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What is Radiation Hybrid (RH) mapping?

Physical mapping based on radiation induced chromosome breakage
and a reconstruction of marker order based on their co-retention pattern

Radiation breaks chromosomes at random resulting in fragments that
carry physically linked loci

Marker co-retention frequencies (probability of two markers retained
or lost with each other) can be used to calculate physical distances



Why RH mapping?

Non-Polymorphic markers
Independent of recombinant event
Higher resolution with small mapping populations

Resolution can be controlled through radiation doze
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» ~1/4 10 1/3 of the genome
around the centromere
represents about 1% of
recombination on the genetic
maps

From Erayman et al. 2004
Nucl. Acids Res. 32(12)

Important tool for BAC contig alignment prior to

‘complete’ genome sequencing
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RH, panel development for the D-genome of Ae. tauschii
accession AL8/78 and Chinese Spring wheat
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B Ae. tauschii accession AL8/78 (2x)
Langdon (LDN:4x)

Kindly provided by Dr Steven Xu
USDA-ARS, Fargo
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D-genome RH Project

» Two D-genome Radiation hybrid (DGRH) seed panel:
v AL8/78 1600  RH, lines generated
v CS 2565  RH, lines generated



Characterization of AL8/78-DGRH panel

» 35 SSR markers, 5 markers from each of the seven D-genome
chromosomes

« Average marker loss=2.1%
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Homogenous marker loss across whole D-genome
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Homogeneous marker loss across the chromosome
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Chromosome 4D Deletion Frequency (%)



% lines with

Mayjority of the lines showed deletions for multiple
chromosomes
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Current status of D-genome RH Project

» Two D-genome Radiation hybrid (DGRH) seed panel:
v AL8/78 1600  RH, lines generated 368 critical lines selected
v CS 2565  RH, lines generated 282 critical lines selected

» Several DGRH endosperm & pollen plant panels have been
generated

» High-throughput genotyping platforms have been tested
(original target 8,000 loci, current target > 45,000)

» Biloinformatics tools have been developed to produce RH maps



Additional D-genome RH panels (DGRH)

» DGRH endosperm panel
v CS 1,000 samples
v AL8/78 640 samples

» DGRH pollen panel
v Cs 500



Characterization of endosperm panel

Deletion frequency = 10.8% (10 Gy), 18.9% (20Gy), 29.9% (30GY)
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Combination of seed-endosperm panel for complete map
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Resolution of DGRH, panels

* Four RH lines with break between these two markers
(400kb apart), suggest a resolution of ~100 kb for this
panel

<—+ 3 SSRs located in 3.2 Mb region detected 23 obligate
breaks

* Mapping resolution of <140 kb.
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» Average resolution using 282 lines:
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DArT based RH maps of D-genome

A total of 641 and 764 were mapped to the seven D-genome chromosomes of
ALS8/78 and CS respectively

Using RH mapping almost 7 times more markers were mapped to D-genome
compared to genetic maps

Higher resolution than genetic maps (cR:cM=17:1)

Table First generation RH maps of all 7 D-genome chromosomes of AL8/78

Chromosome Markers Mapped Unique Total Length (cR) Marker Density cR:cM
Loci (cR/marker)
1D 59 52 1278 24.6 11:1
2D 51 46 1543 33.5 14:1
3D 108 78 2634 33.8 33:1
4D 49 42 1116 26.6 12:1
5D 58 57 1786 31.3 15:1
6D 72 55 1771 32.2 16:1
7D 218 152 3095 20.4 20:1

Average 17:1




Resolution in centromeric regions = 84 times higher than

DArT based RH maps of D-genome

genetic maps

Chr. bin Size length | Resolution | Resolution | Resolution |CcR,y,,/CM
(Mb) (CR000) | MbB/CRy500 | (MD) Mb/cM ratio
3DS |3DS3-0.24-0.55t0 [243.96 |5915 (041 0.94 8.1 19.7
3DS6-0.55-1.00
3DL3-0.81-1.00 |85.31 303.8 [0.28 0.68 2.1 7.5
3DL
/DS |7DS4-0.61-1.0 224.25 8154 |0.27 0.75 2.9 10.7
C-7D | C-7DS4-0.36 to |240.96 |813.6 |0.29 0.45 11.1 (84.2
C-7DL5-0.30
/DL |7DL3-0.82-1.00 |68.6 186.2 |0.36 0.74 1.75 4.8




3B-Radaition hybrid map

« 92 3B-RH lines characterized with 540 markers
« Resolution in centromeric regions = 85.6 times higher than genetic maps

