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B E. D EFAERLEYN DA EE (Aegilops umbellulata »2n =2x =14, UU) 2 &8 ) & o) = 8 &
R, AEAEZDERFFANS L FELERILERR B, AR EAN RN ARG NS0 FE
UARARINEEGEAm L RBELPEZTRG 17T HFTROZJFZEFTIL A RTT 13 MNFHEFRIRA,
Oligo-FISH & R AW L+ 10 MRATEAN S L FELEEREF AR IHRAE T, ARABATHF RS
MERLSAMRAEN S L FFZLEREEEFFALIEST ENELERLNAES, THARN D EF
FTUARAFEARGFEFHRYS, AAREHELE DS L FRE LG 4EF 515508 AEA4 Oligo-
pAul53.,0ligo-pAu263 5 /v 4~y ¥ 3 4F F 3K 4+ Oligo-pAul33 % 4 Oligo-pScll9. 2 ¥ K 4+ & ONPS #
AUl AEMET DL FE L E KRG OligoFISH A, #% FISH BA T ERRAN DS L EFEE L E
W xS BB AR R DAL FERFARAEA EEE L,
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Development of Specific Oligonucleotide Probe Library of Aegilops
Umbellulata and Construction of Oligo-FISH Karyotype
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Abstract: Ae. umbellulata (Aegilops umbellulata , 2n =2x =14, UU) is a tertiary gene resource for
wheat improvement. In order to accurately identify the chromosomes of Ae. umbellulata U genome
or the chromosome segments transferred into wheat, based on the next-generation sequencing infor-
mation of Ae. umbellulata U genome, 13 oligonucleotide probes were designed for Oligo-FISH analy-
sis according to the 17 possible specific satellite repeats identified. The Oligo-FISH results showed
that 10 of the probes exhibited obvious hybridization signals on the chromosomes of Ae. umbellulata.
The probe specificity analysis revealed that the five probes generated hybridization signals on the chro-
mosomes of Ae. umbellulata, but there was no obvious hybridization signal on the chromosomes in
wheat, which can be used as the specific probes to identify the chromosomes of U genome in wheat
background. Two probes Oligo-pAul53 and Oligo-pAu263, generating rich and strong signals on Ae.
umbellulata chromosome, and one probe Oligo-pAul33 specific for Ae. wmbellulata chromosome
combining with Oligo-pSc119. 2 were used as a probe multiplex ONPS# AU1. The Oligo-FISH kary-

otype of Ae. umbellulata was constructed, which can accurately identify each chromosome of the U
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genome. It will accelerate the step for mining, transferring and utilizing the excellent genes of Ae.

umbellulata.

Keywords: Aegilops umbellulata; Next-generation sequencing; Satellite repeats; Oligonucleotide

probe; Fluorescence in situ hybridization

NI R (Ae. umbellulata ,UU,2x=14)
HARAFR - FJE — £ A W) Fh, T2 oA e+ H
JGEm Y RN R e — & U SR
A AR R WS A U SN 245K
LRI U D A A R AR 1) G % 1A 4
FPENFE L 2E B (Ae. geniculata , USU*M*M*) | fh
SAIL2EE (Ae. kotschyi » UYUYS'SY) Fl S A K 4
I E (Ae. juvenalis , DDMMUU) %, J& T3 8
INZE I =GR,

