MoJieRyJISAPHO-TEHETHYECKOE
KAPTUPOBAHHME I'EHOMA
3JIAKOBBIX:
(byHIAMEHTAJbHBIC U
NPUKJIATHbIE UCCICT0BAHUA




McTopua KapTMpoBaHMf XpOMOCOM

1911 - Tomac Xaut Mopran (Thomas Hunt Morgan) co ceoumu
CTYJAE€HTAMM, N3y4as pacllelyieHne MyTalui y IJI00BbIX MYyIIIEK
Drosophila melanogaster, npeaio:xuan Moaeb, B KOTOPOi reHbI
PAacCoJI02KeHbI JJUHEIHO H UX CTIOCOOHOCTh K 00MeHYy (KpoccoBepy)
NMPONMOPIHOHAIBLHA PACCTOSTHUIO MeKIY HUMH.

1913 - CtépreBaHT ONyOJIMKOBAJ FreHETHYECKYIO KAPTY X-
XpoMocoMbl apo3oduinl (Sturtevant, 1913).

1946 - ycraHoBJIeHO cuenJieHue AJjs 21 mapbl NPU3HAKOB Yy
NIIEeHUIbI, IPUYEM Fr'eHeTHUYECKOe PACCTOsSTHIE ObIJIO OTIPeieIeHO
TOJIbKO MeKAy reHamu 8 rpynn cuerienusi (Ausemuset al., 1946).

1957 -
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MukpocareJUINTHbIE MapKepPbl
(SSR —simple sequences repeats)

Cxema aHaamnsa

Boigeaenue renomuoi JIHK

-4
pacrenue 1 —— |CAGAGA|GAIGAIGAIGA GAIGAIGA

-4

pacrenne 2 ————ciccacicaGalc G AGAcAG AGAGAG
-
pacTenue 3 ———{cacalGalGAlGA

e IIHP ammmdukanus

e DyekTpodopeTHYECKUI aHAIN3

Arapo3Hblii reJib BLICOKOI0 pa3penieHus
IosmakpuaMuIHBIN IeJlb

JleHATypUpPYHOIIUA NOJUAKPHIAMUIHBIA I'eJlb

B 1993 roany amepukanckuii yaenbii Kappu MioJsuiuc 3a orkpbiTue Metoaa I P
(1985 r.) o611 ynocTtoen Hobeneckoii mpeMun.
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Gale, Michael D. and Devos, Katrien M. (1998) Proc. Natl. Acad. Sci. USA 95, 1971-1974

L,opl gnt ©19ys by the National Academy of Sciences



Pa3mep renoma
[MTmenuria - 17000 muH.1I.H.

Puc — 389 miH.11.H

CpaBHUTEJIbHBIN
aHAJIU3 XPOMOCOM
NMIIEeHUIbI U pUca

(Sorrellset al., 2003).
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A schematic of the evolutionary history of wheat species

divergence2.5-6 MYa

species Sitopsis B
Ae. speltoides .
\ i
Hybridization Hybridization
less than
0.5MVYa. 0.5-3MYa Ae. tauschii

AMAM
T. boeoticum

BBAA
T. dicoccoides

GGAIA!
T. araraticum

Hybridization

7000-9500 ya
BBAA
T. dicoccum

BBAADD
T. aestivum

GGAIA!
T. militinae
T. timopheevii

AMAM
T. monococcum

BBAA
T. durum



Pa3Butne padoT o KAPTHPOBAHHUIO XPOMOCOM [ . aestivum “’
(Ha mpuMepe xpomocombl 3B)

1993 2003: nocJe 2004:
4120 ' 11500 renos/ /03 ESTS0bLIM KAPTHPOBAHBLI HA XPOMOCOMeE
F€HOB HA MapKepoB HA 3B ¢ ucnoabp30BaHNEM JAeJEeIMOHHBIX JUHHHA [
reHOM T€HOM

http://wheat.pw.usda.gov

&0 383
79 (2N 3B58-0.78-1.00
I 63 ("6 1859.0.57-0.78
2 Low mapped-
73 (86) 3BS1-0.33-0.57 EST density
20 B Average mapped-
EST density
59 (73 S -
e 3] c3Bs1-033 High mapped-
EST density
20
69 (799 |c-3BL-0.22
40
98 (124 %583 81 2.0.22-0.50
S
L] <5
56 (67) 33334 3BL10-0.50-0.63
N
] i
T § 206 (252) 3BL7-0.63-1.00
E
100 i
= L
A 3B
IBL U Total: 703 (884)



