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A Quick and Convenient Method to Detect Genetic
Materials of Rye in Wheat Background

ZHANG Wei, XIONG Ziying, DUAN Yanling. LUO Tao,
LUO Jie; TANG Zongxiang, FU Shulan

(College of Agronomy, Sichuan Agricultural University/Provincial Key Laboratory for Plant Genetics

and Breeding, Sichuan Agricultural University, Chengdu, Sichuan 611130, China)

Abstract: Genes from rye(Secale cereale 1..) have great potential in improvement of wheat (Triticum
aestivum L..) cultivars. An efficient method based on cytological marker for identifying rye chromo-
somes in wheat background is beneficial to trace and utilize the elite genes of rye. Ribosomal DNA
tandem repeats in nucleolar organizer region(NOR) were used to develop a new oligonucleotide(oligo)
probe Oligo-IRNOR. Non-denaturing fluorescence in situ hybridization(ND-FISH) analysis indicated
that this probe can specifically identify the NOR of rye 1R chromosome, and its signal was stronger
than that of Oligo-5BL.. 46, Meanwhile, in order to improve the efficiency of identifying alien chroma-
tins in wheat, a rapid and simple method for the preparation of wheat interphase cells was estab-
lished. ND-FISH using Oligo-1RNOR, Oligo-pSc200 and Oligo-pSc250 as probes was used to analyze
interphase and metaphase cells, and rye chromosomes in both of the two kinds of cells can be clearly

distinguished. In this method, both leaves and roots can be used to prepare interphase cells; The
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preparation of metaphase cells is not necessary, and the procedures of preprocessing and fixation of

root tip tissue are also omitted. It provides a more convenient technique for the detection of rye chro-

matins or wheat-rye translocation chromosomes in wheat background. The limitation of the method in

this study is that only the rye segments containing tandem repeats with a high copy number can be de-

tected in wheat background.

Key words: Wheat; Rye; Translocation chromosome; Oligo probe

M (Secale cereale 1..) & /N& (Triticum
aestivum L.) Pt R B9 B ZIE IR, /N8
%% 1BL « IRS G e RN E R M ER8 T
SRR . ERAR IRS e AR L o e A AR
G pi AL A C 238 R Pk B VF 2 /0 2 Rl T
TAH IBL « IRS B @ik, BRB&E 1IRS %
R A1 Al 2R 22 Y (0 (R s &5 A7 T T /N 22
Pk RLAGIE DR L QSR AR (SR M 6R YL (i ik & A
UG R 2% B b JE T, R EE TRL Y A iR
HHREH AR AR B E
wHE R E HAR 2RI R/ NE-RE G A R K
A A R A G g A B A G g 0K Ben A H
BN b AT F RN SR, Ik
R0 f/NE-TBHE 1BL « 1RS 5 Y (o 1454 7%
AR NEZR S BN T —RIMER /N E
A AR RN S rh SR A e 5 I Y M SR AL
M BEZ DA R AR . HATS e/ N EE S
SRS YL R F O Tk A S DR 4 A6 A8
(genomic in situ hybridization, GISH) . %¢ Y6 Jf v
Z% 3% (fluorescence in situ hybridization, FISH) Fl
FESE S FhRic . B GISH . FISH 1 2 Y (o fAh:
SOr AR ICARZE A BEA RO BBl i /22 - R
A 1BL « 1RS 5 fii & LA Ko/ 22852 B & v iy
A YR I Ah T SRR PR AR AT R
AF P56 R AV 24 28 (ND-FISH) b i F % 5 /N %2
o R Y AR e Ty R A R B A
A — L it ., b TR S /N -R
Dy (5 G EATE /N ZZ Rl 1 1 FHR0% AR BIF 5T
SEY bR TR A AG I /N A2 - A By o G (5 AR Y
ik

1 AR

1.1 ks R

A 17T A /NEZ-HF 1BL « 1IRS B g fa
Y NFE-E S SRSKY . SBL By i & 237-2 17
FI7BS « TBL-4RL* By i & 17T159-45" (/N -
M 6DL/6RLS™M N B B 5 i & 19T188-

NS H TR Soh i B 4IRS Y @Rl
Al B e 0 A 7 B R U 55 E . Bk Ah, 4 A R
FF R Kustro(PI 392065) , Petkus(PI 428373) ,
FR M B L 1l M SR D-1064 (PI 401404) ], K #
MoreX £ F 2 H85-630 (PI598390) LA % % 1 /N
Z P E AR T SR T & A X IRS Y ik
FRe S, BE Kustro, B Petkus, Ll B 3
D-1064 F1#%E £ & H85-630 h 3 [# Fh it % i /&
(GRIND #24t, K& MoreX i # TR K¥ 1 2
BB M B AR 17 rp R DL S
AN TR 5 67 72 349 P A 52 30 23 R AT
1.2 EZ IRS L BEHRMEERHERIRITNAL

