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Fluorescence in situ hybridization (FISH) can reveal minor structural differences of chro-
mosomes. The karyotype of common wheat (Triticum aestivum L.) based on FISH pattern is 
seldom reported. In this study, non-denaturing FISH (ND-FISH) using Oligo-pSc119.2-1, 
Oligo-pTa535-1 and (AAG)6 as probes was used to investigate the chromosomal structure of 
85 common wheat including 83 wheat-rye 1RS.1BL translocation cultivars/lines, a wheat-
rye 1RS.1AL translocation cultivar Amigo and Chinese Spring (CS). Two, three, two, three, 
six, three and four structural types respectively for 1A, 2A, 3A, 4A, 5A, 6A and 7A chromo-
somes were observed. Two, eight, two, two, four and six types of chromosome for 2B, 3B, 
4B, 5B, 6B and 7B were respectively detected. The structure of 1B chromosomes in Amigo 
and CS is different. Five, two, two and two types of chromosomal structure respectively for 
1D, 2D, 3D and 5D were distinguished. Polymorphisms of 1RS.1BL, 4D, 6D and 7D chro-
mosomes were not detected. Chromosomes 1AI, 2AI, 3AI, 4AI, 5AIII, 6AI, 7AIII, 2BI, 3BV, 
4BI, 5BII, 6BIII, 7BI, 1DIV, 2DI, 3DI and 5DII appeared in these 85 wheat cultivars/lines at high 
frequency. Each of the 85 wheat cultivars/lines has a unique karyotype. Amigo is a complex 
translocation cultivar. The FISH karyotype of wheat chromosomes built in this study provide 
a reference for the future analyzing wheat genetic stocks and help to learn structural varia-
tions of wheat chromosomes. In addition, the results in this study indicate that oligonucleo-
tide probes and ND-FISH technology can be used to identify individual wheat cultivar.
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Introduction

To investigate genetic polymorphisms of common wheat (Triticum aestivum L.) is impor-
tant for wheat cultivar improvement. Molecular markers are often used to investigate 
genetic polymorphisms of wheat and they provide useful assistance to increase selection 
efficiency in crop breeding program (Landieva et al. 2007). In fact, the cytogenetic meth-
ods are also valuable for displaying genome architecture and essential chromosomal land-
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marks of wheat (Sharma et al. 2016). When the standard wheat karyotype based on  
C-band was developed (Gill et al. 1991), C-banding technology was often used to iden-
tify wheat chromosomes and to investigate the polymorphism of wheat chromosomes 
(Friebe and Gill 1994; Badaeva et al. 2007). In addition, C-banding can be used to detect 
some chromosomal rearrangements such as translocations and inversions. However, the 
technology of C-banding is difficult and minor alterations of wheat chromosomes may 
not be detected by this classical cytogenetics method (Badaeva et al. 2007). Fluorescence 
in situ hybridization (FISH) is a useful and convenient method for identification of wheat 
chromosomes. The FISH karyotype of common wheat variety Chinese Spring was devel-
oped using tandem repeats as probes (Mukai et al. 1993; Pedersen and Langridge 1997) 
and it provides a standard for researchers to identify chromosomes of common wheat. 
Polymorphisms of wheat cultivars were investigated by FISH analysis and some kinds of 
structural variations of wheat chromosomes were observed (Schneider et al. 2003; Car-
valho et al. 2013). FISH technology has also been widely used to analyze the chromo-
somes of hybrids between wheat and its wild relatives (Mirzaghaderi et al. 2014; Tang et 
al. 2014a; Delgado et al. 2017) and some new types of chromosomes were detected (Tang 
et al. 2014a). To build FISH karyotype of wheat chromosomes is useful for understanding 
genomic architecture and organization of wheat. However, common wheat karyotype 
based on FISH analysis is still limited. 

