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tive sequence by a technique of fluorescence in situ hybridization (FISH) probes, which include probes of
nine trinucleotide simple sequence repeat (SSR) motifs and two satellite DNA repeats sequences pAsl and
pScll9. 2, and ribosomal 5S rDNA. This study provided a new evidence for the speciation and evolution of
E. nutans and E. dahuricus at the level of molecular cytogenetics. The results suggested that: (1) all se-
quences produce detectable hybridization signals on the chromosomes of both species. In both species,
(AAC),,, (ACT),,, and (CAT),, were revealed to be co-localized, whereas AAG and AGG also revealed
an approximately co-localized. All repetitive sequences except 5S rDNA, produced high-intensity and mul-
tiple hybridization sites on the H chromosomes. The hybridization sites of different repeat sequence on the
both St and Y chromosomes are varied. It showed that 5S rDNA, pScll19. 2, (AAC),,, (CAT),.,
(ACT),, (CAC), have fewer or no signal distribution, while the remainders have more signal sites. (2)
E. dahuricus included a hybridization site of (AAC),,, (ACT),,, (CAT),,, (CAC),, on St genome. It is
distinct from E. nutans which includes none of them on its St genome. E. hahuricus has one unique
pScl19. 2 hybridization on the terminal position of a pair of chromosome, in contrast to the E. nutans in-
volving it on the intercalary region of a pair chromosome of St genome. E. nutans contains more repetitive
sequences hybridization sites in St and Y genome than E. dahuricus. (3) A unique H/Y inter-genomic
translocation was stably detected between different materials in E. dahuricus. It implies a relative genome
stability of E. dahuricus. However, more polymorphic hybridization sites in H genome than in St and Y
genome were still observed in E. dahuricus between different materials. E. nutans present higher number
of polymorphic hybridization sites between different materials than E. dahuricus. According to the study,
both H genomes of E. nutans and E. dahuricus are derived from H. bogdanii, and St genome may be o-
riginated from different species of Pseudoroegneria. Compared with E. dahuricus, St and Y genomes of
E. nutans may have higher chromosomal structural variability, and the reason for the large variation of St
and Y genomes of E. nutans may be the introgression hybridizations with the species which contains St and
Y genomes distributed in the same region.

Key words: repetitive sequence; sequential FISH-GISH; Elymus nutans; Elymus dahuricus

(Elymus nutans Griseb. )

(E. dahuricus Turcz. ex Griseb) o
(Poaceae) (Triticeae) (Elymus 75 %
L) L ; hel .
1 000~5 000 m . . . DNA )
e (2n = 6x = DNA [l
42) , StStYYHH, [15-16]
R DNA (florescence in situ

. ’ hybridization, FISH)

’

el St
b, DNA
(Pseudoroegneria) , H -
(Hordeum), Y °
[7-9] DNA
O el DNA

[10-11] ) [22-25] .

1 H/Y s FISH 9
[5.12] 5S

, s rDNA pScl19. 2, pAsl



40

590
1.4
1 FISH (genome in situ hy-
1.1 bridization, GISH) DOU Lol
2 N (Olympus BX63)
2 . ( Hordeum bogdanii , Adobe Photoshop CC 2015 R
Wilensky) (Pseudoroegneria stipi—
folia Czern. ex Nevski) 1, 2
1.2 2.1
(1 cm ) 1.5 mL EP , 4
) EP 42 (  1l,al.bl),
N, O 8 A FISH-GISH , GISH
( =3:1, St( ). Y ( ) H(
) 30 min , )3 ( 1,a2.b2),
1 45 % s FISH
) ) ( 1l,al.bl), FISH
(Olympus BX43) , . 2
—80 C o 2 H/Y
1.3 C T1,a), pAsl
9 (AAC) . . .
(CAT) 1, . (ACT) 1. (AAG) 15 . (AGG) |, . (ACG) )
(CAG) 1 (CAC);, . (AAT)y, 5 2
(carboxy fluorescein, FAM) (283, FISH pAsl e .
o 58S rDNA .pScl19.2  pAsl , . pPAsl
(er-28] | 2 FISH
5S rDNA . pScl19. 2 5' 2 s pAsl
FAM , pAsl
5' (Carboxyl-tetramethyl C 2, 1~7
rhodamine, TAMRA) , FISH . )
( ) o
2.2 St
DNA., DNA
201 5S rDNA 7St
1
Table 1 Plant materials used in this study
Species Genomic composition Code Source
xipic Tianshan region, Xinjiang
E. dahuricus StStYYHH
57-2 South Bank of Qinghai Lake
A09 Haiyan. Qinghai
E. nutans StStYYHH
nw32-1 Tongde, Qinghai
H. bogdanii HH — Germu, Qinghai
P. stipifolia StSt PI 313960 FRRL, USA
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1 FISH-GISH
al—a2. E. dahuricus xjpjc; bl—b2. E. nutans nw32-1. The probe used for al is pAsl (red) + (CAG)o(green), the probe

used for bl is pAsl (red) + 5S rDNA (green). a2 and b2. Sequential GISH patterns probed with genomic DNAs of
H. bogdanii (green) and P. stipifolia (red). Bar =10 pm

