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Abstract ; Einkorn wheat is an important resource of common wheat cultivar improvement. In order to exploit
the beneficial genetic resources in einkorn wheat,one hundred SSR (single sequence repeat) markers located on the
A genome of bread wheat( Triticum aestivum ,2n =6x =42 , AABBDD ) were used to characterize genetic diversity of
34 einkorn accessions. The results revealed that 69 pairs of primers yielded polymorphism among the 34 accessions,
and 670 alleles were identified , with a range of 3-19 alleles per locus. In addition, there was an average of 10 alleles
per locus. Loci polymorphism information content( PIC)ranged from 0. 167 to 0. 936 with an average of 0. 694. By
using cluster analysis method,the 34 einkorn accessions could be classified into 3 groups. In addition, the disease
resistances of these 34 einkorn wheat accessions were evaluated at seedling stage in greenhouse. 15 accessions were
resistant to powdery mildew,21 accessions resistant to leaf rust,and 12 accessions resistant to both the two diseases.
The results indicated that einkorn wheat contained abundant genetic variation and might be useful as an important
genetic resource for common wheat improvement.
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Table 1 List of materials used in this study
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PR N VA ARSI W £ A I s ik 1B e 2
FEVE 50 M, B0 B A —kr R /N 28t 1R 22 RE T
g R B — RO 2

R T G b — kL R N A2 AR T AR A
75O ARIESE K F SSR ARiC X} 34 1y — K Z /N A1 R
AT Tt ZREME AT, 00 HE AT T /N ko
FINZE R A T B b 2 5, DA X s — A R
INFERD BRI T B R AR AR

1 RS 7%

1.1 4

34 iy —kL /N E M BHLTE 6 10 B 2k — i/ A
(T. boeoticum) ,24 1y 3% 55 —HKi /N2 (T. monococcum)
4 Gy BRRENZZ (T urartw) (£ 1) . FEFIT—HRLFR
IINAZ 353 A% Z2 R 1 43 A I e 3K 3 /N 22 6 R v [ R
(CS, chinese spring) YERXT IR, AHFST Ir F—HLZR /DN
ARREGI A H A IR 5 R A A BT R AT 5 B

(Plant Germplasm Institute , Kyoto University,Japan)

R %' nFE | Fv %' N || P %' N || FY %' o2
No. Code Class No. Code Class No. Code Class No. Code Class
1 3AAl Ab 10 3AA1L A™ 19 3AA25 A™ 28 3AA34 A"
2 3AA2 Ab 11 3AA12 A™ 20 3AA26 A™ 29 3AA35 A"
3 3AA3 Ab 12 3AAl4 A" 21 3AA27 A™ 30 3AA36 A"
4 3AA4 A™ 13 3AAlLS A" 22 3AA28 A™ 31 3AA37 A"
5 3AA5 Ab 14 3AA16 A" 23 3AA29 A" 32 3AA38 A"
6 3AA6 A" 15 3AA19 A" 24 3AA30 A" 33 3AA39 A™
7 3AA7 A™ 16 3AA22 Am 25 3AA31 Ab 34 3AA40 A™
8 3AA9 A™ 17 3AA23 A" 26 3AA32 AP 35 EA(CS) ABD
9 3AA10 A™ 18 3AA24 A™ 27 3AA33 A™

AP B RN AT R RN AT B RURIEVNE

A" . T. boeoticum LA™ . T. monococcum ,A" ; T. urartu

1.2 MEEHHAEMRAEEE

YE T /N AR B R EO9 5 AR BN i v
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., TR 6 Gobmife ™ e BT S (0) , ik
IFE(0;) , mPt(1) ,HPi(2) , HIE(3) FEk(4) .
1.4 ZEMEDH

