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(o R B PG A s AR R P e S AR 3 N 5 R R S S, P T 810001 5 Hh EIBLAE B K2, dE T 100049)

FE @M Cot-1 DNA L E AR F) A 5 HRAL 4 KA, MHFE (Leymus secalinus ( Georgi) Tavel. ) ¥ L &R AF—/NE
FERSEANMILAA SRR EFTHELFI, it —F 25 9] B R W AT L A AT R A5 5 — AN B A 90 bp
HELET(pls-90) , 5t ELE AT 2 SBKHES), AA pls-90 A ERAT T HAE A, EREM . pls-90 £ 3 &kt F
Yk B E LK AR R R oA T AT R EAR AT 5 5 A BE X RRARR , 28 & F EARA L T VLR 2 3 3T
Fu 14 2 (28 %) F EARBATIRA , pLs-90 RAUTAE A #1 32EAP i 5 & Ao ) A o F2 & PRI R 09 L AARIT T AR A BF R &k
R E A g AR ) TR

KR M Cot-1 DNA; R B RALZL X ; EH A9 4 &KL

Isolation and Characterization of a Chromosome
Maker in Leymus secalinus ( Georgi) Tzvel.
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('Key Laboratory of Adaptation and Evolution of Platean Biota/Northwest Plateau Institute of Biology,
Chinese Academy of Sciences , Xining 810008 ;* University of Chinese Academy of Sciences , Beijing 100049)

Abstract; A repeat sequence producing multiple hybridization signals on chromosomes was obtained by con-
structing a Cot-1 DNA library and screening with a technique of fluorescence in situ hybridization ( FISH) in Leymus
secalinus ( Georgi ) Tzvel. . Further cloning and sequence analysis revealed that the sequence was tandem arranged in
the genome with a repeated motif of 90 bp. The repetitive sequence was named as pLs-90. Karyotyping with pLs-90
revealed that each chromosome of L. secalinus could be well identified by the different FISH patterns with multiple
hybridizations on centromeric , subcentromeric , interstitial , or subtelomeric regions. pLs-90 not only could be an ide-
al chromosome maker for Leymus germplasm identification and utilization but also a powerful tool for studying the
genome evolution of different species in Triticeae.
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HEAT 22 200 R0 R R B U s A s it
Y R TR B, B2 I Kl 5 (L. racemousus
(Lam. ) Tzvel. ) JEZ (L. mollis ( Trin. ) Hara ) 55 #fi
BB PR R MR T A SN2

X6 e e A o B R 2H 20 o B A A R ZGR, X
AR ARANA AR ) b B R R R B
S MR B R A ZH R NsXm S IR A5 40
J3st A% 2 BEORE R B H e (A DDA (2n =
4x =28) BT 5K (2n =12x =84) ZEIL RS HLLIY
(RENET ZARENNRN SPN i1 o2 | DA AR /2 A€ e
B Ns 3 K 41 0k U5 F 87 2 5008 ( Psathyrostachys Nevs-
ki) fH Xm HEPI AL AR BAR IH AR T RE

Pt A bRic I AT g AU R H B TR AR
ZRE GRS S5 AR G o 1A 5 S0 AR B
ST R AR TR M EELR, R GRS
TCAEA R R 21 18] 1) 73 A3, o] LASHE DRI 49 b 6 DR 2
VR LA BN [w10 T) 5 P 21 ofe o6 R UL R g £
PR IC I H Pl — 26 1 52 P A 20 N, T Pl ER R ALY
G L HECIFAL A 58 5 mORAF 5 I G e bR 10 7E
FOAERRPREARSNE, 2P ROKRCE2
FERG B g Py b 45 3] O A | (HUE 28R ICTE
A N S R T RN DV & S [ R S
HR A it s AT S S X2 RN AN Y £ A 1)
AN EA R

Y Cot-1 DNA B 1 HE P 2 v B2 A0 g i e A2
AR Y i S O SR 24 52 R (FISH,
fluorescence in situ hybridization ) %} Cot-1 DNA L%
PEAT TR AN A , IR I = — M OT & G R bR ic T
HAR TR