Contig
cfipl1id 0.0 1
Chr RHmap Geneticmap Map size ratio gg&;igg 13.8 F1Z®.6 Mb
' size CR)  size (cM) (cR cM™Y) J;;;ggg;‘\ "] o.emb
3BS telom. 79.7 5.2 15.3 wpt.2050 | %m
JPE-10230 =101
3BS 755.7 48.1 15.7 PL-10756 oo
Centrom. 214.7 2.5 85.9 ——> reiiaic 35.4
3BL 137.2 11.3 12.1 s B 8§ 0.2 Mb
wPt-0439 1.4
3BL telom. 459.6 104.2 4.4 i las
3B chrom. 1871.9 179.1 10.5 Praoriz]  1ios4
whPt-5495 1136

Kumar et al., accepted BMC
Genomics



Current status of D-genome RH panels (DGRH)

Selection of critical lines

Total= 1,231

» DGRH seed panel:
v  AL8/78 399 critical lines selected
v CS 282 critical lines selected

» DGRH endosperm panel:
v AL8/78 200 critical lines selected
v' CS 200 critical lines selected

» DGRH pollen panel:
v'CS 150 critical lines selected



Current status of D-genome RH Project

» High-throughput genotyping platforms have been tested
(original target 8,000 loci, current target > 45,000)

>



Mapping approach

NimbleGen array
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NimbleGen array for D-genome
~45,000 markers

30,900 wheat repeat junction markers specific to D-genome

15,324 gene markers representing 6,330 genes specific to D-
genome

23,891 markers mapped to individual chromosomes,
chromosome arms and deletions bins using NT, DT and deletion
lines

~1,200 selected RH lines are being genotyped
Drader et al. IWGSC presentation



Current status of D-genome RH Project

» Two D-genome Radiation hybrid (DGRH) seed panel:
v AL8/78 1600  RH, lines generated 368 critical lines selected
v CS 2565  RH, lines generated 282 critical lines selected

» Several DGRH endosperm & pollen plant panels have been
generated

» High-throughput genotyping platforms have been tested
(original target 8,000 loci, current target > 20,000)

» Bloinformatics tools have been developed to produce RH maps



Bioinformatics Tool Development
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The resources of D-genome RH project are
avallable for use by the community under MTA

Please feel free to contact us



Radiation hybrids for physical mapping of other
chromosomes



Chromosome 3B RH Panel

- 1871.9 ¢cR (92 RHY)

VS

. 179.1 cM (376 F,)

« Contig Orienting > 1 Mb

« 92 RH! resolution:
« 376 F, resolution:

Centromere

<
Seceseemni)

i
IV INRA

Institut National de la Recherche Agronomique

0.5Mb
5.5Mb

tfp1111

efp1220

tfp3401

wPt-9506 tP1-513047 wPt-10907
wPt-11343 wPt-10878 cfp3208
wht-3423

whi-2060 \k

tP1-513149 wPt-10230

. 355 0.6Mb-—23cR/Mb

-18.0
= o2 0.9Mb

B

wPI-1327 wPt-11086 wPi-10756 hy

7 3.3

wP1-6945 tPt-513385 wPt-4860 |

wPt-70151Pt-513854 1Pt-512998

wPI-7834 wPl-11416

354

\53.9

3113 /

¢fp3538 cfp3154 ﬁf
WP-11414 wP1-0439

WPH4363

WPH-9756

WwPt-5244

WP-10712

WPL-2720 WPk4777 WP-5495

WPH-10420 wP1-8126 wPt-10969

WPH-6778 wPt- 10552 wPt-10093

WPH-10389 wPI-10677

5.1 ‘209 0.2Mb-21cR/ Mb

71.4
79.9
1 88.2
L96.5
1109 4
113.6

\113.7

W AT W1

e
WELIAT W

454
e

0.31-0.38 - 39 Mb

H
w2 0.9 Mb
"