With the developing of FISH technology, non-denaturing fluorescence in-situ hybridi-
zation (ND-FISH) technique, which uses oligonucleotides as probes, occurred and it can 
be conveniently used to analyze plant chromosomes (Cuadrado et al. 2009; Cuadrado et 
al. 2010; Pavia et al. 2014; Kirov et al. 2017; Zhu et al. 2017). Compared with traditional 
FISH technique, ND-FISH uses synthetic oligo-probes to replace the preparation and la-
beling of long probe sequences, and the denaturing of probes and chromosomes are not 
needed. So, the convenient feature of ND-FISH is that oligo-probes labeled with fluoro-
chrome can be purchased directly from commercial sources, both chromosomes and syn-
thetic oligo-probes are not needed to be denatured before hybridization, and the hybridi-
zation time can be reduced to one hour (Cuadrado et al. 2009; Cuadrado et al. 2010; Fu et 
al. 2015). To get suitable oligonucleotide probes is important for a successful ND-FISH 
analysis. Oligo-probes Oligo-pSc119.2 and Oligo-pTa535 have been developed for the 
ND-FISH of wheat chromosomes (Tang et al. 2014b; Fu et al. 2015). The combination of 
this two kinds of oligo-probes can replace the roles of repetitive DNA sequences pSc119.2 
and pTa-535 to successfully identify the 21 chromosomes of common wheat (Tang et al. 
2014b). Especially, probe Oligo-pTa535, which was derived from the repetitive DNA 
sequence pTa-535 (Komuro et al. 2013), is able to identify A- and D-genome chromo-
somes well (Tang et al. 2014b; Badaeva et al. 2015). Now, ND-FISH technique is often 
used to analyze the chromosomes of wheat and its relatives because it is convenient (Car-
mona et al. 2013; Carvalho et al. 2013; Cabo et al. 2014; Fu et al. 2015; Badaeva et al. 
2015; Delgado et al 2017; Li et al. 2016; Tang et al. 2016; Du et al. 2017; Xiao et al. 
2017). Therefore, ND-FISH technology can be used for the large-scale analysis of wheat 
chromosomes and to rich the FISH karyotype of wheat chromosomes.
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In the present study, ND-FISH analysis using Oligo-pSc119.2-1, Oligo-pTa535-1 and 
(AAG)6 as probes was used to investigate the chromosomal structure of 83 wheat-rye 
1RS.1BL translocation cultivars/lines, a wheat-rye 1RS.1AL translocation cultivar Ami-
go and a common wheat Chinese Spring (CS) because 1RS.1BL and 1RS.1AL transloca-
tion chromosomes have played an important role in wheat breeding program. The FISH 
karyotype of wheat chromosomes built in this study provide a reference for the future 
analyzing wheat genetic stocks.

Materials and Methods

Plant materials

A total of 85 materials including 83 wheat-rye 1RS.1BL translocation cultivars/lines, one 
wheat-rye 1RS.1AL translocation cultivar Amigo and one common wheat Chinese Spring 
were used in this study. The materials were listed in Table 1. Amigo and Aurora were from 
the American Germplasm Resources Information Network (GRIN). Cultivars Yimai 8, 
Chuanmai 35 and Chuanmai 55 were kindly provided by Dr. Ennian Yang, Crop Research 
Institute, Sichuan Academy of Agricultural Sciences, Sichuan, China. Cultivars Chuan-
nong 11, Chuannong 12, Chuannong 17 and Chuannong 18 were provided by our labora-
tory. Chinese Spring was kept in our laboratory. The rest materials used in this study were 
kindly provided by Professor Fangpu Han, Institute of Genetics and Developmental Biol-
ogy, Chinese Academy of Science, Beijing, China.

ND-FISH analysis

The root-tip preparations of the 85 materials were prepared through the methods de-
scribed by Han et al. (2006). Oligonucleotide probes Oligo-pSc119.2-1, Oligo-pTa535-1 
(Tang et al. 2014b) and (AAG)6 were used for ND-FISH analysis. Probes Oligo-
pSc119.2-1, Oligo-pTa535-1 and (AAG)6 were 5’end-labelled with 6-carboxyfluorescein 
(6-FAM), 6-carboxytetramethylrhodamine (Tamra) and Cy5, respectively. Oligonucleo-
tide probes were synthesized by Shanghai Invitrogen Biotechnology Co. Ltd. (Shanghai, 
China). The synthesized oligonucleotide probes were diluted by using 1×TE solution (pH 
7.0). Probe amounts per slide were operated according to the methods described by Fu et 
al. (2015). The probe mixture containing each probe, 2 × SSC and 1 × TE buffer (pH 7.0, 
total volume = 10 µl) was dropped at the center of the cell spreads, and covered with glass 
coverslip. Slides were immediately stored in a moist box at 42 °C for 1 h and washed 15 
seconds in 2 × SSC with the temperature 42 °C. An epifluorescence microscope (BX51, 
Olympus) equipped with a cooled charge-coupled device camera operated with HCIM-
AGE Live software (version 2.0.1.5) was used to take images. For each of the 85 wheat 
cultivars/lines, five seeds were used and at least 7–10 metaphase cells on each slide were 
detected.
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Results

