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A b s t r a c t  Cyto log i ca l l y  based  phys ica l  maps  for the 
group 3 c h r o m o s o m e s  o f  wheat  were  cons t ruc ted  by  map-  
p ing  25 Triticum aestivum dele t ion  l ines with 29 T. taus- 
chii and T. aestivum R F L P  probes .  The de le t ion  l ines di- 
v ide  c h r o m o s o m e s  3A, 3B, and 3D into 31 discrete  inter-  
vals,  of  which  18 were  t agged  by  marke r  loci.  The com-  
par i son  o f  the consensus  phys ica l  map  with  a consensus  
R F L P  l inkage  map  o f  the group 3 c h r o m o s o m e s  of  whea t  
r evea led  a fa i r ly  even d is t r ibut ion  o f  marke r  loci  on the 
long arm, and h igher  r ecombina t ion  in the dis ta l  region.  

K e y  w o r d s  Phys ica l  mapp ing  �9 R F L P  �9 Cerea l s  �9 
Triticum aestivum 

Kinds of maps 

Cyto log ica l ly  based  phys ica l  maps  (CBPMs)  are ideo-  
grams of  wheat  c h r o m o s o m e s  dep ic t ing  pos i t ions  of  
C-bands ,  de le t ion  breakpoin ts ,  and a l loca ted  mo lecu la r  
markers  in each de le t ion  interval  reg ion  (Werner  et al. 
1992). A C B P M  can be a l igned  co l inear ly  with a genet ic  
l inkage  map  using a c o m m o n  set o f  markers .  The compar -  
ison of  the two maps  reveals  impor tan t  in format ion  for  an- 
a lyz ing  marke r  concent ra t ion  and r ecombina t ion  in spe-  
c if ic  c h r o m o s o m a l  regions .  Satura t ion  mapp ing  o f  speci f ic  
reg ions  can be a s tar t ing poin t  for map-based  c loning  of  
target  genes.  In this report ,  we  presen t  C B P M s  and com-  
pare  phys ica l  versus  genet ic  l inkage  maps  of  the group 3 
ch romosomes  o f  wheat .  
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Markers 

The 29 probes  used for mapp ing  (Table 1) were  k ind ly  pro-  
v ided  by  K. S. Gi l l  (Gil l  et al. 1991) (KSU probes) ,  M. D. 
Gale  (Devos  et al. 1993) (PSR probes) ,  and K. Tsunewaki  
(Liu and Tsunewaki  1991) (TAG probes ,  Xglk loci) .  Fo r  18 

Table 1 Description of loci mapped with deletion stocks 

Locus Chromosome Number Number of scorable Enzyme 
location of frag- fragments 

ments 
A B D 

XksuF34 3S 11 0 0 1 HindIII 
XksuG13 3S 7 1 2 1 HindIII 
XksuG53 3S 2 1 0 1 HindIII 
XksuH7= 

XksuE2 3S and 3BL a 6 1 3 1 HindlII 
XksuI19 3S 2 0 0 1 HindIlI 
XksuI32 3S 9 1 0 2 HindIlI 
XpsrI23 3S 3 1 1 1 HindIII 
Xpsr598 3S 3 1 1 1 HindIII 
Xpsr689 3S 3 i 1 1 HindIII 
Xpsr902 3S 9 2 3 1 HindIII 
Xpsr9]O 3S 4 1 1 1 HindIII 
Xpsr926 3S 3 1 1 1 HindIII 
Xglk683 3S 2 0 2 0 HindIII 
Xglk724 3S 6 2 2 2 HindIII 

XksuD19 3L 2 1 0 1 HindIII 
XksuE14 3L 9 0 0 1 HindIII 
XksuG36 3L 4 0 2 1 HindIII 
XksuG48 3L 5 0 1 1 HindIII 
XksuG62 3L 15 3 4 5 HindIII 
XksuH2 3L 4 1 1 1 HindIII 
XksuH15 3L 9 2 4 3 HindIII 
Xpsr74 3L 3 1 1 1 HindIII 
Xpsr116 3L 3 0 1 0 HindIII 
Xpsr156 3L 3 1 1 1 HindIII 
Xpsr170 3L 6 1 1 1 HindIII 
Xpsr578 3L 3 1 1 1 HindIII 
Xpsr931 3L 3 1 1 1 HindIII 
Xglk609 3L 3 1 0 0 HindIII 
Xglk718 3L 3 1 1 1 HindlII 

a 3AS, 3BS, 3BL, and 3DS 
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0.23, 3AS-2--  
0.13, 3 A S - 1 ~  