AN Ll R B HU/NE RN AR
I /N2 BRSO /N2 WF o LA KT T L R
TGO BRI a8 A i R Y B R Y
P, HR I g A s M R TR T B e A
/NG L A BT A 0 B R e R TR Pm Y399, Bt i
G IR Lr9 FILr76 P05 850 3k K Yr70 ¥ 7% 3
Wil /NAE T, Zha SEUULE DA AR N N Al 2
BB AR A 3 N 2 S 52 [ 52 S AR A g 2
A DL A M Pm Y399 B3 38 /N -/ A 1
B 2BCURH R, Sears'™ i 2 78 2k 44 58 Fl 4R
SHEA R J5 ¥ | RN T 5 Lr9 1Y% A -
NI EE 6U By i & . Bansal 27 BT & PR
INZE N LA BTSRRI . P
B o 38 X /N e Ll AR 5 U e 8 A HE AT S5 P R
WPy, 4 5U Ge i b 58 4 3% B Bt i 45 i 5 A
Lr76 MPLAGBIRIEN Yr70 207 8 /NF 5DS Y (a
Ko 9. 47 Mb 1938 1% X 8] , 1% 5 0 & BT 85 1 4t
o ik LR 28 9 e A% B B RE /) 22 o PBW 343 Al
PBW550 H1, 3 P A it Ff ml 3538 /s 22 18 it it
R S 7 T R i (U SR AN LT S R PSS
30 /N2 i Tk R BRI, A R E S
O F i 4 25 1 W3 (Chigh-molecular-weight-glutenin
subunit, HMW-GS) 45 {7 248 53, H i & £8 52 [ Al
W /41l 3 RS HMW-GS B 1Uy1. 9,
1Ux3. 5 M1Ux3 "',

TER % €0 K T2 T B e 78 W A 0 2 ) A
S DRI R 250 R T b 5 AU e € B R BT 6]
B SCHEIR YT . B G A R DR e 0 R kR
B4 & LR 41 JR A 24 38 (genomic in situ hy-
bridization, GISH) %6 J5 A 2438 (fluorescence

in situ hybridization, FISH) Z /> T @& %3 R
METHRAEL T RIEFIIRE LT IRE
AV FARiC B AP IR G A BT S HOR . il
L PR R, SERZ AT R R EE Oligo-pScl19.
2 5EEFIRE (GAA), HI45 4 aT LI o o 3%
/I LA B g X et R, N T N L S
() FISH #% 84, AT SRy iR 1) /N 22 -4 1 = B0 R ot
AN IR Y AR PRS2 R R R Oligo-
pScl19. 2,0ligo-pTa71,0ligo-pTa713,(AAC); .
(ACT); . (CTT),, 5 Z M ERE X2 6 /= 1l
TR HEAT FISH A% ALt 15 28R Mo M. & B
TGO 2~6 Fp AR S5 JF A8 DU AS AR /N ZE /I
AR AR Fy B 2R AU S N E 5 /N
LUy 2 25 8] AH B Gy 0 B ko 3 S8 b4 R AT A S ) TN
il F R SR 0SSR . H R, ANl R
F R Y F AT TR L R Y R A R E L B
Oligo-pSc119. 2. Oligo-pTa71, Oligo-pTa713 #R
ST A ol XoF /N L S R A T R e 1
M H 3 FEE I LR FISH #R4F H7E 4 fa{k
AR DX 1 i 8 i A 20 DXl 7 A A
R Ry BR B SOIRAE 5, AN B R AR L AR KDL
FE W R G KN e B G5 4 oy o e HE SR PR
SERTIE R o SV N T SN S SN SN e N
I RORE 5 oligo #R &L, 48 Ry /N4 L 2 3 e 8 iy
B 55 0 A B R S AR

AW HAFH TAREAN AR XF /N4 12 72 1Y
AR Bl HEAT 3 BT, M E S A T A L A
WO 57k SE R AR SR, 38 i Oligo-
FISH fii e /4= Ll 3 B2 5F 5 oligo #%H  FI i %
AR 5 oligo TRER 45 G Al AT & 1Y ZE 4% 1 IR IR
£t Oligo-pScl19. 2 ¥4 g /N4 11y 3 B0 U 35 [R] 21 4
AR FISH AL, LL5g 8/ x 113 7L e €6 14 3%
FEVRZR A2 48 F0 R /NS 1L 3 B A0 A0 = A 4
B R HAR FB .