http://wheat.pw.usda.gov

j o cituidhs Ae. speltoides

. . Ae. longissima
Ae. sharonensis
Ae. searsii
Aa. bicornis

GA




T’ timopheevii
GA

F2 nomyasiuum

T. timopheevii (ssp. viticulosum) x MukpocateasinTel
T. timopheevii (k38555) WMS 136
. . . WMS 18
T. timopheevii (ssp. viticulosum) X WM S 659
T. timopheewvii (var. timopheevii) WMS 636
T. timopheevii (ssp.viticulosum) X WMS 369
T.militinae WIS 707
. . . . WMS 165
T. timopheevii (var. timopheevii) x WMS 186
T.militinae WM S 334
T. timopheevii (var. timopheevii) x WM S 427
T. timopheevii (k-38555) WMSATrL
. . . . WMS 60
T. timopheevii (var. timopheevii) x
T. timopheevii (var. typica)
T. timopheevii (k-38555) x T.militinae




Koan4yecTBO MUKPOCATEJIMTHBIX
MAapPKEPOB, KAPTUPOBAHHBIX HA XPOMOCOMAX
T. aestivum u T. timopheevii

_ A TeHOM B rerom | D) relom (> TEHOM

7/ || Beero y . cestiviim 250 309 254
H3 Hirx
|| mpoeepeHo oA Als 250 309 -
OTCYTCTEYIOT B Al 21% 45% 67%0
e o
T. militinae 37% 14,5%p




Mukpocare/sIdTHbIE
kapThl 1A' xpomocom

Dist Marker Dist Marker LG
cM Name oM Name Dist name | 1 IX CPaBHeHHE ¢ 1A
c
___________ 0.8 — Axgem33b sg | | TM| momyasimun
29 ngm1223- 14.9 Xgwm1223 ___.-- Aywn90
0g — - Xgwm905 ~------.__ % Xgwm905 =~~~ 4.4 i Xgdm33
6.7 — Xtaglut 9.9 28 Xtaglut
Xgwm33 ----------- Xgwm33a ---__ 9.3 —
0.0 Y 46 — Rt X 33
6.0 f Xgwma835 - Xgwm1104--._ 31 —= gwm
00 / Xbarc263 __.---""" “T42 — HETEZES
g Xgwm1104 Xgwm1104
Xwmc24 158
Xwmc24
94.8 — I C 16.2
Xbarc148
243 —
Bso—I  +HH—Xgwm633 ----.
B0 NIPITIEES) =cmmmenn Xgwm633
' Xgwma97a~-_ 12.5 —
e Xgwm497a
13.2 —
57.5 Xgwm99
ngm99 """"""""" ngm99 29.7 —
23.8 —
200 —
----- 0.0 Xgwm1139
_________________ Xgwm1139a -~ 1 J\ ngm750
1.4 Xgwmi139 9 _.é_l_ R Xgwm750--" -
U Xgwm750 -~~°~ -

T. timopheevii x T. timopheevii ITMI population T. timopheevii x T. militinae




MuKpocaTeJJIMTHbIe KapThl 6A! xpoMocoM 1 ux cpaBHenue ¢ 6A | TMI| monyasimuun

Dist Marker
cM Name Dist Marker
a
cM Name
e Xgwm719=---._____ Dist Marker
Xgwm334 ---.__  TTTee-al cM Name
Tomean 26 Xgwm719a
' “Xgwm334a Xgwm825
26.2 1oz 5.0 — Xgwm1009
L | 53 T/ Xgwm1205
XqWmaoa Xgwm1009a -~~~ J
. +—
= Xgwm663 4A 21.0 —*
16.7
.- Xgwm494
Xgwm494- _ _ 56.1
\\\\ e __Translocation
36.0 g
Xgwm494 | C __Inversion
23.1 67.4 —
Xgwm200
13.3 Xgwm1150
12.8, B
3.0 Xgwm815 7 Xgwm570 AN
3'5 ~Xgwm1089 L N
: M XgWm427 s
N ::\ /, \\ 3.4 ——F Xgwm1089
Sy S ) % s - Xgwm427
& / N el
46.9 ING 608
, RANE 20N
o7 N\321 —
Xgwm1150 /' 6.7 \\ ngm427,”:z' Xgwm1150
13.2 Xgwm1089 6.5 N
Xgwm570 ‘
-’

