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QTL Mapping for Water Sensitivity in Barley Seeds

Tomohiko Iwasa, Hidekazu TAKAHASHI and Kazuyoshi TAKEDA

Sensitivity to water condition during germination is an important
character in malting barley because it affects the malt production. Water
sensitivity in malting barley is defined as the difference in germination
percentage between the seeds in standard and excess-water conditions.
Usually standard and excess-water condition means 4 and 8 ml water in a
90 mm petri dish, respectively. Takeda and Fukuyama (1983) examined
more than 4,000 barley accessions and found 0~1009% water sensitivity.
This means complete to no suppression of germination by an excess-water
condition.

In this study, quantitative trait loci (QTL) analysis was applied to
analyze the inheritance of water sensitivity. Two sets of doubled haploid
(DH) populations derived from Steptoe X Morex (S/M) and Harrington X
TR306 (H/T) crosses, were grown in the experiment field of the Research
Institute for Bioresources, Okayama University. Bulbosum method was
adapted to develop DH lines (Chen and Hayes 1989).

Water sensitivities of 150 (S/M) and 146 (IH/T) lines and their parents
were evaluated using 50 seeds each and the germination test (25°C, 4 days)
was repeated four times. Water sensitivity showed a large variation
(Fig. 1) and the heritability of the trait was 0.78 and 0.72 in S/M and H/T,
respectively, indicating that about three-quarters of the phenotypic vari-
ance was genetic in origin.

Three (S/M) and one (H/T) significant QTL were detected and 23% (S/
M) and 25% (H/T) of the phenotypic variance was explained by the QTL.
These QTL were located on chromosomes 2H, 3H, 6H and 7H (Table 1,
Fig. 2). QTL relating to germination traits were located near the QTL
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controlling water sensitivity (Fig. 3). Interaction among the QTL was small
(Table 2). Marker-assisted selection was effective (Table 3).

Key words : barley, water sensitivity, QTL analysis
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AALXDFELHAEBETCHAE —INEBENZDIZIIA A LXET2RFI T TEHS
(malt) #8ET 270 AP WEATH S, EFLEET 04T L XHEFE2KICET T
K X (B E), BYLIRELGT THEL kb BFSE5, 20K, @R LKT
ko TRFPIPEENLZ LIIHE LAV T, BFEHOBHE LAY 582N, ¢
7 b LT ORIK M (water sensitivity) 21< §5 2 L2t — VEREAMECIIER L BHE
HIE & 705 T2, Bk OKESM) 130 ) & AvBFRBicB T, HRERZK
BE 52 REORERE ZOBEDOKE G 2 EEORFRNE (WD) 12 & - THHfi L (=
ERFIeL Y ¥ —  1986), WOKMEAMSRLLEThHIUIHEICABE 2 b (HE  1974).
aGH - AL (1983) 13 A A 2 X4, 000 FEDBUK N 2 F-E L T 0 ~100% Dk & 7 fhiEA
BARML, BA, SgEE hEZ EOREOBKEIMERNZ E 2B L2Ic L2, HAD
v VE GO — O A A A XL ) LKL, HEOZRIREI N,

R DRI D\ TR MR e AT h LT WD T, ARFZE TR B R
% F Tk D QTL T 247 - 72,

7B, AHFFE—ERIL F MR E S R R B AT e HE MR TR R JSPS-
RETF9616001ic & - 72,

MHEE LU HE

# # 2. % f4%& Steptoe & Morex (S/M) # k tf Harrington & TR306 (H/T) O3
A5 OLR w W A (Chen and Hayes 1989) THBK S itk (DH) 1508 LU
14628 7 & I B A R L 72,

Steptoe * Morex l375%, Harrington & TR306 |3 “Z&CTw§i b gk, Morex & Har-
rington (Z ¥ — WVEEERIRETH 5.