Polymorphisms of A-genome chromosomes

Among the 85 wheat cultivars/lines, two, three, two, three, six, three and four structural 
types respectively for 1A, 2A, 3A, 4A, 5A, 6A and 7A chromosomes were observed (Figs 
1, S1*, S2, S3, S4, S5, S6). Oligo-pTa535-1 produced strong signal on telomeric region 
of the short arm of type 1AI chromosome and this signal disappeared from this region of 
type 1AII chromosome (Figs 1, S1, S2, S5, S6, S7). 2AI and 2AII chromosomes contained 
two clear signal bands of probe Oligo-pTa535-1 on short arms, and only one clear band 
of this probe on short arm of 2AIII chromosome can be observed (Figs 1, S1, S2). Probe 
Oligo-pSc119.2-1 produced a clear signal on the telomeric region of the long arm of 2AII 

chromosome (Figs 1, S1, S2). Probe Oligo-pTa535-1 produced misty signals on the telo-
meric and sub-telomeric regions of the long arm of 3AI chromosome but a clear signal 
band on the sub-telomeric region of the long arm of 3AII chromosome (Figs 1, S2). Signal 
of (AAG)6 can be observed on the telomeric region of the long arm of 4AI chromosome, 
and it disappeared from 4AII and 4AIII chromosomes (Figs 1, S2, S3). The signal of Oligo-
pSc119.2-1 cannot be observed on 4AIII chromosomes (Figs 1, S3). Probes Oligo-
pSc119.2-1 and Oligo-pTa535-1 produced different patterns on 5AI, 5AII, 5AIII, 5AIV and 
5AV chromosomes, and no signals of Oligo-pSc119.2-1 and Oligo-pTa535-1 were ob-
served on 5AVI chromosome (Figs 1, S1, S2, S3). Both the different types of 6A and 7A 

*Further details about the Electronic Supplementary Material (ESM) can be found at the end of the article.

Figure 1. The cut-and-paste chromosomes representing different types of A-genome chromosomes, 1RS.1AL 
translocation chromosomes. 6A/6B and 7A/7B translocation chromosomes. Chromosomes at left side were 
hybridized with probes Oligo-pSc119.2-1 (green) and Oligo-pTa-535-1 (red). Chromosomes at right side were 

hybridized with probe (AAG)6 (red)
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chromosomes were displayed by probe (AAG)6 (Fig. 1). The long arms of 6AI and 6AIII 

chromosomes contained two and one signal bands of (AAG)6, respectively, and chromo-
some 6AII had no this signal (Figs 1, S1, S2, S3). The telomeric regions of the short and 
long arms of 7AI and 7AII chromosomes carried (AAG)6 signal, and this signal also ap-
peared at the sub-telomeric region of the long arm of 7AII chromosome (Figs 1, S5, S7). 
Signal of (AAG)6 disappeared from the short arm of 7AIII chromosome, and 7AIV chromo-
some did not contain this signal (Figs 1, S1, S2, S3, S4, S5, S6, S7).

Polymorphisms of B-genome chromosomes

Among the 85 materials used in this study, 83 contain a pair of 1RS.1BL translocation 
chromosomes, and probes Oligo-pSc119.2-1, Oligo-pTa535-1 and (AAG)6 didn’t exhibit 
the polymorphism of these translocation chromosomes (Figs 2, S1, S2, S3, S4, S5, S6, 
S7). The 1B chromosomes in CS and Amigo were different. The telomeric regions of the 
short arms of 1B chromosomes of Amigo contain strong Oligo-pTa535-1 signal, but the 
1B chromosomes of CS almost have no these signals (Figs 2, S7). Additionally, the probe 
(AAG)6 also displays different signal patterns between the two kinds of 1B chromosomes 
(Figs 2, S7). Two types of 2B chromosomes were observed (Fig. 2). The signal patterns 
of Oligo-pSc119.2-1 on chromosomes 2BI and 2BII were different. The telomeric region 