AWFFE VI E (L. secalinus ( Georgi) Tavel. ) A%
Bt HESE Cot-1 DNA SCPE i FISH HA M i
T IRSF TAEA R G AR ) B B 2 SR B
EARFRC pLs-90, ZGLAAbRIC AT IME AR5 1L B¢
VRS E A I LA B e B A A ST

1 HESHE

1.1 ##

# 5 (L. secalinus ( Georgi) Tzvel. ) (2n =4x =
28 ,NsNsXmXm ) F T RE T H I T,
1.2 A&
1.2.1 Cot-1 DNA KJ#l#& Cot-1 DNA fyiil & &
B HR M. S. Zwick Y L, JeMRE G. CL AL
len 7B CTAB 75 $2 BUM S (G JE N 41 DNA,
5 mol/L NaCl ¥ F1 ddH, O ¥+ 3£ [N 240 DNA ik &

300 ng/wL,NaCl 24 0.3 mol/L, 55 15 I 4
Hops 5L 41 DNA K T W F 100 ~ 1000 bp 22 [A],
DNA F Wi 78 3 /K i th A8 ¥ 10 min, 57 B & 7K E
2 min,65 CI/KIHE M, # M Cot-1 DNA 3 1 AT
TSR, ST ERREGIE AL, &1k 37 C T K
# 8 min, RIS Cot-1 DNA

1.2.2 Cot-1 DNA XXEEH#E Cot-1 DNA K
“A” AR Z M 10 x Tag buffer 1 pL dNTP mix
(2.5 mmol/L)1 pL. Tag BAME (5 U/pL)0.5 pl,
50 ~300 ng Zlifb= ¥, /50 ddH,0 % 10 wL,PCR
{72 CHEH 30 min, FH T4 DNA i 42 Bl K v
J“A”JE ) Cot-1 DNA M43 T 404K b K i 4
Yy i fb N\ Escherichia coli DHSa, 7£ U5 I X-gal |
IPTG . Ampicillin () LB 3537 55 b 75 156 M va ke
1.2.3 #R§HHI%ZETH DNA 9338 F) 8 1 5
Yy M13 AT % DNA AR, 4T PCR & 4R 15
1.2.4 #HR§TWFI&E  2lifk PCR 74, i FEAL T
Ypik , F Tetramethyl- rhodamine-5-dUTP ( Roche Diag-
nostics ) #HATHRIC

1.2.5 FeESF R0 Fh A I i
ARSI BT R, FFRARKE L5 ~
2 cm B U AR, VKK Ab FE 24 h, H v TG [
30 min DL BURR R 40 A X8 4, 45% Tt R K )+
R R R 22 W SO UL, R TR e 4 3 2 1R A 1 1
A, =80 CIKi%,

1.2.6 HEETREMELT FKENE R R,
B K FHE S A 0.2 mol/L I T 70% 1 4
NaOH % A8 10 min, ZJ5 37 BILA - 20 C ik
ROTC/AK S S min JFEUE ST, BEA 10 pl 24
WA 1 L REH A TR S 7K IR 5 min, 2458
WS 50% HBERE .50% B 2 1 BB 1 mg fl: 0
¥ DNA 1 pL 20 x SSC A1 10 ng %41 DNA, BUH 5
SERIEA VKK TR A, F R IR A WO AE S R L
W LSRR OE A IR AR M & T, 37 C
WECA S, W B BB S5 8% R, FHZR R K ok R
F AW, KT JEES A B 10 wL DAPI
U ot W B A 7, 3R S 9806 BB ( Leica
DMR ) MELHRE

1.2.7 HEEELHWHZE PORGHETKE,
B S RIS IR AL Levan 251 (v 44 2255, A%
RIZ MR G. L. Stebbins' " ¥, HHRAX N EH =
KR AR (% ) = A Qe ok K/ e
Jem kgl 4K x 100,
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2.1 M FISH #HA¥} Cot-1 DNA 3 EEHIIRIE %

