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Abstract: Development and deployment of wheat varieties with high yields, wide adaptability, 

good quality, multiple-resistance to abiotic and biotic stresses, and efficient response to fertilizers 

have greatly contributed to global wheat sustainable production. The genomic composition of key 

commercial wheat variety can help understand the genetic basis underlying the development of 

new variety and permit increased breeding efficiency. In this study, we report the chromosomal and 

genomic compositions of BN207, presently the leading wheat variety in the southern region of 

Huang-Huai River Valley, the most important wheat producing area in China through an integrated 

analysis using fluorescent in situ hybridization (FISH) and wheat 15 K SNP array. Our results 

showed that BN207 inherited 55.3% and 40.7% of its genome from its male parent BN64 and female 

parent ZM16, respectively, and generating 64 novel or recombined loci. Besides, we detected nine 

chromosomal variations in Bn207 and its parents and ten sister lines, and physically mapped two 

variations, the pericentric inversion of chromosome 6B, and large tandem repeat sequence block at 

the long arm of 5A, both had positive effects on agronomic traits, by integration of FISH and SNP 

loci recombination analyses. These results will provide a reference for breeding of high yield wheat 

varieties as BN207, and the application of founder parents BN64 and ZM16, which are being utilized 

frequently in wheat breeding programs in Henan Province and surrounding areas. 
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1. Introduction 

Bread wheat (Triticum aestivum L., 2n = 2x = 14, AABBDD) is an allohexaploid species of the 

genus Triticum that evolved through two independent natural hybridization events followed by 

chromosome doubling in the new hybrids. The first hybridization occurred between T. urartu 

Tumanian ex Gandilyan (2n = 2x = 14, AA) and Aegilops speltoides Tausch (2n = 2x = 14, SS) about 0.5 

million years ago, forming a new tetraploid species T. turgidum L. (2n = 2x = 14, AABB) [1]. The 

domesticated T. turgidum subsp. dicoccum then hybridized with another diploid species, Ae. tauschii 

Coss. (2n = 2x = 14, DD) about 7,000 to 12,000 years ago, producing a fertile hexaploid wheat seed (2n 

= 6x = 42, AABBDD) [2-7]. Although of relatively recent origin compared with its ancestors or other 

wild relatives, hexaploid bread wheat is currently the most widely grown crop, 218 million hm2 [8], 
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and one of the most traded crops in the world. It is also the most favored staple food for humans and 

globally the leading source of vegetal protein [9-12]. Thus, sustainable production of wheat plays an 

important role in social progress and stability worldwide.  

World wheat production has tripled since the green revolution in 1960s, and is expected to keep 

growing through the middle of the 21st century [13]. This increase was not achieved through 

expansion of wheat acreage but through increase crop yields per unit area and this has been a result 

of technological innovation and scientific crop management such as the improvement and 

deployment of novel varieties with better genetics, better seed storage, and germination ability, 

increased utilization of synthetic fertilizers and pesticides, and improved irrigation. Of these factors, 

development of novel wheat variety with objectives of high yields, wide adaptability, good quality, 

multiple-resistance to abiotic and biotic stresses, and efficient use of fertilizers has a major 

contribution [14-19]. 

The success of wheat breeding starts with the choice of suitable parents. A batch of several good 

varieties can often be derived from crosses involving some excellent founder parents. For example, 

Zhou 8425B was a wheat-rye spontaneous Robertsonian translocation (RT) 1BL.1RS stock derived 

from synthetic hexaploid Triticale (2n= 6x = 42, AABBRR), introduced from the International Maize 

and Wheat Improvement Center (CIMMYT) in 1970s [20,21]. Using it as a founder parent, as many 

as 100 varieties were developed in Henan Province and surrounding areas, of which up to 79 

varieties, such as Zhoumai 16 and Aikang 58, were certificated for production at national or 

provincial level [22-24]. Xiaoyan 6, a wheat variety that is alleged derivative of a cross between wheat 

and Thinopyrum ponticum (Podp.) Barkw and D.R. Dewey (2n= 10x =70, JSJSJSJSJJJJJJ) [25], was the 

largest planted wheat variety in its prime years in China. Using Xiaoyan 6 as a core parent more than 

50 commercial varieties have been derived and released that occupied as large acreage, with 

cumulative extension area of 20 million hm2, and production increase of 15 million tones [26-29]. 

Italian wheat Funo and Abbondanza are founder parents to nearly 185 derivatives in China [26]. 