Figure 2. The cut-and-paste chromosomes representing different types of B-genome chromosomes and 5B/7B 
translocation chromosomes. Chromosomes at left side were hybridized with probes Oligo-pSc119.2-1 (green) 
and Oligo-pTa-535-1 (red). Chromosomes at right side were hybridized with probe (AAG)6 (red). 1BAmi indi-

cates the 1B chromosomes of Amigo. 1BCS indicates 1B chromosomes of Chinese Spring
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of the long arm of 2BII chromosome possessed clear signal of Oligo-pSc119.2-1, and this 
signal was not observed on this region of 2BI chromosome (Figs 2, S3). Eight types of 3B 
chromosomes were displayed by probes (AAG)6 and Oligo-pSc119.2-1 (Figs 2, S1, S2, 
S3, S4). Probe Oligo-pSc119.2-1 produced three signal bands on the short arms of 3BIII 
and 3BVI chromosomes, and produced two signal bands on the short arms of other six 
types of 3B chromosomes, and the signal strength was different among them (Figs 2, S1, 
S2, S3, S4, S5, S6, S7). The signal patterns of (AAG)6 on the 3BI and 3BIII are same, and 
the similar signal patterns of (AAG)6 can be observed on 3BII and 3BVI (Figs 2, S1, S2, 
S3, S4, S5, S6, S7). The differences between the two types of both 4B and 5B chromo-
somes were displayed by probe (AAG)6. Probe (AAG)6 generated one more signal band 
on the long arms of 4BI and 5BI chromosomes than that of 4BII and 5BII chromosomes 
(Figs 2, S1, S3). The four types of 6B chromosomes were differentiated by the strength, 
the absence or the presence of Oligo-pSc119.2-1 signals (Figs 2, S1, S2, S5). Probe Oli-
go-pSc119.2-1 produced one signal band on both the short and long arms of 7BI and 7BII 
chromosomes (Figs 2, S1, S4). Probe Oligo-pSc119.2-1 produced more than one clear 
signal bands on the long arms of 7BIII, 7BIV, 7BV and 7BVI chromosomes, and the signal 
sites were different (Figs 2, S1, S5). The telomeric regions of the long arms of 7BI and 
7BIV chromosomes contained (AAG)6 signal and this signal disappeared from this region 
of other types of 7B chromosomes (Figs 2, S1, S4, S5, S6). In addition, cultivar CM62 
contains 5BS/7BS and 5BL/7BL translocation chromosomes (Figs 2, S5). Cultivar Ami-
go contains 1RS.1AL, 6AS.6AL-6BL, 6BS.6BL-6AL, 7AS/7BS and 7AL/7BL transloca-
tion chromosomes (Figs 1, S7).

Polymorphisms of D-genome chromosomes

The variation of D-genome chromosomes is lesser than that of A- and B-genome chro-
mosomes (Figs 3, S1, S2, S3, S4, S5, S6, S7). Five types of 1D chromosome were de-
tected among the 85 wheat cultivars/lines (Figs 3, S1, S3, S6, S7). The short arm of 1DI 
chromosome contained strong signal of Oligo-pSc119.2-1, the long arms of 1DII and 
1DIII chromosomes contained clear signal of Oligo-pSc119.2-1, and chromosomes 1DIV 
1DV did not contain this signal (Figs 3, S1, S6). In addition, 1DIII and 1DV chromosomes 
had no signal of (AAG)6 and the short arms of 1DI, 1DII and 1DIV chromosomes carried 
this signal (Figs 3, S1, S3, S6). Probe (AAG)6 displayed the difference between the two 
types of 2D chromosomes. The sub-telomeric region of the long arm of 2DII chromo-
some carried the signal of (AAG)6 and it disappeared from the same site of 2DI chromo-
some (Figs 3, S2, S3, S5, S6). The two types of 3D chromosomes can be distinguished 
by the signal strength of Oligo-pSc119.2-1. The signal of Oligo-pSc119.2-1 on 3DI chro-
mosome was very weak, and on 3DII chromosome was strong (Figs 3, S2, S5, S6). Probe 
Oligo-pTa535-1 produced strong signal band on the sub-telomeric region of the long 
arm of 5DII chromosome and generated blurry signal on the same region of 5DI chromo-
some (Figs 3, S1, S2, S3, S4, S5, S6). 4D, 6D and 7D chromosomes have only one type 
of structure among the 85 wheat cultivars/lines (Figs 3, S1, S2, S3, S4, S5, S6, S7). 
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Distributions of different types of wheat chromosomes among the 85 wheat  
cultivars/lines

