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A b s t r a c t  C-banding polymorphism was analyzed in 
14 accessions of Triticum searsii from Israel, and a gener- 
alized idiogram of the species was established. One acces- 
sion was homozygous for whole arm translocations 
T1SsS.4SsS and T1SSL.4S~L. C-banding analysis was also 
used to identify 7 T. aestivum cv 'Chinese Spring'-T. sear- 
sii disomic chromosome addition lines, 14 ditelosomic 
chromosome addition lines, 21 disomic whole chromo- 
some, and 31 ditelosomic chromosome substitution lines. 
The identity of these lines was further confirmed by meiotic 
pairing analysis. Sporophytic and gametophytic compen- 
sation tests were used to determine the homoeologous re- 
lationships of the T. searsii chromosomes. The results show 
that the T. searsii chromosomes do not compensate well 
for their wheat homoeologues. The C-banding patterns of 
T. searsii chromosomes are distinct from those of other 
S-genome species and from the B-genome chromosomes 
of wheat, indicating that T. searsii is not a direct B-genome 
donor species of T. turgidum and T. aestivum. 
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Introduction 

Triticum searsii (Feld. & Kis.) Feld. & Kis. (syn. Aegilops 
searsii) is a diploid S-genome species (2n=2x=14, SsS s) 
that is native to the sub-Mediterranean regions of Israel, 

Communicated by K. Tsunewaki 

B. Friebe ([]) - B. S. Gill 
Department of Plant Pathology, Wheat Genetics Resource Center, 
Throckmorton Hall, Kansas State University Manhattan, 
KS 66506-5502, USA 

N. A. Tuleen 
Department of Soil and Crop Sciences, Texas A & M University, 
College Station, TX 77843-2474, USA 
Contribution No. 95-72-J from the Kansas Agricultural Experiment 
Station, Kansas State University, Manhattan, Kansas, USA 

Jordan, southwestern Syria, and southeastern Lebanon 
(Feldman and Kislev 1977). Triticum searsii belongs to the 
section Sitopsis Zhuk. (syn. Platystachys Eig), which also 
includes the species T. longissimum (syn. Ae. longissima, 
2n=2x=14, S1S~), T. sharonense (syn. Ae. sharonensis, 
2n=2x=14, SlshSJsh), T. bicorne (syn. Ae. bicornis, 
2n=2x=14, sbsb), and T. speltoides (syn. Ae. speltoides, 
2n=2x=14, SS). 

S-genome species are involved in the parentage of sev- 
eral tetraploid and hexaploid Triticum species, T. kotschyi 
(syn. Ae. kotschyi, 2n=4x=28, UUSS), T. peregrinum (syn. 
Ae. variabilis, 2n=4x=28, UUSS), and T. syriacum (syn. 
Ae. crassa, 2n=6x=42, DDMMSS) (Kimber and Feldman 
1987; Kimber and Sears 1987). The S genome is also the 
probable donor of the B and G genomes of T. turgidum 
(2n=4x=28, AABB), T. timopheevii (2n=4x=28, AtAtGG), 
and common wheat, T. aestivum (2n=6x=42, AABBDD) 
(Jiang and Gill 1994a, b; for review, see Kimber 1981). In 
addition to their evolutionary significance, S-genome spe- 
cies are also a valuable source for resistance to diseases 
and pests (Tomerlin et al. 1983; Gill et al. 1985; Manister- 
ski et al. 1988; McKendry and Henke 1994). 

Recently, a standard karyotype of T. longissimum was 
developed, and its cytogenetic relationship with T. aesti- 
vum was established (Friebe et al. 1993). Similar analyses 
of the other S-genome species are necessary to determine 
their evolutionary relationships with polyploid wheats. 