Ak B 22 e i R P A IRS e ik & H #1
HAX (NOR), H TIH ABEREX 4 B4 1IRS G4
ik 5L YAk, WEEIX 4y BB IRS Yefafk 5
INEE YL AR B EREL L LA pTa7l 24K (B & /N +D-
NAH A BEEFIKER 135 bp BT HE H T
(GenBank & 55 X07841. DM ki A ¢ 51, H
] WheatOmics 1. 0 Chttp://202. 194. 139. 32/)
Py Blast T H, 58% Lo7 1 1R Yok & )7
G HEAT X A B X E A B AR R — B
GIWE R SRR PR IR . PR i IR 4T 5 /N 22 BE R 21
J#%) (Chinese Spring Refseq v2. 1) F1 2 2 KR 41
J¥5 [ rye C(ev. Lo7) JHEAT L X, %7 25 4] Wy e 6 4%
B0 RS pE
1.3 FHLEEmEE

W /N R T A T AR Y B 3R L
FERKZE 1~2 em B, % 8 Han 25 14 07 2 46
AR Y
1.4 [EHEBERH &

INERZFRFRKE 2 cm 8t K2 4
em AL BYHL 1~2 45 5 mm Z 4 RRH 5 mm
AW B A 0.5 mL B.O0% . A
100 pL 70 %19 1, T G50 HL 3l 41 LB S 2% ( 1
WA TR TR By A B /D s AR 0. 35
mm 9 [ il 4k 0T BIF B s A 2 I 45 1 R R AR P i
R WFEE 20~30 s, BFHLR IR E S EAMT
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4 000~5 000 rpm B> 30 s, 3¢ 37 . M UTREH N
A 10~20 pL 100 %0 19 DR TR - 94 i€ 5 it 7 TR
I 10~12 pl B 2 438 7 L, 7 UK B R 75
56 B AR By TR] 9 4 A 1 £ e
1.5 JETHZEHIFEAM AL (ND-FISH) 747
ND-FISH 4472 16 Fu 25 D933 1 7 1 ik
AT 0 SE A% T TR R 51 2 35 Oligo-pScl19. 2-
16297 Oligo-5BL. 46| Oligo-pSc200*! | Oligo-
pSc250) Oligo-Ku"*" | Oligo-pTa71 A-2"" L K&
ARBEFCHIF K IRS Yo (0 (55 5 1 55 4% 1 IR IR
£ Oligo-1RNOR,

2 HER M

2.1 REMNIRS LEBEEZERRSTHOM
FH e BB . /NFE pTa7l #kikd 135 bp &
BT 5~135 bp K EBtH 1R ek 136 330

Oligo-pSc119.2-1

476~136 330 606 bp X BLAYHHBIE 18 76 %,

H1 136 330 507 ~136 330 535 bp X Bt 15 135 bp
A HICIT A 25 5 5 oK, B E PO IX B AR
HEBRT R T I, ZXBEJFI R TTGCCG-
GACGCCCGTTTCTAAAGGAACTG, fir %4 H
Oligo-1RNOR, % J¥ 1 5 /] 2 5 K 41 )7 471 Lo
KL H 2~17 bp KB H 5/N# 7D 4 (R Y
623 249 940~623 251 131 bp X Bt A1 623 249 081
~623 251 131 bp X B AHLEE K 100%, 5B
Lo7 L4751 L Xt & Bl i P 9 5 % 1R 4
AR 17 A X B AH LR 35 85 % ~100% , 5 AR M
e R 30 AN IXBAHBUE B 90% ~93%, 5
2R.3R.4R FlI 5R Yefafik iy 2.3.12 Fl 5 A~ X Bt AH
LR 23 9 35 85% ~93% . X ¥4 % B Oligo-
IRNOR 454 B o8 19 1R Je o 4% Sk, al LU
VE 20 i 2 2 0

A B AL C IR 17 [/ — 40 s D Al E o B3 Kustro [7]— 20 F A1 G S JH B 22 1] — 40 i s H AT A B2 Petkus [ — 205 J Al K
AR ZE D-1064 [ —40H1, A B C o =MIBIER 6B Qe @k § kiR 1BL « IRS B R A D~K fifi kiR IR @ik, 3
Rk DAPL Qo (i), BN =10 pm, K 2~4 [,

A, B and C are the same cell of Chuannong 17; D and E are the same cell of rye Kustro; F and G are the same cell of Jingzhou rye;
H and I are the same cell of rye Petkus; J and K are the same cell of Shandi rye D-1064. In A, B and C, triangles indicate 6B chromo-
some, and arrows indicate 1BL + 1RS translocation chromosome. Arrows in D—K indicate 1R chromosome. Chromosomes were counter-
stained with DAPI (blue). Scale bar=10 pm. The same in figures 2—4.