1 #HS5 7

1.1 #EYHR

4 Gy /NS 1l 2E B (Ae. umbellulata , 3 40
UU,2n=14), 5 F 5 53 Jll /& P1276994 ,P1487219 .
PI298906.20181n-647; TR = 11 £ KL (Ae. comosa
HEEA MM, 2n =14), 5| Fp 5 J& P1551063; B4R
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A T 4 45 < /NS L 2 0 7 R T R 3R AT T & A Oligo-FISH 4% 84 g # « 1149 -

WIZERE (Ae. markgrafii, A4 CC,2n=14),
g F 54 P1551120; Ba P 1L 2F 5 (Ae. uniarista-
ta FEHYL NN, 2n = 14), 5 F 5 8 P1554418; il
HrBLR Bt 1 2R B (Ae. speltoides , B4 SS, 2n
=14), 5| 5 & P1542272; 95 45 2 (Ae. taus-
chii FEFH DD, 2n=14) . 5| Fp 5 K P1486275; 2
A (Secale cereal s 3#:HH RR,2n=14) , 5| Fh 5K
P1542176, ¥ 51 A 2 & & % 8 ¥ Fh 51 5% I %
(NPGSUSA) , # B # (Haynaldia villosa , %A
4 VV.2n=14),5|F5 K 91C43, 5| [ 5 = G #F
R IE . 3 /N R R (CS) RRE R/ 22
R E] 1286 Hh R a4l R A 4 A 3 1% BIF 5 0
(CINAURAE .,
1.2 MEUFEHERANF M oligo HETF %

K CTAB AR BN 1L 5 B P1276994 —
e R 4] DNA, il it DNA R Befb R b
B4 | % M PCR ¢ 1 #9 / DNA SCHE., #H]
Agilent 2100 X DNA SCE#E47 it 35, i 45
& 19 3C B fl b B TR DI BGT 2 ) FH SR 3 )
#E4T BGISEQ-500 Wl /¥ . 2% bk Ji R J 4] v 1K Joit
B KEZR)E % T 35 bp Y Reads, 153 & i &
U T e R i s 20 0 VN

S PRGN I R AT R 1O,
AN 1L 2 g I A o, BE AL & 4 800 000
2% Reads, 2 5 K 1 0% 3£ 3 45 650 778 4% Reads,
FIH TAREAN" T RE . S TEER
JFE . XS 0 AR E R )T A I (L
{5 B2 5 5 7 4 FIIK & A5 B 8 2 )P 41D 78 NCBI |
BEAT HEXT S L ] Primer 5. 0 B8 R K JE N 50~
59 bp MR H P SLFAE R oligo #RE 116 i
Fp 3 % F AR 5 852 P 91 3T B AL 50~ 59
bp 1EA oligo AR 115 3 J7° 51 (PR TIE A 38 19 3R 2k
W) . BNTEEEFIIHEL 14 oligo 4.

PREE T MGEE a4 Hop (R REE
probe, A fCEINERE Aegilops L. ,u fLF/NAR
W 2E B wumbellulata , Ny 5 S5 09 G 5 . 9] 4n
F*HT U RKAHM cluster67 ¥y 4% N pAub7,
PLHTF & 19 oligo 4 4w 45 4 Oligo-pAu67. A
WFSE A 1) oligo BEEN M ot B BH A ) A BR 2
A RER Y 5 FAM (%858 5%) 8 TAMRA
(ZL ) 1B .
1.3 BasRPHEads s

R 40 MLAT 22 53 24 v 191 1R) 25 Ak B G e AR i)