Thus, analysis of the genetic composition of a successful variety benefits our understanding of how 

to develop elite cultivar and improve key agronomic traits through breeding. This knowledge further 

helps in accelerating the breeding process. Thus, several attempts have been accomplished to 

elucidate the genetic basis of leading wheat cultivars and the founder parents using simple sequence 

repeat (SSR) markers [23, 30-33], high-density single nucleotide polymorphism (SNP) markers 

[34,35], or high-resolution fluorescent in situ hybridization (FISH) [36].  

Bainong 207 (BN207) is a new wheat cultivar released and approved by the National Crop 

Variety Approval Committee of China in 2014. It has been the top-yielding variety with the largest 

annual acreage (1.35 million hm2) since 2016 in Henan Province and the southern region of Huang-

Huai River Valley of China, which is the most important wheat producing area in China [37]. The 

parents of BN207, Zhoumai 16 (ZM16) and Bainong 64 (BN64), also occupied large acreage in the 

region in their prime years [35,38-41]. In this study, we report the chromosomal and genomic 

composition of BN207, its parents and sister advanced lines through integrated analysis of high-

resolution FISH and wheat 15 K SNP array to provide a reference for better utilization of BN207 and 

its founder parents, BN64 and ZM16, which widely used as parents in the southern region of Huang-

Huai River Valley of China. 

2. Materials and Methods  

2.1. Plant Materials 

A total of thirteen varieties and advanced lines of wheat were used in this study. BN207 was 

derived from F8 derivatives of Zhoumai 16 (ZM16) as the female parent crossed with Bainong 64 

(BN64), along with its ten sister advanced lines with different agronomic characteristics 

(Supplementary Table S1). All the materials are provided and maintained at the experiment station 

of Henan College of Science and Technology at Xinxiang, China. 

2.2. SNP Marker Assays 

Fresh leaves from twenty seedlings were collected and pooled for each plant material for DNA 

isolation. Genomic DNA was extracted using the CTAB (cetyltrimethylammonium Ammonium 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 December 2019                   doi:10.20944/preprints201912.0024.v1

https://doi.org/10.20944/preprints201912.0024.v1


 

Bromide) method, and the integrity and concentration of DNA extracts were tested using agarose gel 

electrophoresis (1%). The DNA of BN207, its parents and sister lines were hybridized on the wheat 

15K SNP genotyping array containing 13,947 SNP markers designed by the Chinese Academy of 

Agricultural Sciences. The hybridization was completed by China Golden Marker Biotech Co. Ltd. 

(CGMB) (Beijing, China) following the Affymetrix Axiom 2.0 Assay Manual Workflow protocol.   

 

2.3. SNP Data Analysis and Genotype Map Construction  

The resulting SNP genotype data were used to analyze genomic composition in BN207, its 

parents and sister lines. If the genotype of BN207 at a particular locus was the same as that of a specific 

parent, then BN207 was considered to have inherited that locus from that particular parent. The loci 

present in BN207 but absent from both the parents are considered as novel loci, and loci limited to 

parental lines and absent in BN207 as deleted loci. Subsequently, the number of SNP loci contributed 

by each parent to the BN207 genome was calculated. The genomic contribution of a parent to BN207 

was defined as the ratio of the number of SNP loci (allele) inherited from one parent as compared to 

another parent, based on the total number SNP loci polymorphic among the parents. SNP loci on 

different chromosomes were sorted from the short arm to the long arm, according to the sequence 

alignment between the flanking sequences of the SNP loci and the Chinese Spring RefSeq v.1.1 

(IWGSC 2018). The genomic map was drawing based on SNP locations and sources at each 

chromosome. The physical position of each centromere was based on the International Wheat 

Genome Sequencing Consortium (IWGSC, 2018) [42]. Principal component analysis (PCA) for BN207 

its parents and its sister lines were estimated in TASSEL v5.0 [43]. The first three eigenvectors were 

plotted as three principal components in CurlyWhirly v1.19.09.04 

(https://ics.hutton.ac.uk/curlywhirly/) to observe clustering. 

 

2.4. Root-tip Chromosome Preparation and Fluorescent in situ Hybridization 

Chromosome spreads were prepared from root tip cells as described by Huang et al. (2018) [36]. 

The cytological observations were performed using a BX51 Olympus phase-contrast microscope 

(Olympus Corporation, Tokyo, Japan).  

