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Abstract: Tandem repetitive Afa-family sequences are known to occur in the wheat and related
species of Triticeae. A member of the Afa-family sequences isolated from Mongolian Wheatgrass
(Agropyron mongolicum Keng) (2n=2x=14,PP) is 233 bp, named as pAmA fal, which is
most similar with other Afa-family sequences in Triticeae species. The phylogenic analysis results
show that pAmA fal is clustered with pLrA fa3 and pLrAfa5, and the findings indicate that P
genome has homology with N and X genomes. To know which the genome of Mongolian wheat-
grass carries the Afa-family sequence; FISH is carried out using pAmA fal as the probe. The
signals appear in the telomeric regions and subtelomeric regions of all chromosomes. This finding
indicates that P genomes contain Afa-family repeats.
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Afa REPBRERFINFERTHAUSE REELI TR, K HIKE pAmA fal F5 5 KEE pLrAfa3, pLrAfas 75|
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The first clone of tandem repetitive Afa-family
sequences, pAsl, is cloned from Aegilops squarro-
sa L. (2N=14,genome DD) ,and described as a D-
genome species repetitive sequence 1, and the se-
quences homologous to pAsl exist in many ge-
nomes of the tribe Triticeae [**1. The repeat units

are about 340 bp long. The tandem arrays of Afa-
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family repeats are dispersed in several subtelomeric
and interstitial chromosomal regions, and, there-
fore, have been used as chromosome markers *#,

Tribe Triticeae ( Gramineae) include many
wild species, all the genomes recognized in this
chromosomes. Mongolian

tribe contain seven

wheatgrass (Agropyron mongolicum Keng) (2n=
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2x=14, PP) is one of perennial wild relative spe-
cies of wheat, the species is a narrow-spiked dip-
loid (A. fragile ssp. mongolicum) distributing in
desert grassland and typical grassland of China.
Long-term evolution and adaptation to harsh condi-
tions make Mongolian wheatgrass rich in tolerance
genes for a range of biotic and abiotic stresses such
as pest and fungal attacks, drought, cold, barren
and high salinity ¥, In view of all these attrib-
utes, Mongolian wheatgrass has been proposed to
be a valuable genetic resource in forge grass and
crop improvement for resistances or tolerances.
There are abundant germplasm resources of Mon-
golian wheatgrass in Northwest China. However,
up to now, the evolutional lineages of the species
and relationship with wheat have not been re-
vealed.

In this study, Afa-family sequences were iso-
lated from Mongolian wheatgrass, and the charac-
ters were examined in order to provide valuable ev-
idence for the genetic evolution of Mongolian

wheatgrass.

1 Materials and Methods

1.1 Plant materials
Wild Mongolian wheatgrass species (Zn=2x=
14,PP) were collected from its natural habitat in

Xilingol prairier, Inner Mongolian, China,

1.2 Cloning and sequencing

Genomic DNA was extracted from Mongolian
wheatgrass using CTAB method. Genomic DNA as
template was amplified by PCR with pAsl specific
primers (AS-A 5'-GATGATGTGGCTTGAATGG
and AS-B 5'-GCATTTCAAATGAACTCTGA )
21, The fragments were cloned into pUC19 in
Escherichia coli strain DH5a and sequenced by
Shanghai Sangon Biological Engineering Technolo-

gy & Services (Shanghai, China).

1.3 Sequence and phylogenic analysis
Sequences were analyzed with DNAman and

DNAuser software. Sequence homology with the

nucleotide database of GenBank was analyzed using
BLAST tools. The phylogeny of the sequences was
analyzed by computer software, DNAMAN. full.

version, vb. 2. 2.

1.4 FISH analyses

Slides for fluorescence in situ hybridization
(FISH) were prepared by the acetocarmine squash
method using root-tip meristem cells. The pAm-
Afal was labeled with biotin-14-dATP and detec-
ted with avidin-FITC according to Mukai '*. Ima-
ges were taken with a cooled CCD camera and ana-
lyzed with IPLAB SPECTRUM computer software
(Signal Analytics).

