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Molecular Cytogenetic Analysis of Wheat-Rye
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Abstract ; The purpose of this paper is breeding economic base materials with small fragments on R group for
wheat breeding. In the study, we analyzed 8 high-generation materials of wheat-rye SR/5A x 6R/6A substitution
lines including hybridization 6-30,6-31,7-1,7-9,7-13,7-21,7-22 ,and 7-28 by the morphological and cytological
characteristics observation ,SSR analysis,and GISH detection. The results showed that 8 lines were regular in field
growth with normal fertility , big spike , more spikelets, high yield, and resistance to powdery mildew and leaf rust dis-
ease as well as other good characters. Meiosis observation of two lines 7-1 and 7-9 showed that most cell chromosome
configurations were 2n =211l and had a good genetic stability. Eight primer pairs located on the rye R chromosome u-
niversal primer and SR,6R chromosome were used for SSR analysis. The results showed that 8 lines contained genetic
element of rye SR or 6R chromosome. Further testing by GISH showed that five strains including 6-31,7-1,7-13,7-21,
and 7-22 had rye hybridization signals and proved to be wheat-rye small fragment translocation lines. Eight materials
identified with comprehensive variety of testing means in this study were confirmed to be wheat-rye small fragment
translocation lines that had potential utility value in wheat breeding.
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BRI 8 Xf. PSC119. 1. SCM138 . SCMI120, SCM268 .

INAZ - BB AR 2 /N A2 1 35 A% A R AT AR
H,G. Katteman'" 7£/N 3¢ 55 BA 32 J Ff 1) [] 22 J5 A% h
K SR/SA S FR AR R F) 28582 2 ] 5
MR — DA RITE, W9 R, e 2 i AT 330
EA /N - G A F SRR R AT L /N
H-BEGNLFR, UHRN B ALR  GREA 45
G AR 7 B i B /N A2 e R | 2l ARk A
ALRARXT RN, BRI /N - /N B o (L &
B S 4 5 i AR /N MR 20 RIS
Py

AL G Z R T B, B &2 bR ad 4
Jer W, LA K SSR 2 At Al GISH A6 I 25, X 8 {73
INAZ-BAZ SR/SA x 6R/6A Uk R 2% 28 S5 AR 1Y
e AR R AT S 5 A3 BT 0 E X SR SR
A -BAEMNRBGALR, WAE /N E T BBy
R
1 #MREFE
1.1 ##

BEA/NZ - SR/SA R R SCAR/NZ -
6R/6A AU Z | MG /RIE NG KAz L SL i = B i
IR 8 AN dh & 6-30,6-31,7-1,79,7-13 . 7-
21.7-22 17-28 Jy/NE-BF SR/5A x 6R/6A {LHf
FIRA AR A RL , H e IR T 9 DR A8t % 52
WEIEE . Wl /NE PP EFR (Triticum aestivum
cv. * Chinese Spring”) . 5& 5 9 ( Triticum aestivum
cv. ) , BB SR R BB 22 (Sealer cereal L. ) FH MG IR
U R 2 3t A S i 2 BB R VT8 RO B B 5 [ O

AT
1.2 FHik
1.2.1 HEMERIAZ WA FEYLES S R 40 B,

Xof ks R AR BEE /INEEE  vo A TG F AR 45 5
AR TR AT IR A T i H
HEESR R/ N DL 3 AR ST, JT X IS
HEATST. ¢ RGrr, i I3 k2 SPSS 18.0, 4% 8 4>
iR R HEA SR/5A 6R/6A 104 R IR 25 20 PRtk
G35 B AR S /N W PRIR AT T SR oA
1.2.2 HBEFETE ALk BRI L Ak
FCXT I LAY WL+ 7 :00-9 ;00 2 [] 5 H [R] 38 B 1) 46
i RWEFEERFEE S h,60 CEEMME S ~
8 min MR GL A R R ik, BUAH

