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Abstract

The phytohormone abscisic acid (ABA) plays an important role in responses to
environmental stress and dormancy. Abiotic stresses seriously affect plant growth and
reduce yield in crop species. Therefore, the study of ABA responsiveness in common
wheat might lead in an improvement of abiotic stress tolerance and/or seed dormancy.
Common wheat is an allohexaploid species originated by natural hybridization between
tetraploid wheat and the diploid Aegilops tauschii. It is supposed that only a small
population of Ae. tauschii was involved in the origin of common wheat. Because
tetraploid wheat can be crossed with Ae. tauschii to obtain synthetic hexaploid wheat, it
is possible to exploit the wide natural variation of Ae. tauschii in common wheat
improvement. In this study, two different plant material sets, common wheat cultivars
and synthetic hexaploid wheat lines, were used to identify the genetic factors
determining the difference in ABA résponsiveness among hexaploid wheat accessions.

Comparison of responsiveness to exogenous ABA, based on root growth inhibition
by ABA, revealed that common wheat cultivars Cheyenne (Cnn) and Hope are highly
responsive' than seedlings of Chinese Spring (CS). The chromosomes involved in the
regulation of ABA responsiveness and Cor (cold-responsive)/Lea (late embryogenesis
abundant) expression were identified using chromosome substitution lines, in which a
chromosome pair of CS was substituted for the corresponding homologous pair of Cnn
or Hope. In both CS-Cnn and CS-Hope substitution lines, chromosomes 3A and 5A
were involved in the regulation of ABA responsiveness, Cor/Lea gene expression and
stomatal response during leaf dehydration.

In common wheat, quantitative trait locus (QTL) for ABA responsiveness at the
seedling stage has been reported on chromosomes 1B, 2A, 3A, 6D and 7B. Using a F,
population derived from a cross between common wheat cultivar.CS and CS-Hope5A, a
novel QTL for ABA reLsponsiveness on chromosome 5A was identifiéd. Functional
analyses of the identified QTL found that stomatal response during leaf dehydration and
transcript accumulation levels of the Cor/Lea genes Wrabl8 and Wdhni3 tended to be
higher in individuals carrying Hope allele, which showed higher ABA responsiveness.
These results suggest that the SA QTL for ABA responsiveness has a small effect on
dehydration tolerance.

ABA responsiveness of 67 Ae. tauschii accessions and their synthetic hexaploid
wheat lines was evaluated. The wide variations in ABA responsiveness due to
D-genome found at the diploid level were also expressed in a hexaploid genetic
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background. Two pairs of synthetic wheat lines differing in ABA responsiveness were
selected for gene expression analysis and to test abiotic stress tolerance. In one pair, the
highly responsive line exhibited higher induction of Wrabl7 by ABA treatment, but no
significant difference in dehydration or salinity tolerance was observed. In contrast, in
the second pair, the highly ABA-responsive line showed higher levels of Wdhnl3
expression and dehydration and salinity tolerance. Therefore, highly ABA-responsive
common wheat cultivars and synthetic hexaploid wheats might be used as genetic
resources to improve the abiotic stress tolerance of common wheat.

QTL analysis for ABA responsiveness was performed using F, population derived
froﬁl the highly ABA-responsive synthetic wheat Ldn/KU-2159 and the low responsive
Ldn/IG126387. Significant QTL was detected on chromosome 6D, located in a similar
region to the previously reported common wheat 6D QTL for ABA responsiveness.
Functional analyses of the synthetic wheat and common wheat 6D QTL were performed.
In common wheat, individuals carrying highly-responsive parental allele exhibited
higher seed dormancy and transcript accumulation of ABA-inducible genes during
dehydration. However, in synthetic wheat, association of ABA responsiveness with
abiotic stress tolerance and seed dormancy could not be detected in the experimented
conditions, possibly due to the heterogeneous genetio background of F individuals.

Drought tolerance has been found to be a complex trait controlled by a large
number of genes/QTLs with small effects. These results suggest that the identified
QTLs for ABA responsiveness have a small effect on dehydration tolerance, and might
contribute in the improvement of wheat drought tolerance by pyramiding with other
genes/QTLs. These resulis also demonstrated that the study of ABA responsiveness in
wheat is useful for discovery of genes or QTLs involved in abiofic stress tolerance
. and/or seed dormancy.

