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Abstract: Triticum di ides and Aegil hii are important germplasm resources of rich genetic variability for

improvement of hexaploid wheat ( T. aestivum ) . This variability can be accessed by utilizing synthetic hexaploid wheat
lines with genomes from Ae. tauschii and T. dicoccoides. Two methods can be employed to incorporate Triticum

di ides and Aegil hii genes into a hexaploid wheat. One is the direct cross method of hybridization between Ae .

P

tauschii and hexaploid wheat, another is an indirect method of synthetic hexaploids by crossing tetraploid wheat with Ae.
tauschii . Genes from tetraploid wheat and Aegilops tauschii are then available via direct crossing of synthetic hexaploids to
T. aestivum. The CIMMYT (International Maize and Wheat Improvement Center) has produced two types of synthetic
hexaploids. One is the progeny of T. turgidum ssp. durum crossing with Ae. tauschii, another is the new type synthetic
wheat which produced by crossing Triticum di ides with Aegilop hii

Grain hardness is a major factor influencing the end-use quality. Genes for grain hardness in common wheat reside on
Ha locus of chromosome 5DS. The wild-type alleles ( Pina-Dla, Pinb-Dla) determine soft endosperm, while the hard
phenotypes result from mutations in either Pina or Pinb. In order to understand the evolution of genes for grain hardness,
studies have focused on the wild relatives of common wheat, particularly on Ae. tauschii, the supposed donor of the D
genome in common wheat. Puroindoline a in Ae. tauschii contained 99.3% amino acid sequence homology to the wheat

cultivar ‘ Penawawa’ and 90.5% amino acid sequence homology in puroindoline b. Among 50 Ae. tauschii accessions,

four alleles of puroindoline a and four alleles of puroindoline b were id d, encoding two and three different proteins,

respectively. However, the effect that these sequence polymorphisms may have on kernel texture is unknown, as no test

method of texture has been developed for Ae. tauschii. The incorporation of Ae. tauschii into synthetic hexaploid facilitates
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the analysis of puroindoline sequence polymorphism and other genetic effects on kemnel texture, using testing methods
designed for hexaploid wheat, such as the Perten single kemel characterization system ( SKCS). Analysis of synthetic
hexaploid can also facilitate the analysis of the effect of the A and B genomes, contributed by the tetraploid wheat parent on
kemel texture. Studies on Ae. tauschii and synthetic hexaploid wheat derived from hybridization of T'. turgidum ssp.
durum with Ae. tauschii demonstrated a number of novel Pina and Pinb sequences. However, none of these Pina and
h

Pinb mutations produced a hard endosperm texture in synthetic wheat. To further und d the ism of grain

hardness formation in Ae. tauschii and synthetic wheat, a total of 57 new type synthetic hexaploid lines derived from the

T. di ides % Ae . hii
gene specific PCR primers. Four allelic variations of Pina and Pinb were identified, i.e., Pina-Dla, Pina-Dlc, Pinb-
Dih, and Pinb-Dlj. Eight lines were Pina-D1a/Pinb-DI1j types, accounting for 14% , and 49 were Pina-DIc/Pinb-DIh
types, accounting for 86% . Kemel texture differed significantly among the synthetic hexaploid lines, ranging from 10.5 to

were employed to evaluate the SKCS hardness and detect purcindoline alleles using

di ides or Ae. hii . The interactions between

42.6, with significant difference among the parental types, T.
parental genotypes had also a significant influence on kernel texture. These results indicated that there might be some genes
besides Ha locus associated with the kernel texture.

Keywords: Triticum dicoccoides ; Aegilops tauschii; Synthetic hexaploid wheat; Pina and Pinb alleles; Kemel texture
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1.2.2 AH4Z DNA#R  HHH DNA HRBUE
Lagudah %' iy i ¥k, B8 A ik 3). DNA I &
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4% Lillemo " RIE M Pina 1 Pind BHEM L. F
¥FF), # F DNAMAN AR FI 8 Pine 19
T #3534 Pina-DF 1 Pina-DR & Pinb ) L . T2
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Pina-DF; 5’-CATCTATTCATCTCCACCTGC-3’

Pina-DR: 5'-GTGACAGTTTATTAGCTAGTC-3’

Pinb-DF: 5'-GAGCCTCAACCCATCTATTCATC-3’

Pinb-DR: 5'-CAAGGGTGATTTTATTCATAG-3'