0.21, 3AL -2m 
0.26, 3AL-1 

0.42, 3AL-3 ~ 

0.61, 3 A L - 4 ~  

0.78, 3 A L - 5 ~  

0.87, 3BS-3m !p 
Xglk683 

uE2, XksuG13, 0.75, 3 B S - 7 ~  
.uG53, XksuH7, sr598, Xpsr910 
ul32, Xpsr123, 0.56, 3 B S - 2 ~  :~.Xpsr689 
tr598, Xpsr689, 0.55, 3 B S - 4 ~  XksuE2, XksuHT, XksuG13, 
~r902, Xpsr910, Xpsr123, Xpsr902, Xpsr926, 
~r926, Xglk724 0.32, 3BS-1 m Xglk724 

0.39. 
0.25. 

0.20, 

tk609 �9 XksuE2, XksuH7 

0.22, 3BL 2 ~ LXG36, Xpsr116 
0.28, 3 B L - 8 ~  _1 0.31, 3BL-1 m 
0.38, 3BL-9 ~ ~ =  Xpsr156 
0.41, 3BL-3 - -  "1 

:ksuH2, Xpsr578 XksuH2, Xpsr578 
0.50, 3BL-10-- 0.54, 3BL-6- -1 

sr74 Xpsr74 
0.63, 3BL-7 

ksuD 19, XksuG62, ~(ksuHlS, XksuG48, ksuH15, Xpsr170, 
psr931, Xglk718 ~ XksuG62, Xpsr170, 

Xpsr931, Xglk 718 

0.23, 3DL-1 
0.27, 3DL-2 m 

XksuE2, XksuG 13, 
XksuG53, XksuHT, 
Xksu119, Xpsr123, 
Xpsr598, Xpsr689, 
Xpsr902, Xpsr910, 
Xpsr926, Xglk724 

XksuF34, Xksu132 

1 
XksuD 19, XksuE14, 
XksuG36, XksuG48, 
XksuG62, XksuH2, 
XksuH15, Xpsr74, 
Xpsr156, Xpsr17 0, 
Xpsr578, Xpsr931, 
Xglk 718 

3A 3B 3D 
Fig. 1 Physical maps for C-banded group 3 chromosomes of wheat. Fraction length measurements and deletion lines are shown on the 
left, and marker positions on the right 

of the 29 probes, fragments were mapped on each of the 
3A, 3B, and 3D chromosomes. These probes are most use- 
ful for analyzing colinearity of marker distribution. 

The CBPMs 

The 29 probes (Table 1) were used for mapping an array 
of 25 deletion lines for the group 3 chromosomes to con- 
struct CBPMs of chromosomes 3A, 3B, and 3D (Fig. 1). 
Marker loci were allocated to 18 of the 31 deletion inter- 
val regions. The marker coverage of the group 3 long arm 
is very good. However, for the short arm, no marker that 
has orthologous loci on all three chromosomes was allo- 
cated to the proximal 23% of the arm. Coverage of the dis- 
tal 25% of the 3BS arm is also poor, as Xglk683 is the only 
marker allocated to that region. 

Physical versus genetic distances 

The consensus group 3 CBPM and consensus group 3 
RFLP linkage map (Devos et al. 1993) were aligned at the 
centromere for comparison of recombinational versus 
physical distances (Fig. 2). It is clear that the 20 cM link- 
age distance around the centromere represents approxi- 
mately 50% of the proximal physical length of each arm. 
Thus, as is a rule now in wheat, recombination is sup- 
pressed in the proximal half of each arm, and this suppres- 
sion may extend up to 60-75% of the length of the arm. 
The genetic recombination is very high in the distal ends 
of group 3 chromosomes (e.g., compare the linkage dis- 
tance between loci Xpsrl70 and Xpsr931 versus the phys- 
ical distance). The relative distribution of marker loci in 
each arm can also be calculated. Surprisingly, the middle 
of 3S appears to be rich in markers. However, marker dis- 
tribution is fairly uniform along the length of 3L, with the 
exception of the proximal 20% of the arm, which has only 
1 marker. The distribution could also be an artifact of our 
choice of markers, and may change as more loci are added 
to the map. 
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Fig. 2 Comparison of the con- 
sensus physical map of the 
group 3 chromosomes of wheat 
(left) with the consensus genet- 
ic linkage map of wheat group 
3 chromosomes. The scale in 
centimorgans (cM) is indicated 
on the far right 
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