Dual-color none-denatured (ND)-FISH was performed using eight single-strand 

oligonucleotides as probes, including pAs1-1, pAs1-3, pAs1-4, pAs1-6, AFA-3, AFA-4, which were 

labeled with 6-carboxytetramethylrhodamine (TAMRA) generating red signals, pSc119.2-1 and 

(GAA)10 labeled with 6-carboxyfuorescein (FAM) generating green signals. All the oligonucleotides 

were synthesized at Sangon Biological Technology, Shanghai, China. The oligo probe of pSc119.2-1 

was derived from the 118-bp repeat unit of plasmid clone pSc119.2, pAs1-1, pAs1-4 and pAs1-6 were 

derived from the 336 bp repeat unit of plasmid clone pAs1, and AFA-3 and AFA-4 were developed 

from a tandem sequence in GenBank accession AB003198.1 [44]. 

After hybridization, chromosomes were observed under an OLYMPUS BX51 (Olympus 

Corporation, Tokyo, Japan) fluorescence microscope and images were captured through a SPOT CCD 

(SPOT Cooled Color Digital Camera) and analyzed using Adobe Photoshop (v6.0) (Adobe, USA). 

 

2.5. Molecular Marker Analysis 

Sequences of PCR based primers for detection of pre-harvest sprouting resistance genes were 

deduced from the available reports [45-48], and synthesized by Sangon Biotech (Shanghai) Co., Ltd. 

China (Supplementary Table S2). PCR amplification was performed with 15 µL of reaction mixture 

containing 7.5 µL of 2×EasyTaq PCR Supermix (TransGen Biotech, Beijiny, China), 0.5 pmol forward 

and reverse primers respectively, and 100 ng of genomic DNA. PCR amplification was performed 

using F50SSR protocol followed Liu et al (2017) [49]. PCR products were resolved in 1.5% agarose 

gels and visualized by ethidium bromide staining by a Tanon 2500 Gel Imaging System (Tanon 

Science & Technology Co., Ltd., Shanghai, China).  
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3. Results 

3.1. Yield Potential and Key Agronomic Traits of BN207 

BN207 is semi-dwarf wheat variety derived from the cross of cultivar ZM16 as female with BN64 

as a male parent. ZM16 was characterized as a high yielding semi-dwarf variety with bigger spikes 

and larger grain size [41,50]; whereas, BN64 demonstrates comprehensive adult plant resistance to 

stripe rust and leaf rust, slow mildewing resistance, along with good quality and larger grain size 

[51,52]. Both ZM16 and BN64 are nationally certificated high yielding wheat varieties with an 

extensive area under cultivation and frequently deployed as founder parents in breeding programs 

in Henan and neighbor provinces. However, female parent ZM16 possesses some shortcomings 

including poor tolerance to low temperature in spring and pre-harvest sprouting, and average 

thousand-kernel weight (Supplementary Table S1). On the other hand, male parent BN64 has low 

tillering potential and weaker peduncle at maturity. Their derivative, BN207, successfully integrates 

the advantages and compensates the deficiencies of its parents, featured as high and stable yields, 

increased tolerance to low temperature in late spring, and pre-harvest sprouting, along with higher 

thousand-kernel weight.    

Based on two years’ regional trials in 37 locations and one year production trial at 14 locations 

in the southern region of Huang-Huai River Valley of China (conducted in collaboration by The 

Chinese National Agro-Tech Extension and Service Center, and Wheat Research Center in Henan 

Academy of Agricultural Sciences, Zhengzhou, China), BN207 showed an average yield of 7,542 to 

8,761 kg/ha from 2010 to 2013, an increase of 3.8% to 7.0% over the commercial check variety ZM18 

(Table 1). In 2014, the National Crop Variety Approval Committee of China approved BN207 for on-

farm production and since then it has been the fastest-growing variety in Henan province. Ten sister 

lines of BN207 owing to different outstanding characteristics were selected from the same cross; 

however, none of them surpassed BN207 in yields and other agronomic characteristics 

(Supplementary Table S1). 