A set of T. aestivum-T, searsii disomic chromosome ad- 
dition, ditelosomic chromosome addition, disomic chro- 
mosome substitution, and ditelosomic chromosome sub- 
stitution lines was produced by one of us (NT). The homo- 
eology of the added T. searsii chromosomes was deter- 
mined by isozyme analysis and morphological characters 
(Pietro et al. 1988). In the study presented here, C-band 
polymorphism was analyzed in 14 accessions of T. searsii 
in order to construct a standard karyotype of this species. 
Furthermore, C-banding analysis was used to confirm the 
identity of the wheat-T, searsii chromosome and telosome 
addition and substitution lines. The relationship of the 
T. searsii chromosomes with their homoeologues of wheat 
was determined by analyzing sporophytic and gameto- 



phyt ic  compensa t ion .  The results  are d i scussed  with re- 
spect  to the phy logene t ic  re la t ionships  among the S-ge-  
nome species  and the B - g e n o m e  ch romosomes  of  tetra-  
p lo id  and hexap lo id  wheat.  
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Materials and methods 

Fourteen accessions of Z searsi i  (Table 1, provided by Dr. M. Feld- 
man, Weizmann Institute, Rehovot, Israel), the amphiploid T. aesti- 
vum cv 'Chinese Spring'-T. searsi i  no. TEl0 (2n=8x=56, 
AABBDDSSS s, produced and provided by Dr. M. Feldman), and 
7 derived disomic addition, 14 ditelosomic addition, 21 disomic 
whole chromosome, and 31 ditelosomic substitution lines were an- 
alyzed. 

For chromosome identification, the C-banding technique de- 
scribed by Gill et al. (1991) was used. Chromosome measurements 
were made on 20 C-banded T. searsi i  chromosomes present in the 
amphiploid Z aes t ivum cv 'Chinese Spring'-T. searsi i  no. TEl0, us- 
ing wheat chromosome 3B as a standard. Meiotic chromosome pair- 
ing was analyzed in aceto-carmine-stained pollen mother cells 
(PMC's). Microphotographs were taken with a Zeiss photomicro- 
scope III using Kodak Imagelink HQ microfilm 1461. 

Seed set was recorded in disomic and ditelosomic substitution 
lines after self-pollination. Because the data were obtained from 
plants grown under different environments, they reflect environmen- 
tal effects as well as the sporophytic compensation ability of T. sear- 
sii chromosomes for the homoeologous chromosomes of wheat. Ga- 
metophytic compensation of T. searsi i  chromosomes was determined 
by analyzing the chromosomal constitutions in progenies derived 
from the cross ~ 'Chinese Spring'x CY double monosomics (201I+2I), 

n n I II 1 and the data were compared with a 3 (21):3(20 +2 ): 1(21 +1 ) seg- 
regation using the chi-square test as described by Dvorfik (1980) and 
Friebe et al. (1993). 

Results 

C-band ing  p o l y m o r p h i s m  

Al l  seven ch romos ome  pairs  of  T. s e a r s i i  were ind iv idu-  
al ly ident i f ied  on the basis  of  their  C-band ing  patterns.  No 

Table 1 Origin of the T. searsi i  accessions 

Accession no. Origin 

TE03 

TE05 
TE07 
TE08 
TE09 
TEl0 

TEl7 
TEl8 
TE20 
TE21 
TE23 
TE24 
TE27 
TE30 

Yattir, 1 km NE of the park watchman's house, 
Israel 
East of Kurza, Hebron-Beer-Sheva, Israel 
Kufar Fajer, E of Gush Etzion, Israel 
South of Daharia, Hebron Beer-Sheva Road, Israel 
4 km E. of Taiyiba, E of Ramala, Israel 
1 km E. of Taiyiba, 15 km E. of Ramala, Samaria, 
Israel 
Ramtha, Syria (obtained from Tanaka) 
Gabagib, Syria (obtained from Dr. M. Tanaka) 
Turkemiya-Dhahiriya Road, Israel 
Between Bene-Na'im and Qiryat-Arba, Israel 
North of Hevel-Yattir, Israel 
North of Hevel-Yattir, Israel 
Netiv hglamed H6-Gush Etzion Road, Israel 
Unknown (obtained from Dr. T. E. Miller) 

