Sequence Diversity of Puroindoline-a,
Puroindoline-b, and the Grain Softness ( (7))
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Introduction

® Grain texture is the single most important trait that determines end-use gquality of
wheat. The Hardness (Ha) locus on chromosome 5D is the main determinant of
grain texture in hexaploid wheat. Three structurally related genes have been
identified that are closely linked at this locus: Puroindoline-a (Pina-D1),
Puroindoline-b (Pinb-D1) and Grain Softness Protein (Gsp-D1). Mutations in the
Pina-D1 and Pinb-D1 genes are associated with increased grain hardness.

® There Is currently a need to increase the range of texture available in bread and
pasta wheat, to allow the range of end uses to be expanded. Such variation exists Iin
wild and primitive species, In terms of grain hardness and puroindoline sequences.
As wild relatives of wheat, Aegilops species contain genomes called D, S, G, U, C
and M, constituting a valuable resource and an extensive reservoir of genetic
variability for improving cultivated bread wheat and pasta wheat by wide crossing.

Table 1. Ten accessions of Aegilops from China studied. Figure 1: Ten accessions of Aegilops from China studied. Figure 2. Puroindoline-a Amino acid sequence alignment of ten Aegilops

- - - Ae. tauschii 002 Ae. Kotschyi 011 Ae. triuncialis 012 Ae. juvenalis 013 : : T
Accessions Taxonomic species Genome 4 e ’ accessions and T. aestivum HiLine(hard bread wheat, used as control)
Q03-011 Ae. kotschyi UUSS e
pina-Dla DVAGGGGAQQCP|V[ETKLNSCRNYLLDRCSTMKDFPVTWRWWKWWKGGCOQE
. HiLine DVAGGGGAQQCP|VIETKLNSCRNYLLDRCSTMKDFPVTWRWWKWWEKGGCQOQE
QO3-038 Ae.kotschyl UUSS kotschyi039-c DVAGGGGAQQCP|LIETKLN[AJCRNYLLDRCSTMKDFPVTWRWWRWWKGGCQE
triuncialis012.g [D VA GGG GAQQCP|I|[ETKLNSCRNYLLDRCSTMKDFPVTWRWWEKWWEKGGC[L|E
sharonensis026 [D VA GGGGAQQCP|I|[ETKLNSCRNYLLDRCSTMKDFPVTWRWWEKWWEKGGC|LI|E