PCRY B R B4 fH 50 pL, RIE AR K 1 x
PCR ¥ (% 1.5 umol L™' MgCl,),dNTP(A.T.C.
G)#%5 250 pmol L™, E . TF¥F5| ¥4 10 pmol L™',200
ng BE 4 DNA,1 U Tog BB(KEFAEYAF). B
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FiFl DNAMAN Rl s ik, B F 4R S
GenBank B4R B ) Pina T Pinb S H #7175
Bt FE B R SEH T FIF A LA AR R AT
SKCS #7 R0 8 HF {8 B0 8 R Z A9 A8 % 4 47, T SAS
8.2 RA KA LR MM A (GLM) #4T SKCS 58 1§
1B B9 24317 (ANOVA) , i F Duncan’s | % 17 £
B,

2 ER5454

2.1 AIGR/MRHIFREESHREFRER

ESSHH R, B 3B FRRE, xR
SKCS i BEAX M A B SR b 58,55 S MR ESRRE
FEE,RE 8 FY el BHE N NEAXHK
R HRSMANEMHRKEAWY, PHTHE
41.8 g, HAP B KM 52.1 ¢, B/NKI34.9 g, FHIRZ
2.9 mm, B AR 3.2 mm, B/MRAZ 2.7 mm(FE 1),
54 R AR RFRLTE BE £ R R A, HOFRLAY SKCS
FERX42.6,5/10.5,%#22.6,7 15 ~ 30 Z[A
BIG 78% , HAHHERRLE 1, SHEH,SKCS
EESHFRTRERRZMHEXYREEEKFE,
5 Gedye %[M]B‘Jﬂ%%%—ﬁo
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®1  57%H CIMMYT AT &R R FRIERE purcindoline % (Y % E 3 %
Table1  Kermel characters and puroindoline genes of 57 CIMMYT hexaploid synthetic
wheat lines derived from T. dicoccoides x Ae. tauschii
®e FEAG Pina-DI Pinb-D1 SKCS (;minm d.ffmclex lmo-::ﬁlgweight
No. Cross SKCS value (mm) (0)
mm g
1 CI9309/ Ae . squarrosa (1027) c h 15.3 2.9 42.0
2 PI347230/Ae. squarrosa (1027) 3 k 12.8 3.0 43.8
3 PI94623/ Ae. squarrosa(1027) ¢ h 19.5 2.9 41.7
4 PI94633/ Ae . squarrosa (1027) ¢ h 16.4 3.1 45.9
5 P254169/ Ae . squarrosa(219) ¢ h 23.2 2.9 41.6
6 CI3686/ Ae . squarrosa(309) c h 29.4 2.9 40.8
7 CI9309/ Ae. squarrosa(309) ¢ h 19.5 2.8 37.2
8 PI225332/Ae. squarrosa (309) c h 28.2 2.9 40.9
9 PI254152/ Ae. squarrosa (309) c h 25.0 2.9 41.8
10 PI352335/Ae. squarrosa (309) ¢ h 23.7 2.8 40.6
11 PI94666/ Ae . squarrosa(309) ¢ h 15.6 3.0 42.6
12 PI225332/Ae .. squarrosa(372) e J 37.4 2.9 37.0
13 PI94625/ Ae. squarrosa(372) ¢ h 12.8 2.7 37.1
14 CI7779/ Ae . squarrosa (385) a j 32.4 2.9 42.2
15 PI254152/Ae. squarrosa(385) ¢ h 11.6 2.8 39.2
16 PI306535/4e. squarrosa (385) c h 34.7 3.0 45.2
17 PI1352335/ Ae. squarrosa (385) c h 10.5 3.1 49.4
18 PI94666/ Ae . squarrosa(385) ¢ h 19.4 2.8 35.9
19 CI14822/ Ae. squarrosa{409) c h 24.7 2.9 4.3
20 CI3686/ Ae . squarrosa (409) ¢ h 23.2 3.0 44.0
21 CI9309/ Ae . squarrosa (409) c k 21.9 2.9 40.8
22 PI94614/ Ae. squarrosa (409) ¢ h 27.4 2.9 40.2
23 PI94624/ Ae . squarrosa (409) c h 17.5 3.0 4.3
24 TK98-506 H83-1631-1/Ae. squarrosa(409) c h 25.1 3.0 43.2
25 CI14822/ Ae. squarrosa(454) c h 8.5 3.0 “.7
26 PI254152/ Ae. squarrosa{454) ¢ h 22.6 2.9 44.1
27 PI347230/ Ae . squarrosa{454) a J 13.1 2.9 43.2
28 PI349046/ Ae. squarrosa(454) ¢ 3 24.1 2.8 37.3
29 PI94624/ Ae . squarrosa (454) ¢ h 29.2 3.0 45.6
30 PI94633/ Ae. squarrosa (454) a j 22.2 2.8 39.0
31 PI94674/ Ae . squarrosa(454) ¢ h — — —
32 CI3686/Ae. squarrosa(458) a J 19.9 2.9 40.7
33 PI254169/ Ae . squarrosa(458) a J 17.5 2.8 36.7
34 PI272533/ Ae. squarrosa (458) c h 20.6 3.2 52.1
35 PI94614/ Ae. squarrosa(458) a J 17.5 3.0 40.2
36 PI94633/ Ae. squarrosa(458) ¢ h 26.8 3.0 43.7
37 CI14822/ Ae . squarrosa (498) 3 h 30.1 2.8 34.9
38 PI272533/ Ae . squarrosa (498) ¢ h — — —
39 PI347230/Ac. squarrosa(498) ¢ h 16.2 3.0 4.2
40 PI94614/ Ae. squarrosa(498) a j 20.6 2.9 39.6
41 PI94625/ Ae . squarrosa(502) ¢ b 37.5 2.9 40.0
42 PI254157/ Ae. squarrosa(518) c h 15.1 2.8 40.7
43 PI272533/ Ae . squarrosa(518) ¢ h 24.6 2.9 43.2
44 PI306535/Ae. squarrosa(518) c h 21.2 2.8 40.8
45 PI349046/ Ae . squarrosa (518) 13 h 32.8 2.9 40.1
46 PI94624/ Ae. squarrosa(518) ¢ h 26.4 2.9 41.8
47 PI225332/Ae. squarrosa(700) c h 21.7 3.0 44.0
48 PI254157/Ae. squarrosa(700) c h 22.0 2.9 41.5
49 PI254157/ Ae . squarrosa(879) ¢ h 22.8 2.9 43.3
50 PI306535/Ae. squarrosa(879) c h 23.6 2.8 41.1
51 PI347230/ Ae . squarrosa(879) c h - — —
52 PI349046/ Ae . squarrosa(879) ¢ h 24.4 2.9 43.1
53 TK98-56 H83-1631-1/Ae. squarrosa (879) c h 19.8 2.9 40.8
54 PI225332/ Ae. squarrosa(895) c h 22.4 2.9 42.2
55 PI94623/ Ae. squarrosa(895) 3 h 22.1 3.0 45.2
56 PI94623/ Ae. squarrosa (897) c h 42.6 3.0 41.0
57 PI94661/ Ae . squarrosa(897) < h 15.5 3.0 42.5

