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Identification of 1BL-1RS Wheat-Rye Chromosome Translocations via 1RS
Specific Molecular Markers and Genomic in situ Hybridization
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Abstract: Sixty-five rye-specific molecular markers were validated with two 1BL-1RS wheat-rye chromosome translocations
(Kavkaz and Shannong 030-1), one 1AL-1RS wheat-rye chromosome translocation (Amigo), Jingzhouheimai, octoploid Triticale
Jinsong 49, 1R-7R addition lines, Chinese Spring, Huixianhong, Mingxian 169, and Chancellor. Eleven markers were selected due
to stable amplification, clear PCR products in electrophoresis gels, and good repeatability, of which eight markers, i.e., NOR-1,
SECA2/SECA3, SCSS30.2, Sec1Gene, Sec1Pro, ®-Sec-P1/P2, ®-Sec-P3/P4, and IB-267 amplified specific bands associated with
1AL-1RS and 1BL-1RS translocations. Another three markers, O-SEC5'-A/O-SEC3’-R, IAG95-1, and SCM-9, were able to dis-
criminate wheat-rye translocations involving different sources of 1RS. Both molecular markers and genomic in situ hybridization
were used to detect the frequency of 1BL-1RS translocations in forty Shandong varieties (lines) bred in recent years. Among the
forty varieties (lines), only 15% (Weimai 8, Lumai 14, Jining 13, Shannong 664, Shannongyoumai 3, and Yannong 25) harbored
the 1BL-1RS translocation with the whole short arm of chromosome 1R of rye, and no 1AL-1RS or other translocation types were
found.
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Table 1 Identification of 1BL-1RS in forty wheat varieties (lines)
Variety((lizle) IBLIRS Year of authorization Pedigree
8  Weimai 8 + 2003 88-3149/Aus 621108
19 Jimai 19 - 2001 13/ 5064
20 Jimai 20 - 2003 14/ 884187
21 Jimai 21 - 2004 865186/ 84-1109// 84-5418
22 Jimai 22 - 2006 935024/935106
13 Jinan 13 - 1980 /! /
17 Jinan 17 - 1999 5064/ 13
14 Lumai 14 + 1990 13/76(17)6-1//76-26
21 Lumai 21 - 1996 13/ 7228
23 Lumai 23 - 1996 8 / ( )
13 Jining 13 + 2000 [ 1934/82(4)046] F,/[ 83-1/2114]F,
664 Shannong 664 + 2002 520627/ 871
3 Shannongyoumai 3 + 2001 79401/ 1
2 Shannongyoumai 2 - 2000 PH85-115-2//79401/ 11
11 Shannong 11 - 2003 93-95-5/
12 Shannong 12 - 2005 16/PH85-4
14 Shannong 14 - 2006 G916056/ 17
15 Shannong 15 - 2006 17/ 916
16 Shannong 16 - 2007 13/ 635
2618 Shannong 2618 -
8355 Shannong 8355 - 2005 22/286
98 Shannong 98 -
N05056 - 6 / 19
62008 Tian 62008 -
18 Tainong 18 - 2008 137/ 369-7
223 Taishan 223 -
21 Taishan 21 - 2002 [(26744/ 10 )Fy/ 7 JF4 18
22 Taishan 22 - 2004 18/ 14
23 Taishan 23 - 2004 881414/876161
24 Taishan 24 - 2005 904017/ 8329
15 Yannong 15 - 1982 /(St2422/464)
19 Yannong 19 - 2001 1933/ 82-29
21 Yannong 21 - 2002 1933/ 82-29
23 Yannong 23 - 2003 1061/ 14
24 Yannong 24 - 2004 229/ 1
25 Yannong 25 +
2 Linmai 2 - 2004 23/ 90-15
4 Linmai 4 - 2006 23/ 90-15
99 Liangxing 99 - 2004 91102/ 14//PH85-16
12 Zimai 12 - 2001 917065/910292
+ - IBL-1RS 1BL-IRS
+ and — indicate the presence and absence of 1BL-1RS, respectively.
2.3 40 ( ) GISH DNA , )
GISH DNA PI 40
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Table 2 Eleven pairs of 1RS-specific markers used in this study

Marker name Sequence of primer pair (5'-3") PCR condition
0-SEC5'-A/O-SEC3'-R™¥! F: CTATTAGTTCGAAAAGCTTATGA 95°C 5 min; 94°C 1 min, 50°C 2 min, 72°C 3 min, 30
R: GCATATGACTCAAATTATTTTTT . 72 10 min
IAG95-111 F: AGCAACCAAACACACCCATC 94°C 2 min; 94°C 30s, 63°C 1 min, 72°C 2 min, 35
R: ATACTACGAACACACACCCC . 72 S min
scM-9! F: TGACAACCCCCTTTCCCTCGT 94°C 2 min; 95°C 1 min, 60°C 1 min, 72°C 1 min, 40