Q03_039 Ae.kotschyi Uuss bicornis021 DVAGGGGAQQCP|VIETKLNSCRNYLLDRCSTMKDFPVTWRWWKWWEKGGCOQE
tauschii002 DVAGGGGAQQCP|VIETKLNSCRNYLLDRCSTMKDFPVTWRWWKWWEKGGCQ QE
kotschyi0o11 P[JAGGGGAQQCP[I[ETKLNSCRNYLLDRCSTMKDFPVTWRWWKWWK GG C[L]E
- S triuncialis0l2c [D VA GGG GA QQCP|V[ETKL[HJSCRNYLLDRCSTMKDFPVTWRWWKWWKGGCRQE
QO3'012 Ae. triuncialis UUCC juvena lis013 DVAGGGGAQQCP|I[ETKLNSCRNYLLDRCSTMKDFPVTWRWWKWWKGGC[L]E
kotschyi038-c DVAGGGGAQQCP|L|IETKLNA|CRNYLLDRCSTMKDFPVTWRWWRIWWKGGCQE
Q03-023 Ae.longissima SS
pina-Dla LLGECCSRLGQMPPQCRCNI I QGSIQGDLGGI FGFQRDRASKVI QEAKNL
HiLine LLGECCSRLGQMPPQCRCNI I QGSIQGDLGGI FGFQRDRASKVI QEAKNL
Q03-026 Ae. sharonensis sSS Ae. bicornis 022 Ae. Longissima 023 Ae.sharonensis 026 Ae. Kotschyi 038 kotschyi039-c L L GECC SRLGQ[LJPPQCRCNI 1 QGSI QG[NJLGGI FGFQRDRASKY I QEAKNL
. triuncialis012-g |[L L GECC S[QLGQMPPQCRCN I | QGSI1 QGDLGGI FGFQRDRASKY I QEAKNL
sharonensis026 [L L GECC SRLGQMPPQCRCNI I QGSI QGDLGGI FGFQRDRASKVIQEAKNL
) ) bicornis021 LLGECCS[QILGQMPPQCRCNI I QGSIQGDLGGI FGFQRDRASKVIQEAKNL
Q03-021 Ae. bicornis SS l- tauschiin02 LLGECC S S/[QILGQMPPQCRCNI I QGSIQGDLGGI FGFQRDRASKVYI QEAKNL
[ kotschyi011 LLGECCS[QILGQMPPQCRCNI I QGSIQGDLGGI FGFQR[NJRASKVIQEAKNL
triuncialis012c [L L GECC SRLGQMPPQCRCNI I QGSI QGDLGGI FGFQRDRASKVIQEAKNL
3 - - ] juvena lis013 LLGECCS[QQLGQMPPQCRCNI I QGSIQGDLGGIFGFQRD[QASKVIQEAKNL
QO3022 Ae. bicornis SS : kotschyi038-c LLGECCSRLGQ[L]PPQCRCNI I QGSIQGINJLGGI FGFQRDRASKVYIQEAKNL
Q03-002 Ae. tauschii DD L oy pina-D1a PPRCNQGPPCNIPGTIGYVYW
HiLine PPRCNQGPPCNIPGTIGYYW
i kotschyi039-c PPRCNQGPPC[DJI[RS]TIGY YW
Q03-013 Ae. juvenalis UUCC - triuncialiso12g |P P[KJCNQGPPC NI PGT I GY YW
/ sharonensis026 [P P RCNQGPPCNIPGT I GYYW
bicornis021 PPRCNQGPPCNIPGTIGYYW
. tauschii002 PPRCNQGPPCNIPGTIGYYW
QO3'011 Ae. kOtSChyl UUSS kotschyi0o11 PP[KJCNQGPPCNIPGTIGYYW
triuncialis0l2c |[PP RCNQGPPCNI PGT I GY YW
juvena lis013 PP[KJcNQGPPCNIPGTIGYYW
kotschyi038-c PPRCNQGPPC[DI[RS|[T I GYYW