Fig. l a -h  C-banded karyotypes of T. searsii,  a TEl0, b TE07, 
c TE08, d TEl8, e TE20, f TE23, g TE30, h TE09, all homozygous 
for the transtocated chromosomes T1SsS-4SSS and TISSL.4SSL 

var ia t ion was observed  within the accessions ,  but  C-band  
p o l y m o r p h i s m  was de tec ted  be tween  the different  acces-  
sions ana lyzed  (Fig. 1). A genera l ized  id iog ram of T. s e a r -  

s i i  was const ructed (Fig. 2). Monomorph ic  C-bands  
present  in all  access ions  are ca l led  marker  C-bands  and are 
d iagnos t ic  for ch romosome  ident i f ica t ion  (Fig. 3). 

Chromosome  1S S (arm rat io L/S: 1.6; total  ch romosome  
length L+S:  7.5+0.8 ~m=74% of  total 3B length):  marker  
C-bands  are present  at the te lomeres  of  both arms. 

Chromosome  2S S (L/S: 1.3; L+S:  9.3_+1.1 ~m=91% of  
total 3B length):  marker  C-bands  are present  at the telo-  
meres  of  both arms in addi t ion  to two dis ta l ly  loca ted  
marker  C-bands  in the short  arm and one dis ta l ly  loca ted  
marker  band in the long arm. 

Ch romosome  3S s (L/S: 1.4; L+S:  9.0+1.3 ~m=89% of  
total  3B length):  one te lomer ic  marker  C-band  is present  
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the secondary constriction in the short arm and a telomeric 
marker C-band in the long arm. 

Chromosome 7S s (L/S: 1.1; L+S: 8.9.+0.8 ~m=87% of 
total 3B length): marker C-bands are present at the telo- 
meres of both arms and close to the centromere in the long 
a r m .  

One accession, TE09, was found to be homozygous for 
a reciprocal translocation involving complete chromosome 
arms with the translocated chromosomes T1SSS.4SSS and 
T1SSL-4SSL (Fig. lh). 

1S s 2S  s 3 S  s 4 S  s 5S  s 6 S  s 7 S  s 

Fig.  2 Genera l ized  id iogram of  T. searsii. Marker  C-bands  present  
in all access ions  are shown  in black and C-bands  that are present  on- 
ly in some  access ions  are hatched. C h r o m o s o m e  arm length  data  are 
g iven  in mic romet res  and are based  on 20 c h r o m o s o m e s  o f  each 
T. searsii c h r o m o s o m e  present  in the amphip lo id  T. aestivum cv 'Chi -  
nese  Spring '-T.  searsii no. T E l 0 .  Standard devia t ions  of  the meas -  
u remen t s  are indicated by small bars 

Fig. 3 C-band ing  pat terns o f  the T. searsii c h r o m o s o m e s  and telo- 
somes  present  in the T. aestivum ev 'Ch inese  Spring '-T.  searsii 
no. T E l 0  c h r o m o s o m e  and te losome addit ion l ines 

at the telomere of the short arm, and additional bands may 
be present in both arms. 

Chromosome 4S S (L/S: 1.3; L+S: 8.3_+0.8 ~am=82% of 
total 3B length): the short arm has one distally located and 
a telomeric marker C-band, and one interstitial and a telo- 
meric maker C-band is present in the long arm. 

Chromosome 5S s (L/S: 1.8; L+S: 7.8_+0.6 ~m=77% of 
total 3B length): SAT chromosome with a distally located 
secondary constriction in the short arm. Marker C-bands 
are present at the telomere and in the middle of the short 
a r m .  

