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三、代表性研究工作或学位论文工作介绍（含参加/承担项目、研究基础、取得成果等） 

博士期间参与国家高技术研究发展计划 (863) (2011AA100101)：外源基因组区段/基因高效转移与

检测及遗传效应分析。基金委重点项目：植物着丝粒的表观遗传学研究。中国科学院战略性先导科技专

项 (XDA08010204)：小麦抗病的分子模块解析。 

1. 小麦-黑麦易位系着丝粒结构功能分析及新易位系创制 



小麦-黑麦 1BL/1RS 易位系是由着丝粒错分裂-融合形成的整臂易位系。1BL/1RS 易位系是外缘染色

体应用于小麦育种最成功的例子，在世界小麦生产中发挥了重要作用。但生产上应用的不同来源的

1BL/1RS 易位系易位染色体的着丝粒结构和功能还不清楚。本研究收集了国内外 136 份不同来源的

1BL/1RS 易位系材料，通过荧光原位杂交 (Fluorescence in situ hybridization，FISH) 技术，使用两个着

丝粒重复序列 6C6 和 pAWRC.1 作为探针研究着丝粒的结构。我们发现生产上应用的 1BL/1RS 易位系

均含有融合着丝粒，即着丝粒约一半来自于小麦，一半来自于黑麦。我们同源克隆了黑麦 CENH3 基因，

发现其在黑麦中有两个拷贝，通过在黑麦 CENH3 基因与小麦 CENH3 基因不保守序列设计引物特异扩

增黑麦 CENH3 基因，发现在 1BL/1RS 易位系中，只含有来自小麦的 CENH3 基因。通过免疫荧光原位

杂交 (Immuno-FISH) 技术，证明小麦 CENH3 蛋白既能与融合着丝粒中的小麦着丝粒部分结合，又能

与融合着丝粒中的黑麦着丝粒部分结合。其他着丝粒功能标记 ph-H3-Thr3、ph-H2A-Thr133、ph-H3-Ser10

具有相似的结合情况。ChIP (Chromatin immunoprecipitation) - qPCR 的结果进一步证实了 CENH3 与

pAWRC.1 的结合。另外，在 1BL/1RS 易位系中，黑麦特异着丝粒反转座子序列能够进行活跃转录。我

们通过着丝粒错分裂的方法，创制了 100 份新 1R 易位系。这些新 1R 易位系分别具有融合着丝粒、黑

麦着丝粒和小麦着丝粒等不同的着丝粒结构，其中融合着丝粒易位系的比例高于其它着丝粒结构的易位

系，这能够部分解释生产上应用的 1BL/1RS 易位系具有融合着丝粒结构。同时，1R 染色体与小麦第一

至第七同源群染色体之间发生了整臂易位，其中 1R 染色体与小麦第一同源群染色体之间发生易位的比

例高于 1R 染色体与小麦其它同源群染色体发生易位的比例，说明小麦-黑麦染色体的错分裂-融合不是

随机的过程，可能发生了同源序列的重组。这些材料将成为研究生产上应用的融合着丝粒的重要材料，

并为小麦育种提供新的资源。详见论文 1。 

2. 一套抗 Ug99 小麦-黑麦附加系材料的创制及染色体变异分析 

小麦秆锈病Ug99及其衍生种克服了大多数广泛应用的抗性基因，对世界小麦生产造成了严重威胁。

为了发现新的抗病资源，我们收集了 200 份美国国家种质资源库的黑麦材料，对其苗期对 Ug99 小种

PTKST 的感染类型 (infection types, ITs) 进行了检测。结果表明，其中四份黑麦材料高抗 Ug99。我们

将这四份黑麦材料与普通小麦 843 进行了杂交，将杂交 F1 代利用秋水仙素处理使染色体数目加倍，获

得了其中两份黑麦材料 PI428373 和 PI613196 的双二倍体。目前，已经获得小麦-黑麦 PI613196 的一整

套二体附加系材料，全部 14 种端体附加系材料，以及小麦-黑麦易位系材料。在小麦-黑麦附加系后代

中，出现了一些染色体及着丝粒变异，包括环染色体、小染色体、双着丝粒染色体、多着丝粒染色体、

无着丝粒染色体和新着丝粒染色体。通过 Immuno-FISH 检测了这些变异材料的着丝粒功能。以上结果

说明，小麦-黑麦附加系可能含有新的抗 Ug99 基因，可以应用于小麦抗病育种；小麦-黑麦杂交使得基

因组不稳定，产生了复杂的染色体及着丝粒变异，从而进一步增加了小麦-黑麦杂交后代的遗传多样性。



结果准备发表中。 

3. 抗赤霉病硬粒小麦-长穗偃麦草附加系的创制与分析 

硬粒小麦（Triticum durum Desf., 2n=28, AABB）是仅次于普通小麦的世界第二大麦类作物，其产量

受到赤霉病、杆锈病、黑斑病等病害的严重影响。四倍体长穗偃麦草（Thinopyrum elongatum, 2n=4x=28）

是普通小麦近缘的多年生植物，是小麦抗病育种的重要抗源植物之一。硬粒小麦和长穗偃麦草杂交获得

的六倍体小偃麦 8802对赤霉病具有很强的抗性。通过染色体工程方法，将硬粒小麦与六倍体小偃麦 8802

杂交 F1 代自交或与硬粒小麦回交，获得一整套硬粒小麦附加系材料。运用多色荧光原位杂交技术，以

pAs1 和 pSc119.2 重复序列作为探针对附加的外源染色体进行识别，并筛选得到 1E~7E 染色体特异的分

子标记。同时，通过接种赤霉病，发现 1E 和 3E 附加系材料高抗赤霉病。这些附加系材料将为小麦抗

赤霉病育种提供重要的资源。在杂交后代中着丝粒区域发生了广泛的变异，包括着丝粒序列的扩增、丢

失、减弱和双着丝粒的产生等，这些变异材料将为研究着丝粒的功能以及杂交基因组之间的相互作用提

供一定的依据。结果准备发表中。 

此外，我还参与完成了对 1B1R 易位系进行转育，选育高产新品种，以及长穗偃麦草抗赤霉病易位

系的创制和中间偃麦草抗条锈病易位系的创制等工作。 
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Abstract
Centromeres typically contain tandem repeat sequences, but centromere function does not

necessarily depend on these sequences. We identified functional centromeres with signifi-

cant quantitative changes in the centromeric retrotransposons of wheat (CRW) contents in