o, 3255 0.6 Mb— 23 cR / Mb

W §209 0.2Mb—21cR/Mb

3BL10
0.50-0.63

73 Mb

i =

1.2Mb — 2.6 cR / Mb “=61

3BL7

0.63-1.00 208 Mb




>
ov)
@)
=

E

Frequencies (cM / Mb or cR / Mb) . :?ﬁf,_g
SERCERSOSEEINNNRROREERREEY 88 42 el
683 WPIAIH ao s - 17
it
AT o4 ‘ i i
3 3BS3 1173
B I | [l
A I 525 0.87-1.00 56 Mb | i e
i ki - e
WPLTEIS et ue : I | s
PLaz67 WPLSe21 mmm o o244 ! 4 12236
| [z 3BS8 ‘ I 1295
54 e 12286
ary i
om0 0.78-0.87 39 Mb ‘ I dimb 2033 p——
W1 1013 w181 70 1 il 0 L1 x} ‘\&x WPi- 10065 wPt-5288 12540
Pttt i L
A 3859 [ ol [E R,
;:ﬂﬁcl:’ WPLEGES wP1-T003 WPt 10882 12341 IMW&DMWMDEWHHZM
] o274 0.57-0.75 78 Mb I - l e e VL9553 4P 022 WP 10682
WPLOSI0 wPLIIET m zzw I 0.3 Mb FIEN oot 1212 75 nPr1525
L1438 11758 3852 1 it bt e unnnemapms
09 e
IP8E21 BARC218 wPL1LIS! I 23 dp32e2
e Tl
vPHHSnF'UG!SwP! =24 0.56-0.57 wemm 4 Mb : L3 i (] o
I I Pt
Pk
222 3BS1 I | P wprsoes
w6 364 13628
w2 0.33-0.55 95 Mb ‘ | R T e
=i ‘ I 3.0Mb — 12.5¢cR/Mb oE = i amsy O NLIITT
£ | I 1 WL 10454 WPLSTZI WL 11488
P01 03 I | [ P L’E?ﬁﬂ WSOl 1610
LGS WP THT WP 1265 foe i |
prasiiieiste]
0 E T ID0ES - 10183
002 oot ] . ot B0 A S0 WP
] firhe I I N VL1004 Wt S907 v Er
P——— I C-3BS1 | ! e
el e I N (N
o] I 142 Mb [ | (e e R
v W ;s 0.00-0.33 | | O 15 pregiie
e e i ras
e i I | " 1023 st
" e 1412.4 [lpiﬁ\ cip105:
5 12081 | 2 Mb — 0O b .8 PAiaaT T e 1037 WP 1272
wﬂuﬁiwﬁlulﬂvﬂm a0 | 0.2Mb — 0.5 cR /Mb 3 | 1 v Jiats we Jasen
WPt 10611 WPt 10045 wit.54s T -
Frin 7. | | 178 7 PGS LTI
it i vﬁef’ s v 10063 1244 1088
" ; | 0.2 Mb ciptddd
WPLZEZ L7335 wPLTI33 H | - bt 14258 BARCI4M
s == § 2.6Mb—119cR/Mb \ I R ot B 7 —
DI WP S48 WPIOTEY l 0 27 92 el Blopisss
s | 1013725 220, /56, 151 it 3 ice
—e i e Ter
1 1 EEE T 77 ‘- ME . et et
—e—e o, ws =] iise cpssae apissr
C-3BL2 124 Mb ‘ | EFTy 29?270 TR0 Ee, By = (Fir
[ | 0.0 M 145 55 qesics s
° 1453.3 o
0.00-0.22 | | ‘—5-6 e ey iEcketen
‘ I 0.6 M| 694 653 532 , a1 12 {mﬁgg-mm.am
s 2 i
| 1 0.1 Mh 94 Vi3 VeI itz
red]
[ I Fliteon Bt =t
B 767, 21 845 bk VPLTUT WPLTHE 50016
a0 I | S l1q 84 = TR w28 2545 e “"{i;g*g“vg;g&,
s i
WP 11368 WPt 10018 WPt 1 1478 I 10007 .
R S vaen - I : a: I i
WPLH1252 WPA005 w1081 2%
Gtal e 3BL2 33 Mb \ [ P i
s &7 27 | 634 98 Bar TS 10 wet-i782
s a3 &3 | Tt
E 3. 0.22-0.28 | 1 By 1 0855
T8 T )
e b ‘eancas [ 17 @203 3BL1 39 Mb | 0.4Mb—46.2cR/Mb &
e s i e I
Jpro—" o
et a iy I 0 R e 0.31-0.38 | 4
STV VP 5 o 0.3Mb—6.7cR/Mb &
e 3BL10 73 Mb \ | 4
ot [P | I
D"“‘ o523 ofpi6HD 367 @t 1.9 Mb — 4.8 cR /Mb o
o 0.50-0.63 | A
T P 0TS ipdecs 66 P72 WP 0162 WP 107154
" ey ] | 0.0 Mb — 9.1 R EIE002 w1500 e 10441
e $8 06Mb—23cR/Mb | . de il
st 03 ‘ I 15787 ;ﬂgizmsm i
MRIETE v o e v 92 gomb | ! | [
WPLTOIS LS 884 a1 wer : : s iioad e s e 1ot
T a082 3BL7 208 Mb | 1 Jiosed Fo 192 w1964
P .n"og’ S I | s prarey
L @242 0.63-1.00 I I 03 180 dpio
F HEH 16588 st
el [ $§& 02Mb—21cR/Mb \ | [ I e
whran ) 1143 P TE27
et~ i I ‘ Iz e
560 s 438 WP 10052 wEn 8362
} I o O N i
’ wPt-10777 wPt-T266 wPI-7733
9624 1
. wPt-10502 wPt-10729 wPt-1822
el e e
i o s } 1\ 1.2Mb—26cR/Mb 3% ol L R
E‘P"“ 50 ;
i e P WPLISST WP 1103
il I I jitpin
Simies foors s . | PAES
10168 wP1-22d1 WPL-10872 o 7
i @re miuc wbrsaia <4 I P13t o
i iz Pty
o] Jie " I I wmmum.nm.ﬂzm
WP 7408 w1302 8 1000H 103 ©55 I ‘ o Pt 1133
1D P 1340 53 ] 07 | | VE oI 505 w1323
| | . mm 675 WPt 10843
pered
. vodess
i
VLA WPL 10303 WP 51
2423 Y2
st
e
VL1308

