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Abstract Cytologically based physical maps for the
group 3 chromosomes of wheat were constructed by map-
ping 25 Triticum aestivum deletion lines with 29 T. taus-
chii and 7. aestivum RFLP probes. The deletion lines di-
vide chromosomes 3A, 3B, and 3D into 31 discrete inter-
vals, of which 18 were tagged by marker loci. The com-
parison of the consensus physical map with a consensus
RFLP linkage map of the group 3 chromosomes of wheat
revealed a fairly even distribution of marker loci on the
long arm, and higher recombination in the distal region.
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Kinds of maps

Cytologically based physical maps (CBPMs) are ideo-
grams of wheat chromosomes depicting positions of
C-bands, deletion breakpoints, and allocated molecular
markers in each deletion interval region (Werner et al.
1992). A CBPM can be aligned colinearly with a genetic
linkage map using a common set of markers. The compar-
ison of the two maps reveals important information for an-
alyzing marker concentration and recombination in spe-
cific chromosomal regions. Saturation mapping of specific
regions can be a starting point for map-based cloning of
target genes. In this report, we present CBPMs and com-
pare physical versus genetic linkage maps of the group 3
chromosomes of wheat.
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Markers

The 29 probes used for mapping (Table 1) were kindly pro-
vided by K. S. Gill (Gill 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). For 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 38 11 0 0 1 Hindlll
XksuGi3 3S 7 1 2 1 HindllI
XksuG53 38 2 1 0 1 HindIll
XksuH7=

XksuE2 3S and 3BL? 6 1 3 1 HindlI
Xksull9  3S 2 0 0 1 Hindll
Xksul32 38 9 1 0 2  Hindll
XpsrI23 38 3 1 1 1 Hindlll
Xpsr598 38 3 1 1 1 HindII
Xpsr689 38 3 1 1 1 HindlI
Xpsr902 38 9 2 3 1 Hindlll
Xpsr910 3S 4 1 1 1 HindII
Xpsr926 38 3 1 1 1 HindIlI
Xglk683 3S 2 0 2 0  Hindlll
Xglk724 38 6 2 2 2  Hindlll
XksuD19 3L 2 1 0 1 Hindlll
XksuE14 3L 9 0 0 1 HindIll
XksuG36 3L 4 0 2 1 -HindllI
XksuG48 3L 5 0 1 1 HindII
XksuG62 3L 15 3 4 5  HindIll
XksuH2 3L 4 1 1 1 HindII
XksuH15 3L 9 2 4 3 Hindlll
Xpsr74 3L 3 1 1 1 HindII
Xpsrll6 3L 3 0 1 0  HindIll
Xpsrl156 3L 3 1 1 1 HindIll
Xpsrl70 3L 6 1 1 1 Hindll
Xpsr578 3L 3 1 1 1 Hindlll
Xpsr931 3L 3 1 1 1 HindIll
Xglk609 3L 3 1 0 0  HindIll
Xglk718 3L 3 1 1 1 Hindll
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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 Xpsr!70 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 XksuG53, Xksul19 cM
group 3 chromosomes of wheat 0.87—
(left) with the consensus genet- : 1 - 60
ic linkage map of wheat group Xglk683 i
3 chromosomes. The scale in 0.75—
centimorgans (cM) is indicated - Xpsr305 b 50
on the far right Xpsr910, Xpsr598 +—xpsr1196 "
9-58 = 1 Xpsr689 40
Xksuf2, XksuG13,
XksuH7, Xpsr123, B
0.39— Xpsr926, Xpsr902, - 30
: Xglk724 i
T Xpsr907
0.25 20
0.23— Xksul32 i
XksuF34
Xpsr598 = X3 1060 — 10
4= Xpsr903 -
0.00— Centromer e Xpsr999 0
N XpSr176 e %ﬁgﬁ‘
Xpsr75g = 313% B
Xglk609 Xpsr57, 975 =
g Xpsr74 ores, 10
- _.\ spbp 0
0.21 XksuE2Z, Xosr170 ==1=\%eu2g 20
0.22— XksuH7 N Xosr549
0'27__ Xpsr116 ot -
[— 0'28-—' XksuG36
0.31— ' T 30
Xpsr156 L
0.38— ] p e Xpsr1667 40
0.42~ T Cxe? B
XksuH2, Xpsr578 =
0.50— — 50
XksuE14 i
— 4 ——GIK33(2)
82;_ Xpsr74 T 63311 60
-~ Xpsr904 -
XksuG48 S—Xpsr1205 10
0.78 —+—Embp |
XksuD19, XksuG62, 50
XksuH15, Xpsr170, Xpsr931 ~—1—_cp3s
Xglk718, Xpsr931 — s
+—Xpsr1203 —90
- Est-5
-1 Xpsrd54 ™
—100

Acknowledgements We thank Dr. M. D. Gale and Dr. K. Tsunewa-
ki for their generous sharing of probes. Conttibtition no. 95-369-J
from the Kansas Agric. Exp. Stn., Kansas State University, Manhat-
tan, KS 66506-5502. We wish to thank USDA-NRI Plant Genome
Project and US-JAPAN NSF-JSPS Collaborative Research Program
for financial support.

References

Devos KM, Gale MD (1993) Extended genetic maps of the homo-
eologous group 3 chromosomes of wheat, rye and barley. Theor
Appl Genet 85:649-652

Gill K8, Lubbers EL, Gill BS, Raupp WJ, Cox TS (1991) A genet-
ic linkage map of Triticum tauschii (DD} and its relationship to
the D genomie of bread wheat (AABBDD). Genoine 34:362-374

Liu YG, Tsunewaki K (1991) Restriction fragment length polymor-
phism (RFLP) aiialysis in wheat. II. Linkage maps of the RFLP
sites in commot wheat. Jpn J Genet 66:617-633

Werner JE, Endo TR, Gill BS (1992) Toward a cytogenetically based
physical map of the wheat genome. Proc Natl Acad Sci USA
89:11307-11311