SRS ZEE L,
1.4 EZEBRESTHI AR A2 32 (Oligo-FISH)
Oligo-FISH 5 R 1E Lei 2515 il JE Rl I RS 1E
Rk, HAr 2R A i G R i T % 0. 15
mol « L™' NaOH # 70 % W45, 28 5 min, Fifi
Ja WU 70 % .90 %6 A1 100 Y6 1Y T8 A H A6 142
K5 min, B4 H . Bk O AR R 15
pL WA A8, 22 S WA B (7. 5 pL i R%, 1. 5
pL ZEW (20 X SSC)Y L 0. 5 pL fik 4 4% DNA, 10
pmol oligo #4t,ddH, O 42 £ 15 pl), 3 L3
PR LETIBA.37 C428 6 h DL BBl ks
BB E A AR ddH, O 1K &
Uk 10 min(42 “CAKW Bkl £ R 7
ul & DAPI () H1200 (VECTA) [ 94 6 ¥ K 51,
& EHBH T Olympus BX53 BI5GB e T
Bk, il Olympics DP80 4 CCD M HLITHE K 14 .
ffi ] Adobe Photoshop #4444k Ab 38 K 4% ,

2 HEXREH2M

2.1 MELWFEHFREEFIIMIE

FIF TAREAN BRAEXF /N 11 2 75 fF A7 HR Bk
TEIFHI Reads HEAT R0 FI DR H 3145
174 URKNHADREERFH(8 KmERFE. &
REMFE). CL21 EZFH&HK.H 1533 bp. 5 U
FEAH 0.850% ;CL172 JEF i dE , 44 bp, 5 U
FEIAH 0.016 % Hoax 15 5 )7 50 0y 2 )7 K B R
46~775 bp, i UKL 0.028% ~0.240%,

7F NCBI %45 2 BLASTN (Percent Identity
>=80%, Query Coverage=80%) X} it 17 4
75 B FE P 2R A7 X, 4 45 (CL52,CL131,CL141
M CL157) 5 & F #5277 9 AH [R] %o HOAS # 3 — 25
SR TR 13 P AR ARG B Wk 1, Hrp
10 & %1 (CL21,CL114,CL136,CL197.,CL263,
CL132.CL146,CL153,CL133 1 CL172) 47 £ [F]
JEF A s Hody 3 44741 (CL67, CL163,CL177) &
Bb 6 21 £ 540 [R5 41
2.2 Oligo REtFAEMERAFRESH

ET LR BXFBDEREIFH.HET 134
oligo ¥4, 70 W4 44 & Oligo-pAu2l ., Oligo-pAub7,
Oligo-pAull4 ., Oligo-pAcl32.,0Oligo-pAul33,0l-
igo-pAul36, Oligo-pAul46, Oligo-pAul53, Oli-
go-pAul63.0ligo-pAul72,0ligo-pAul77.0ligo-
pAul97 Fl Oligo-pAu263, 5K B/ T 42~59
bp(FE 1),
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Table 1 Sequence information of 13 oligonucleotide probes developed in this study