T. timopheevii x T. timopheevii

ITMI population

T. timopheevii x T. militinae



Translocations and rearrangements observed In
T. timopheevii

Translocation
described previously
TOA'S/1GS, distal region (a,
Rl Gs/aGs, distal region (b)

T4A'L/3AL, distal region (b)

TAGS/4AL, distal region (b)
T4AYL/5AML, distal region (c)

Not shown
Not shown

Translocation
found in this work

1GS, TBP within Xgdm 84 -
K%WFC])%J%%? distal markers are

PARERY TBP within Xgwm391-
Xgwm1229 (no linkage)

Not found, distal markers are
TBRSEthin Xgwm982-Xgwm126
T4AY6ALS, interstitial region

6ALL inversion

a) Jiang and Gill, 1994; b) Rodrigueset al., 2001;
c) Maestra and Naranjo, 1999;

TBP, trandocation breakpoint

Salina et al., Funct.&Integr.Genomics,

2006
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sharonensis
bicornis
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Section
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2n=14
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2N=6x=42
BBAADD




The use of T. aestivum - Aegilops addition lines (a-c) for the
localization of wheat SSR markers on Aegilops chromosome.

5 Xgwm382

_Jﬂ@-_ =‘:I|1_3 124 T.aestivum (CS)
_./'@_ li___,h*lh*l-il o 1249 1S A
j‘(i o esdDs 114 124 25
3 . . @S 123 45 a
3 1 _124 55
2 _eemll3  ai23 7S M
g A - Ae.speltoides
_,_)ﬂq‘i_ \ ___._-EILE_ _h_..__=l2_3_ 18! A
A3 J o 113 124 gl
e L g 38
3 113 124 b
ﬂx._ - - 4SI
SR _=lE 18 59
T 114 124 6S
el P 123 7 |
73 . .
P SRR Ae.longissima
X2 P e 158 N
‘(E_ _/_‘QQM_ e 113 123 oG8
2 e 11}3; 123 -
o 123 4SS c
3 I8 RE] s+
2 _ 113 _123 5SS
113 123
et = 7S° '
73 Pl .
e : : - - Ae.searsii
Fie] 20 245 a0 a5 100 [8f5] 11 115 120 125 120

Seeds provided by prof. B. Friebe. | Adonina et al.,, Genome, 2005




Schematic consensus map of the B genome of T. aestivum.
SSR markers with determinated localization in the genome of
Aegilops species are depicted ([l Ae. speltoides,

Bl Ae. longissima,[] Ae. searsii)

1B Marker oB Marker 38 Marker 4B Marker
Name _ Name _ Name _ Name
| 1 Xgwm389 B Xgwm1278
T Xgwm N
I N Xgwm33b +H Xgwm1128
~Xgwm264a
T Xgwme682
| <—xgwm1104(1A).ﬂ___ Xg:';wm410b = N xgwm779a +H Xgwmss6
D ++ Xgwmb582 ~Xgwm148 S Xgwm1l3 I
_ A1 S Xgwm513
I T Xgwmil8 N ngm192aj
N ngm273 ngm1650 p
¥~ Xgwm1302(4D)
O —Xgwm1291(1D) quET] | C
| B0 |[exowmer4@Ea)|c T\ xgwmo76(4p)
X 1048(2 X 998
. H  xgwmass gwm1048(2G) gwm
M| «— Xgwm1047(3D)
T ngm89
- -1 Xgwm930
E ngm938] up J
B O |lexowms2001p) B0 | f~xgwm1300a(30) B ||—xowm1163@D)
O +H Xgwm1070a
T Xgwm526
O 4 x TN Xgwm846 O |fexgwmio713a) B O 4 xgwm73e
gwmz268
Xgwm382 B+ Xgwmisi
Xgwm619 B H  Xgwms40
Xgwm991la
. D T ngm1139b D ngm3llb
= U l !
Xgwm793(1D)