wheat aneuploids (Triticum aestivum) and the offspring of wheat wide hybrids. The CRW

signals were strongly reduced or essentially lost in some wheat ditelosomic lines and in the

addition lines from the wide hybrids. The total loss of the CRW sequences but the presence

of CENH3 in these lines suggests that the centromeres were formed de novo. In wheat and

its wide hybrids, which carry large complex genomes or no sequenced genome, we per-

formed CENH3-ChIP-dot-blot methods alone or in combination with CENH3-ChIP-seq and

identified the ectopic genomic sequences present at the new centromeres. In adcdition, the

transcription of the identified DNA sequences was remarkably increased at the new centro-

mere, suggesting that the transcription of the corresponding sequences may be associated

with de novo centromere formation. Stable alien chromosomes with two and three regions

containing CRW sequences induced by centromere breakage were observed in the wheat-

Th. elongatum hybrid derivatives, but only one was a functional centromere. In wheat-rye

(Secale cereale) hybrids, the rye centromere-specific sequences spread along the chromo-

some arms and may have caused centromere expansion. Frequent and significant quantita-

tive alterations in the centromere sequence via chromosomal rearrangement have been

systematically described in wheat wide hybridizations, which may affect the retention or

loss of the alien chromosomes in the hybrids. Thus, the centromere behavior in wide

crosses likely has an important impact on the generation of biodiversity, which ultimately

has implications for speciation.
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LETTER TO THE EDITOR

Characterization and Genome Changes of New Amphiploids from
Wheat Wide Hybridization

The introduction of alien genes or chromosome fragments
from wild related species into wheat (Triticum spp.) has been
considered valuable for wheat breeding (Valkoun, 2001).
Several relatives, such as Secale cereale (Gupta and Shepherd,
1993; Ma et al., 2000), Thinopyrum elongatum (Liu et al.,
2008), Th. intermedium (Cao et al., 2014) and Th. ponticum
(Li et al., 2008) showed distinct applications of introgression
of interesting genes or traits into wheat. However, there are
still some challenges in using these genetic resources. The
introgressed alien fragments often bring genes with potentially
negative impacts on the traits. In this letter, we mainly focus
on multi-strategies for synthesis of polyploids between wheat
and rye, Th. elongatum, Th. intermedium and Th. ponticum.
We have successfully selected different novel ploidy triticale
and trititrigia lines which carried excellent disease-resistance
genes and could provide essential genetic resources for
wheat breeding.