BEBLPRIE 40 > FEkE X R4 se b b A Btk
TTERETbRIC , WP B AR AT 22 57 4 A L 64T FISH i
e ZEIREI 40 D oaferh 33 MEA RS, T4
SEPRICHAEGRYTERE 2 DN ERIUASRRE S 4
RIUAVRHCIRAG S, 1 A sa b (FokE 40) E 2 YL
I HAEY AR R AR A5 5, Fe I e b 40
A DAE R — e bR e A G RS om AR
2.2 BWRRENFEISH

2L AT 43 B B, SERE 40 547 70 bp
KEEWAE AT 51, % )7 515 NCBL 5088 122 b (7 %
R T 5iEAT LX), R BHiZ )7 51 5 GenBank H1 /A7 1Y
/NF pTa-885 A ¥ 41 ( KC290902. 1) [A] I # ik
97% ; 5 /N A& pTa-779 ( KC290901.1) . pTa-713
(KC290900. 1) ,pTa-551 ( KC290899. 1) #t X 1] [7]
TEAEIR 94%
2.3 EEHTHRE

Hi T Cot-1 DNA SCJHE 5 B BT & 1 DNA B¢
I BEHLFT W T4, AL s DNA 547 4 @ 4K FISH
GYHTET, 4 va R I & S T A i —BR S
A AT RETE YL (A A= A A5 5, el 40 AU A 70 bp 1)
KB PO i fig -4k S 2 0T, DRGSR B s
40 PUEA —NEHEEZFH P TE, ik —
AR e E G BT, I s RE 40 SR80 T 1 XS]
¥ 5'-CATCGCGGTAGCGACGGC-3' I 5'-CGT-
GCTCGTCTCGGCG TC-3", ALK 2 DNA M ik
17 PCR 4738 § 345 5N RN SER VR B AT . XF
PREL AT A, #E57 DNA SCHE, B 7% PCR 4 #4 §i
PE R BEZY 1000 bp 1Y e BESEF T T, 25 A5 2]
TKJE N 690 bp i DNA 541, F| Ff DNAMAN $ 4
XPZ T 9 AT o0 T4, KT IS T 6
MR EE RT3 N EEER RITH R B,
FEPICKIELZ N 90 bp, EE PAITZ [0 5 2y A
ARHED R WIZ T 5] SRy — Hi AR (7 53 35 i &2 ) 910 (&
1), W TIZEE 7 910 5 & 4 Filh B o e 3k
15,5444 pLs-90,
2.4 ETF pLs-90 ZXHTMES FZESHT

FIH Image) 1.48u X 4 (imagej. nih. gov/ij/
idex. html ) Ml £ 561 A% A S5 By 1] v ) e 40 AR R |
B AR IR AR e IR B R LU AE (KB
) W0 A 2R BT L R VA e e AR ) AR
MR (£ 1), 454 pLs-90 ZEY AR FARTRI 155

AR A B R TR (] 2) BN YRR
BARERIEMF

ECT™E v iettee ettt e e CGTCT 5
Sec-b ggttggcagcagtgtcacatgctcatctcggtgte--c-g 40
Sec-c gggtggcagtggtgtcacgtgctcgtececcggeg. ... ... 33
Sec-d gggtggcaatggtgtcacgtgctcgtcttggcatc--c-g 40
Sec-e gggtggcagtggagtcacgtgctcgtctecggegte--c-g 40
Sec-£f gggtggcagtggtgtcacgtgctcgtctecggegte--c-a 40
Sec-g gggtggcagtggtgtcgcgtgctcgtectecggegte————- 40
Sec-h gggtggcagtggtgtcacgtgctcatctcggcgaa--c—-g 40
Sec-i gggtggcagtcgtgtcatgtactcgtctcggtgata-c-g 40
Sec-a CGGCGTCCG. . .TTGTCGCTACCGTGACTCGCGTACCCTA 42
Sec-b tc--ta---cga-gacgtt-ga-tc----- a----a--ct 80
SEC=C ittt aacgt-cg--t-----t--a--atgct 60
Sec-d tc--ta---cga-gacat-cg--t-------- a--a-tct 80
Sec-e tc--ta---cga-gacat-cg--tc--t----a--a-gct 80
Sec-£f tct-ta---cgacgacgt-cg-ttct--------- a--ct 80
Sec-g --at-aa--...cc--------- te-—mmmm 77
Sec-h  tc--ta---caa-gac-ttcg--t-------------- a- 80
Sec-i te--ta---Cga-g..uiiiiiiiiiiininninneann 54
Sec-a AGACT..... 47
Sec-b  -agt-agaca 90
Sec-c -agact.... 66
Sec-d -agt-agaca 90
Sec-e -agaca.... 86
Sec-f -agt-agaca 90
Sec-g = -—---..... 82
Sec-h  -----..... 85
Sec-i  .......... 54