Table 1. Yields and key agronomic characteristics of BN207  

Year 
Test 

location 

Average 

yield (kg/ 

ha) 

Yield increase 

over ZM18 

(%) 

Grain 

number per 

spike 

1000-

grain 

weight 

(g) 

Protein 

content（

%） 

Trial 

2010-11 20 8761.50 3.85** 34.50 41.50 14.00 Regional Trial 

2011-12 17 7654.50 5.28** 36.70 41.80 15.04 Regional Trial 

2012-13 14 7542.00 7.00** -  - 
Production 

Test 

**: 1% level of significance 

3.2. Genomic Composition of BN207 and Contributions of Its Parents 

A total of 13,947 SNPs were assayed, however, 7,565 (54.2%) good quality SNPs were selected 

for further analysis. These included 4,009 (52.9%) monomorphic and 3,556 (47%) polymorphic loci 

when compared among, BN64 and ZM16 the two parents of BN207. The maximum number of SNPs 

were found in sub-genome B, accounting for 41.3% of total SNPs and 51% of total polymorphic SNPs, 

followed by sub-genome A (35.1%, 45.4% ), and the least number of SNPs were from sub-genome D 

(20.2% and 41.6%). These SNP loci were unevenly distributed at 21 different chromosomes, with 

average 360.2 SNP loci on each chromosome, ranging from maximum of 694 loci at chromosome 3B, 

followed by 528 on chromosome 2A, to 108 loci at chromosome 4D (Supplementary Table S3; Fig. 1).  
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Figure 1. Chromosome distribution of SNP loci derived from parents BN64 and ZM16. UnChr: not-

assigned chromosome. 

Genomic constitution of BN207 based on SNP loci showed that the male parent BN64 

contributed 55.3% (1,968 / 3,556 SNPs) of BN207 genome, whereas the female parent ZM16 

contributed 40.7% loci. The remaining 142 (3.2%) SNP loci included 111 (3.1%) heterozygous loci and 

31 (0.9%) novel or recombined loci present only in BN207 (Supplementary Table S4). In addition, 33 

novel SNP loci were detected in BN207 from 4,009 SNP loci that were monomorphic among parents, 

increasing the total number of recombined loci to 64, 0.85% of 7,565 SNPs analyzed. Parental 

contributions to BN207 were obviously different from sub-genomes, with an overwhelming majority 

of SNPs at B sub-genome derived from BN64, whereas relatively more loci at sub-genomes A and D 

from ZM16 (Fig. 2). About 149 polymorphic SNPs were from genes (exons) varied among BN207 and 

its sister lines and could be traced to one of the parents (Supplementary Table S5). 

Analysis of the distribution of SNP loci in chromosomes of BN207 displayed significant 

differences of allele source (male or female parent)(Fig. 3). SNP loci in chromosome 3B, the short arm 

of chromosome 1B (1BS), the long arm of 2B (2BL), 2DL, 4AS, 5AS, 6A, 6B, 7AL and 7BS were 

predominantly derived from male parent BN64, whereas the majority alleles in chromosome 2A, 3A, 

3D, 4BS, 4D, 5BL, 6D, and 7D were originated from the maternal parent ZM16 (Fig. 3). Most of the 

heterozygous SNP loci were located at 5BL (34/111, 30.6%), 4BL (20, 18.0%) and 2BS (8, 7.2%), while 

most of recombined loci were presented at 5B (25/64, 39.1%), followed by 3D (7, 10.9%) in BN207 

(Supplementary Table S4). 
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Figure 2. SNP locus derivative in wheat sub-genomes in BN207. Unchr: not-assigned chromosomes. 

 

Figure 3. Chromosome-wise distribution and parental contribution of SNPs in BN207. Unchr: not-

assigned chromosomes. 

3.3. Comparison of SNP Loci in BN207 and Its Sister Lines 

Genotype map of SNP loci in BN207 and its ten sister lines were constructed based on allele and 

physical locations of SNP loci at different chromosomes (Fig. 4; Supplementary Table S6, S7). The 

map showed that the SNP loci inherited from parents were significantly varied among 11 derivatives. 

Most of the alleles/SNP at chromosome 1A, 4A, 6A, 3B were BN64-derived, whereas those at 

chromosome 2A, 5A, 1B, 6D and 7D were inherited from ZM16 in the majority of the advanced lines 

(Fig.4).  
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Figure 4. Genotype map of SNP loci in BN207, its parents and sister lines. Lane a to k represents 

BN207 (a), HY166 (b), GM1 (c), BH207 (d), BN69-83 (e), PJ11-15 (f), PJ11-52 (g), BN10-8 (h), BN12-40 

(i), and BN14-818 (j), HY198 (k), respectively. Green represents SNP loci from BN64; red from ZM16; 
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grey: monomorphic SNP loci; yellow: heterozygous loci; purple: novel or recombined SNP loci; black: 

centromeres. Chromosome length represents total number of loci at each chromosome. 