1.4.1 DNA 2EIFNH 1 208 P. G. Sharp %' "' Y
CTAB EH2HUNE i 3L 4 DNA, B HLIE U0 T
A FERA Y 100 Xt SSR FRic ' WA RN T
PCR ¥ #%, PCR W AR RN 10 pL, 1.5 mmol/L
MgCl,,1 pL 10 x PCR buffer,50 mmol/L KCl,45 ng 5|
#7,0.2 mmol/L dNTPs,1 U Tag DNA B4 HEHI 50 ~
100 ng #iti DNA, SR )F 4 .94 CHIAEM: 5 min;
94 C7ABPE35 5,52 °C 55 CEE 58 CiB K 35 5,72 CHE
145 5,35 AMEFR, &S5 72 CHEfH 10 min,

1.4.2 FTEEHEBEREEBRERBEX PCR Y™
WK PR AN 725 P 2R D 9 Wk P s P K %) 7 Y R TR
10 uL P 487745 2.5 WL _FAEZ I (10 mmol/L ED-
TA pH 8.0,98% £ BT HIBENE 0. 05% {5 A1 0. 05%
THIRR) IR A LA 8% ARAVER NI (NI e

F OB e =39: 1) BERSFRLTK , R VKR MR 1 x
TBE(90 mmol/L Tris-borate pH 8.5,2 mmol/L EDTA) ,
110 V HLIK 5 h 2247, SRAPGE AR YLkt A Aenn
1.4.3 HBSH X SSR Aric kil — AN a5,
JIAR B EE 1 22 MEA A | AR 5 AR A4
SSR Fric Rt A S5 A8 S TE , A B A e LA

12 3

100bp. -

0,123, R J. A. Anderson " it &
A A 2 MR Bom (PIC, ploymorphism informa-

tion content) PIC =1 — 2 (P)* (P K5 i FhEEA

AT AR A H) o R A M. Nei 252 )71k
HWAARIRE(GS) :6S =2N,/(N, +N,) , ot N FI
NPR R i A RERLE AL, N, i A IR
RIS R, w22 (6D) =1 -GS, FIH]
GD H % AE AU AR - 35 %503 (UPGMA | unweighted
pair group method with arithmetic mean ) #4175 3573
Mo Gertotn A2 v B AR R 25 /N 2 5
HIF K AGROSYS #f41,

2 FRE5HMH

2.1 SSR#RiEHZEM

TEFTEERUAY 100 XF SSR #RicH , A 69 X 7EMHRK
) —kL RN B R IE I EE M (B 1) 28
PERIZH, S A B 69% , HAb B ¥ — ki &
N TEY R . LK 69 XA, Xk — ki
FNEM BT Z 8 PER Y, LRI E] 670 457
S A B3 ~ 19 DRSSP
AR N 10 4, Z 5 PERE AL A Xgwm265,
A 19 55725 5, Xbarel7 . Xbarc65 . Xbarc197 | Xg-
wm595 55 4 MRICZ AR, HA 3 MEAAR R,
Fric Xgwm334 il Xbarel7 £ 8 A= —Hi /N3 Fdk 1%
— KL/ N BT B Y E SRR BN AT
WrEItAE 28N, Z28ME B (PIC) (AR
40. 167 ~0.936, ¥ 0.694(£ 2) .
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M:Marker;1 ~35.:38 1 #4935 b4k
M :Marker,1-35 ;35 materials in table 1
E1 Xbared8 E—H R/NEM BT IBER

Fig.1 Amplification of homoeologous microsatellite locus in einkorn wheats using the primer Xbarc48
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R T AT R0 R /INFE AR 3 A 22 5 R
69 Xf SSR ARicZE v AR S 154 T AN [l A1 ) a] 3 4%
BI(GD) , 34 fp—HkL R/ N M BT B 5t 5 1R 25 R
0.782,3AA4 5 3AA6 Z (R AGHE B /R 0. 211,
3AAL 5 3AA19 2[RI AL B i Km0 984, 34 fiy—
REF/ N RS N AR E R s R P B AR
T 0.92, Horh SRR E/NZ 5 R s R iR B Rl