Figure 3. Puroindoline-b Amino acid sequence alignment of ten Aegilops
accessions and T. aestivum HiLine

Formatted Alignments

Results

pinb-Dla EVGG[GGGSQQCPQERPKL s[Sc KDY V|M[ER CFTMKDFPVTWPTKWWK @G C = - = - " 3 = =
e T ® Eight pina and seven pinb mutant forms have been identified in Aegilops accessions
kotschyi011B-1 EVGGIGGGSQQCPQERPKLGSCKDYVLERCFTMKDFPVTWPTKWWKGGCEH
kotschyi011B-2 EVGAGG[S|SQQCP[LJERPKL[S|]SCKDYV[MGW]JCFTMKDFP[FJTWPTKWWKGGECEH
juvenaliso13-g-cB-1 |[EVGAGGGSQQCPQERPKLGSCKDYVLERCFTMKDFPVTWPTKWWKGGC CEH "= - - = - r - = - r - - ="
el @000 & PCR amplification. This Is In contrast wit revious studies indicating far less variability for
bicornis022 EVGAGGGSQQCPQERPKLGSCKDYVLERCFTMKDFPVTWPTKWWEKGGCEH .
longissima023 EVGAGGGSQQCPQERPK.L GSCKDYVLER CFTMKDFPVTWPTKWWK GGC
kotschyi038 EVGAGGGSQQCPQERPKL GSCKDYVLER CFTMKDFPVTWPTKWWK GGC = = =
kotschyi039 EVGAGGGSQQCPQERPKLGSCKDY[AJLERCFTMKDFPVTWPTKWWKGGCEH Plna Wlth reS eCt to Plnb
tauschii002 EVGAGG[S|SQQCP[L]JERPKL[S|SCKDYV[MGW/CFTMKDFP[FJTWPTKWWKGGCEH -
triuncialis012 EVGAGGGSQQCP|LIERPKL|S|SCKDYVIM[ERCFTMKDFPVTWPTKWWEKGGCEH
bicornis021 EVGAGG[S|]SQQCP|LJERPKL|S/|SCKDYV[MGWCFTMKDFP[FJTWPTKWWKGGCEH . .
All the mutations are different from those reported so far
P .
pnb-Dla [EVREK CCKQLSQIAPQCRCDS|I RIRVI QGIR[LGGF|L[GITWRGEVFKOQ|L[QRAQ S
HiLine EVREKCCKQLSQIAPQCRCDSIRRVIQGIE|LGGF|L’GIWRGEVFKQ|L|QRAQS
kotschyi011B-1 EVREKCCKQL S[E] APQCRCDSLHRVYIQGKLGGFFGIWRGEVFKQIQRAQS
kotschyi011B-2 EVRE[NJCCKQL SQI APQCRCDS[IRGM]I QGKLGGFFGI WRG[D]VFK[KI QRAQS
juvenalis013-gcB-1 |[EVREKCCKQL[NJQI APQCRCDSLHRVIQGKLGGFFGIWRGEVFKQI QRAQS o L i
juvenalis013-g-B-2 EVREKCCKQLS[E][l APQCRCDSLHRVYIQGKLGGFFGIWRGEVFKQIQRAQS
® GSP sequences were also amplified from Aegilops accessions and 6 new mutants have
longissima023 ~ [E V. R E K CCKQLSQIAPQCRCDSLHRVYIQGKLGGFFGIWRGEVFKQIQRAQS
kotschyi)38 @ |E VR E K CCKQLS[E][l APQCRCDSLHRVYIQGKLGGFFGIWRGEVFKOQIQRAQS
kotschyi039 EVREKCCKQLSIAPQCRCDSLHRVIQGKLGGFFGIWRGEVFKQIQRAQS = "L
hii002 EVRE[NJCCKQL SQIAPQCRCDS[T RGMI QGKLGGFFGI WRG[D|VFK[KI QRAQS een I entl Ie
uuuuuuuu lis012 EVREKCC[QQLSQI APQCRCDS|I| RGMM|JQGKL GGFFGIWRG|D[VFKQI QRAQS .
bicornis021 EVRE[NJCCKQL SQI APQCRCDS|[I RGM[TQGKLGGFFGIWRG[DJVFK[KI QRAQS
haronensis026 EVREKCCKQL SQIAPQCRCDSLHRVIQGKLGGFFGIWRGEVFKOQI QRAQ S
pinb-Dla PSKCNMGADCKEP|S[GY YW
HiLine LPSKCNMGADCKEFP|[s|gY Yw ] ]
hern Blot analysis showed that m f th lons have more than on f
kotschyi011B-2 LPSKCNMGADCKEP[S|GY YW .
juvenaliso13-gcB-1 |[L P SKCNMGADCKF P[s|cgy yw
juvenalis013-g-B-2 LPSKCNMGADCKFPIGYYW
bicornis022 LPSKCNMGADCKFPIGYYW
each of the three genes.
kotschyi038 LPSKCNMGADCKFPIGYYW
kotschyi039 LPSKCNMGADCKFPIGYYW
tauschii002 LPSKCNMGADCKEP[S|gY YW
triuncialis012 LPSKCNMGADCK[L]JPT GY YW
bicornis021 LPSKCNMGADCKEFP[S|]gY yw
haronensis026 LPSKCNMGADCKEPIGYYW

® EXxpression of Friabilin was confirmed by Western Blot analysis of grain total protein
extracts.

Figure 4. GSP Amino acid sequence alignment of ten Aegilops
accessions and T. aestivum HiLine

Conclusion

Our study show that wild relatives of wheat represent a rich source of
genetic variability for the improvement of hexaploid and pasta wheat. All
the accessions examined contained in fact pina, pinb and GSP genes and
several new mutant forms of the genes have been identified.
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