The principle component analysis (PCA) showed that the first three components explained 64.6 

% of variation among the parents and progeny. PCA distinguished BN207, its parents and sister lines 

into three clusters. The first cluster included ZM16 and three sister lines, BN14-818, BN12-40 and 

GM1, the second cluster comprised BN64, HY198, BN10-8, HY166, PJ11-52, and PJ11-15, the last one 

had BN207, and two sister lines, BH207 and BN69-38 (Fig. 5; Table S6). It also confirmed BN207, 

together with BH207, best-recombined different traits (SNP loci) from its two parent. 

 

Figure 5. Genetic relationship among BN207, its parents and sister lines. Hierarchical clustering based 

principle component analysis (PCA). 

Among the sister lines, BN14-818 was almost identical to the female parent ZM16, with as few 

as 3.55% of SNP loci different from ZM16. Of these 3.55% SNPs, 1.66% SNPs were inherited from 

BN64, a majority (57.6%) of them at chromosome 5B (Fig. 5; Fig. S1). Thus, this line could be used as 

a near-isogenic line of ZM16 to dissect the genetics underlying traits differing between BN14-818 and 

ZM16. Another line, BH207, which showed better drought tolerance compared to BN207 shared 

89.8% SNP loci with BN207. The remaining 10.2% SNP differences between these lines may help in 

exploring genes related to yield advantage of BN207, and to drought-tolerance in BH207 (Fig. 5; Fig. 

S2). Besides, line PJ11-15 contained more than 32% heterozygous SNP loci of the total, ranging from 

0.00% to 75.00% across the 20 chromosomes except 3B, showing the advanced line is still genetically 

unstable (Fig. 4; Fig. S1).  

Comparing BN207 with its parents and ten sister lines, only 0.75% (57/7565) SNP loci were 

unique to BN207, of which 37 SNPs were heterozygous in BN207, whereas the remaining 20 SNP 

locations were deletions. These can probably be used as specific markers distinguishing BN207 from 

its parents and ten sister lines (Supplementary Table S8). 
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3.4. Chromosome Composition of BN207, Its Parents and Sister Lines 

BN207, its parents and ten sister lines selected for different agronomic characteristics, were used 

to perform Dual-color FISH. A total of 33 plants (1-4 plants each line) were analyzed for FISH. The 

results revealed nine chromosomal structural variations involving in the two parents BN64 and ZM16 

and their derivative breeding lines. The pericentric inversion (PerInv) of chromosome 6B was 

detected in BN64, as previously identified by Huang et al. (2018) [36]. Another five structural 

variations include a Robertsonian translocation (RT) 1BL·1RS composed by the long arm 1B of wheat 

and the short arm of chromosome 1R from Secale cereale, a large AFA family tandem repeat sequence 

block (Trsb) represented by red color at the intermediate section of the 5AL (Figure 6), a green block 

displaying pSc119.2-1 and (GAA)10 repeats at the terminal region of 7BL, and one green signal at the 

terminal region of 7AS uniquely presented in ZM16. The three additional variations include a 

stronger green signal at the intercalary region of 3BL, and one larger green block at 4AL in BN64 ac 

compared toZM16, and a stronger red-colored AFA family repeats at chromosome 6BS in ZM16 when 

compared with BN64 (Fig.6).  

Karyotype analysis indicated that BN207 inherited five chromosomal variations viz. 7A, 1B, 3B, 

perInv6B, and 1D, from BN64, and two variations, chromosome 4A, and 7B, from ZM16, and 5A and 

6B involved recombination between the two parents. Chromosome 5A of BN207 looked like BN64 

but with weaker green signal neighboring the centromere at 5AL, and 6B contained a pericentric 

inversion from BN64, and more red-colored AFA family repeats at terminal region at the short arm 

of 6B like ZM16. For the ten sister lines of BN207, five (HY198, GM1, BN14-818, BN12-40, and BN69-

38) had rearranged chromosome RT1BL.1RS from ZM16, four (GM1, BH207, BN12-40 and BN69-38) 

contained Trsb 5A from ZM16, and only two (BH207 and BN10-8) contained perInv 6B from BN64. 

Three lines (GM1, BN12-40 and BN69-38) had both structural variations, Trb 5A and RT1BL.1RS, from 

ZM16, and only BH207 had both perInv 6B and Trsb 5AL (Fig. 6; Fig. S3). The distribution of all 

variations in the eleven derivatives was shown in Fig. S4, which indicated most variations 

transmitted randomly with various ratios, but chromosomes 5A, 6B and 7B involved more 

recombinations in the corresponding heterochromatin blocks of both parents. 
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Figure 6. Karyotypes of BN207, its parents and sister lines after oligonucleotdie probe multiplex FISH. 