SKCS: Single Kernel Characterization System.
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Fig.1  Distribution of SKCS hardness index in 54 CIMMYT synthetic wheats
SKCS: Single Kernel Characterization System.

FESWREGE2), AR BA SKCS B EE ERENFR R B, L ¥ SKes EHEME N
ESRBE BEMAEXN SKCSEFHEFERBE  14.0. ARITUEH, BEHRAXET R E
B mEXAMBABMEFLEIBNBEEFEKFE, B SKCSEEMHEZRMBA,H P Poac2s 8 2 N a1
ATH - —ERNEHR, AR RS LH 46 E] SKCS {54k 8 BE & K (13 ~ 38), PI347230 &)
ERNERTHR. EBE CTT9 EREFEFEE 3MEROELEERN(3~16), WARARXE
B BE, HOKPR SKCS {820 32.6, 8k PI347230 B9 3 1~ MR B R EM R A BE W,

®2 SABATIGRNENRBER SKCS FFRTEEBRATH £ 53T
Table 2 Analysis of variance ( ANOVA) for the influence of the parents on the kernel texture in 54 synthetic hexaploid wheats

paErr 3 [=]::); § Fh ¥k F i
Source of variance df S MS F value
BAER Total 53 7329.25 138.29 01151
BFE ZBI/NE T. dicoccoides 20 3063.57 153.18 2449.65""
HIWER de. touschi 14 2915.26 208.23 3330.09""
Bk ZHNE x IR E T, dicoccoides x Ae. tauschii 19 1830.09 96.32 1540.377"
iR2 Error 108 6.75 0.062

" RRESIE 0.0l EFEKFE " significant at the 0.01 probability level.