—REHRAN; - REGETRATA
- reprsents nucleotide consistent, * reprsents nucleotide absent
El1 pLs-90 FIIMELSHET(b,d,e,f,g,h)F13 1 ES
BESHIT(a,c,i) ZEMPEER
Fig.1 Alignment between the six complete repeating
units(b,d,e,f,g,h)and three patial repeating

units(a,c,i) of pLs-90 sequence

ab ab ab ab ab ab ab

8 9 10 11 12 13 14

ab ab ab ab ab ab ab

AP CIRL AL IR 5 B R AL T AT
L5 pLs-90, #5159 DAPL Je (i ] e (ufh
A ; Fluorescent in situ hybridization ( FISH ) mapping of L. secalinus,
B : Karyotyping of L. secalinus.

The signals of pLs-90 are red and chromosomes are blue in FISH pictures
2 pLs-90 HFREFAEMEH IR EE LK FISH EL R ET
pLs-90 R BEZB ST E
Fig.2 Physical mapping and FISH-aimed karyotyping of

pLs-90 on metaphase chromosomes of L. secalinus
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Table1 The chromosome karyotype parameters of L. seca-

linus
Peta kgD HAXHRE (% ) 134 FAl
Chromosomes codes Relative length Arm ratios Type
1 a 9.17 1.55 m
b 1.54
2 a 8.57 1.40 m
b 1.39
3 a 8.29 1.37 m
b 1.48
4 a 7.66 1.30 m( sat)
b 1.28
5 a 7.26 1.17 m
b 1.17
6 a 6.7 1.36 m
b 1.37
7 a 6.35 1.59 m
b 1.53
8 a 6.32 1.20 m
9 a 6.08 1.27 m( sat)
b 1.30
10 a 6.02 1.22 m
b 1.28
11 a 5.61 1.31 m
b 1.31
12 a 7.39 2.64 sm
b 2.54
13 a 7.32 1.92 sm
b 1.87
14 a 7.27 2.19 sm
b 2.05

G R Y AR (1 ~ 11 5) . 1 5 PR A
U B TR] X il |3 2 220 DRI RS 8] XA R
{55 oA AT 55 FeAb i e A ]2 A9 DX, b
OGS L a 55,2 SR OIS E XA 2 4
58 [ RARAR 5 19 HA e (PR LA B 2 1 X0, e b
b BN @RS 55 1 SRS 5 0 i3 S @
PRIERR T a T S 0 HCA B S M A7 BIA 1A bR
{55 201 5 4 5 G (O PR TR R 18] XA 3 A 50BR A
53 TS A B e (R A B A X, A
T A O 1 ROIRAS 5 20 A 5.6 .7 S R ik
A SR 14 i 0 R 1 30 s S AR ) i

A5 A AR AR 5430 AT AT A 2 €0 (A HL AT B R Y
X 5338 5 Yt R R 2E LA 2207 i i R Sty 38 AT 5k
(A 5 DT 5 LAt P e €0 (AR A 1X 4, I A L e
6] X AT 59 0915 5 20 1 39 5 Y a Ye (o iR o Har %5 24
7 DRI R () U 4 IR BB A 5 Y RS 5, b Y
TRIA B 05 5000 510 5 a Yo fA7E Ho 4 T
XA HRAY LSRG 5, b Ye A AE bk T K 1] X A
HA R A 55 10 SORAE 5 0 A0 5 11 Sk B
SR INE 2R SR S 5% 4 HoAth ) e R X o
¥, S AME a Wum0 5 a A1 b R A 18] XA 55 1915
SO