Probes pAs1-1, pAs1-3, pAs1-4, pAs1-6, AFA-3, and AFA-4 were labeled with 6-

carboxytetramethylrhodamine (TAMRA) and generating red signals; pSc119.2-1 and (GAA)10 labeled 

with 6-carboxyfuorescein (FAM), generating green signals. White arrows indicate polymorphism, 

yellow arrows indicate structural rearrangements, white and yellow asterisks indicate 

recombinations. 

 3.5. Physical Mapping of Rearranged Chromosome Regions 

The physical position of SNPs on Chinese Spring reference sequence (IWGSC 2018) uncovers the 

allele at a locus, however, it fails to detect any chromosomal aberrations or variations identified in 

this study through FISH, including perInv 6B in BN64, Trsb 5A and RT1BL.1RS in ZM16. We 

integrated our FISH data with physical location of the SNP loci to identify the genomic region (size 

in Mb) involved in chromosomal rearrangements. Analysis of alleles of SNP loci (parental sources) 

on chromosome 6B using three lines (BN207, BH207 and BN10-8) having perInv 6B showed that one 

recombination happened close to 6B centromere between SNP marker AX-109464405 at loci 42.5 Mb 

and AX-110448396 at 50.1 Mb at the short arm. The other recombination happened between AX-

109595550 at 475.5 Mb and AX-111693296 at 476.2 Mb at the long arm of 6B. Thus, the pericentric 

inversion was mapped to a genomic region of 425.4 Mb (50.1 Mb at the short arm to 475.51 Mb at the 

long arm) involving more than half of the length of the complete 6B chromosome (Fig. 7; Table S9). 

Based on Wheat 15K SNP assay, this inverted region harbored a total of 261 SNP loci, including two 
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functional SNP loci, AX-94384454 with positive additive effect on plant height at 115.95 Mb, and AX-

816177832 related to kernel length at 191.53 Mb [53-55].  

SNP loci analysis in four lines (GM1, BH207, 12-40 and 69-38) containing Trsb 5A indicated there 

were three blocks of non-recombination (recombination suppression) at Trsb 5A. The first block 

comprised complete short arm and the remaining two were located on the long arm, including a 312.9 

Mb interval from the centromere (109.1 Mb) to SNP loci AX-108726870 (422 Mb), and the other 

interval of 66.2 Mb from SNP AX-110578543 (480.4 Mb) to AX-94589715 (546.5 Mb). Thus, the repeat 

sequence-block was predicted at the 66.1 Mb interval was identified based on integrated analysis of 

FISH-displayed segment position and genomic positions of non-recombined SNP loci among the two 

parents (Fig. 7; Table S9). 

Robertsonian translocation 1BL.1RS was identified in female parent ZM16, which was inherited 

from its male parent Zhoumai 8425B containing RT1BL.1RS different from Lovin series [23, 36]. 

Pairwise comparison of BN64-derived SNP loci and those from ZM16 in five advanced lines carrying 

RT1BL.1RS (HY198, GM1, 14-818, 12-40, and 69-38) showed recombination suppression between the 

short arms of 1R from rye and 1B of wheat. At the long arm of chromosome 1B, no recombination 

was discovered at two intervals, the first one is 198.93 Mb long from the centromere (249.2 Mb) to 

SNP locus AX-110687238 at 448.13 Mb, and the second is 109.80 Mb long, from SNP locus AX-

108725476 at 451.58 Mb to AX-110091358 at 577.93 Mb (Fig. 7; Table S9). No RT1BL.1RS chromosomes 

were found in BN207 and half of its ten sister lines, indicating this translocation once present in more 

than 70% of wheat varieties in Henan and neighboring provinces is gradually losing its domination 

to modern varieties of wheat [56].   

 

Figure 7. Physical mapping of chromosome structure variation in bi-parent. SNP loci from BN64 were 

presented in green color, and those from ZM16 in red color, deleted SNP loci which presented in 

parents but absent in BN207 or sister lines painted in yellow color, heterozygous loci in blue color, 

novel loci which were different from both parents painted in purple. The centromere of each 

chromosome is displayed in black color. 