L% 2 BB 72 BERI0m D 77 A F y 78k ) ILCTE S L B RROTE 506 % &
KL, 25C, BE4efET 4 HREMES L CRFRLFEL 72, 0.1%D~<> L — FKEHEZ 4 b5
3B Y 8wy 2 2 KBERENORFSHEDEL BTG L7z, ERIT 4L,
200k FZF AL FHE L 72,

FNENDRFOBAMEDOSAE & 223 (S/M) b k18127 (H/T) o=——HRizEDE
MAPMAKER/QTL 1.1 #HHWwTA > ¥ —s5<y > 7 %47\ (Lander and Botstein
1989), LOD 22 7#»2.0 kb e HEL QTL & L7z, &8, DHRHLLKIZe—7
—fE#13 North American Barley Genome Mapping Project » & 28t & 172,
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Bl 5 o @K 13 Steptoe £%20.0%, Morex #932.7%, Harrington #10.2% & & Of
TR3064°22.0% T# - 72,

WAl A ) DH SAHEE Tla S TRE 2 7 BEb 38D b 1, RETF¥MEIZ S/M Tl
35.8%, H/T Ti324.6% & EZHHFHVH L 131T—% L 72 (Fig. 1). DH RiE ¥ Tk
TRHEFOBEMNRIIBEN L DT, 2Ok JICEMTFEHE»PHEBEL ) LE X 0I15HE
EFHICHEER (2522 2) w20, BKEEZRTREDZ T — ) > 7h%E
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Fig. 1. Frequency distributions of water sensitivity of barley seeds in the DH lines.
a) : Steptoe X Morex. b) : Harrington X TR306.
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Table. 1. Location of QTL affecting water sensitivity of barley seeds in the DH lines

Cross Chromosome Marker interval® LOD score r? Weight (9%)°
S/M 2H ABCI156A-MWG858 2.3 0.067 7.6S
3H BCD828-MWG680 2.0 0.061 7.2S
6H ABG387B-ABG458 3.0 0.094 9.0M
Multilocus 8.3 0.231 24.6
H/T 7H MWG626-V Atp57A 8.7 0.254 12.9H

@: Nearest marker in boldface.
> Values indicate parent contributing higher value allele, where S=Steptoe, M=Morex
and H=Harrington.

Steptoe X Morex Harrington x TR306
Chromosome 2H Chromosome 3H Chromosome 6H Chromosome 7H
ASEIB “dRpgl 4 .
ABGO062 i iPg lA-E |
MW G620 BCDJ291
ABG3TS ‘ i3ve J
X 4
: af(is%A |
ABCIS2A % 1 |
cMWG652A1 . H
ABG3801 \
X SR1 X
' ABG387B ,
] !
BG458
! ABCI69B mMwasse gy |
, DO497 . A
BCD340E;
| ksuD17
| ABC175 )
| MWG820 MWGoos § |
! MWG5114 !
! a7 MWG626 !
| bBES54B VAtpSTA !
MUY : MWG934 !
, ABCI170A MWGS71D |
| l
2 I
ARG ¥ |
: MWG889B ¥ :
asc2s2§ | I
ABCI57 4 ! asciiosy |
ARRCLE R ) MWG798A PSR1204
ABG317A Y | | |
ABC253 4
ABG3I6EF I 0 1 2 3 ABGoosF !
crl ! wassoag !
MWG204 ! !
BGIZIAE ) 1
bBESAC 1
T T MWG635B#+
0o 1 2 T T T T T
LOD score 0123456789

Fig. 2. LOD score from the QTL analysis of water sensitivity of barley seeds in the cross of DH lines
derived from Steptoe X Morex (chromosomes 2H, 3H and 6H) and Harrington X TR306 (chro-

mosome 7H).
The shadowed regions indicate the confidence interval of QTL for water sensitivity. Circles

show the position of centromere regions.
YIThwZ bickdEEZLND,

Avg—rv=y BEr N E - TEAMZ KB T 5 QTL O E LR EHEL 2L 25,
S/MicBWTid2H, 3H 5L 6H Getathk LicHEL QTL 7RI E N, 21 bz k- T
KUENERND23. 1% D HBE NI 2D QTLIZERD 6 ~ 9 %A HHL, £ 2 HEok%E
7~ 9%E[LEEDL EHLN (Table 1), 2450 QTL i FN2H Btk i,
3H Ytk N @B, 6H Rakaniili EicHFET 54607205, LOD A2 70 —7
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Table. 2. Analysis of variance for water sensitiv-
ity (%) in Steptoe X Morex DH lines

Source df MS F

ABCI156A (a) 1 1839.8 11.085**
BCD828 (b) 1 2320.6 13.981***
ABG387B (¢) 1 2510.2 15.124***
aXb 1 328.3 1.978
bXc 1 81.1 0.489
axXc 1 693.1 4.176*
axXbXc 1 182.3 1.098
Error 122 166.0

* ** and *** : Significant at the 5, 1 and 0.1% levels,
respectively.