1.2.3 SSRO#7  SSR 5|k #efi TR % R A
A 59 2L & SR 6R Yo fk it DA 5149

SCM304 , SCM2 |, Xgwm391 | Xgwm247, H g1y
PSC119. 1 J§#%1°4 5'-TTGGCCCTCATGCCTTTAGA-3'
5'-CTTGGCCCTCTCCGCTTGAC-3" , Ho At 51 ¥y 1) i, ik
RN R N VA= R = I 3 I N NS
[14-15], 519 th K& EEY A A . HEHE R
25 wLJZ W& % . 10 x PCR Buffer 2. 5 pL, dNTPs
(2.5 pmol/mL) 2.5 pL, 5% R (2.5 wmol/mL)
1 wL, 3% F(2.5 wmol/mL) 1 pL,Taq B (5 U/pL)
0.3 wL, ¥k DNA 2 pL,ddH,0 15.7 pL, PCR
.95 CHiZEPE 3 min;95 °C 7284 30 s, 4K SSR 514
ME (55 ~60 °C) ik 30 ;72 CLEM 1 min; fHIR
30 ¥K,72 CHEfH 10 min, 3 3G P2 TR HRHEBEL H
UK RN IE R BE HL UK LS S IR, O AR 3R il
R A s ml R

1.2.4 GISH #& il #54% DNA 2R H CTAB
gl R rp E A L R 2 DNA SHRH o 2 2 3
R4 DNA FHHE 75 B i m A b B 55 s, 1 0 5 A
FEREE, SR AL E R85k, L o AR g R 4
25 wWLZEAZ WAL HE  FBEE 10 L, 20 x SSC 2 pl,
ssDNA 0.5 uL, 10% SDS 0. 5 L, ¥ £ DNA
2 pL, &P DNA 4 pL ,ddH,0 6 pL, 2258155
Pr s R, 2 PLEYSE A 10 pL JriR A8
%I, F§ LEICA DM6000B DFC480 i 1455 Wi ¢ | %
LA,

2 FHRE5HMH

2.1 8P mEMHEEMRER

WEZ 8 A R A W A BRI kil £
AN BB MR A A, SR
S, B EEM TR, K 8 A R M HoEA
5R/5A 6R/6A Ui 3R (T A MR 4300 55 B 22 F
W m /N MR IE AT T G it b, 45 R R 8 A4
ib FR A PRIR 5 B2 AR /N PR R 0 25 S BA Gt
FE, 8N RMERKAGE L 11 em, FHREGEA 2
49 Rilh b Hr 6-30 & R AV IAF] 19.2 em, F
FERIBGAE] 1111 Kz, I ELXT F0 A 45 26 B
P, AR /N 22 BTG R A A Y R bR
HENT R R SR VT A N LR
SrEmbt PO B B RS A, MR
RIIWE1,
2.2 HRFHES