3.6. Identification of the Resistance of Pre-harvest Sprouting in BN207 

BN207 was identified as a hard-white wheat with tolerance to pre-harvest sprouting, having 

lower ratios of both protrusion seeds and germinating seeds compared to the susceptible control 

Zhoumai 18 (ZM18) (Table 2).  
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Table 2. Identification of resistance to pre-harvest sprouting of BN207 (at Xinxian, 2018) 

 Variety 
None-germination rate (%) Protrusion rate (%) Germination rate (%) 

Average Significance* Average Significance Average Significance 

BN207 69.58±2.72 a 29.19±2.38 b 1.22±0.94 c 

ZM18 (control) 46.95±1.75 b 42.23±1.65 a 10.79±1.50 b 

HY116 36.67±4.45 c 44.15±5.60 a 19.18±6.51 a 

* Significant differences at 5% level of significance 

Wheat 15K assay detected BN207 and its two parents, BN64 and ZM16, had two main effect QTL 

loci containing pre-harvest sprouting (PHS) resistance genes presented in Chinese wheat landraces. 

Of which, QTL1 on chromosome 3A is linked by SNP marker AX-111578083 located at 173.81 Mb, 

and QTL2 at chromosome 3D associated with AX-111624595 at 112.63 Mb. However, haplotype 

analysis showed BN207 and its parents were all same haplotypes, QTL1-HAP-G, and QTL2-HAP-T, 

which were unfavorable for PHS resistance [57]. 

To identify the genes involved in PHS resistance in BN207, we analyzed four PCR markers that 

are reported to be closely linked to PHS resistance genes (TaVp1B3, PM19-A1, Dorm, and TamyB10) 

(Supplementary Table S2). The results showed BN207 and its male parent BN64 displaying a 117 bp 

fragment specific for PHS gene PM19-A1, and PHS gene TaVP1B3 specific marker of 569 bp length, 

whereas no PHS gene-specific markers presented in female parent ZM16. Thus, BN207 contained at 

least two PHS resistance genes, PM19-A1 at 4AL and TaVP1B3 at 3BL, which were derived from its 

male parent BN64 (Fig. 8). PHS gene TaVP1B3 was further screened using thirty-four individual 

plants of BN207, and 24 (70.59%) plants exhibited the 569 bp fragment specific to the TaVP1B3. Thus, 

PHS resistance of BN207 could be further improved by selecting individuals having TaVP1B3 based 

on these markers.  

 

 

Figure 8. PCR patterns of BN207, its parents and other wheat varieties using PHS gene-specific 

premiers. M: 100 bp DNA loader; 1: Chinese Spring; 2: BN207; 3: BN64 ; 4: ZM16; 5 to 24: wheat 

varieties Zhoumai 16, Zhoumai 22, Ping’an 602, Ping’an 0518, Yangmai 5, Ningmai 9, Yangmai 13, 

Yangmai 14, Yangmai 16, Yangmai 17, Yangmai 23, Yangmai 158, NAU01, Nannong 0686, NAU617, 

Nannong 9918, Wangshuibai, Shengxuan 6, Yanzhan 4110, and Xinong 979. a to d: PHS gene-specific 
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markers PM19-A1, TaVp1B3, Dorm-1, and TamyB10. Arrows indicate specific markers of PHS 

resistance genes. 

4. Discussion 

BN207 is a recently released wheat variety with the maximum acreage under cultivation 

demonstrating its broad adaptation and yield stability. Both parents of BN207, ZM16, and BN64, were 

commercial varieties grown on significant acres and are key founders of novel advanced lines and 

varieties from the southern region of Huang-Huai River Valley of China. Thus, dissection of genetic 

composition of BN207, and its parents will provide very important reference for wheat breeders. In 

this study we analyzed the genetic compositions of BN207, its parents BN64 and ZM16, and ten sister 

lines at both chromosome and genome level. We discovered that although BN64 contributed more 

SNP loci (55.3%) than female parent ZM16 (40.7%), the contributions to each chromosome were 

significantly different, of which SNPs on chromosome 1BS, 3BL, 6AS, 2AS, 4BS, 4DL almost derived 

from one parent, either BN64 or ZM16. Comparison of BN207 with ten sister lines revealed only 64 

SNP loci unique to BN207, indicating the combination of different genes could be more important for 

the development of wheat varieties. Dissection of chromosome and genome composition of BN207 

and its founder parents, BN64 and ZM16 will help breeders gain a better understanding of the genetic 

contribution of these varieties, benefit the rapid, accurate and consistent identification of the 

authenticity of cultivars, and improvement in breeding procedures, and protect the legal rights of 

breeders and enterprises.  