BT, EERBELEYo T, BEFOERIZWEETEY (Fig.2), 209 b 2H &
3H Ytk o QTL 13 Steptoe (2 ik L, 6H ¥efafhkod QTL i3 Morex IZHIRL Tz, 8
BB R OR L 2R TIE, SNLDRY BHICHKRT BB TOERL TN ELZBL L
LOEEZLND, LD 3ED QTL NRIICAHEEH (ZEA L R) Db b E Ik
ST & o TREL 72 & 25, 2H Refafk Foo QTL & 6H Heafk 1> QTL iz 72
VF 5 % ke TA T e ok M % B B DS WA ERI 238 & 17z (Table 2).

—%, H/T iz T3 TH Jefofk bic Bokt: 2 #13% 2L €, ZBRN25.4% % HMT %
VERfin K % v QTL s R S 7z, = QTL i3 Bk MKy Harrington (2 HIR Y % =2
HH XN 5. Harrington 20 & 5 AEA O AEZ W QTL 28> T aic bbb
H ) TR306 & 0 & BkMEAME &9 2 &1, Harrington MEfRH R & L TRUKYE % K
TEEHLEI LRV 2 EHEMLTVWBEIEE2RBTELOTHSH. ZHQTLIR
TH Yotk hgfiz M 5427 LOD 2 2 7o — 27 25 L, fEROH L S RIEFTHH I L
RT3 (Fig. 2).

S/M & H/T OEkMED RIS & RENTER GRETE) » 5B RFTFEED
HEEFPERT 2 E, S/M TI20.780, H/T Tix0.720& % 9, EBRIGER DI/ 4HTBES
B Y O34 BIESRTH B ERENT, —H, S/M TiZ 3 Mo QTL, H/T Tix 1
o QTL 12 & » T2 FNORBEIGENFIL/4 (S/M 1 0.231, H/T :0.254) »"HAS N
0T, BN OK1/213 LOD 2 3 72,012 Lk WERAADAE %, wbW AR P— 2 &
LBIESHTH DS, Thbb, MRMMAEI BV TBKED KRB SHOM]/ 4R
DAk E vy QTL, W1/ 23RN ORZ VY o —> ) FHBH OMI/AIBREICL 2D e A L1
5.

Bk, A A LXOBTRAMEE - LVEESHGETREEL MERERE & LTRSS
TERD, ZD 2 H = X LRBIEHIC OV THBLHERIZ L - 2. 4@l M V72 DH
RO BRI EAMEIC B L TAE o AERMER£RE T, QTL M IC 3469 L ) it
BT hoic bt b b T, 4 Kogetk FicFEL QTL RSN, 2095 b 1
HEMEETFEE->TLRVIIEOKRERERMEZTL 2. 20k )i QTL @iTid&{5H
FROTHELTEE 2T 25 Z CHOARLRETH 5.

kiz, 2 b QTL s BHEC#EE L T a0 Fe—— % HE L MRk A2
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Table. 3. Comparison of water sensitivity (%) between subsets selected by

markers linked with the QTL

Chromosome 2H

ASELA

Cross Marker Chromosome H L H—L
S/M ABCI156A (a) 2H 39.1 (80) 32.0 (67) 7.1%**
BCD828 (b) 3H 39.7 (66) 32.5 (82) 7.2%**
ABG387B (c) 6H 40.0 (78) 31.4 (56) 8.6***

a+b 43.5 (37) 29.4 (39) 14.1***

b+c 45.4 (31) 282 (30) 17.2***

atc 44.7 (44) 30.0 (27) 14.7***

at+b+c 53.7 (17) 27.2 (14) 26.5***

H/T VAtp57A 7H 32.2 (59) 19.9 (80) 12.3***

*** : Significant at the 0.19% level by T-test.

“H” indicates the subset which has high QTL for water sensitivity seeds,

and “L” low QTL.

Numerals in the parehtheses indicate number of lines selected.