™ R 3 I e L 1 RE ] B )
AR e £ RESH  RURE A EIC5 > 31
Sequence  Sequence S . Probe Probe Probe s (5 > 3)
name Jength,/bp equence comparison length/bp robe sequence 3
/IR 1R 3B BAC U TGTCGGGGACGAATCCACGAACAC-
CL21 1533 icum aestivum  pre A9 Oligo-pAu2l 59 CTATGGGACCGGTGGATCGGCCCCTTTT-
chromosome 3B-specific BAC li- < Epp
b GGTTCGG
rary
GACACCCGCCGTCGTGGT-
CL67 775 J& None Oligo-pAu67 59 CACTTTTTCGCCATTTTCGGCGG-
GAAAATCTCGCCGTCGTG
CL114 504 aj"\r%z?ﬁnk)ﬁ;/iﬁ:;n chromosome Oligo-pAull4 54 5 ACGAAAGTTTGGACACACACCCCTCA-
o - e N~ ’ : CAAACCGGAGCAACTCACTAGAAGGCTC
3B-specific BAC library
K& WA Morex Rim1 3 [ ATGCTATTACCCACTAATTTTGGGTC-
CL132 118 Hordeum wvulgare subsp. vulgare Oligo-pAul32 56 CCGGGGCGATCCGAACGTTCGAGGAAC-
cultivar Morex Rfm1 gene cCcC
CL133 553 E\Eﬂi; f;i?siltjf{)irf‘?uzel sat- Oligo-pAul33 50 CCCGTAACCCACTCTCGGGCTTCGACAA-
e o °8 ’ > o > S0P . : CATTTCGGAGGCAAGATCCGGC
ellite sequence
e v TGGAGGTGGTCGAAAAAATGAACGCAT-
CL136 q12 NEEEREAMNRK . Oligo-pAul36 58 TCCGGAGGGACCATTTGGTCTAACTTA-
I riticum aestiroum prolamln AG(‘(‘
Sy INFETaAP2-D F: A . GACGCGCGGGGCGGCCGAGTGGTGAT-
CL146 8 Tyiticum aestioum TaAP2-Dgene OUBOPAULLE A2 G CETGACCAACCGAG
Fr s :
g’[\ﬁd\%%%d‘i 18S Al 265 BB 1 TCGTGGACGGAACGTGACGCGCGCCATG-
CL153 505 o ) . Oligo-pAul53 59 GAAAACTGGGCAAAACCACGTACGAG-
Triticum spelta26S ribosomal RNA GCACA
and 18S ribosomal RNA genes TR
TTCAACGTGAGGCTCCGGCCCATG-
CL163 210 J& None Oligo-pAul63 58 GAAAACGCACACTCACTTCAGTCGGT-
GAGGTTGG
I 2 = g
CL172 44 %ﬁﬂiﬂﬂi—inuzﬁ?\ifﬁiﬂ clone Oligo-pAul72 43 AACTCTAGTGTAAAATTATTTGAAC
A L yrum 0ess 807p TAGCTTATAGAGCTAGTT
CL199 satellite sequence
ACACTGTTTTGGGGTC-
CL177 118 J& None Oligo-pAul77 54 CGGGCACGATTTCGATGGCCCGTGAC-
CCCCGGTACACA
/IR 1R 3B BAC S AAAAGCATGCATTTCCGACCCTCGTAGC-
CL197 653 rifrcum aestivum  protamin and oyo. ;A 4197 58 TACTCCCGGCAATTCAGACCACCTTCG-
chromosome 3B-specific BAC li- GCC
brary
/NFE BAC 1J9Tmemb-185A %544
WA TAAGTTAGCATATTAGAGCCAACTTAG-
CL263 118 Triticum aestivum clone BAC 1J9 Oligo-pAu263 59 GTAAAATGAAGCTAACATATGT-

Tmemb-185A domain-containing
protein

CATTTTGGAA

I 13 DREE X N 1L 2 REARIA 2253 L vh
WY Y 04K 3 4T Oligo-FISH, % B & 41 Oligo-
pAu2l, Oligo-pAull4d #1 Oligo-pAuld6 X /)<
Lo B A W 2 S8 A5 5 HoAl 10 SR 3477 4R
B @55, Oligo-pAul77.0ligo-pAu263 F1 Oli-
go-pAul53 3 HITE/N I B 12 55,10 S50 6
Yo ik e R 5. OligopAu67. Oligo-
pAcl32, Oligo-pAul36, Oligo-pAul72 FI Oligo-
pAul97 BIFE/N I TR 4 SR OAE AR R
5, 0ligo-pAul33 # Oligo-pAul63 ¥ 7E /N4 1l
FERM 2 KPR AR EAFES.