Chromosome 6S s (L/S: 1.1; L+S: 8.0_+0.6 jam=-79% of 
total 3B length): SAT chromosome with a distally located 
secondary constriction in the short arm. The satellite of 6S S 
is larger than that of 5S ~. Diagnostic bands include one 
proximally located and the marker C-band associated with 

Identification of T. aestivum-T, searsii chromosome and 
telosome addition and substitution lines 

C-banding was used to identify 7 disomic chromosome ad- 
dition, 14 ditelosomic addition, 21 whole chromosome, 
and 31 ditelosomic substitution lines [missing so far: 2S~S 
(2B), 2SsS (2D), 2SSL (2A), 2S~L (2B), 3SSS (3B), 4SSL 
(4A), 4SSL (4B), 5SsS (5D), and7S~L (7D)]. The tentative 
ditelosomic substitutions 2SSL(2A), 3SsS(3B), 4SSL(4A), 
and 4SSL(4B) were produced but did not set self seeds. The 
C-banding patterns of the T. searsii chromosomes and te- 
losomes present in the set of T. aestivum cv 'Chinese 
Spring'-T. searsii no. TEI0  addition and substitution lines 
are similar to the chromosomes of the original accession 
TEl0.  

The identity of the whole chromosome addition and sub- 
stitution lines was also confirmed by meiotic pairing anal- 
ysis. 22n+6 ~ meiotic configurations were usually observed 
in F l hybrids of testcrosses of the disomic T. searsii addi- 
tion lines with the T. aestivum cv 'Chinese Spring'-T. sear- 
sii no.TEl0 amphiploid. The Fls between the disomic 
T. searsii substitution lines and 'Chinese Spring' wheat 
paired as 20H+2 I, whereas in crosses with the appropriate 
'Chinese Spring' ditelosomic lines (i.e., 
DS5SS(5A)xDT5AL) the Fls paired as 20n+lI+t ~. The 
cross with 'Chinese Spring' confirmed that these are whole 
chromosome substitutions, and the cross with the ditelo- 
somic lines was used to confirm the substitution for that 
specific chromosome�9 The F 1 of the cross 

s II IV I I DS1S (1D)xDT1DL paired as 18 +1 +1 +t ,  indicating 
the presence of a wheat-wheat translocation. C-banding 
analysis detected the presence of a translocation smaller 
than a complete arm involving 2AS and an unidentified 
wheat chromosome in line DS 1S~(1D). 

Meiotic pairing analysis of T. searsii chromosomes and 
telosomes with their T. longissimum and T. sharonense 
homoeologues 

Limited meiotic pairing data showed that the T. searsii 
chromosomes 1S s, 2S s, 5S s and 7S s do pair with the T. Ion- 

�9 �9 1 1 1 glsstmum chromosome arms 1S L (12%), 2S S (18%), 5S L 
(13%), and 7S~L (17%), respectively (Table 2). 4SSL (1%) 
and 4S1S (19%) pair with 4S~h of T. sharonense. No pair- 
ing was observed between 4Ss/4s~s and 6S~/6S1S and be- 
tween 4S~h and 4SIL or 7SIS. 



Table 2 Meiotic pairing of 
T. searsii chromosomes and te- 
losomes with their T. longissi- 
mum and T. sharonense homo- 
eologues in F I hybrids of cross- 
es between disomic substitution 
lines (DS) 
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Cross combination Meiotic pairing configuration 

Number of PMC's with 
2 0  u + 1 ~ + t ~ 

N u m b e r  o f  P M C ' s  w i t h  
2 0  n + t l  n 

DS1SIL(1D) x DS 1SS(1D) 
DS2SIS(2D) x DS2S~(2D) 
DS4SIS(4D) x DS4SS(4D) 
DS5SIL(5D) x DS5SS(5D) 
DS6S~S(6B) x DS6SS(6B) 
DS4SSL(4D) • DS4SIsh(4D) 
DS4SaS(4D) x DS4Slsh(4D) 
DS4SIL(4D) x DS4SIsh(4D) 
DS7SS(7D) x DS7S1L(7D) 
DS7S~S(7D) x DS4SIsh(4D) 

106 14 
99 22 

101 0 
104 15 
More than 50 0 
More than 100 1 

26 6 
More than 200 0 
172 36 
More than 200 0 

Table 3 Seeds per spikelet in 'Chinese Spring'-T. searsii disomic 
(DS) and ditelosomic substitution lines (S short arm, L long arm) 