R THAE 34 A — KL /N MEREZ ] I a8t A% O
Z , M SSR 5t 1% FH 25 50 R4 i UPGMA 47 2R 2K
SR KR T AR R R G R, B
F0 ARG IR B Ok 0. 445 [KE I, b E B 34
M —hi RZ/NEMRER A 3 KK PEEFESH M —
B ZR /N R4 I S A, L R O R TR K
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Table 2 The names,chromosome,number of alleles,and polymorphism index content ( PIC) for SSR markers

bric et iR SR ZBMFERE || e el fhfs SRR ZAMERE
SSR marker Chromosome No. of alleles PIC SSR marker Chromosome No. of alleles PIC
Xbarel7 1A 3 0.167 Xgwm397 4A 6 0.782
Xbarc28 1A 10 0.809 Xgwm601 4A 4 0.676
Xbarc83 1A 5 0.763 Xbarcl0 S5A 10 0.529
Xbarcl19 1A 10 0.755 Xbarc40 S5A 13 0. 806
Xbarc145 1A 5 0.558 Xbare56 S5A 5 0.574
Xbarc148 1A 9 0.832 Xbarc141 S5A 5 0.478
Xbarc158 1A 8 0.844 Xbarcl51 S5A 10 0.853
Xbarc240 1A 5 0.439 Xbarc180 S5A 8 0.832
Xgwm357 1A 17 0.874 Xbarc186 S5A 9 0.676
Xgwm497 1A 5 0.538 Xbarc197 S5A 3 0.652
Xgwm666 1A 6 0.315 Xgwml56 S5A 13 0.843
Xbare5 2A 7 0.444 Xgwm291 SA 8 0.725
Xgwm71. 1 2A 15 0.887 Xgwm293 SA 6 0.685
Xgwm265 2A 19 0.936 Xgwm595 SA 3 0.503
Xgwm328 2A 15 0.754 Xgwm617 SA 10 0.858
Xgwm339 2A 6 0.740 Xgwm639 SA 12 0.889
Xgwm356 2A 13 0.870 Xbare3 6A 5 0.268
Xgwm359 2A 9 0.746 Xbarc48 6A 7 0.792
Xgwm372 2A 8 0.728 Xbarc65 6A 3 0.420
Xgwm382 2A 13 0.887 Xbarc146 6A 12 0.872
Xgwm473 2A 13 0.773 Xbarc195 6A 10 0.876
Xgwmd45 2A 7 0.756 Xgwm334 6A 4 0.216
Xgwm512 2A 17 0.886 Xgwm459 6A 10 0.804
Xgwm515 2A 7 0.512 Xgwm494 6A 12 0.855
Xgwm614 2A 8 0.676 Xgwm570 6A 12 0.832
Xbarc45 3A 4 0.431 Xwmc580 6A 11 0.855
Xbarc67 3A 6 0.734 Xbarc108 TA 9 0.791
Xgwml55 3A 6 0.751 Xbarcl21 TA 7 0.671
Xgwm369 3A 5 0.311 Xbarc174 TA 10 0.814
Xgwm391 3A 10 0.817 Xgwm63 TA 11 0.671
Xgwm480 3A 8 0.803 Xgwm282 7A 5 0.391
Xgwm674 3A 10 0.770 Xgwm332 TA 10 0.843
Xbarc70 4A 13 0.856 Xgwm471 TA 8 0.585
Xbare138 4A 14 0.874 Xgwm635 TA 9 0.817
Xbarc170 4A 6 0.315

I1 R M A — b /N FR B — RN RN TR
X X — PRI N 3 AW, 3 B A —ki /N
FHAB 3AAL 3AA3 3AA5 HHS 1 WK, 3 (A —
B NERRL 3AA2 3AA31 3AA32 Fil 17 1 ki —ki
INEMBE3AA3S 3AA36 SFREIRTESS 2 W2 R
Hor T AR BE 58 & X 70 I, # G — kLN 3AA27
3AA30 3AA24 3AA25 3AA10 3AA12 3AA33 #E
e 3 W (K 2),