FH AT 7 A B RAF 5 10 10 AR B X
EAF R R A 2257 2 W i 4 @ fk #E 17 Oligo-
FISH 73 #r, & B Oligo-pAu67. Oligo-pAul33,

Oligo-pAul36. Oligo-pAul63 Fl Oligo-pAul97
HAE /Nl R Qe ik b= AR B (55, 75
BROK ERARES WX 5 DA TR
BINESF T U NGk & D,

%l Oligo-pAul32,Oligo-pAul72,Oligo-pAul 77,
Oligo-pAul53 Hl Oligo-pAu263 7E/Npx111 225 Fi [
BRI 2253 2R Qe R B A(5 5 (& 2),
FIFH RERE U/ N Gt 1A 1) SE A IR 44T Oligo-
pScl19. 2 Fil Oligo-pTa 535 Xt F2 A A5 5 1) v [ 5 e £2
TRIEAFI R BLERET Oligo-pAul32 HAE AB Lo ik
A 5 Oligo-pAu263 HAE 4A Gt ik 415
Z;Oligo-pAul72 7E 3A5A7A F1 5D Jetafk b=t
%53 Oligo-pAul53 7E 1A 4A . 1B.6B Fl 7B 4t i {4
FAES ;OligopAul77 78 4A 5A A, 2D.3D FIFr



559 19 AR TR 208 458 /N 1 2 B SR AR T R AR B JT R R Oligo-FISH A% 20 4 1 + 1151 »

Oligo-pAu67 Oligo-pAu133 JC1 Oligo-pAu163 Oligo-pAu197

Ae. umbellulata Toum | Ae. umbeliulata Topm | Ae- umbellulata “Toum | Ae. umbellulata Ae. umbellulata

Oligo-pAu67 Oligo-pAu133 2 Oligo-pAuT36 Oligo-pAu163 Oligo-pAu197

Chinese spring Chinese spring 10um J Chinese spring 10pm | Chinese spring Chinese spring

Al Fl A2 4T Oligo-pAub67;B1 1 B2 #£4l Oligo-pAul33;C1 fl C2: 84l Oligo-pAul36;D1 Fil D2 # 4l Oligo-pAul63;E1 fil E2.
YA Oligo-pAul97, A EEE 53 9 FAM 4 (4 (0) s Qe (a4 )1 DAPT &L (i () 545 =10 pm.,

Al and A2: Probe Oligo-pAu67; Bl and B2: Probe Oligo-pAul33; Cl and C2:. Probe Oligo-pAul36; DI and D2: Probe oligo-
pAul63; E1 and E2: Probe Oligo-pAul97. All probes were modified with 5" FAM(green) ; Chromosomes were counterstained with DA-
PI(blue); Bars=10 pm.

B1 SATEE UEREAM Oligo R xf /NG L £ E #n b [ & #9 Oligo-FISH E
Fig. 1 Pictures of Oligo-FISH of five Oligo probes identifying U genome on Ae. umbellulata and Chinese Spring

Oligo-pAu132 |B1 Oligo-pAu172 Oligo-pAul77 Qligo-pAu153 |E1 Oligo-pAu263

10um § Ae. umbellulata Ae. umbellulata

Oligo-pAu132 Oligo-pAul72 JC2 Oligo-pAul77 > Oligo-pAu263

Chinese spring Chinese spring 10um I Chinese spring Chinese spring Chinese spﬁng

Oligo-pAu263

sy B 2 =
Chinese spring Chinese spring 10um [ Chinese spring

A1~ A3 %4 Oligo-pAul32; Bl ~B3: # % Oligo-pAul72;Cl1~C3:#4t Oligo-pAul77;D1~D3:# 4 Oligo-pAul53;E1~E3: #4l Oligo-
pAu263; A3~E3 54 Oligo-pScl19. 2 Fl Oligo-pTa535, Oligo-pAu67,Oligo-pAul33.,Oligo-pAul36,Oligo-pAul63 il Oligo-pAul97 #F4FH 5’
FAM #&4fi (4 £2) , Oligo-pScl19. 2 Fl Oligo-pTa535 4 5" TAMRA &4 (41 €4) ; Y i fA F DAPL 2544 (3 ) ; b /R = 10pm,