S s chromosome Missing wheat chromosome 

A B D 

1 2.6 2.5 2.3 
1S 2.0 1.8 1.5 
1L 2.2 2.2 1.6 
2 2.6 2.0 2.8 
2S 0.7 a - - 
2L Sterile - 0.9 a 
3 2.5 2.3 2.0 
3S 0.6 Sterile b Sterile b 
3L 1.6 2.0* 1.0 
4 1.6 2.1 2.4 
4S Sterile a 1.2 0.3 
4L Sterile Sterile 2.0 
5 2.0 2.8 2.1 
5S - - - 
5L 1.1 1.5 2.2 a 
6 2.2 2.1 2.3 
6S 1.3 1.9 2.0 
6L 2.0 0.4 2.0 
7 2.2 2.1 2.2 
7S 2.7 2.2 - 
7L 2.4 2.2 2.5 

a Seed set based on two spikes only; all other data based 
more spikes 
b Will set an occasional seed under ideal conditions 

on four or 

Sporophytic  and gametophyt ic  compensat ion analysis 

All o f  the 21 possible whole chromosome substitution 
lines, with the exception of  DS4SS(4A), set an average of  
two or more seeds per spikelet (Table 3). In general, the 
di telosomic substitution lines, as expected, were less fer- 
tile than the whole chromosome substitutions, with several 
of  the latter being sterile. The substitutions of  the ditelo- 
somics of  chromosome 7S s for the group 7 chromosomes  
of  wheat  appear to be an exception: 5 of  the 6 possible di- 
te losomic substitutions were produced,  and all of  them ap- 
pear to be as fertile as the whole chromosome substitu- 
tions. 

The gametophytic  compensat ion data showed that chro- 
mosome 2S s is the only T. searsii chromosome that com- 
pensates well for all group 2 homoeologues  of  wheat (Ta- 
ble 4). Significant deviations f rom the expected 3:3:1 ra- 
tios were observed for 4A/4S s, 5A/5S s, and 7B/7S s com- 
binations, which involve structurally rearranged wheat 
chromosomes,  but also for other combinations.  Al though 
the homoeologous  chromosomes  of  T. searsii showed poor  
compensat ion for these three wheat chromosomes  in male 
gametophytes,  the whole chromosome substitutions 
5SS(5A) and 7SS(7B) are as fertile and vigorous as the sub- 
stitutions of  these two T. searsii chromosomes  for the other 
two members  of  groups 5 and 7. Al though the substitution 
4SS(4A) is less fertile and vigorous than the substitution o f  
this chromosome for 4B and 4D, gametic compensat ion 
appears to be a more sensitive test of  relatedness than spor- 
ophytic compensation.  

Phenotypic effects o f  the added T. searsii chromosomes  
and telosomes 

Spike morphologies  of  the T. aestivum cv 'Chinese 
Spring'-T. searsii no. T E l 0  disomic chromosome addition 
and ditelosomic addition lines are shown in Fig. 4. 

The spikes of  the disomic addition line 1S s are shorter 
than those of  'Chinese Spring'  and exhibit partial sterility 
when grown under worse than normal conditions. Spikes 
o f  the ditelosomic addition line 1S ss are shorter than those 
o f  'Chinese Spring ' ,  while those of  1SSL are morphologi-  
cally similar to 'Chinese Spring'  and are more fertile than 
those of  the disomic addition line. 

Spikes of  the disomic addition line 2S s have short awns 
and tenacious glumes. The ditelosomic addition line 2SSL 
has short awns and is free-threshing, while the ditelosomic 
addition line 2SsS is awnless and has tenacious glumes. 