Development of molecular markers are crucial for molecular breeding. In plant
species having large and complex genomes and insufficient reference information,
RNA-seq is cost effective for single nucleotide polymorphism (SNP) discovery. Deep
sequencing of the leaf and spike transcriptomes from two Ae. tauschii accessions
representing two major lineages led to discovery of 16,148 high-confidence (HC) SNPs
in 5,808 contigs. On average, 732 HC polymorphic contigs were mapped in silico to
each Ae. tauschii chromosome. The results indicated that molecular markers developed
from polymorphisms between two distinct lineages of de. fauschii are useful for
analysis not only of the diploid but also of the hexaploid wheat genome.
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—F. BAD LI REBELRET CORB CHEREOEENREL ¢ Do ABA EInbd 2 sy
FRELOBRCHEC @D BWEALE L THY, ZNETONL 3 AXDEEMIGR b L L O A
b RBEETHEORR B S0 2 AR BB T ABA 108 3 S EI2 &V BSZD Hiv. ABA ~D&
RAEDBODBIFEDRIA b L REEID SR E L —BEBE5T 5 5 L RE LM ENTET, KPFFETIE.
IOLSREROB L, NUaAXE St 65T ARICEIT S ABA BEMOEELHALMIL, 20
EROBRREBETFEOBOHEEETEQTLAFIZ L ARE. &5 ICHEESh=B4 O QTL Digsk
| EOWNTHERMAEZBBZEEZHME Lin, T, SL asRdkitesr) LEROBHEDKRTLTE
b9, WEROBRBTLY ) A%k H—F 5 DNA T A —EREHETANERDo D, NI AXEDOD
T LREBTHEINEILRDRT LRI Y T b ORER S — 7 T oY —Ii kBT — % %
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B1ETH, IWETOREBCHRRLOEENOHR N AHFEOMBEIRY E &, &I AXE R
75 ABA R7FRIREE L ARG OBHRR T & 2 OB SW TR LTV S, INEFFEOES
L LT, B TARED BHIC W T HR_T B,

5 2| T, /¥ = AKX B Chinese Spring (CS) & Hope, Cheyenne (Cnn) DR DEEERICIIT 5 ABA
BEEDBVEHER DL ALBIEET 3R EOREFHEOREFER T2 7 7 4 L OB ICHNT
FLNITTH & L BIC, CS & Hope, HBVWECS & Con DRakERALRS BT Hope < Con ®
EDREHEN ABA BRIECHEOBETHORBSEIES LTV 3002V THEE L7, ABABS
ML ABA MET COXPROBRMESICL > CHEMLE, TOBR. CS 130 2 BB T ABA
T DBEUNELS | Wdhn1372 X 0D CorlLea IEFORRENME . b5 IREEN— 2 I0E+
SRMDR Shor, S ORBRBIEST 3 8EFIL 3A & 5A REKICER L TV5 = LA
EEhiz,

BIETH, F2EDOREEZIT T, Hope ® 5A Btk Fic 5 ABA BEECEST 58 ETOES
ALEZHEE LT, CS & Hope D 5A R hBRFH(HopebA) % OS & ZE L1 Fo £/ % BT, 5A P
BT 5 BEMR A 1B L ABA BB 5 QTL B 21757, TORE. 5A R k@t ko
BVRAE XD ONEBICE—D QTL (LOD X=7 9.16, HEE 32%) RRHOLNE. —D5A Lo QTL iz
BILT CSMY Y L% Faflifk L Hope BT Y A% FsfBifk & DHBAEN 5. Z 0 QTL IXE T4k
RICIEEPRBO 5N T, AW B SHBROLBE T CORSOERBDOERS CorlLea RETDESED
ERICESEL TV Z BB\ of, $bb, 20 5A L0 ABA Bt QTL iIEX kL RS
BIHEELTWA T EBNBL ML ot :

FATTIL, MEOICEENT & V82 AF 2 REOED RNA KOV TKRIERS — 2 = H—p i
RNA-seq SEHT 21TV, de novo TY — FO7 v 75T\ 10224 O contig 287, & biz 2 FRFER
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¥2 4578 O high confidence DERE R0 7z, 4578 DERED 5 b 4337 A high confidence D SNP T
oo kA ARERMITBERIZKE < 250 lineage IKALLTWS = & 234 Lh T3, KFET
RNA-seq BATICRAVES LR AXRFILITO 250 lineage H5RAE LD, ML EEENEL T
lineage MIORAMZRZBH L TRV, $HEMIc# Nk LXOEEHR LB ST B LN TEE,
Fe, I AXOBREENOBEEEHHRRALABT IS, BROBVVE SN contig & 77 b ¥t
FEIMB ST 52 LB CE AFAXD 1H»S TH FECOREHEIZEARAL L contig RO LTRY .
FARILROEEMT - DLEN S 3 AR L F 4 A FORGKMCEEIL Y L F=—BEENTNS -
LEERENIL, ZOZLRAALAXOHWBEEBLAENS, B5hi: SNP E0EREHREFE LT, B
BEOREERORHFv—D—2BE L, BEREOBEEEES - LN TEXH T L o7 LT3,

