildew Virulent Avirulent 
isolate no. 

to the following Pm/Ml-genes 

8 1 2 3c 4a 4b 5** 6* 8 9 3a 3b k 
9 2 3a 3b* 3c 4a 4b 5 6 8 1 9 k 

* The virulence of isolate no. 9 for Pm 3b and of isolate no. 8 for Pro6 is incomplete, since intermediate host reactions occurred 
** Pm5 is assumed to be identical with Ml-i (Heun and Fischbeck 1987b) 

T. ovatum and the 'Poros'-ovatum addi t ion lines VI 1 
and VI2, which carry either a complete chromosome VII 
or a delet ion in the long arm of  that  chromosome,  were 
highly resistant to the two powdery  mildew isolates 
nos. 8 and 9, whereas 'Poros '  and the 'Poros'-ovatum 
addi t ion lines II, I I I  and IV were highly susceptible. In  
spite o f  the fact the 'Poros'-ovatum addi t ion line IV was, 
as described above, par t ly  heterozygous for the added  
chromosomes  I V  1 and IV2, the disease react ion was ho- 
mogeneously susceptible. The fact that  both  powdery 
mildew isolates are avirulent  for Ml-k (a resistance gene 
originating from 'Kol ibr i ' ,  Heun and Fischbeck 1987b) 
led to an addi t ional  test of  the resistant addi t ion lines. 
After  inoculat ion with powdery mildew isolate no. 4a,  
which possesses virulence for Ml-k,  the 'Poros'-ovatum 
addi t ion lines VI a and VI z were again highly resistant. 
Thus it can be concluded that  these two lines are resistant 
to powdery  mildew isolates carrying virulence for Pm 1 
to Pm 9 and Ml-k.  Therefore, these powdery  mildew re- 
sistance genes are not  responsible for the resistant reac- 
t ion o f  the 'Poros'-ovatum addi t ion  lines VI a and VI z. 
Since Pm 3b gave an intermediate  react ion when inocu- 
lated with powdery  mildew isolate No. 9, the only re- 
maining possibil i ty is that  this resistance gene may  be 
within the 'Poros'-ovatum addi t ion lines Via and VI 2, 
because it is possible - however, not  p robable  - that  the 
observed intermediate and high resistance to powdery  
mildew isolate No.  9 is the result of  the same (Pm 3b) 
modif ied by different genetic backgrounds.  

Combining the cytological character izat ion and the 
analysis o f  the powdery mildew resistance, it becomes 
evident that  the added chromosomes  of  'Poros'-ovatum 
lines VI a and VI 2 are not  responsible for the good pow- 
dery mildew resistance. This can be concluded, because 
the 'Poros'-ovatum addi t ion line IV also carries that  
chromosome,  but  is susceptible. Thus, the added chro- 
mosomes are definitely not  the source of  the observed 
powdery  mildew resistance. Fur thermore ,  the modif ied 
6B can be excluded, since this chromosome is also pres- 
ent in the 'Poros'-ovatum addit ion line II, which is suscep- 
tible. All  other cytological differences among the lines 
were too variable to use them in searching for the source 
of  powdery mildew resistance. This may  be condi t ioned 
by the use of  different wheat  lines for producing  the 
addi t ion lines as shown above. By using 'Poros '  alone, as 

we assumed at the beginning of  these studies, it should 
have been possible to trace the powdery  mildew resis- 
tance back to the underlying chromosomes;  unfor tunate-  
ly, this cannot  be done. 
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