Based on sequential genomic in situ hybridization (GISH)/FISH analysis, Huang et al (2018) [36] 

identified perInv 6B, originating from Italian wheat Funo, Abbondanza, Zhengyin 1 and Fan 6, was 

the most frequent type (15.3%) in Chinese wheat varieties. However, the region of the pericentic 

inversion could not be mapped. In this study, we located the inversion at a 425.4 Mb interval, from 

50.1 Mb at the short arm to 475.5 Mb at the long arm of chromosome 6B through the integration of 

FISH and SNP genotyping. The perInv 6B was identified inBN207 and its two sister lines (BH207 and 

10-8) (Fig. S4). The second chromosomal variation Trsb 5A (derived ZM16) was present in close to 

half of the sister lines and was physically mapped in this study by integrating analysis of FISH-

displayed position and non-recombined SNP loci between two parents. Karyotype comparison 

revealed that five chromosomal variations in BN207 were derived from BN64, while another four 

were either from ZM16 or a result of recombination between the two parents, which was 

correspondent with the SNP genotyping results where BN207 was more similar to BN64. 

Chromosome variations either large structural rearrangements or polymorphism caused by large 

blocks of tandem repeats usually suppress the chromosome recombination, our study provides direct 

evidence about two such structural variations perInv6B and Trbs5AL.  

Elite wheat variety BN207 its parents BN64 and ZM16 all cultivars grown widely-grown in 

Huang-Huai River Valley, China, suggest that perInv6B, Trsb 5A and RT1BL.1RS had likely a positive 

impact on agronomic characteristics. Despite the limited population size and SNP markers, we were 

able to pinpoint the precise location of chromosomal breakpoints, demonstrating that the cytological 

and SNP mapping information was an efficient way to identify chromosome structural 

rearrangements. The knowledge of chromosomal variations could be very important for future 

genetic mapping or genome re-sequencing in wheat. Further analysis using a large population 

permanent mapping population developed from BN64 and ZM16 combined with more SNP markers 

will provide precise information on such variations, which could also be helpful for mining the 

beneficial gene clusters involved in such genomic regions. In addition to the two structural changes, 

seven other chromosome structural polymorphisms also detected in this study. A further study on 

distribution these variations in modern elite cultivars and impacts to agronomic traits is underway 

at both chromosome and molecular level in our lab.    

The wheat-rye RT1BL.1RS present in most of the Chinese cultivars can be traced to the founder 

wheat Lovrin series [30,36], which has played important role in wheat production both in China and 

the other regions of the world for more than 30 years. Whereas, wheat varieties derived from Zhou 

8425B in Henan Province and surrounding area might have different 1RS origin. Zhou 8425B stock 
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was developed in 1984 by Zhoukou Academy of Agriculture at Zhoukou, China, and its RT1BL.1RS 

derived from a synthetic hexaploid Triticale (2n= 6x =42, AABBRR), introduced from CIMMYT in 

1970s [20,21]. Presently, it is not clear whether the 1RS from this Triticale line is different from that of 

Lovrin series introduced from Romania and the Soviet Union in the 1970s [21]. ZM16 (female parent 

of BN207), is a nationally certified variety released in 2002 derived from the cross of Zhoumai 9 with 

Zhou 8425B, had a pair of rearranged RT1BL.1RS, whereas, BN207 and five of its sister lines showed 

absence of RT1BL.1RS. This indicates that this rearrangement is losing its dominance in modern 

varieties of wheat, at least in Henan Province and the southern region of Huang-Huai River Valley 

of China, mainly because its carries multiple disease resistance genes (Sr31, Lr26, and Yr9) and 

negative effect on grain quality [56].  

In this study, BN207, an F8 progeny of ZM16 crossed with BN64, was screened for PHS 

resistance using a TaVP1B3 specific marker. We identified only 70.6% positive individual plants in 

the population suggesting that BN207 was heterogenous for TaVP1B3 and selection can further 

improve the resistance of BN207 to PHS.  

5. Conclusions 

Thus, our study, through the integrated use of genome-wide high-density SNPs and FISH 

revealed the genomic contribution of founder parents of the wheat cultivar BN207 and also identified 

several structural variations in BN207 and its sister lines. The characteristics of the genetic 

composition and structure of BN207 demonstrate the ability of precise evaluation of the genomic 

origin of cultivars by the integration of high throughput genotyping with FISH.   
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