The distributions of different types of A-, B- and D- genome chromosomes were listed in 
Table 2. From Table 2, it can be noted that chromosomes 1AI, 2AI, 3AI, 4AI, 5AI, 6AI, 
7AIII, 2BI, 3BV, 4BI, 5BII, 6BIII, 7BI, 1DIV, 2DI, 3DI and 5DII appeared in these 85 wheat 
cultivars/lines at high frequency. In the present study, chromosomes 2AII, 2AIII, 4AII, 
4AIII, 5AV, 5AVI, 6AIII, 7AI, 7AIV, 2BII, 3BI, 3BII, 3BIII, 3BVIII, 6BII, 7BIII, 7BIV, 7BV, 7BVI, 
5BS/7BS, 5BL/7BL, 6AS.6AL-6BL, 6BS.6BL-6AL, 7AS/7BS, 7AL/7BL, 1DII, 1DIII 
and 1DV were present in less than ten cultivars/lines (Table 2). Chromosomes 5AV, 5AVI, 
7BV, 7BVI, 5BS/7BS, 5BL/7BL, 6AS.6AL-6BL, 6BS.6BL-6AL, 7AS/7BS, 7AL/7BL and 
1DIII only occurred in one cultivar/line (Table 2). These chromosomes are rare. However, 
the three kinds of probes used in this study could not reflect the polymorphism of 
1RS.1BL, 4D, 6D, and 7D chromosomes. In addition, each of the common wheat used in 
this study has a unique karyotype (Table S1). That is, each of the 85 cultivars/lines has a 
different chromosomal composition. 

Figure 3. The cut-and-paste chromosomes representing different types of D-genome chromosomes. 
Chromosomes at left side were hybridized with probes Oligo-pSc119.2-1 (green) and Oligo-pTa-535-1 (red). 

Chromosomes at right side were hybridized with probe (AAG)6 (red)
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Discussion

Although the polymorphisms of wheat chromosomes were often displayed by C-banding 
technology, FISH analysis can detect subtle structural alterations of wheat chromosomes 
(Schneider et al. 2003; Tang et al. 2014a). Twenty-two wheat cultivars were analyzed by 
FISH technology using tandem repeats pSc119.2 and pAs1 as probes, and the delicate 
structural differences of chromosomes 4A, 5A, 1B, 2B, 3B, 5B, 6B, 7B, 1D, 2D, 3D and 
4D were observed (Schneider et al. 2003). FISH analysis using (AAC)5 as probe was used 
to investigate 10 Old Portuguese wheat cultivars and the hybridization patterns on 1B and 
6B chromosomes were different among five bread wheat cultivars (Carvalho et al. 2013). 
Eight wheat cultivars were analyzed by ND-FISH using oligonucleotide probes, which 
were derived from pSc119.2 and Afa-family repetitive sequences, and the high frequency 
of variations of 5A, 7A, 7B and 2D chromosomes were observed (Du et al. 2017). How-
ever, the FISH karyotypes of bread wheat cultivars were still limited and this is not help-
ful for the future analyzing wheat genetic stocks. In the present study, the polymorphisms 
of chromosomes of the 85 wheat cultivars/lines was investigated by ND-FISH analysis 
using Oligo-pSc119.2-1, Oligo-pTa535-1 and (AAG)6 as probes, and more variations of 
wheat chromosomes were displayed. FISH polymorphisms of wheat chromosomes that 
were explained by the variation in the amount and distribution of tandem repeats might 
be useful for the studying of wheat genetic variations. The FISH karyotype of wheat 
chromosomes described in this study provides a reference for the future studying struc-
tural variations of common wheat chromosomes. In addition, the wheat chromosomes 
with different structure constitute the unique karyotype of each of the wheat cultivars/
lines used in this study (Table S1), therefore, oligonucleotide probes and ND-FISH tech-
nology can be used to identify individual wheat cultivar. 