w1187



Radiation hybrid panel for 7B physical mapping

; Irradiate seeds at 25,35,45 krad

Langdon 7D(7B) X Langdon

Chr 1-6: AABB Chr 1-7: AABB
Chr 7: AADD l

1200 RH, panel for chromosome 7B
Chr 1-6: AABB
Chr 7: AABD

300RH, lines with retention frequency 10-90% were seelected



RH panel for A and B-genome of wheat

Seed panel (Total) =1373 RH, lines
-1136 (350Gy)
- 101 (450 Gy)
Deletion frequency = 1.7%

Pollen panel (Total) = 180 RH, lines

Deletion frequency = 9.6 % (10Gy) and 14.5 (15 Gy)



Radiation hybrids: application to gene cloning



3B-radiation hybrids for mapping/cloning gene for sterility

* 696 3B-RH lines characterized with 140 DArT markers
« 336 selected lines provide a calc. 50 kb resolution
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4A specific radiation hybrid panels for
cloning of powdery mildew resistance gene
QPm-tut-4A and 4A specific physical maps
anchoring

Monika Kladivova!, Ajay Kumar?, Shahryar F. Kianian?, Diana Posti3, Irena Jakobson3, Hilma Peusha3, Kadri Jarve?, Ljudmilla
Timofejeva3, Barbora Klocova!, Jaroslav Dolezel!, Miroslav Valarik?!

1 Centre of the Region Han4, Institute of Experimental Botany, Sokolovska 6, Olomouc 77200, Czech Republic
2 Department of Plant Sciences, North Dakota State University, Fargo, Loftsgard Hall 470G,ND 58108, USA
3 Department of Gene Technology, Tallinn University of Technology, Akadeemia tee 15, Tallinn 19086, Estonia
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A- RH panel for Pm resisitance gene cloning
The seed panel

Irradiated seeds at
RH, 25 krad

B - RH panel for 4A physical map anchoring
The andosperm panel

Irradiated pollen
~ . atl,15and?2 krad

Nullitetrasomic lines
N4AT4B, N4AAT4D,
cv. Chinese Spring

Self-pollinated x

Radiation hybrid seed

panel 4ALT™
4B"°(4D""") 4AL’

944 lines 863 lines

v

Identification of the DNA Phenotyping for resistance to

breaks in homologous powdery mildew, genotyping
state by the markers linked to the

resistance locus.

v, v

Ms... 48 lines susceptible to the powdery
mildew, DNA from all lines axtracted

RH,

Radiation hybrid

endosgerm panel 4A

v ~

Endosperm preparation Embryo rescue
1069 samples 58 lines

400 DNA extractions, marker
chracterization

genotyping by the chromosome
specific markers for 4A, BAC contig
anchoring



1D-RH segregates for the scs gene

« Species cytoplasm specific controls nuclear-cytoplasm interactions
« 1,300 1D-RH lines segregating for shriveled and plump seeds

~

Wheat
nucleus

\

Ae. longissima cytoplasm

SCS ASCS

Hossain et al., 2004. Genetics



1A to 1D Conservation

RH! 1D
628
CR
0.0 NDSU212
NDSU221
12.7 NDSU220
NDSU222
22.1 NM3
NDSU293
25.0 NDSU298
scs(ae) x
34.3 NDSU225
43.6 NDSU226
51.1 NDSU21-1D
62.4 NDSU231
71.8 \ NDSU233
71.9 RIOC32-2
74.9 NDSU31
91.1 NDSU3
111.9 NDSU26
125.5 NDSU298
147.9 NDSU224

*
RH 1A F2 1A
91 5,935
0.0 - NDSU20
cM
.
99.3 NDSU21-1A BCD1449 0.0
1475 Wmc120
206.1 NDSU293 NDSU293 0.2
271.6 NDSU298 NDSU229 0.3
333.6 NDSU31
381.8 NDSU834
NDS298 0.6
447.7 —— NDSU36.1
scs(ti) 0.7

NDSU834 +—}- 0.8

Bassi et al. ITMI presentation



Summary

Radiation hybrids are efficient tool for :
Physical mapping of chromosomes/chromosomal regions

Cloning genes (particularly from low recombination regions)



http://avena.pw.usda.gov/RHmapping/
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