Fig. 1 Sequential FISH and GISH patterns of mitotic metaphase chromosomes about E. dahuricus and E. nutans
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Probed by pAsl (red) combined with the other several repeats (green) have been labeled in the picture. Only one chromosome of each

pair of xjpjc and A09, E. dahuricus and E. nutans are shown in the figure which identified by the letter D and E,

respectively. Chromosomes with polymorphisms in different materials of the same species are represented by one in each pair, which

is marked by white underlines. The left on the underline are belonging to xjpjc (group D) or A09 (group E), while the right on the

underline are 57-2 (group D) or nw32-1 (group E). Bar =10 pm

Fig. 2 Molecular karyotypes of E. nutans and E. dahuricus
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Table 2 Number of hybridization sites and chromosomal distribution of the repetitive sequences for each Elymus species

Repetitive sequence E. dahuricus E. nutans
58 17" 2(5",7"%)
pScll9. 2 14" 15"
AAC 12"
CAT 12"
ACT 12"
CAC 1(6")
;t genome AAG 3(2",6" %) 6(1",2" % ,3",4"% ,5")
AGG 3(2",3") 8(1",2" % ,3"% ,4"% ,5")
ACG 3(4" % 6" %) 4(17.2" % 4" 7" %)
CAG 5(2",3",5",6" %) 6(1" % ,4",5"% 6" % ,7"%)
AAT 41" % ,3" 6(1",2",3",4" % ,6"
Total hybridization sites 24(1" % ,2",3",4" % ,5",6" % ,7") 33"(1" % ,2" % ,3",4"% ,5"% ,6" % ,7" %)
Total polymorphic sites 7(1",254",156",4) 15(17,1:2".3;4",5;5",2;6",1;7".3)
5S 1(6") 2(4" % ,6")
pScl19. 2 1(4" %) 2(5"% ,6")
AAC —
CAT —
ACT —
CAC — 1(3" %)
ggmomc AAG 7(1"% ,4",5".,6"% ,7") 10¢1",2",3",4" % ,5" % ,6",7")
AGG 6(1",4"%,5",7") 101",2",3",4" % ,5"% ,6",7"
ACG 41" % 5" % ,6",7" %) 101" % ,2",3"% ,4",5" % ,6" % ,7")
CAG 4(5"% ,6",7" 9(1"*,2",3",4" % ,5",6",7" %)
AAT 3(5"% ,6",7"%) 9(1" % ,2",3" % ,4",5"% ,6"% ,7" %)
Total hybridization sites 26(1"% ,3",4" % ,5" % ,6"% ,7"%) 53(1"* ,2",3"% ;4" % ,5"% ,6" % ,7"%)
Total polymorphic sites 11(17,2;4".2;5",4;6",1;7",2) 23(1",4;3",3;4",5;5",5;6",2;7".4)
5S 1(2" (7"
pScll9. 2 6(2",3" % ,4" % ,5",6" %) 5(1",2" % ,3"% ,4",5" %)
AAC 81" % ,2",3",4".,5",6".7" 9(1",2",3",4",5",6",7")
CAT 81" % ,2",3",4".,5",6".7" 9(1",2",3",4",5",6",7")
ACT 8(1" % ,2",3".,4".,5",6".7" 9(1",2",3",4",5",6",7")
CAC 7(2",3",4",5",6", 7" 5(1"%,2",3",4",5" %)
;Igenomes AAG 11C17,2".3" % 47,5 % 6", 7") 6(2".3".4",5",6")
AGG 11¢1",2",3",4",5" % ,6",7" 7(2",3",4",5",6",7" %)
ACG 6(1",2",3" % ,4",5",7") 4(2",3",5",6"
CAG 9(1",2",3",4",5",6",7" 8(1",2",3".4",5",6",7"
AAT 13(1",2",3" % ,4",5",6",7") 151" % ,2" % ,3" % ,4",5" % ,6",7" %)

Total hybridization sites ~ 88"(1"% ,2",3" % ,4"% ,5"% ,6" % ,7") 78(1" % ,2" % 3" % ,4",5"% ,6",7" %)

Total polymorphic sites 12(1",3;3",5;4",1;5",2;6", 1) 6(1",1;2",1;3",1;5",2;7",D

. C 2, " 1 Lk

Note: The number before the parenthesis is the number of sites of the hybridization signal. The number in the parenthesis is the corre-
sponding chromosome in Fig. 2. The " represents a pair of homologous chromosomes, and * indicates polymorphic chromosome in another ma-

terials. The number behind the chromosome in the total hybridization sites represents the total number of polymorphic sites on this chromosome
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