23 FEAFEHWIE(BR)ERIRHFREER THE
Table 3  Kernel hardness, thousand-kernel weight (TWK) of the accessions derived from different
female parents of T. dicoccoides
SKCS {8 SKCS value FRE

- A
!;%, LA [i No'ﬁ%ﬁples T @ A0 1000-kemel weight

Mean Range (g)
CI7779 1 32.4 18.2 — 42.2
PI94623 3 28.1 13.6 20-43 42.6
PI225332 4 27.4 12.2 22-37 40.9
PI349046 3 27.1 13.2 24-33 40.2
PI306535 3 26.5 13.6 21-35 42.4
PI94625 2 25.1 14.3 13-38 38.6
CI14822 3 24.4 15.1 19-31 40.6
PI94624 3 24.4 11.9 18 - 30 43.9
CI3686 3 24.2 12.8 20 -30 41.8
PI272533 2 22.6 11.6 21-25 47.7
TK.98-56 H83-1631-1 2 22.4 14.9 20-26 42.0
PI94633 3 21.9 12.6 16-27 42.9
PI94614 3 21.8 2.1 18-28 40.0
PI254169 2 20.4 14.3 18 -24 39.2
PI254157 3 20.0 13.6 15-23 41.8
PI254152 3 19.7 11.6 12-26 41.7
CI9309 3 18.8 13.8 15-22 40.0
PI94666 2 17.5 13.5 16 -20 39.3
PI352335 2 17.1 13.8 11-24 45.0
PI94661 1 15.5 11.6 - 42.5
PI347230 3 14.0 12.2 13-16 43.7

SKCS: single kemel characterization system.
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BFP T, 3 BB SL A PCR P24 it 4T 3 RE A M
FP @R 5 eRT AW P 45 R — B, it A B
£, 7R TT B JE ORR BB R 1 AR R TR 2%, T ELAS B 9T A
PCR " 4% R i A B 5F 55 #8 78 4040F B BF A4 — B/ 32
RAFTE Pina F Pinb FEFH' | B 130 i 45 437 3 P 1) &5
BURTRER A TRA B A R /NE, R B UL ML
1L 3 T o 2 ) PRI BE ) SE AL L AL F B RS

<—500bp

2 AIA&R/AES Pina ¥ Pinb EE K PCR ¥ 1§
Fig.2  PCR amplification of Pina and Pinb from synthetic wheat
1: DL2000 marker;2: A LA M/N , Pina;3: # EA GUK-PU{K NSATSD, Pina;4: 1 [E 2GR {A-DU K NSDTSA, Pina;
5: d1E#GR{K-PU 4k NSDTSB, Pina;6: A TAR/NE, Pinb;7: o [E % f k- {& NSATSD, Pinb;
8: 1 E A GR{K- P& NSDTSA, Pinb;9: ' E# G {&- I {& NSDTSB, Pinb .
1: DL2000 marker; 2: synthetic wheat, Pina; 3: NSATSD, Pina; 4: NSDTSA, Pina; 5: NSDTSB, Pina;
6: synthetic wheat, Pinb;7: NSATSD, Pinb; 8: NSDTSA, Pinb; 9: NSDTSB, Pinb.

2.3 Pina # Pinb SHEEXBVEFRNEENXR

54 Y AT A B/NE R FFRLTE FE S i FEE B 3
ER (R, BEFXEFNEENERAAS
Pina-Dla/Pinb-D1j | Pina-Dlc/Pinb-DIh Wiff , 3 H
% Fj Pina-Dla/Pinb-D1j Ky 8 4~ F -5 SKCS ##
i 23.1, 2508 K 13.1 ~ 37.4, 3 B & N Pina-DIc/

Pinb-D1h ) 46 1~ % i) -5 SKCS i# FF{H 22.6, 25 i@
$910.5~42.6, ¢-KI0FREA 5 5L R 7Y m) b A BE
ERARE (P <0.05) , 1 7€ 7] — 2 H B 4 79 A 7 41
BHEI AT RLRE FEE 2 F 8% (P <0.001), WLHIBR T
Pina 1 Pinb B 5, 3875 F At 5 30 3 R 5 o A7 b 1
FERTE o

F4  FEAIAR/NEF— Puroindoline 3 [ 3 py 7 i i i i) 77 % & 47

Table 4  Analysis of variance for grain hardness within Puroindoline genotypes
75 5 K W ]3] 4 ¥ A Eop F il
Source of variance df SS MS F value
Pina-DIc/Pinb-DIh 45 5907.33 131.27 2063.30""
LR 2 Error 95 5.85 0.064
Pina-Dla/Pinb-DIj 7 1421.66 203.09 3610.56 "
B HLiR 2 Error 16 0.90 0.056