Spikes of  the disomic addition line 3S s and ditelosomic 
addition line 3SSS are shorter than those o f  'Chinese 
Spring'  and exhibit sterility in the upper one-third o f  their 
length. The rachis o f  DA3S s and DA3SSS is fragile and 
tends to break somewhere  between the first and sixth spike- 
let. With respect to maturity, they head 10 days to 2 weeks 
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Table 4 Gametophytic com- 
pensation of T. searsii chromo- 
somes for wheat chromosomes 
based on segregation of the 
progenies from the crosses 
'Chinese Spring' x Cf double 
monosomics (20II+2 ~) 

Chromosome 
combination 

Progeny from 2111 x 20 ~I + 21 

2111 20 II + 21 211I + 11 20 n + 11 

Z 2 (3:3:1) 

1A/1S ~ 8 3 - 2 4.49 
1B/1S S 16 3 3 1 8.97* 
1D/IS s 19 5 1 3 11.35"* 
2A/2S s 10 7 4 2 0.88 
2B/2S s 13 10 4 1 0.40 
2D/2S s 14 12 4 1 0.18 
3A/3S ~ 13 12 - 3 4.22 
3B/3S s 18 6 - 1 11.00" * 
3D/3S s 15 7 1 1 5.10 
4A/4S s 24 2 3 1 19.83"* 
4B/4S s 14 12 3 5 0.52 
4D/4S s 18 8 2 2 5.33 
5A/5S S 20 6 - 3 13.13"* 
5B/5S s 12 13 3 1 0.33 
5D/5S s 16 15 - - 5.20 
6A/6S s 15 8 1 4 4.39 
6B/6S s 17 3 6 1 10.44"* 
6D/6S s 14 11 1 3 2.71 
7A/7S s 12 12 2 - 0.93 
7B/7S s 17 4 4 - 7.94* 
7D/7S s 14 15 - 1 4.87 

* and **: significant at the 5% and 1% level, respectively 

Fig. 4 Spike morphologies of Z aestivum cv 'Chinese Spring'- 
T. searsii no. TEl0 disomic chromosome and ditelosomic addition 
lines (DA). Left to right: T. searsii; upper row 'Chinese Spring', 'Chi- 
nese Spring'-Z searsii no. TEl0 amphiploid, DA1S s, DA1S~S, 
DA1SSL, DA2S s, DA2SSS, DA2S~L, DA3S s, DA3SSS, DA3SSL, 
DA4S ~, DA4SSS, DA4SSL; lower row DA5S s, DA5SSS, DA5SSL, 
DA6S S, DA6SSS, DA6SSL, DA7S s, DA7SSS, DA7SSL 

later than 'Chinese  Spring '  under  greenhouse condit ions 
in Texas. Spikes of the di telosomic addition l ine 3SSL re- 
semble those of 'Chinese  Spring ' .  

Spikes of the disomic addit ion l ine 4S s and the ditelo- 
somic addit ion l ine 4SSS are more lax at their base than 
those of 'Chinese  Spring ' .  Spikes of the ditelosomic addi- 
t ion l ine 4SSL are similar to those of 'Chinese  Spring ' .  

Spikes of both the disomic addit ion l ine 5S s and the di- 
telosomic addition l ine 5SSL are lax at their base and of- 
ten compact  at their top. Variability in the latter character 

is a funct ion of growing condit ions with spikes of the same 
plant  sometimes having both compact and non-compact  
tops. Spikes of the ditelosomic addition line 5SSS are sim- 
ilar to those of 'Chinese Spring ' .  

The spikes of the disomic addition line 6S s are similar 
in appearance to those of 'Chinese  Spring ' ,  but have re- 
duced seed set in the upper one-quarter  of their length. 
Spikes of the 6SsS and 6SSL ditelosomic addition lines are 
similar to those of 'Chinese  Spring ' .  

Spikes of both the disomic addition l ine 7S S and the di- 
telosomic addit ion line 7SsS are more lax in their lower 
halves than those of 'Chinese  Spring ' .  The ditelosomic ad- 
dit ion l ine 7S~L is similar to 'Chinese Spring ' .  