R FHSRIRFN Y A %F 7-1 F17-9 A6 A £ 20 o
IEAY 2R ] T(PMC M) S AR AG B AT TR
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Table 1 Traits of 8 lines and controls in the field
) . e . N HHRE(g) FR
A B (em) FHK (em) i JINEEL ™ SRR . LEIR (%) .
100-grain 45
Line Height Ear Tillering ~ No. of spikelets Awn Grains per spike Seed setting
weight Disease
HSEREFR] 1301 £0.51 14.4+0.22  4.9+1.29 31.0+1.15 ¥ 42.1+0.88 2.7+0.22 45.1+0.44 [=Ei
(CK1)
W9 94.5+0.29 10.3 +0.27 3.0+0.67 18.7 +1.34 H 47.8 +1.87 3.0+0.12 87.7 +0.87 =
(CK2)
S5R/5A 92.5+0.71AB 14.5+0.28b 4.5+1.08B 21.0+1.05AB K7 40.1+1.19AB 2.9x1.12a 63.7+0.37AB  #iJi5
6R/6A 91.0+0.48AB 12.5+0.26AB 4.9+0.10B 23.0+1.15AB  JC 49.9+1.45Ab 3.1+0.18A 71.9+0.18AB &#i
6-30 115.2 £0.54AB 19.2+0.91AB 3.1 x0.74A 22.0+1.15AB & 111.1+1.10AB 4.2 +0.20AB 168.0 +1.07AB /=¥t
6-31 106.1 +0.72AB 16.0 +0.68AB 3.4 +0.52A 23.9+1.20AB KT& 63.9+2.02AB 3.3 +0.23AB 88.2 +0.50A Eiin]
7-1 117.1 £0.46AB 13.1+0.12AB 3.5+0.52A 18.4+1.07A /1% 53.0+1.05AB 2.5+0.46b 97.9+0.73AB =¥t
79 125.1 +0.51AB 16.1 +0.70AB 5.1 +0.10B 24.1 +0.10AB G 49.0£1.70A 4.6 +0.24AB 67.7 +0.59AB =i
7-13 117.0 +0.97AB  14.4 +0.26B 3.4 +0.52A 28.1x1.19AB K7& 75.3 £2.63AB 3.3 +0.18AB 89.0+0.52AB #iJk
7-21 110.1 £0.48AB 15.1+0.12AB 5.0+0.82B 23.9 +0.10AB K7 68.0+0.67AB 3.9 +0.14AB 93.6 +0.35AB  #iJi§
7-22 118.2 +0.18AB 16.1 +0.22AB 6.1 +1.20aB 24.0 +1.41AB  J& 60.2 +1.40AB 4.0 +0.11AB 83.5+0.26AB &L
7-28 127.0 £0.97AB 11.2 +0.18AB 3.2 +0.63A 20.1+0.10Ab J& 81.0+1.15AB 4.4 +0.24AB 135 +0.48Bb [=Ei

KNG FEEAT R 0.01 F10. 05 7KF 1 25 5 1 F

Uppercase and lowercase letters represent significant differences at 0. 01 and 0. 05 level , respectively

BEASGE T 90 N4, 45 R oR |, 7-1 179
PRIl 2 R 2 500 B R B 21 S FRAR A R
(FETA) , HAHN 2n =21 1T DR LT, 7E7-1
(B 1B) HBELERIR A4 i R DU AN {4, FA 7
20 = 1611 + 21V + 1T, 3% P Fp A4 Y T o5 14 EE 431 4 51
H72.2% (65/90) F127. 8% (25/90) , F-H1k %1y .
19. 6111 +0. 561V +0. 281, 7E 7-9 fh & Kk L5040
MENATE B 21 A FRR AR (] 1), A Ry
2n =21 11, 5 AMERBIAFAE 1811 + IV + 21, X P44
RUA 5 20 )52 75. 6% (68/90) Fil 24. 4% (22/
90) , 4444 8 2y . 20. 311 + 0. 241V +0. 491, 7E 7-9
1 (E D) R B B S S, H2, X R
S G BSR4 RW] 71 F 79 B
B tE, XF 8 i RIVARR ALt
WBGHAT T %08, B R GET T 50 PRI
i, 5 SRR AT R Y O ARE R 2n =42, LA 7-1 Al
7-9 HFI(E1EF)
2.3 SSR HTER