R: TCATCGACGCTAAGGAGGACCC . 72°C 10 min

NOR-11%! F: GCATGTAGCGACTAACTCATCG 94°C 4 min; 94°C 155,65C 455,72°C 455,35
R: CCCAGTTTTCCATGTCGC ) 72 S min
SECA2/SECA3!"! F: GTTTGCTGGGGAATTATTTG 94°C 5 min; 94°C 40 s, 65°C 40 s ( 1C),
R: TCCTCATCTTTGTCCTCGCC 72C 1 min, 15 ;95C 405, 55C 40 72C 1
min, 20 ; 72°C 10 min
SCSS30.2!1) F: GTCCGACAATACGAACGATT 94°C 5 min; 94°C 45s,60C 1 min, 72°C 1.5 min, 35
R: CCGACAATACGAACGCCTTG . 7 10 min
SeclGene!'” F: AACATGAAGACCTTCCTCATC 94°C 4 min; 94°C 155, 65C 455,72°C 455,30
R: CGTTACATTGAACACTCCATT ) 7 10 min
SeclPro!'” F: GGATCCAAATTTGCATGCGTA 94°C 4 min; 94 °C 155, 65C 455,72°C 455,30
R: CAACTCTTGTTCGCTAGGGTT ) 72 10 min
o-Sec-P1/P212" F: ACCTTCCTCATCTTTGTCCT 94°C 4 min; 94°C 155s,65°C 455,72°C 455,35
R: CCGATGCCTATACCACTACT ) 720 5 min
©-Sec-P3/p412" F: CCTTCCTCATCTTTGTCCTC 94°C 3 min; 94°C 45's, 65C 45, 72°C 1.5 min, 30
R: GCTCTGGTCTCTGGGGTTGT . 72 7 min
1B-26721 F: GCAAGTAAGCAGCTTGATTTAGC 94°C 5 min; 94°C 40 s, 65°C 40 s ( 1'C),
R: AATGGATGTCCCGGTGAGTGG 72C 1 min, 15 ;95C  405,55C 405, 72C 1
min, 20 ; 72°C 10 min
M1 23456 7 8910111213 1415 16 23 456789 10111213141516

2000_. l' ' !"!‘
1000 — =

M12 3 45 67 8 9 10111213 14 1516
. X i 'l -

- ' ! !“" ‘ !

B 100 —=« ’
1 45514 SECA2/SECA3(A). O-SEC5'-A/O-SEC3'-R(B). IAGY95-1(C)F1 SCM-9(D)& ¥ 14 R

Fig. 1 PCR profiles amplified with SECA2/SECA3 (A), O-SEC5’-A/O-SEC3'-R (B), IAG95-1 (C), and SCM-9 (D)

M: DL2000; 1: Amigo; 2: Kavkaz; 3: 030-1; 4: 49; 5: ; 6~12: 1R-7R ;13 ;14 ;
15: 169; 16: Chancellor

M: DL2000; 1: Amigo; 2: Kavkaz; 3: Shannong 030-1; 4: Jinsong 49; 5: Jingzhouheimai; 6—12: 1R-7R addition lines; 13: Chinese Spring;
14: Huixianhong; 15: Mingxian 169; 16: Chancellor.
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M1 234567 8 9101112131415 16 17 10111213141516

bp 2000—.!! '
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Fig. 2 PCR profiles amplified with SECA2/SECA3 (A), O-SEC5’-A/O-SEC3'-R (B), IAG95-1 (C), and SCM-9 (D) in partial varieties/lines
M: DL2000; 1: 8 ;2 14; 3: 13; 4: 664; 5: 3 6 25;7: 21; 8: 23;9: 19; 10: 20; 11:
22;12: 17; 13: 2 ;14 99; 15: 22; 16: 15;17: 23
M: DL2000; 1: Weimai 8; 2: Lumai 14; 3: Jining 13; 4: Shannong 664; 5: Shannongyoumai 3; 6: Yannong 25; 7: Lumai 21; 8: Lumai 23; 9: Jimai 19;
10: Jimai 20; 11: Jimai 22; 12: Jinan 17; 13: Shannongyoumai 2; 14: Liangxing 99; 15: Taishan 22; 16: Yannongl5; 17: Yannong 23.

B3 613 1BL-1IRS ZRAMBMEMRZTER
Fig.3 GISH analysis of six 1BL-1RS wheat-rye chromosome translocations lines
A: 8 ;B: 14; C: 13; D: 664; E: 3 F: 25
A: Weimai 8; B: Lumai 14; C: Jining 13; D: Shannong 664; E: Shannongyoumai 3; F: Yannong 25.
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