2 Results

2.1 Molecular cloning and Sequence analysis of
pAmAfal

An Afa-family gene from Mongolian wheat-
grass was 233 bp and AT rich (61.2%), named as
pAmA fal (GenBank accession no. KC990463),
which was similar to the Afa-family sequences of
other Triticeae species %,

NCBI Blastn results (Fig. 1) showed that the
max identical degree was 95% between the se-
quence of pAmA fal and pPjAfa2 (GenBank ac-
cession no. AB022724. 1), between the sequence
of pAmA fal and contig ctgd47 from Triticum aes-
tivum chromosome arm 3DS-specific BAC library
(GenBank accession no. HE774676. 1), and was
94 % between the sequence of pAmA fal and Ae-
gilops tauschii chromosome 1Ds prolamin gene lo-
cus, complete sequence (GenBank accession no.
JX295577. 2). Blast analysis showed that the se-
quence of pAmA fal had higher homology with the

Afa-family sequences of other Triticeae species.

2.2 Phylogenic analysis

To know the relation of the Afa-family sequences
from Mongolian wheatgrass with those of other Trit-
iceae species, 27 Afa-family sequences from the seven

diploid and two tetraploid species were chosen at ran-
dom from GENBANK (Table 1), These sequences
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were analyzed by the NJ method, and clustered by
DNAman (Fig. 2). The Afa-family sequences from
Mongolian wheatgrass was clustered with pLrAfa3
and pLrAfa5 (Fig. 1), Afamon2 was clustered
with ptuafal and ptua fa3, they had the same ge-
nome (AA) . Since Afa-4DCSL5,Afa-4DCSL7,

Afa-4DCSL8, Afa-4DCSLY, Afa-5DCSL1, A fa
6DCSL2, Afa-6DCSL2 andAfa-7DCSL1 were
characterized to be AABB genome specific ( Table
1), the cluster was designated as AABB. Signifi-
cant clusters were indicated by bars with the name

of the genome from which they were derived.

1: Alignments

Description

Ident  Accession

ra g 431 431 100% 2e-117 100%
r e i, - 372 372 100% 1e99 95% ABD
= om e ary, 7 361 2000 100% 289 95% £
™ feg i 350 6585 100% 5093 94% Jx29557
r oo 5 3 ge 348 665 100% 2092 94%
= y nr i ol 348 348 100% 292 94% 13
rr P gion 333 551 100% 5e88 93%
B3 331 1218 100% 2087 92% 4
= 1 er 3311239 100% 2087 92%
r 31 31 100% 2087 92%
rT 33 33 100% 268 R%
iy 3% 478 100%
roe 3% 3% 100% Be8s 92%
Fig. 1 The Blastn results of pAmA fal sequences
Table 1 Detail information of Afa-family sequences
Afa sequence name Origin Genomes GenBank accession No,
Afa-4DCSL5 Triticum turgidum subsp. durum DNA AABB AB003212
Afa-4DCSL7 Triticum turgidum subsp. durum DNA AABB AB003214
Afa-4DCSL8 Triticum turgidum subsp. durum DNA AABB AB00325
A fa-4DCSLY Triticum turgidum subsp. durum DNA AABB AB003216
Afa-5DCSL1 Triticum turgidum subsp. durum DNA AABB AB003217
A fa6DCSL2 Triticum turgidum subsp. durum DNA AABB AB003221
Afa-6DCSL2 Triticum turgidum subsp. durum DNA AABB AB003221
A fa7TDCSL1 Triticum turgidum subsp. durum DNA AABB AB003223
Afadurl Triticum turgidum subsp. durum DNA AABB AB003235
Afacer3 Secale cereale DNA RR AB003228
Afacerd Secale cereale DNA RR AB003229
Afavur? Hordeum vulgare DNA HH AB003252
A favurd Hordeum vulgare DNA HH AB003254
Afaspel Aegilops speltoides DNA DD AB003242
PASA fa2 Aegilops triuncialis var. triuncialis DNA DD AB3256
pTuA fal Triticum urartu DNA AA AB003259
pTuA fa2 Triticum urartu DNA AA AB003260
pTuA fa3 Triticum urartu DNA AA AB003261
pTuA fad Triticum urartu DNA AA AB003262
pPjA fa2 Psathyrostachys juncea DNA NN AB022724
pPjA fa3 Psathyrostachys juncea DNA NN AB022725
pLrA fa2 Leymus racemosus DNA NNXX AB022727
pLrA fa3 Leymus racemosus DNA NNXX AB022728
pLrA fa5 Leymus racemosus DNA NNXX AB022730
Afamon3 Triticum monococcum DNA AA D82989
A famonl Triticum monococcum DNA AA D82987
Afa-mon?2 Triticum monococcum DNA AA D82988
pAmA fal Agropyron mongolicum DNA PP K(C990463