B1 JIR17TEANBEHBIREPH R EMER ND-FISH 517

Fig. 1 ND-FISH analysis of root-tip metaphase chromosomes of Chuannong 17 and four rye materials
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2.2 Oligo-1RNOR Rt A 1RS 3 & @ 45 7 M A0
G

YT NG SRR A 17 ERRUESS & A 1BL -
IRS Sy gefafk, H 1BL « 1RS 5 i Yt (0, {4 af
PIAR 35 Oligo-pScl19. 2-1 [ {5 5 B Xk 17 %
FEN A BIE 5 A B £ Oligo-1RNOR, Oli-
go-pScl19. 2-1 #1 Oligo-pTa71A-2 XF/NAZ S0 1|
A 17 .4 D EEM R (Kustro. Petkus . 3] JH 22 32 F
iR D-1064) \HEF EE A HB5-630 Al K
& MoreX R I 4L 5 {& #£ 17 ND-FISH 43
Bro S5RFWLTENNAR 17 v AL 1 X e 6 K 5
AL F] Oligo-1RNOR {55 (B 10) ., i Oli-
go-pScl19. 2-1 BYfF 5 8 2 (B TA) , 1 2 3 Xf ¢

Oligo-5BL.46

AFIB A R AR ) — A i #F Sk AR 1B A 6B ek C Fl D AR B H85-630 [Al — Ui, i k7w 1V R fhk; EMF K

% MoreX [a]—A~ ML . 7 k4678 SH A1 6H Jetafh ;G A1 H R )ilfe 17 [/ — A2 47 Sk 4678 18I

@kl 1BL « 1IRS i e @k, Oligo-1RNOR
555 Oligo-pTa7lA-2 {5 5 AL & A1 A (& 1B FI
1C0), A Oligo-pTa7lA-2 fE/NAE BB R FE M
KB NOR X8 77 A4 {5 5000, B DL 2 Oligo-
IRNOR 55 F 1R Q@ NOR X, HiZ
PREALAE 4 N BEMB IR F ki) NOR X
B AEAE S (B D-1K) L Mi7E P E B E B L AR
H R Yk E A A BZ IR AT M 5 (| 2B,
2D A 2F), M BE A UL, B4 Oligo-1IRNOR B A
IR Jefafife M, A, SCHRIER 1RS e
& NOR X U555 9 A% IR ¥R £ Oligo-5BL. 46
HTEE, Oligo-1RNOR #R£F 1915 5 5 3% |, 5 1 B
(| 2G F1 2H) .

Oligo-pTa7l1A-2

« IRS Gy e ok,

A and B are the same cell of Chinese Spring, arrows indicate 1B and 6B chromosomes; C and D are the same cell of Dasypyrum vil-

losum H85-630, arrows indicate 1V chromosome; E and F are the same cell of barley MoreX, arrows indicate 5H and 6 H chromosomes;

G and H are the same cell of Chuannong 17, arrows indicate 1BL

* 1RS translocation chromosome.

B2 fEEFEEXZ.KREMIEK 17 REPEZEELN ND-FISH 247
Fig. 2 ND-FISH analysis of root-tip metaphase chromosomes of Chinese Spring,

Dasypyrum villosum , barley and Chuannong 17

2.3 F A B EA 40 B A0 B AZ B ER BRI 4R /N
- EEFULBHEHHR

T UE SEAR AR 5 ST 1 HE A 1A D
FE 1% I AT R RS E I L R A )T AR 17 DA

K5y % 237-2 (5RSK « 5BL),17T159-45 (7BS «
7BL-4RLX) Fl 19T188-11 (6DL/6RLE™1 ) iy 4 2
HOH AN, X /N2 T SRR 1 R 22 IRS Y (R
FoAth Yt A R B afE A7 4 0 560 0F & BRBR I 4R 17
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S AL % 237-2,17T159-45 Fl 19T188-11 Y #R
A3 b I 41 b 4 & A SRSK « SBLL7BS « 7BL-
ARL® Fl 6DL/6RLR™1 5 fif Y e pk (& 3), Bl
J& B R F FE AT RS Oligo-pSc200, Oli-
go-pSc250,0ligo-5BL. 46 Fl1 Oligo-1RNOR X} iX
S A AR R R R ()3 40 i 3#E 47 ND-FISH 4
M R S 0 FR 237-2 17 T159-45 (AR R et
1] 3 240 v 25 mT 00 52 213 B A Oligo-pSc200
EHE 5 (B 4A-4D) s FE 5 i & 19T188-11 AR