FH 822 e ) 13 3 /)N 22 v AR AR D 6 R
MGG PSC119. 1 XF 8 N & 6-30 .6-31
7-1.79 7-13 7-21 7-22 F1 7-28 FEATH M, 45 R

7R, PSC119. 1 7E 2B A2 F1 8 A~ R HH AR Y 3% 45 3]
750 bp A5 2 FRAE S5 i AE B R T IROR AR
WwE2), RIS MM ARMFATRE RALA
A BL, B 5 %51 H SCM268 . SCM304  SCM2  Xg-
wm391 Xewm247 T 5 I~ & 6-30.7-9.7-22 .7-
28 F17-1 B e, 45 R R W . SCM268 i T4 5R
JERE e R 7-1 Ry HE 150 bp M9 R ZE
S A 6 E R R LA Y R R A A R A
i (l 3a) . SCM304 i TR 6R & I TERE
F17-1.6-30 F17-9 Hy 51 267 bp 1Y R FRAE %
W HRE 71 ik (K 3b) . Xgwm391 (6RL)
HAE 79 A 7-1 vf i B B A9 148 bp BYRFAE
(FE3c), SCM2(6RL)TE 4 /~dh & 6-30.7-22 .7-
28 F17-1 HHEFSE] T 113 bp M3 FHE 7 444 (K
3d)., Xgwm247(6RL) 7E 6-30,7-22.7-28 #il 7-1
H i P 198 bp MY MR FE R 4540 (18 3e) . 734N
SCM138(5RS) 7£ 7-21 " ¥ 4 £ 188 bp 1 B3 HF
SE4, ] SCM120 (SRL) £E 6-31 1 7-13 ™1
530127 bpMyBEZ R R A, D RS RERWN 8 4>
W& 6-30.6-31.7-1.79 7-13 [ 7-21 ,7-22 F17-28
HBAT A SR 5 6R Yt iR/ N BER S A
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AR FR 7-1 PMC MI @R 8 (2n =21 1) ;B i & 7-1 PMC MI @A (2n =161 +2IV +1 1) ;
C: % 7-9 PMC MI e taffk g5 (2n =21 11 ) ;D 5 R 7-9 PMC AL J a1k 80 (s BRYL L AARRR ISR ) 5
E: R 7-1 ARG YL (R . 2n =42, F . B 5 79 AR YL (fk . 2n =42
A ; Chromosome configuration in PMC MI(2n =21 II ) of line 7-1,B; Chromosome configuration in PMC MI(2n =161 +2IV +1 I )of line 7-1,

C: Chromosome configuration in PMC MI(2n =21 II ) of line 7-9,D : Chromosome configuration in PMC AI( chromosome bridge ) of line 7-9,

E : Chromosome in root tip cell of line 7-1:2n =42, F; Chromosome in root tip cell of line 7-9:2n =42

E1

BB S SN 5 AR S 20 R A )

Fig. 1 Meiosis observation and root tip cell detection

M

2000 bp —=

1000 bp —»|
750 bp —

500 bp —=
250 bp —=

100 bp —>

M.DI2000;1 . B3 ;2. FE#%;3:630;4:6-31;5:7-1;6:7-9;7.7-13;8.:7-21;9.7-22;10.7-28
M:DL2000,1:Rye,2 : Chinese spring,3:6-30,4:6-31,5:7-1,6:7-9,7.7-13,8.7-21,9.:7-22,10,7-28
B2 35]4 PSC119.1 ¥ 184 R
Fig.2 The amplified results using primer PSC119. 1

2.4 GISH &R

FHRARZ L DNA R #RET 338 /N A7 v [ 3
[AIZ1 DNA S EHBH, XF 5 A~ dh & 6-31.7-1.,7-13
T-21 80 7-22 EAT R A2 A K, 28 PLAE Yy, Y
iR R AR, AMBRE N B

iR R ESGAFS, SR EH,631.7-1.7-
13.7-21 f17-22 WHBERZES (K 4AE,
HEs Sk pril) 5 A5 R /INE-BE/NF B
EJ{TL/\O
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a

M 1 2 3 4 5 6 7
U ) ot
300 bp —= -
son b I i o bl e o
M 1 2 3

NS

150 bp— fed

a~b:M:DLI000;1 ;B3 ;2. f ELE,
3.7-1;4.6-30;5.:79;6.7-22;7.7-28
a-b:M;DL1000,1 ;Rye,2 : Chinese spring,
3.7-1,4.6-30,5.79,6.7-22,7.7-28
¢ ~e:M:DL1000;1 . B3 ;2. v [H
3:6-30;4:7-9;5.7-22;6.7-28;7.7-1
c-e:M:DLI000, 1 Rye,2: Chinese spring,
3:6-30,4:79,5.7-22,6.7-28,;7.7-1
B3 SSR 5|41 SCM268(a) .SCM304(b)
Xgwm391 (c) SCM2 (d) F1 Xgwm247 (e) # 1E 4R
Fig.3 The amplified results of SSR primers SCM268(a) ,
SCM304(b) ,Xgwm391(c) ,SCM2(d)and Xgwm247 (e)
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BEERB R /NEF T EZERIE, B SR
HAKH PUmSEIt R, B2 6R B &=t
FIRHE S0 RAEIR N2 -TR 27 SR/SA x6R/6A 10
RAAETEHM G L F G AR, T LUK R ZZ () SR F6R
A R A/INZE | 30 F /N B PP AT E B 5
BRE X,