W 2o b etk (12 ~ 14 %) .12 S YL fafk
PRI ) XA 38 ) R AR 5 5 A % e (o A B i
B X3 76 b B3 o i A 55 1) RUIR(E 5 40 A1 5 13
S A BT B T R R i A ) A
A8 B 43 A DT 55 Al ) G £ 1A A X435 14
YR a B S S AN 1] X A RS
5 AL a KB IR XA AT BE 5 55, b Je o iR A
a AHFEEES o A0, AESHE a 55,

3 it

et 9 R 24 58 AR (FISH) 45 & B4
T AL G AN 2 BAR S S AT AT Y o 1R
RIS 58 fi A R T B0 i B TR A
Yefi AbRICIE YL AR FISH K E R4 TH, Je
PRARIE AT DL X 52 8 ) v A RN S e AR A, 2
P AT DAARA gL kbl , anJE R 41 DNA fig D] 5%
R MED? ) BEINZH DNA SCEE (Y 0 0k %8 g 4L
J7k A5 TR R A R SE T 4H Cot-1 DNA ST i
TTY R bRIC T e , PHME IR 18% , IRk w] WL A
JH Cot-1 DNA SCPEREPRE | 28 5 3145 Y IR bR iC 1
— MR E

it 22 o T b e AR R AT C-E A i DA I
DAPT 435 431 2 B, 76 Y €0 14T o 350 S B0 46 54 114
C- Il DAPL 217 2420 i e Ye o AR5 2200 X R e 8
AT v ] DX gt/ BH 8 1) 8, I e R o3 R
RSN 61 5 T A A G R TR, A Ytk
SN R B X A2 DNA R P51 5 4R
X, i e e Aty S0 2 A AR A i e W A
JF- 370 7 e T 5 1 R A T S L X ) e € AR TR X 25
S, B NS R A R R R AR 224 ERBCER 4,
350-bp ZKJHEH Tail FIEEE P2 U Ll BE
P2 AN T Y R S, 2N B T
S w JE A Al A 2 R R T E A ARG
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Ak RO A, AN B AR G R bR ic AN .,
AT G M B T o 6 R4 A5 B A B IBE T 41 pls-
90, #5750 T Y R o &R | E 22k IX DA K e £,
ACRE By v ] DI, T AR AS R G A b o A iU R
A 23Nk, BRI 5y 9 AT AR S e e (AR 4
B —AFRAR BRI,

i3k NCBI 48 FE v i) DNA J791 X, 3R I &
BT pls-90 5k [ 38 /N4 DNA J¥51 pTa-885
( KC290902.1 ) [A] ¥ ¥ & 97%, 5 pTa-779
(KC290901. 1) , pTa-713 ( K€290900. 1) F pTa-551
(KC290899. 1) [R5k 94% . FISH 4512 ik
4 AN TR R Y A A E N A G R D
KRB T/NAZ A B FI D FEH A 24
PR B2 N R R R R /N2 AW, /N T A
T Ns H.P.St.Y W E & 20 24 FEAFE R 4, H
rh /N ) A B AT D SRR i g A
Y Ns Fll Xm 35 5] 2 2 OC R AHXT R, pLs-90 5/
FHEE T 94% LA R RNEMER I pLs-90 J&—
AMBRLRSF Y7 40, HED 70 R IR BT RESh — Nl
ZIIFH, IF HA W RBAAAE T N T HA B R A v
pLs-90 A FIREAE N 98/ 22 A W) Ja 1) LA B2 J&
AN [R) o] e fA 2 AR AT R T L

H Ry ¥ % R o3 A 2R B 9 4 TR R e €6 44 )
pLs-90 & ZEM55 40 i A 280k, AR b
VIR ZE B E WY Rl A M A 5 R SR IR
b, KIRGE 52 2K, 0 R R e £ 44 i) 22 285 1
TR AT 45 S 3R AT e R T A S fm] P G 4
SRS EO B R IEE, NI FBAEM M E .
R, I AR BN 7 rh e B 466 0 240 i AL A 1T B 4
1o R 18 5 S 23 DT i 2o R 9 R R FH o A T
7 I Y [
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