Oligo-pSc119.2-1

ARy B[] A 20 B rp ] 0 %% 213 M9 Oligo-
pSc250 {55 ( 4E Al 4F) s fE NI 4R 17 BIAR IS A
W () 0T 240 B A 1 B RE 7 AR S T A9 Oligo-
IRNOR #EHF 5 HR WL F] Oligo-5BL. 46 £
B M55 (B 4G-4]), X 45 5 3% B, Oligo-
IRNOR A H] P 3 &5 0 /)N 22 4 5t b g 1BL -
IRS Sy o g 44, ZE 4% 1 BR 75 Oligo-pSc200 Fil
Oligo-pSc250 REPR H ] {5 b 4 s HAl /)N A2 -
Gy or G AR

A NG R 237-2, Fi 157 SRSKY « 5BL Gy Yt ik ;B B 51 & 17T159-45, % k578 7BS « 7BL-ARLK G i e ik ;C M1 D K 5

& 19T188-11 [f]— 40 i , i Sk 48 7R 6DL/6RLKemilld B {3 Yo dr fA |

A is the cell of translocation line 237-2, arrows indicate 5RSKY «

5BL translocation chromosome; B is the cell of translocation line

17T159-45, arrows indicate 7BS ¢ 7BL-4RLX" translocation chromosome; C and D are the same cell of translocation line 19T188-11, ar-

rows indicate 6DL/6RLK™1Y translocation chromosome.

B3 /IE-BEFAER 237-2,17T159-45 0 19T188-11 #R 2 i i & 4k &Y ND-FISH 4 #7
Fig.3 ND-FISH analysis of root-tip metaphase chromosomes of wheat-rye

translocation lines 237-2, 17T159-45 and 19T188-11

3 9t #
3.1 #I&ZEEMAMS ND-FISH 3 A4 &80
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INFZ-BASE 1BL « 1RS By i 4 (0 4 v] $2 5 /)
Frrm ENEFERPREEATEROEH. —

HUOCE, B Qe R FE 7 2 FAnid A FISH $0R
R ke S /N AT P B A Y g fRe e
PR 5 SR g O BB, RIS A R R
SEVO MIARRF I S T WA KT o ARl
1 FISH £ AR M EBiat #2 . Bl B A Y 0 iR sl e
K R B R SR B ORI &, R AR F 5% 2 5T
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Oligo-pSc250 Oligo-5BL.46 Oligo-5BL.46

ALCHIE 535008 5 fir % 237-2,17T159-45 Al 19T188-11 MHLAR BB 4 ML ; B.D A F 4351 24 53 fir £ 237-2,17T159-45 Fl 19T188-11
B R TSI AR 5 G A H O JIAR 17 AR () — [ ST 0B 5 1A J o IR 17 MR [l — M40 . 237-2CAB) A 17T159-45(C. D) A Oli-
g0-pSc200 {5 5 435l F7R SRSK « 5BL Fl 7BS « 7BL-4RLKY 5 fi e (4 4 ; Oligo-pSc250 F1 Oligo-1RNOR {5 %5 43 5 F 7% 6DL/6RLKumill?
A 1BL « 1RS B fk, H A ] H 8 Oligo-5BL. 46 {545,

A, C, and E are interphase cells derived from roots of translocation lines 237-2, 17T159-45 and 19T188-11, respectively; B, D and
F are interphase cells derived from leaves of translocation lines 237-2, 17T159-45 and 19T188-11, respectively; G and H are the same in-
terphase cells derived from roots of Chuannong 17; I and ] are the same interphase cells derived from leaves of Chuannong 17. The sig-
nals of Oligo-pSc200 in 237-2 (A, B) and 17T159-45 (C, D) indicate 5SRSX" « 5BL and 7BS * 7BL-4RLK" translocation chromosomes, re-
spectively, and signals of Oligo-pSc250 and Oligo-1RNOR indicate 6DL/6RLX"™119 and 1BL « 1RS translocation chromosomes, respec-
tively. No signal of Oligo-5BL. 46 was observed in H and J.

B4 NE-BZEFHMEFE 237-2.17T159-45,19T188-11 FJI| & 17 R L F0 0t 5 B HI 40 i1 49 ND-FISH & #7
Fig. 4 ND-FISH analysis of interphase cells from root and leaves of wheat-rye translocation

lines 237-2, 17T159-45, 19T188-11 and Chuannong 17
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BE A AE S o A8 TR . AnAS W 5T o SR Gy g g . A B9 N7 A ) B A0 A A vk
R4 Oligo-5BL. 46 L B B4 1R Y fafk  SERT R M ND-FISH £ R 45 &, 68 &
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