2.3 FISH analyses
To know if both or only one of the genomes of
Mongolian wheatgrass carried the Afa-family se-

quences, FISH was carried out using pAmA fal as the

probe. The signals appeared and dispersed in the telo-
meric regions and subtelomeric regions of all chromo-
somes (Fig. 3), and were very strong. This finding

indicated that P genomes contained Afa-family repeats.
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afa-4desi5: 0.013
{— afa-4desi9: 0.024
- afa-4dcesl8: 0.011
— afa-4desl7: 0.022
“— afa-6dcsi2: 0.027
— afa-5dcesll: 0.021
— pasafa2: 0.023

afa-7desl1: 0.022
afa-vurd: 0.054
ptuafa4: 0.030
afa-durl: 0.052

afa-cerd: 0.038

A and B genome

plrafa3: 0.048

plrafas: 0.042
plrafa2: 0.018
ppjafa3: 0.020

ptuafa2: 0.063

afa-monl: 0.031
E({/fa—mon}: 0.023
ppjafa2: 0.045
afa-spe3: 0.045
E afa-vur2: 0.054
afa-cer3: 0.044
afa-mon2: 0.044

ptuafal: 0.022
ptuafa3: 0.029

A genome

D genome

0.05 A genome

| S

Fig. 2

Fig.3 FISH of Mongolian wheatgrass metaphase
chromosomes (2n=2x=14) probed with pAmA fal

Note: The arrows show B chromosomes. Scale bar=10 pm.

3 Discussion

3.1 Genetical property and phylogenic analysis of
Afa-family sequence

A previous investigation of Nagaki ") demon-
strated the important properties of the Afa-family

sequences. There was highly variable copy number

pamafal: 0.515 P genome

N and X genome

Phylogenic tree of the Afa-family sequences from Mongolian wheatgrass

per genome among species; the sequences in the
genomes including more copies were more uni-
form; there was no chromosome specificity in the
sequences within genomes; No large-scale transpo-
sition or conversion took place between genomes
during the past 7000 years; the neighboring se-
quences were the most similar with each other.
pAmA fal sequence cloned from A. mongoli-
cum Keng was the most similar to other Afa-family
sequences in Triticeae species. Our findings were
consistent with the above. The DNA sequences of
the Afa-family clones chosen at random from NCBI
database were analyzed. To know the relation of
the Afa-family sequences from A. mongolicum
Keng with those of other Triticeae species, 28 re-
peated units amplified by PCR with AS-A and AS-
B primers were analyzed by the NJ method (Fig.
2). The finding indicated that P genome had ho-
mology with N and X genome, and A. mongolicum
Keng existed earlier than L. racemosus and P.

juncea. So it was supported that P genome was a
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donor of N and X genomes, or there was a transpo-
sition or conversion among P, N and X genomes.

3.2
quence

Chromosomal localization of Afa-family se-

In repetitive sequences located in specific loca-
tions, such as ribosomal RNA genes and subtelomeric
repetitive sequences, the gene conversion probably
played an important role for the homogenization of re-
petitive sequences because such sequences were closely
positioned by telomere association on nuclear mem-

brane in interphase nuclei [’*1*1%

. However, Afa-fami-
ly sequences were widely distributed not only in subte-
lomeric but also in interstitial regions. pHvAl4, a
Afa-family repetitive sequences isolated from barley
distinguished each barley chromosome by in situ hy-
bridization 7.

To know if both or only one of the genomes of
A. mongolicum Keng carried the Afa-family se-
quences, FISH was carried out using pAmA fal as
the probe, and the sequence hybridized with all te-
lomeric regions and subtelomeric regions of the
chromosomes, The signals appeared mostly at two
ends of the chromosomes, This finding indicated
that P genome contained Afa-family repeat se-
quences, and there was no chromosome specificity
in the sequences within genomes.

4 Conclusion

pAmA fal sequence cloned from A. mongoli-
cum Keng is most similar with other Afa-family se-
quences in Triticeae species. This sequence can be
used for the phylogenic analysis of Triticeae spe-
cies. P genome must have homology with N and X
genome; pAmA fal sequences are located in the
telomeric regions and subtelomeric region of the
every chromosomes of A. mongolicum Keng. P
genome contains Afa-family repeat sequences, and
there is no chromosome specificity in the sequences
within genomes.
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