B2 pRiex T2 e AMNFE Y A R B

M AT IERE " i) /N - R AR S T
INFE-FRAZ N BEG LR . ARBIRGE IR /N - R T Tl
Jaflrh, K 2/ BE | et KRB ST
W R S PR ER AT A BE 22 SR B 6R AP AL
SAMEERIC, INE-BE LA R B4
B — T ZEI I A A AR A 7-
1 F17-9 i 2 19 Z2 55020 i et (AR 85 o 24 e 40 1R
B 21 X FRAR AR, H BRI DU A AR ) S
LG ATRARAG , A3 2 > dh R s AL M g
g . SN 8 A RUEATARIR A LA 22 53 241 L
R H Z 0 42 %

SSR Hi AR Y by v BA Z2 3850k v BRAE ) A
I b PR R A, FE AT B AP ST TR AR BT N
FAUY D ARBRSE rh s B T IR R 4L Y o R
SIS SR 6R Gt ik i AT W3t 8 X}, H
H1PSC119. 1 7E 8 ™ fh & Fh RS 2 R 42 R 7 i, 6
W18 N RAERE A A R JeBik, 4 SCM138
(5RS)7E7-21 ¥ 13 188 bp HYBA R R H
SCM120 (5RL) 7£ 6-31 F17-13 Fhy 14455 127 bp 1
AR 5 2%, SCM268 (5RS) 78 7-1 W ™ 1 i
150 bphY B 4R 7 45717 SCM304 (6RS) £ 7-1 .6-30 .
79 WY HE 267 bp 1Y MR A FRAE S5, Xgwm391
(6RL) HAE 7-9 1 7-1 80 B 52 ) 148 bp (4%
fEH ,SCM2 (6RL) 1E 6-30 . 7-1 7-22 7-28 H14 4 H1
113 bp Ay B & F: 7 4445 | Xgwm247 (6RL) 1E 6-30 7-
22 7-28 7-1 F B 198 bp H) B EH 44, £
X8 i FREREA T R SR 6R MR B, R
NN BN R, A HETREZRERTIY
I R RS Ty FR ik 2 — o 1 R PR
Pk, I ES & 2 Fh )7 ik 4 R 2

JR A 23S B AR M5 7 Ty 6 R 1) o — T IR
B T i R A A B AT DL 45 W B 7 A
INFZ I A IR YR R B S AR
s AN & 631 .7-1.7-13 .7-21 .7-22 i GISH
R, &R AE A R de ik Be . {H A — Y GISH
RO, a2 oFAn i i Bead /s, A nT BRI A 2, 4
AHFFEHE 6-30 .79 F17-28 , K £ Fl 7 A6 1
1 SSR % 0E AL

ARIFFRLE BT M SSR 43 B Fl i o7 24
AR A5 5 7 i A 8 Al /N PRI N B
MORL, R/ N B R AL T R M (A i B R EL, [F)
I R Sl A AN e B DL R B R 2R
FIFH 3 4 e a5 A2 =7 A 9 T B, AH B ERIE A e A5 2]
A {54
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AR 7-1,2 DU/ B AL B R R 7-13,1 AN B A C i R 7-21, 1 AN/ N BES
D: iR 6-31,1 MU/ B L Bl FR 7-22,2 A/ Ny B g
A:line 7-1,two tip translocation,B:line 7-13,an tip translocation, C:line 7-21 ,an tip translocation
D:line 6-31,an tip translocation, E ;line 7-22 ,two tip translocation
B4 5T mBANRMLEZEZLNER
Fig.4 GISH detection results of 5 lines
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