Adonina et al., Genome, 2005




o GemeScan 3.7 - [cfed 90-cleld-cfel 37 -clel19-pi02_6_C11_004.fza]

| Be b Propct Sarple Selfigs Wes Windos Hep

50w w =
1500
:  _
SSR-based genetic -
. 1387
mapping of the i
: - "
Ae. speltoides genome - / T/ ”
m| m =4l I |
Eerma: v :
Genomic SSR markers EST-SSR markers Total
Ae. speltoides | T. aestivum
Used 254 185 318 757
Amplified in 221 116 93 EST-GPWs (81.6%); 612
Ae. speltoides (87.0%) (62.7%) | 162 CFEs (90.5%);
20 KSUMs, CNLs (80.0%)
Polymorphic 173 54 157 384
(78.0%) (46.5%) | (57.0%)

|C& G, Novosibirsk, Russa; UMR INRA-UBP, Clermont-Ferrand, France




Map-based comparative analysis of the S, G, and B
genomes of Triticeae species.

|C& G, Russa; UMR
INRA-UBP, France
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Ae. sharonensis

\ Ae. longissima

T3/4,4L/7L

Ae. bicornis

Ae. searsii

I'E Ae. speltoides
L

T2/3

T. timopheevii

AA reHOM TBASI1GS, 1GY4GS,
AATL /3BAL , AGS/4ALL,
A EEAE 4AYBALS, 6AL inversion

T. turgidum

T4AL/5AL/7BS
4A inversion

— T. aestivum
DD remom

AA TreHoM
T4AL/5AL




MonekynapHo-reHeTM4ecKkoe KapTupoBaHue
chepoKoOKKOMAHbIX reHOB NMeHULb]

3AS 3BS 3Ds
M Marker l
T Xowmseo —I— Xgwm389 _l_ Xgwm161
—~ Xgwm493 F
452 —
26.8 —
—1 Xgdm72
2o _—@ S
+H— Xgwm2 0.6 Xgwm376 2.9
5.1 s3 4.2 < el Xqwm685 Xgwm458
6.6 — 0.5 S2
Xgwm720 0.5 f Xgwm566 26.0 —
13.1 —H" Xgwmg4s
N Xgwm802
13.6 —
—1— Xgwmé664
—~ Xgwm853
49.8 — 13.7 19.3 —
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1.2 —
1~ Xgwm314
+H— Xgwmiss
31.9 —
_I_ Xgwm340
eo —TT Xgwm480 I —0- xowms
) {-— Xgwm751
U 1
3AL 3BL 3DL

S1-MS3287 x H67; S2 —M SK2454 x H67; S3 —M S1453 X H67

Salina et al., Theor. Appl. Genet.,

2000




SSR mapping of the leaf rust resistance gene (L)
Introgressed into common wheat from T.timopheeuvii.

oB Genes | Chromosome
Xgwm234
o LrTtl 2A
Xgwm443 L T 2 5B
I
Xgwm156 t
LrTt3 2B
cM Marker
Xgwm213
Xgwm335 Xgwm777
= Xgwm604
Xgwm499 _— Xgwm408
1:7 = Xgwm1072
16 f Xgwm1016
Xgwm604 23 / ngm8;4
Xgwm1072 5.8 / igwmigjﬁ
gwm
5.4
Xgwm1246 . / Xgwm8go
o4 LrTt2
Xgwm1257
Xgwm1257 .
—— | a0nova et al., Plant Breeding,

2004; Leonova et al., Euphitica,
2007; Leonova et al.,




SSR-aHann3 6eKKpOCCHbLIX MOTOMKOB.

B3l | C29/M80 (B31x
8 5A C29/M80

Xgwm 234
Xgwm 544
Xgwm 540
Xgwm 213
Xgwm 843
Xgwm 371
Xgwm 499
xXgwm 777
Xgwm 408
ApoeoCntb

Xgwm 604
Xgwm 1016

| BC, — 12 pacrenni BC, — 8 pacrennmii

% % ) 4 ) 4

42% 58% 5% 25%

Marepuaa npexocrasJjieH E¢ppemosoun T.T.




MeXxcopToBoe 3aMmelleHMe XpoMOCOM
nueHuubl (A reHoMm)

Chr. 1A 2A 3A 4A SA 6A A

Lines

829/ * * * * *

YP

Cg * * * *

Synt.