" RARFERK0.01 BEKF . significant at the 0.01 probability level.
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FRBEEL S4 BRI ERBE, BE R/
ERHLEER - EZAMNEAESFREEAEE
W, R—FEoRAESARBLEENERRE
BEERATIEL 13~38, AL EREN DER
AMHREBEFAAEEY W, MER-HILEES
ARFERNANAENERP FEEEXFHLRE
% VIR T Pina 1 Pind ZEES  EAEEMBEEXS
SHNEEMNER, RETERAESEFE RB/ME
AMBERARMES D RXAA L MU ER
X, EHEAGENEARARP R, FHY—
BAWEFEZRHARR B Pine F Pind SREEM
REFTE ML, Lillemo Z KW T 9 M HBEHE K
HEF KRR, Pina T Pinh 2 H W @ BB AR
BIEAEFRE 75% ~93% o Sourdille %1% X 4 T 3 2%
AR 114 MEHE R R BT QIL 4047, EHE
H(Ha)PLF 5DS £, AIRMBRERN 63.2%,4 1
P8R B 4> 9142 F 2AL.2DL.5BL 1 6DS, 44 # %
HEFEERFTEM4.0% ~5.7%. Perretant Z1Y
FI 187 NNE MG R RHEAT QTL 4047, IEZ 45
i0AY 3 QTL 7 5DS b, B MK QTL 4 I 7E 1A
MmeD Rk b, B ERERK3.0%2H 5.5%.
SASHEE I MTHEER, UBEBREERA
8.4%™, MHER, MHERSHR, 7 1A,
2AL.3AS.5BL.2DL.6D F1 6DS L #8A & 3, X &%
RQILMEENFREEEMNAMRRRETE N
RN EREE,

STRHBATEBRNMEFRERERT Pinb-DIj
F Pinb-D1h BEFP Pinb BE M FMAERLE, FE4H
WEAFNEFEXFHENTERLERMEAERAR
E NS EBEARSGHHMEMES X, Pinb-
D1j 5 Pinb-DIh #] DNA 3 AHIME 96.4% , 78 16 1
BEMNER HABEAAR 7T MIANEERAR
FE.EFE S MEERETHAARRIR™ X
—RBREERNHAEN TESRNEEEER
", {Hif k%t PINBh Fl PINBj & (& HI Bk #5007 &
A, XEFEBRABRMIARAIEFSHEEEARK
BHAERERRWEN, XBRE Pinb-DIj § Pinb-
DIn R EMERNEREFEZRAEENEA,
Massa & G EM I EHR KRR T Pinh-DIj KW,
EHETFHREELEEMIFRETIEYEE, Tk
BiX — 2k B R SRR R L B9 B0 . Gedye %1V 258

RNESHIERENERBETLAAT DM A
Pinb-DIj (BE IR EK A, B A X — F L4
REBWERXRBTHN . BHKSH 8§ Pinb-DIj
AR R, HAPRL SKCS BE B K 37.4, %
AR 131, BTEALRBEHRAFERK Pinb-
Dla B T L8 Pinb-DIj 5 Pinb-Dla %14 % H
PR EE RN . (B Gedye ZUY BFRX# BH, Pina-
Dlc¢/Pinb-Dih 5 % 4 8 Pina-Dla/Pinb-Dla i I, H
FPRLR B AR K T E AR H Pina-DIa/ Pinb-
DIj ¥ BB ¥ SKCS {E (23.1){XBE®E T Pina-Dic/
Pinb-D1h §#4%1(22.6) o

EXMARMRRAFEEALERAZE, Pina
o Pind BEKMREE RSB/ DEEFHEL, AR
REREZPREEZHILFER Pine 1 Pind ZEH
BLHEFR SRR RE. METENEZPER
TEF 4B Ping-Dla Ml Pinb-Dia 4, Ji & Pina #
Pinb BI%4% 78 B HR S B0 BB Hh o OB ek
X—ARWERAMERRZ T BEFR" £H,
D EFEMH Y Ha S8 75L& /N Z A S
FRH 29 kb, ME ZHZEK DNAFFIAET
—EREFNEH, B AR ERHLEERAL
BRABRNZEHRFERIMES 5 X B DNA F7)
¥

4 it

FRATERAENFNBEE S HEERK,
BAFETNAE X FAHILFEER_ZFZENE
EMEAFREERAF S ENR M, FRE A
Pina-Dla/ Pinb-D1j I Pina-Dlc/ Pinb-D1h 2 F % B &
[RZRABE, T 7E R —5 BB AR E KA RE 2=
REBEKF,WHBRT Pina fl Pind EESN, BH
FoAth B X ik e BT RN T A B/ 2R8I 9 R
BEREEW,
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