The hexaploid and octoploid triticales were produced by
hybridization between tetraploid or hexaploid wheat and S.
cereale. Recently, we found that four accessions of S. cereale
had excellent resistance to wheat stem rust Ug99 (Table S1).
In order to introduce these useful sources to wheat, different F1
hybrids were formed that carried half number of chromosomes
from the bi-parents respectively (Fig. 1A and C). They showed
highly sterile and regained fertility by genome doubling and
unreduced gametes (Fig. 1B and D) (Xu and Joppa, 2000).

Previous studies reported that Th. elongataum (2n¼ 28) may
be an autotetraploid at first and subsequently experienced
genome differentiation and evolution (Charpentier and
Feldman, 1988; Li et al., 2005). We observed that three pairs
of 45S rDNA loci on the chromosomes, indicating that Th.
elongatum Ae41 (E1E1E2E2 ¼ 28) contained two distant and
homoeologous genomes (Fig. 1E). In F1 hybrids of T. durum
Renmin (AABB, 2n ¼ 28) and Ae41, fourteen alien chromo-
somes inherited from Ae41 partially paired in metaphase I
during meiosis (Figs. 1F and S1B). However, the hybrids were
still highly sterile because there were plenty of univalent
generated from the A and B genomes in F1 hybrids (Fig. S1A).
After backcrossing with T. durum, BC1 plants had 42

chromosomes, most of which could paired very well (Fig. 1G).
Interestingly, the selfed progenies of BC1 plants had variable
numbers of Th. elongatum-derived chromosmes (Fig. 1H and I).
One pair of chromosomes with the same 45S rDNA loci was
always observed in two selfed progenies (Figs. 1H and I, S1B),
indicating partial homoeologous chromosomes between E1 and
E2 genome preferred pairing to segregating when pivotal chro-
mosomes from T. durum were integrated. After successive
backcrossing of BC1 plants, new hexaploid trititrigias 8801,
8802 and 8803 (2n ¼ 42) were formed and exhibited excellent
resistance to fusarium head blight (FHB) (Figs. 1J and S2).
Furthermore, 8802 and 8803 also showed high resistance to
Ug99 (Table S1).

With FISH detection of 45 rDNA loci, several unpaired
chromosomes were retained in Th. intermedium (2n ¼ 42)
(Fig. S3A). However, similar to Ae41, homoeologous chro-
mosome pairing also occurred among the three different ge-
nomes in Th. intermedium. New hexaploid trititrigia 363-1-21
(2n ¼ 42) gradually formed by several times of backcrossing
of F1 hybrids (n ¼ 35) and also showed high resistance to FHB
(Figs. S2, S3B and S4).

High molecular weight (HMW) glutenin subunits showed
great changes in five hexaploid trititrigias derived from Th.
elongatum (8801, 8802 and 8803) and Th. intermedium (363-
1-21 and 8704) comparing to their parent lines (Fig. S5). In
8802, a novel band (n) appeared which was found in neither T.
durum nor Th. elongatum (Fig. S5A). Interestingly, HMW
glutenin subunits d and g existed in Renmin and Italy363, but
disappeared in 8801, 8802 and 8803 (Fig. S5A). With the
analysis of gliadin, we found 8801 and 8803 contained six new
gliadin bands (a, 1; b, 1; g, 2; u, 2), and 8802 contained four
new gliadin bands (a, 1; g, 2; u, 1) (Fig. S5D). In addition,
8704 contained two new gliadin bands in b zone and 363-1-21
contained two new gliadin bands in a zone (Fig. S5E).

Chromosomes derived from different genomes in Th. pon-
ticum (2n ¼ 70) still presented partial homology in pairing.
Fifty-six chromosomes were found in all the F1 hybrids of
hexaploid wheat and Th. ponticum (Fig. 1K). Interestingly,
partial F1 hybrids kept high fertility by successive selfing. Six
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