Steptoe X Morex

Chromosome 3H
MWGS571C

Chromosome 6H

I

ABG058 ABA307B
ABG703B
MWG878 ABC171
ABGO0R
MWGT98B
BEDA3] MWG584
ABCIS6A ABG4T1
MWG85
ABG3358
ABG459
Pg§ ABG399
Ad BCD828
G68
Aozt MRS
ABCI67B
bBES4D ABG377 ABC175 <
CDO388 MWG5558 MWG820 —
TLM ABgSlS
His3 ABGA453 Nar7 —
ABCI52D MWG571A Ale -
mgﬁ ABG499 bBES4B —
MaEL MWG934
CDOI113B ABC170A —
ARGOTZ His4B
ABG004
ABC252 WGLI0
ABC157 ABC161
ABCI53 MWG902 .
ABEST8 ABG654 MWGT798A
ABG317A G
ABG316E ABGAOSB
MWG T30 ABCSI5
AB
BGI23A
BBESAC ABC172

Fig. 3.

26

Harrington x TR306

Chromosome 7H

dRpgl —
incFFA —
BChIZE 3
Prx1A O
aHis3A

LALILLR

ABG380 ——

MWG836 —4—
Brz 4

MWG003 -
<FT

MWG511
MWG626
VAtp57

MWGS71D —§—

MWG889B —f—

ABC310B 44—
PSR129 ——

ABC253 44—
ABG608 —1—

WG380A —4—

MWG635B —%—

Location of QTL affecting water sensitivity (WS), germination speed (GS), flooding tolerance
at pre-germination (FT) and salt tolerance at germination (STG) from the cross of Steptoe X
Morex (chromosomes 2H, 3H and 6H) and Harrington X TR306 (chromosome 7H).

The shadowed regions indicate the confidence interval of QTL for water sensitivity.

< : Allele from Steptoe or Harrington.

4 : Allele from Morex or TR306.
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a7z,

S/M T3 2H a4k | o ABC156A, 3H {4k o BCD828 5 & (X 6H Ptk Lo
ABG387B #~=—#— ¢ L CENFNEM, 2 >8I0 3fHn~—~—Ick > TDH %K
Mk L, ZoRYIEE (H—L) % Table 3I2/RY. FNFNDHEm=—H—I2 k> TE
B 2B 2 GREGHIE) 13 Table iz/R & 115 QTL oEAli (weight) I2IZITEEIL T8
0, 2fH 5z 32— —iz L - GERK S N2 ERZED Table Lia RE N5 weight 7
FEEAE &R T, — 0, H/TicBWwTh TH §k o> VApSTA 2~v—7— & LT
L 2 BEMIEE1312.3% & Table Lic/R & 4115 weight 12.9% 2L L T 7z,

I 5 DH RFIC DWW CTIIREFEE, HFom At (25°C T4 HEEF2KRIT L 72

ZIFEeS1), BFERFOMEMS e &0 QTL i irbit T3 (iH  1997), 2 s o QTL
& %Dﬁﬂ*ﬁ ENLBEARED QTL DALERFEZ R 2 &, S/M @ 2H e tafk b oy kMo
QTL ?i 513 FFEE D QTL 7%, 3H etk Lo Bokitto QTL i i (3 -F it K
P QTL »%, 6H Jetatk bkt QTL sz i3 BFom it QTL » L,
H/T TRHEIN2EKED QTL OEIC I3 FEFEE L BT O AED QTL " fFET 5 =2
Ehbr -7z (Fig. 3), R RFERE ST ORAKMEDMIZIZ S/M Tid r =—0.256, H/T
TIET=—0.304 T 1 BKRETHEL AR (FFHEEOF RBITEKMELK
W) BES LN, KD 2 H = X LD—ERITRE NI,

ECH - #F0 (1983) 13 HM: D RV ER T RO BAKE: % ik L ¢, BRI — R
GHER 2 OMERKE L D VLIRSS E2RAHL, 77 AXOFEORES
SO VB BIEFET T ALREL, BAKEZEHL LN EHEL 72, BoKED 2
HE=RLFETBE I ATV, BKED QTL O LI P HE L L DFRFICH
#Y 5 QTL WHET 22 ERBEKED A =X 0 %H2 55 2 THIKE G,

i ®

Steptoe X Morex (S/M) # L tf Harrington X TR306 (H/T) offin#k (DH) R#t
Y HWTHETOBKED QTL #2417 72. DH Rl dfke c@issEsrL, S/M T
123, H/T ¢l 1o &L QTL 2R N, # T HEKENEROK/AHHAI N
72, 2 b QTL oA EICIIRIFHE L FORFICHET M0 QTL »RE S iz,

F—J—F A LXK, BTOBUKE, QTL T
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