A1—A3: Probe Oligo-pAul32; Bl1—B3: Probe Oligo-pAul72; C1—C3: Probe Oligo-pAul77; D1—D3: Probe Oligo-pAul53; E1
—E3: Probe Oligo-pAu263; A3—E3. Probe Oligo-pSc119. 2 and Oligo-pTa535. Probes Oligo-pAul32, Oligo-pAul72, Oligo-pAul77,
Oligo-pAul53, and Oligo-pAu263 were modified with 5" FAM(green) ; Oligo-pSc119. 2 and Oligo-pTa535 were modified with 5’ TAMRA

(red). Chromosomes were counterstained with DAPI(blue). Bars=10pm.
B2 HEMLFENHESHHERESH S A oligo IRt Oligo-FISH £ E &
Fig.2 Pictures of Oligo-FISH of five oligo probes producing signals on Ae. umbellulata and Chinese Spring

BIRFA YR AN RAES . B 5 AW XA 7 A 5RO AR g W R 1T Oligo-
A DIAE A B TR S 08B 4 /N2 et ik FISH(K 3), 45 % % ¥, Oligo-pAul97 o[ J§ T+ U

FIH £ Oligo-pAu67, Oligo-pAul33, Oli-  FER % A8 Hfh 7 A 5K G Fh B3R
go-pAul36.,0ligo-pAul63 Fl Oligo-pAul97 435l FEHAE S 5 Oligo-pAul63 RAEFTE I EE N FEH
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WA ME S, £ H AL BE W4l %A fF 55 Oligo-
pAU67 FEFAEE I N JE ALY 8 45U m Ak | Th
R MR 2 FREmRmEEE VR
A 12 44 @4k L7 155 Oligo-pAul33
RS IR N LR 8 Ry ik BRI E
OCHEFA M 14 48 RT3 5 ML
Ay 4 Rgetafk I =4 {55 ; Oligo-pAul36 1EH
TR N AR 4 ek 2RI C
BN 8 Ytk AT D IREAM 4 54
ra ik FAHES (F 3), OligopAul63 + Oligo-
pAul97 ] HIF B 1L AR B N ORE R S 0E s Hox 3 4
oligo FRAH T 5 RE TR B A 5 1l A R R 1L SR 5 (T
IR N A R B A e (R R T 4 B
FH s WX 22 oligo #REHREAS Fr 7 LU IR LE L (5 (K
2.3 N IIFEER Oligo-FISH 4% B4 12 K M F

BA% AT PR 4K 5T Oligo-pScl19. 2 5 5 F % 4y
At TG 0K I , {5 5 AHARLEE &, AN BB RS HE TR U
B A M5 SRk, APPSR T 22 /M1l
FERE A F W AE T AR Oligo-pAul5s
1 Oligo-pAu263 5# 4l Oligo-pAul33 54 Oli-

R

Oligo-pAué7 01

Oligo-paute3fDa

Oligo-pAut97f as

rofii i mosa i chif

go-pScl19. 2 Ml IHEENE ONPS # AU1 # 47 Oli-
go-FISH. #4 & T /)4 1l 3 B 4% 5, {& 1) Oligo-
FISH &8, S5 8 (8 O R IZEEET LA U
FE PR 410 4% 45 Y A b 7= A T B AT B9 FISH A5
SHRE, T T X 4y U kR 4L & S (0 fA
1U Y o 4 J R A ity il A X 3 A7 F % 58 19 FISH
fF55 KB ARNGA — Xt 50K FISH {5 552U %
o AR K R AR i R A 3 43 S A — X R FISH
55 s 3U Yo A R OR i R A o L B K ST
HLRIX W45 — X SR FISH 5%, Hp K
UL 22k X 3R FISH {5 5 50 38 5 AU Yo (0 14 Ji i
A iy A KR R i 45 AT — X855 19 R FISH R
T A 2R DX RORD R O 22 R IXOBR A — X
B SR FISH A5 555U Y 6o {4 i 8 o o Bt 1
XA HE w3 A9 FISH 55 . 76 J6 B AR o A K
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— G5 Probe Oligo-pAul97. Chromosomes were counterstained with DAPI (blue); Five oligo probes were modified with 5’