Cap/ * * * * *

Bez




NeHoTMNMpOBaHMe T. aestivum X

T.timopheevii MHTpOrpecCcHuBHbIX JIMHUM

CopT JIMHKMA 1 2 o ) 7
& B oy B oy B & oy B D B oy B
Td44 E . L . . I . 3 E L .
Tal £ 5 o LS = T - 2 L = -
£29 811 | - : § L E | . S ESLNPERE
821 2 LS LS 2 <
g3z 5 L 5 L5 L = n.832 C20/T.t
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141 1 3 4 LS - - L .
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H&7 (i3] E 3 5 2 5 2 I B E 5 =
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SSR aHanmm3 T. aestivum X Ae. speltoides
MHTPOrpecCHUBHbIX JIMHUM

JNTnHnsa 592

7D

+

Xgpw1054 (7S)

Xgwm44
C—@ Xgwmi11

Xgwm437

Xgwm428

Xgwm37

JInnuu npenocrasiieHbl JJanoukunoin U.@., [Tmennynukoson T.T.




Spring BblaeneHbl YepHbIM LUBeTOM, a ana CapaTtoBckas 29 — KpaCHbIM LIBETOM.
CneBa ykasaH HoMep SSR Mapkepa v ero nokanusauus Ha XpoMocome.
* 0603Ha4YeHbI annenu, uMmerLmMe OANHAKOBYIO OJIUHY Y AaHHbIX COPTOB MlIeHUUbI
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MAS In development of T. aestivum X T. timopheevii
monoinsertion lines

line 832

i Pl

1A 1B 2A 2B 5B / 1A 2B 5A 6B

F,BC, FBC,
T.timopheevii \
T T T -
| —c29 744-1
| [ T T 744-2
1
| . LT B ] 744-3
2
| 744-4
| LT ]
/ F,BC,

Aim




MukpocatennuTHble MapKkepbl, BbiOpaHHbIe ANA
reHOTUNUPOBAHUA UHTPOrPECCUBHLIX NMUHUA METO40M
thparMeHTHOro aHanusa

Xpomocoma Mapkep
NOTOMKHM /44 TuHun noToMKH 832 JTMHUHU

1A Xgpw 7072, Xgpw 7258, Xgwme691, Xgwm750
Xgwm750

1B Xgwm1l8, Xgwm818, Xgwm1l8
Xgpw 7258

2A Xgwm726, Xgwm312, Xgwm726, Xgwm312, Xgwm95,
Xgpw7501 Xgpw7501

2B Xgpw1109, Xgwm120, Xgpw1109, Xgwm120,
Xgpw7501 Xgwm630, Xgpw 7501

5B Xgwm814 Xgwm814, cfe204

6B Xgwm361, Xgwm626 =

2 13 12




MAS ons NONY4YeHUA NNHUA C eAUHUYHBLIMMW
doparmeHTamm nHTporpeccun T. timopheevii

BC,F, (SSR aHanus 75 pacT., 744, 832,157)
x C29 l

BC;F, (3862, 3866, 3869, 5352, 5360, 5368)

camMmoonblifieHue J

BC,F,(SSR aHanus 178 BC,F, (SSR anHanus, 10 pacT.)
pacrT.)
camoonbifieHne camoornblineHne l 2 pacT.- 3 BCT.
12 pacr. - 4 BCT. 2 pacrT.- 2 BCT.

38 pacT.- 3 BCT. BC,F, |5 pacT.- 1 BCT.

BC,F, 42 pacT.- 1 BCT.

79 pacrT. - 2 BCT. camoonblnel-me\ 1 pacTt. — 0 BCT.

OueHKa npM3HaKkoB S pacT. |- O BCT.
Tennuua 2008-2009
none 2009

BC,F,

OueHka npu3HakoB

2A; 2B; 5B; 6B none 2008







Comparative genomics for plant breeding

A Genetic map

To Xwg199 (1 cM) To fdmy (18 cM)
and centromere and felomere

* cM Marker
VRN2 gene region
B Physical map = Putative Genes
® aCOAT
T. monococcum v ____"E :..::.m g g?%i:ﬁi 3 . 5 _ - Xng 777 I C & G
40 ki Rngé"a;;kz;ers § g]%gg 2 . 8 _— Xng 604
Hordeum vulgare 615K ] (AY485643) PCR nt‘ar(eer 2 ;5;‘014 5 . 6 - Xg wm 408
Oryza sativa OGO~ 49F5 (AF485811) O UCW21 @ NUCELLIN 1.7 7 ngm 1072
Xgwm1016
1.6
23 / Xgwm814
5' 8 Xgwm1246
5' 4 Xgwm497
5 ' 5 Xgwm880
A 94 LrTt2
' Xgwm1257

\P Sequencing

Gene and
genome mapping

Identification trait-
genes —markers

“Molecular” plant
breeding
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