BEETI, F4EORRICE LIZED RNAseq 7 — & & SNP EOREFREBMT AL T, &bk
S3LX DY) ADGFv—H—DFEEER ok, TORKRE. BLEOSHTH 10000 O contig 2D\ T
SHEREBDIZ LA TER, ZORIIBEREYBER LM Shidd AEs ) LOYERHFNER L F Lk
ZLXOMBY ) MERLBOLLEDREL B F) AU Flle—A—%RETEIERALM LA
DB, ThETEOEPLPRTELI I KBHEARI Y b7 o £ TR e —h—BE L fIEST bk, %
7o, M Lee—b—D% 1L, FAE2LXRHKM. D ¥ AOBERS BNRITLFCARTEE/S
VA LXREEOEEHE LI BST B2 LR TETH o, L 2 AFIE D 7 hRRE® LI Z AR
AFRENL2 O linegae DI LORFICHETEEEZONTVBR, “hEBRRD lineage IZB 33
FNHRI LFRRFECERTBAR L a AXRTE L A LXREROEEMR EiC LS B 2 &8
FIEETHoMk, REORRIL, AR TRVESIES VRI AR O —h—i2 6 52 AXD S ) MR
WAV D2 L RTETHB I L ERLTNS,

F6ETH., ZHR 2 A¥RME Langdon & Hx 72 2 Lok 2 AXREORE B4 5 67 RBEDERH
STAXRHEHEA T, DEICIT D ABA BEHOSBEEAN Lit, AR/ 2 AXRRKER L ot
FNE A LXRED ABABEMER B LI = 5, A8 = L%0D ABA BSMERIEE 6 D& EM
HFETTRERRBICRBREN TV, 2O/ 3 ARRESD 280 ABA BEEDORRDRELEA
TERETERNZ -V LEBA MV AFER B L L 25, K HOHEAADECIE ABA BSHNER &
Wdhnl3 72 XD CordLes BEFORBRELEBRA ML ABL U b L A RHED R ZE R CAENTED
bz,

RTETH, S6EORRELTI T, AR/ 2 5% ABA BEEORVWRRET SEETEOREL
Bage LT, ABA BEMORRLAFH V2 AXREMO F E£MERVT D 4/ B OESEMR EER L
QTL BT £ 1T o /e, EEHMROERICIIE 4B LE5ETRNE Lz Fo—h—%RIB L, FORE,
6D ReAAER iz 100 ABA B QTL (LOD 2 =7 4.77. =55 22.8%) ERWELE, ThTho
FIRT YV ERO P EEORBASHT A6, 20 6D o QTL HBABORE L= — Moisht SRS STE
HOBRRFMERICES L TR BIHRBEOBRRKEOEER Corllea BETOEBRFERLEREIER
VATEORAEMEE~ OB SIIBO bk d o, AFEC LY BN EnE 6D Lo QTL 13X 6 fEfEn
BEMERT T ABA BREOBVCEEL TV, —F. & QTL DEE TN BIBEPL DR = A X BT
Mironovskaya 808 & CS 9> ABA %4 QTL i358T OMRERIEIC H 15 L TV e,

FBETH, ULOFERREZIT T, RED L= LXBRBICBIT 5 EHLSBROFEORBIC ST
REMICEB LTS, 4%, ARIRILL-TRWEShE QTL BT ESEEETFRROEREED
DILBUETHY, X abX0F ) AEEFRPERTS - bickoT QTL OBEELSTaEL 20 |
N A AXGBOBEHEETCRVWELE QTL DIEREMEET 5 Z L ATERRICAR B & FH/LTN S,

UED XSz, AR 2 XL SR/ TAXRES AT 6 52 A% D ABA Bt
545 QTL #AEL., RELEZ2>D QTL oW CEDHREZPALMILELDTHB, SbiZ, Ao
LXDOD F ) AONBE—H—BREEITV. TOv—h— B8O & Lk TALXRREEEILXDSF ) A
B ~DERIC OV TERR YR L, ThbOREIR VI FOREBEEBLIUOERRIZBOTEDT
ERTRROEECHILER. NI AXFTE~OSEIISIND, ko T B HEEO chisa Ouchi
Julio Cesar Masaru i3, {1+ () OPEERBAITHERDS LRBDB,