2.4 HHAAMRENHSERRAELEE

XF 34 oy —HL RN AR T/INAZ FURYR 45
TP IR S, FEX AR 15 1 M BT R A4
B SRR 41. 2% 523 By BB RN 22 R
SRR, 5 A R 67. 6% 513 11 A1 B (3AAL .
3AA5 3AA6 3AA9 3AA10 . 3AA11 3AA15 3AA27,
3AA28 3AA29 3AA30 3AA34 Fl 3AA40) FE [
Ja AR PE , fSE AR R 38.2% (% 3) .
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Fig.2 UPGMA dendrogram of 34 einkorn wheat accessions
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il 5 AR B — R NE ARG 54% F183%
3 St

H i Xt —h RN sl 2R T T 2
JEIRFGE . AR AFLP 4 AR 6 B Az — ki /N 22 35t
fEZ RS R B, SRR IE/INAE 5 B A — /)N
FEFpA AR SR AR K Y ) R RFLP $ R, & #l—H R
BB Z R, o R B — RN A Y
W Z PR R T SRR KN FNBF A — RN 2
], SEE P A — /A2 HL C. Jing 457 FIH 46
X SSR BRI X} 30 {5 A%k 3G — ki /N kAT st Z ARk
M, RVE T SSR FRid H/AhE A K 7 YR
KR A0 T 25 AT 2 Pl e B A W REAE 2 R] Y E
R IKIETEARIG — RN (T. monococcum ) Wl I 1
B — A~ 4 I A R AR bR ac 19 QI A B, 1 o
AEUVR R ANAE A LR 4 B A TR A A A
Yrxt 3 Bh—ki 28 /N2 BT o3 [ B stk AT T
K, e 3 59% HY/INAZ A FE R 2 TR A s 5 1)
A AE i F/INZE 1) 22 B rp oA I 38098 43 [R] R G T2
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Table 3 Identification result of einkorn wheat accessions to leaf rust and powdery mildew diseases

G5 e SRR P FUB R ME %5 e TSR ERB T
Code Class Leaf rust resistance ~ Powdery mildew resistance|| Code Class Leaf rust resistance  Powdery mildew resistance
3AAl Ab R R 3AA24 A™ R S
3AA2 Ab S S 3AA25 A™ R >
3AA3 Ab S S 3AA26 A™ S R
3AA4 A™ S S 3AA27 A™ R R
3AAS Ab R R 3AA28 A™ R R
3AA6 A" R R 3AA29 A™ R R
3AAT A™ R S 3AA30 Ab R R
3AA9 Am R R 3AA31 AP S S
3AAIO0 A" R R 3AA32 A™ S S
3AAll A™ R R 3AA33 A™ S S
3AA12 A™ - R 3AA34 A™ R R
3AAl4 A" S S 3AA35 A™ R S
3AA1S A" R R 3AA36 A™ S S
3AAl6 A" R S 3AA37 A™ R S
3AA19 A" S S 3AA38 A™ R S
3AA22 A™ R S 3AA39 A™ R S
3AA23 A™ R S 3AA40 A" R R
— R

- :No germination

ARWFFEXT 34— KL R /INE M RETT T SSR 43
FHRIC T, TERE IR 7 7638 /N A2 A e ekl
Fbrmic P 2] 69 NEE ML 2SS,
H Xgwm334 il Xbarcl7 PIANFRICTEEF A — ki /N
gk s — RN Th AR A 1S B A5 R B 4 A
Bhi R EINEZ A B R T I A5 2 O H

FAEZ M, XA —E R Bl DUIEN]—h /A
SR I /INAE B 3 /N 22 B EAE O AR B A — 4
1RSI A A5 Rt B 4 RO UE I 13X i, X 5 H Rl
3l 1252 (R WA — B, BRIV 7 R /N S DU AR A /N
HFNFHARANAE A SER AR R HT E
AT LU Y A7 2 PR R P R 2R T L B ) 5 —
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