 Amigo, a cultivar containing wheat-rye 1RS.1AL translocation chromosomes, is well 
known for its Gb2, Lr24, Sr24 and Pm17 genes. C-banding and multicolor FISH tech-
niques were used to analyze the chromosomes of Amigo and it was found that Amigo 
contains T1BL.1BS-3Ae#1L translocation chromosomes (Jiang et al. 1994). It was indi-
cated that about 50% of the 1B satellite was derived from Agropyron elongatum chromo-
some (Jiang et al. 1994). In this study, the probe Oligo-pTa535-1 produced strong signals 
on the satellites of 1BAmi chromosomes (Figs 2, S7). The satellites of 1BCS chromosomes 
have no Oligo-pTa535-1 signals (Figs 2, S7). In our previous study, no strong Oligo-
pTa535-1 signals on the satellites of 1B chromosomes of other common wheat have been 
observed. Therefore, probes Oligo-pTa535-1 and Oligo-pSc119.2 can be used to identify 
T1BL.1BS-3Ae#1L translocation chromosomes from Amigo. In addition, the 6AS.6AL-
6BL, 6BS.6BL-6AL, 7AS/7BS and 7AL/7BL translocation chromosomes are also  
discovered in this study. These results indicate that Amigo is a complex translocation 
cultivar.

ND-FISH using oligonucleotides as probes is a convenient way to analyze plant chro-
mosomes. Cuadrado et al. (2009) used ND-FISH technique to analyze plant telomeres. 
Subsequently, ND-FISH using simple sequence repeats (SSR) as probes was used to ana-
lyze chromosomes of wheat and its relatives (Cuadrado and Jouve 2010; Cuadrado et al. 
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2013; Cabo et al. 2014; Delgado et al. 2017). Fu et al. (2015) indicated that the non-SSR 
oligonucleotide probes could also be used for ND-FISH analysis. The oligonucleotide 
probes and ND-FISH technique have provided an easier and faster method for the study-
ing of wheat chromosomes, therefore, to analyze wheat cultivars in large scale and to 
discover abundant structural alteration of wheat chromosomes is possible.

 In conclusion, polymorphisms of wheat chromosomes can be displayed by the varia-
tion of tandem repeats in the amount and distribution. The variation of tandem repeats can 
be fast and easily detected by ND-FISH technology. The FISH polymorphisms of wheat 
chromosomes revealed by tandem repeats may be helpful for studying of wheat genetic 
variations.
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Electronic Supplementary Table S1. The karyotype of each materials used in this study

Electronic Supplementary Figure S1. ND-FISH analysis of root tip metaphase chromosomes of 1RS.1BL 
translocation cultivars/lines. (a) Using probes Oligo-pSc119.2-1 (green) and Oligo-pTa-535-1 (red) analyze 04 
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Zhong 36. (b) Using probe (AAG)6 (red) analyze the same cell in (a). (c) Using probes Oligo-pSc119.2-1 
(green) and Oligo-pTa-535-1 (red) analyze Luomai 21. (d) Using probe (AAG)6 (red) analyze the same cell in 
(c). (e) Using probes Oligo-pSc119.2-1 (green) and Oligo-pTa-535-1 (red) analyze Dong 091277. (f) Using 
probe (AAG)6 (red) analyze the same cell in (e). Chromosomes were counterstained with DAPI (blue). Scale 

bar 10 μm

Electronic Supplementary Figure S2. ND-FISH analysis of root tip metaphase chromosomes of 1RS.1BL 
translocation cultivars/lines. (a) Using probes Oligo-pSc119.2-1 (green) and Oligo-pTa-535-1 (red) analyze 
E’en 1. (b) Using probe (AAG)6 (red) analyze the same cell in (a). (c) Using probes Oligo-pSc119.2-1 (green) 
and Oligo-pTa-535-1 (red) analyze Neixiang 188. (d) Using probe (AAG)6 (red) analyze the same cell in (c). 
(e) Using probes Oligo-pSc119.2-1 (green) and Oligo-pTa-535-1 (red) analyze Chuanmai 35. (f) Using probe 
(AAG)6 (red) analyze the same cell in (e). Chromosomes were counterstained with DAPI (blue). Scale bar  