(green). Bars=10 pm.
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Fig. 3 Oligo-FISH of five Oligo probes identifying U genome in seven diploid wheat relative species



¥ T 4 5 < /)

N 2 B S R A T ER AR AT FF & R Oligo-FISH 4% U 44 £ « 1153

2.4 MELFEERITE ONPSEAUL MiEREN

FIHER A E ONPS # AUL X 3 3 A [a] /N4
I =F 5 RPEAT T Oligo-FISH 437, 254 (& 5)
KIS Uy A RS FISH B AL S | 3R #) 4% A
[ /NAp L 2B PI276994 A% 78 B — 3. R %
WEE T YR U S HA K KAk,

oligo # 41 Oligo-pAu67. Oligo-pAul33.Ol-
igo-pAul36, Oligo-pAul63 Fl Oligo-pAul97 HE
Fi s BN S i/ Il R, T
BB 5 A IRET 5 /0 <= 1l 3 B g 6 1A B 5 1 G
F AT EE ONPS# AUL 40515 L3k 5 4 oligo
WEFH 4G 47 Oligo-FISH., 453 (E 6) k4R
£ Oligo-pAub7 £ 4U YR 5 22 %7 X A 55 55
55 78 5U G R K8 o A7 3 58 {5 5 5 Oligo-
pAul33 7E 4U Je (o (R 35 22K X I A 7 X 5 3 1Y

2018In-647

P1298906

C1°]
FISH #%} . Oligo-pAul33 F1 Oligo-pSc119. 2 ] 5" FAM & i (4 £5) ; Oligo-pAul53 F1 Oligo-pAu263 ] 5" TAMRA &M (£T6) ;
Ut 4k ) DAPT 2 % Gif ) s s R =10pm,
FISH probesOligo-pAul33 and Oligo-pScl119. 2 were modified with 5 FAM(green) ; Oligo-pAul53 and Oligo-pAu263 were modified
with 5" TAMRA(red). Chromosomes were counterstained with DAPI(blue). Bars=10 pm.
B 4 /MEEER Oligo-FISH #% 2!
Fig. 4 Karyotype of Ae. umbellulata based on Oligo-FISH

G5, TR SR 5] 4U B 8 {4k ; Oligo-pAul36 7E
3U %”F%Tﬁlﬁﬁﬂ S5U K& h s ™= A 8 5 5 18

e R KR T e e AR B (S R R s Oligo-
;mM%WTTUm@Wk%EWFE&%Eﬁ,

AT F R SR 70 B R Oligo-pAul97 7
6U Je iR X = A 55 (5 5, 78 TU JL ok
S P WA e T R SR
3 Itk

AR, F LK 4L 5145 BT & W b & 4k

HERH RS 0 FISH(OligoFISH) # R 24
MY R EE F B, Oligo-FISH # AR
AAAE BT TF & A 4 5 T s b T BB A IR
REAG T AR, R B T AL T A 24 s R P . H T
INEEHE T R £ B R A B A (SSRO SE A% AT R

P1487219

A NI 2R R P1298906;3B: /N I 3£ B 20181n-647;C: /M INEH P1487219; 45 L =10 pm.,

A:Ae. umbellulata P1298906; B: Ae. umbellulata 20181n-647; C.
€ 1 ¥ E & B Oligo-FISH 1% &

5 REMN

Ae. umbellulata P1487219; Bars=10 pm.

Fig. 5 Karyotype of three different accessions of Ae. umbellulata based on Oligo-FISH
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Fig. 6 Oligo-FISH on Ae. umbellulata (P1276994) using combining probes identifying
U genome including five Oligo probes and ONPS £ AU1
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