Discussion 

The chromosome complement  of T. searsii consists of 
seven meta- to submetacentr ic  chromosomes with two 
pairs of satellited chromosomes,  5S S and 6S s, and is simi- 
lar to that described by Teoh and Hutchinson (1983) and 
Teoh et al. (1983) for Aegilop species. One accession was 
homozygous for reciprocal whole arm translocations in- 
volving chromosomes 1S s and 4S s. Reciprocal whole arm 
translocations involv ing  different chromosomes have been 
detected previously by C-banding  analysis in T. tauschii 
(syn. Ae. squarrosa) (Friebe et al. 1992a), T. sharonense 
(Friebe and Gill  1995), and T. araraticum (Badaeva et al. 
1994), but  not in T. dichasians (syn. Ae. caudata, Ae, mark- 
grafii) (Friebe et al. 1992b), T. longissimum (Friebe et al. 
1993), T. umbellulatum (syn. Ae. umbellulata) (Friebe et 
al. 1995) and in T. bicorne, and T. speltoides (Friebe and 
Gill  1995). 



T. searsii is morphologically very similar to T. longis- 
simum, making it difficult to distinguish the two species. 
However, both species can be distinguished easily from 
each other by their distinct C-banding patterns. T. searsii 
has fewer and smaller C-bands than T. longissimum, and 
in this respect, is similar to T. bicorne (Friebe and Gill 
1995). In the present study, several accessions that had been 
previously described as T. searsii were cytogenetically 
identified as T. longissimum (data not shown). Differences 
in C-banding patterns between closely related plant spe- 
cies have been observed earlier (Marks and Schweizer 
1974; Bennett et al. 1977; Greilhuber et al. 1981; Greilhu- 
ber 1984). C-band positive regions generally correspond 
to constitutive heterochromatin that contain a large amount 
of repeated DNA sequences (Schweizer et al. 1990). There- 
fore, the observed differences in C-banding patterns reflect 
differences in the amount and chromosomal location of 
these sequences, which can undergo rapid changes, even 
between closely related species. 

The homoeologous relationships of the T. searsii chro- 
mosomes present in the chromosome addition lines has 
been determined by isozyme analysis and morphological 
characters by Pietro et al. 1988. In their study it was shown 
that chromosome 4S s carries the T. searsii genes Acph-SS1 
(acid phosphatase-1) and Aco-SS2 (aconitase-2), both 
markers for group 4 long arm, and that chromosome 7S s 
possesses the gene Ep-SSl (endopeptidase-1), which is a 
group 7 long arm marker. Since a ditelosomic addition line 
derived from the whole 4S s chromosome addition line car- 
ried neither the genes Acph-S~l nor Aco-SS2, both should 
be located on the 4S~L arm (Pietro et al. 1988). 

In contrast, chromosome 4S l from T. longissimum car- 
ries the gene for Adh-Sll (alcohol dehydrogenase-1, a 
group 4 short arm marker) as well as the group 7 long arm 
gene Ep-Sll (Hart and Tuleen 1983). Furthermore, in 
T. searsii the telosome 7SsS has a gene for purple coleop- 
tiles that is a group 7 short arm marker, whereas in T. lon- 
gissimum this trait is encoded by a gene located on the 
longer arm of 7S a (Friebe et al. 1993).These results sug- 
gest that T. searsii differs from Z longissimum with respect 
to a translocation involving 4S I and 7S ~. It has been sug- 
gested that in Z longissimum a longer segment from a 
group 7 long arm (having the Ep-Sll gene) was replaced 
by a shorter segment from a group 4 long arm, resulting in 
the arm relocation of the gene for red colepotiles (Friebe 
et al. 1993). 

The C-banding patterns of T. searsii, T. bicorne, and 
T. speltoides chromosomes are very different from that of 
T. longissimum, making it impossible to detect the trans- 
location difference (Friebe and Gill 1995). However, the 
C-banding pattern of T. longissimum is similar to that of 
T. sharonense (Friebe and Gill 1995). The overall C-band- 
ing pattern of the short arm of the T. sharonense chromo- 
some 7S~h is similar to that of 7SIL, and the distal region 
of 7S~hL has similarities to 4S~L, confirming the 4/7 trans- 
location in T. longissimum. 