10 μm

Electronic Supplementary Figure S3. ND-FISH analysis of root tip metaphase chromosomes of 1RS.1BL 
translocation cultivars/lines. (a) Using probes Oligo-pSc119.2-1 (green) and Oligo-pTa-535-1 (red) analyze 
Heyou 1. (b) Using probe (AAG)6 (red) analyze the same cell in (a). (c) Using probes Oligo-pSc119.2-1 (green) 
and Oligo-pTa-535-1 (red) analyze Shan 345. (d) Using probe (AAG)6 (red) analyze the same cell in (c). (e) 
Using probes Oligo-pSc119.2-1 (green) and Oligo-pTa-535-1 (red) analyze Zhengmai 98. (f) Using probe 
(AAG)6 (red) analyze the same cell in (e). Chromosomes were counterstained with DAPI (blue). Scale bar  

10 μm

Electronic Supplementary Figure S4. ND-FISH analysis of root tip metaphase chromosomes of 1RS.1BL 
translocation cultivars/lines. (a) Using probes Oligo-pSc119.2-1 (green) and Oligo-pTa-535-1 (red) analyze Shi 
4185. (b) Using probe (AAG)6 (red) analyze the same cell in (a). (c) Using probes Oligo-pSc119.2-1 (green) 
and Oligo-pTa-535-1 (red) analyze Yannong 18. (d) Using probe (AAG)6 (red) analyze the same cell in (c). (e) 
Using probes Oligo-pSc119.2-1 (green) and Oligo-pTa-535-1 (red) analyze Y7-22. (f) Using probe (AAG)6 

(red) analyze the same cell in (e). Chromosomes were counterstained with DAPI (blue). Scale bar 10 μm

Electronic Supplementary Figure S5. ND-FISH analysis of root tip metaphase chromosomes of 1RS.1BL 
translocation cultivars/lines. (a) Using probes Oligo-pSc119.2-1 (green) and Oligo-pTa-535-1 (red) analyze 
Zhengyumai 033. (b) Using probe (AAG)6 (red) analyze the same cell in (a). (c) Using probes Oligo-
pSc119.2-1 (green) and Oligo-pTa-535-1 (red) analyze Chuanmai 55. (d) Using probe (AAG)6 (red) analyze 
the same cell in (c). (e) Using probes Oligo-pSc119.2-1 (green) and Oligo-pTa-535-1 (red) analyze Huanong 
139. (f) Using probe (AAG)6 (red) analyze the same cell in (e). Chromosomes were counterstained with DAPI 

(blue). Scale bar 10 μm

Electronic Supplementary Figure S6. ND-FISH analysis of root tip metaphase chromosomes of 1RS.1BL 
translocation cultivars/lines. (a) Using probes Oligo-pSc119.2-1 (green) and Oligo-pTa-535-1 (red) analyze 
Zhoumai 17. (b) Using probe (AAG)6 (red) analyze the same cell in (a). (c) Using probes Oligo-pSc119.2-1 
(green) and Oligo-pTa-535-1 (red) analyze Yumai 50. (d) Using probe (AAG)6 (red) analyze the same cell in 

(c). Chromosomes were counterstained with DAPI (blue). Scale bar 10 μm

Electronic Supplementary Figure S7. ND-FISH analysis of root tip metaphase chromosomes of CS, Aurora and 
Amigo. (a) Using probes Oligo-pSc119.2-1 (green) and Oligo-pTa-535-1 (red) analyze CS. (b) Using probe 
(AAG)6 (red) analyze the same cell in (a). (c) Using probes Oligo-pSc119.2-1 (green) and Oligo-pTa-535-1 
(red) analyze Aurora. (d) Using probe (AAG)6 (red) analyze the same cell in (c). (e) Using probes Oligo-
pSc119.2-1 (green) and Oligo-pTa-535-1 (red) analyze Amigo. (f) Using probe (AAG)6 (red) analyze the same 

cell in (e). Chromosomes were counterstained with DAPI (blue). Scale bar 10 μm