The presence of reciprocal translocation differences be- 
tween T. searsii and T. longissimum was detected earlier 
by meiotic pairing analysis, where the F 1 hybrids between 
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both species frequently formed five bivalents plus one 
quadrivalent at meiotic metaphase (Feldman et al. 1979). 
Because 5U+l TM configurations were only observed in test- 
crosses between T. Iongissimum and other S-genome spe- 
cies, but not in intercross hybrids between T. sharonense, 
T. bicorne, and T. speltoides (data summarized by Feldman 
et al. 1979), this indicates that T. longissimum is cytoge- 
netically distinct from all other S-genome species and sug- 
gests further that the S 1 genome is relatively younger than 
the S, S~h, S b, and S s genomes.. Meiotic pairing analyses 
in triploid hybrids of T. searsii with T. longissimum (4x), 
T. speltoides (4x), and T. bicorne (4x) indicated that the 
S s genome is equally distant to the S, S I, and S b genomes 
(Yen and Kimber 1990). 

The present study shows that only 2S s compensates well 
for all group 2 homoeologous chromosomes of wheat. Poor 
gametophytic compensation was observed in chromosome 
combinations 1B/1S s, 1D/1S s, 3B/3S s, 4A/4S s, 5A/5S s, 
6B/6S ~, and 7B/7S s. Although T. searsii is closely related 
to T. longissimum, S s genome chromosomes in general do 
not compensate well for their wheat homoeologues, 
whereas S 1 genome chromosomes, except for the rear- 
ranged translocation chromosomes 4S ~ and 7S 1, show good 
sporophytic and gametophytic compensation ability. This 
suggests that the compensation ability may be determined 
by several major genes that are present in Z longissimum 
and absent in Z searsii. This further implies that the S 1 ge- 
nome of Z longissimum is more similar to the A, B, and 
D genome of cultivated bread wheat than the S s genome 
of T. searsii. 

The meiotic pairing data suggest that the T. searsii chro- 
mosomes 1S s, 2S s, 5S s, and 7S ~ have homoeology to the 
corresponding T. longissimum chromosomes. However, no 
pairing was observed between 4S ~ and 6S s and the corre- 
sponding short arm telosomes of T. longissimum, indicat- 
ing that these arms are not fully homoeologous. Homoeol- 
ogy is further indicated between 4SSL, 4S1S. and 4S~h of 
T. sharonense. No pairing was observed between 4S1L and 
4S~h, supporting the rearranged structure of the 4S~L arm. 

Meiotic pairing analysis (Naranjo et al. 1987, 1988; Gill 
and Chen 1987; Naranjo 1990) as well as RFLP data (Liu 
et al. 1992; Devos et al. 1993) have revealed the presence 
of a large pericentric inversion in chromosome 4A and a 
cyclical translocation involving chromosome arms 4AL, 
5AL and 7BS in T. turgidum and T. aestivum. A 4AL/5AL 
translocation is also present in T. monococcum (Naranjo et 
al. 1988; Jiang and Gill 1994b). Furthermore, it has been 
shown that Secale cereale has a 4RL/5RL translocation 
with the breakpoints in similar regions as the 4AL/5AL 
translocation in wheat, and it was suggested that this trans- 
location is an ancient one and must have occurred very 
early (Devos et al. 1993). However, neither chromosomes 
4B and 5B of T. aestivum nor chromosomes 4S ~, 4S~h , 4S b, 
and 4S of T. searsii, T. sharonense, T. bicorne, and T. spel- 
toides are structurally rearranged. C-banding analysis 
showed that the S and S1/S~h genomes of T. spe#oides, 
T. longissimum, and T. sharonense are more similar to the 
B genome of wheat than those of the S s, and S b genomes 
of T. searsii and T. bicorne. It is likely that the original pro- 
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genitor of the B genome was an ancient  S-genome species 
that is now extinct and that the present S genomes have 
undergone several modifications.  
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