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Inheritance of Phenol Reaction in the Awn of Barley

Kazuyoshi TAKEDA, Chan Lin ZHANG and Ryoichi KANATANI

The inheritance and geographical distribution of the phenol reaction in
rice has been investigated intensively. On the other hand, in the case of
barley, almost all of the varieties show positive reaction to phenol, and
inheritance study of the trait has not yet been reported.

We investigated the phenol reaction of ca. 5,000 barley varieties
preserved at the Barley Germplasm Center of Okayama University to find
about 30 varieties which show a negative reaction to the phenol. These
varieties are mainly from Southwest Asia. The reaction of awn was
sharpest at all parts of the plant including seeds. The positive reaction
must be the prototype of barley, because Hordeum spontaneum., a possible
ancestor of the cultivated barley, shows positive reaction.

Inheritance and linkage studies were conducted using varieties with
negative reaction and linkage testers with positive reaction. Phenol reac-
tion was dominant and showed a clear 3: 1 segregation ratio in the F,
populations, indicating the trait was controlled by a single dominant gene
Ph (phenol reaction). Linkage study revealed that Pk was linked with four
marker genes (three loci) on the chromosome 2 and independent of 13 other
marker genes located on the chromosomes except chromosome 2. Pk may
be a useful marker gene and an interesting material for molecular-

biological studies.
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NI 7 = /=N EBBILT 2BERDHAEL, TRNE ) Z 2KRBORIER T 7= /—
WHBEI NG Z s T35 (Harborne 1964),

cresolase (phenolase)

monophenol+0,+2 electrones > 0- or p-diphenol+Q?- (1)
catecholase (diphenol oxidase)
. 4 .
0- or p-diphenol+0, 0- or p-quinone+ H,0 (2)

—F, Wk > TIIBWICZ N7 =/ — VB LB R 2 REBRERSELET 5. Hl2 i34
A TREKRD 7 = ) —NWHEBRIGDOFEIA > FREBABOUNIBE L L CHRAINTE
D (F1953, ZEil-THE1967), ZDFEEH LI N TV, BELZROBBIERL X5
{05 (ripening black) % ¥KLT 5 =M Ri#ET Rb-1, Rb-2 B LU Rb-3 #5 bor—
D Rb-3 DEFIZT7 /= NEORICEBIETF PR THBZ EHLPICENTWE (FEL-T
#1967, Maekawa 1984). T % bbb, {1 RiCBWI{ 7 =/ —LEBREEEFIZ 72 /—10
FRALT B L RICHBC BT 2RO ERIC OIS L T 5,

—F, TLXRFFLXKICBVTHRRN 7 = /) — NEBREORE R REEER Y,
INRHEENOEME : LRI N TE 2 (8421937, Tk &i51938). LaL, #
DBIRMEIE DN TI TR I N TR, FEHELBBSEICOLR > THF XD T 2 /) —
WAEGBRIGIZDWTIIR L TE 72, ZORR, MWKDEHESD I H, BBV 72 /—
WEBRIED R HETHENES TH D, 4 LXK HFE Hordeum spontaneum
TREP 72 /=L > TEBTLNT, FRMIHERTHL EALNEZ E, FAEL
P2REEA A L XH95,00050 50 5 BRSORFETEN 7 « / —VEBEHFEDLNT, s
DT x /= NEBRIGCE R SERIEBT O 7T L EDOREI LB oA L, - TR
BT L WERRE RS, @IS (fitness) DEWRRERIBLNLZ &, /2, HLIEI
7y e—#E IR b7z 5 THFFI0KR BAEE L 724916, 000 8N HICIZ 7 = / — VAR
BB % R ERERKIIBO LN LW L E WL LTER (848 51990).

A TEA A LXDTENCBIT B 7 =/ —VEBIGEE R ERE PR L CF0EENE
BREATL 72,

MREIUFE

B LK B A R e R Z R R T A A A o XD ) b, 057 =
=Nk - TEEL v OUC663, OUILE77 3 & tr QUITS0 o 3 fufE & EgH T 7 2
% — 8 &# (OUL001, OUL004, OUL017, OUL053, OUL056, OUL085, OUL09 £ L ¥
OUL131) & DM TARISHAEDIMEEITY, & FEMK100~390EERNERIZY & =0
7z S VEBRKIGE PR L TEOBEBE SR L 22, &7 27— DR OE#E
{=¥ % Table 1 12757,

BEBEE AN FTRoOBICHEL, —F, 7=/ —VEGKGIERAERIZEED]C
REL CEMEEL 2fE 2 EEI8Smm, E3180mm ORBEFICES TIc L TEL AN pH6ICH
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BL7219%7=/7—)VKEH3 ~5ml 2#45EL, HR T2 BHES 724, Endthd +
() & — (&G CHELZ.

Table 1. Parents used for the inheritance study of phenol reaction

Acc. No. Phen'ol Maker genes
reaction
0ouUC663 —
oul 677 - s
OUI 750 -
OUL001 + n, V*
OUL004 + by, n
OULo017 + V, b, e
OUL053 + 0
OUL056 + K, gl-3, Bl
OULO085 + mt,e V, e li
OUL095 + V, B, trd, n
OUL131 + als, uz, al
— : negative + : positive
s : short-haired rachilla g1-3 : glossy seedling-3
n: naked caryopsis Bl : blue aleurone
V. deficiens mt,, e : mottled
br : brachytic plant B : black lemma and pericarp
V : two-rowed trd : third outer glume
I : ligule-less als : absent lower laterals
¢: wide outer glume uz : uzu or semi-brachytic growth
o0 : orange lemma al : albino lemma

K : hooded lemma

BRBIUEE

N7 2 =B BIGE /R OUC663, OUI677 3 & X OUI750 # @ & 3 2 1844
HO FENCBT 2ENT7 = /) — VEBRKIGD % Table 2 12777,

T8, 2NLDEATD FEEKNTEIVWINL 72 /— iz k> TEBL, 72 /— L
FEORIGREEEE TH L EHRENT,

Table 2 i2/R& N2 L Hic, F.EMICET 272/ —EGKIGIRESE 1 ERFICKEX
n53 . 1oHFFoBEIc ek L TR, WHHE2,778 0 926 & BLZ2E2,779 - 925
HRERZ LT LEKICTEL» 72, HroEFIc >TSS L, BERHIEDD 2
A (THES1BLUT7) LEBRPBZD2MAY (XHBS3 11 »h LD,
A —MDH A ZFMEIIEBEREEZ R U205, BEOBMEL THL HAICE BRI H
LVEBEIL>TVWEDTREZVDT, ITNLIBHMHEBECI R TRWEEHLNS.

DL, AFLXOTRBIT A7 ) —NVEGRRERENRE 1 EEFIIEREI LI L
LI ENTDT, Lt Z DEEF % Ph(phenol reaction) &3, 7= /— I )LABE
LB SED G Fig. 1127,

Table 2 127 R & N5 FLEMO—HICOWTRTED T = /= VEBRKIGIET T {, BE &
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Table 2. Segregation of phenol reaction in F, populations

Cross Phenol reaction
X x*3: 1 X’
No. + — Total
1 C663 < L001 85 43 128 5.04*
2 C663 X L053 94 23 117 1.78
3 C663 X L056 120 24 144 5.33%
4 (663 X L085 92 24 116 1.15
5 C663 X L095 76 27 103 0.08
6 C663 < L131 121 44 165 0.24
Total 588 185 773 0.47 13.15%
7 1677 X L004 265 122 387 8.79* *
8 1677 X 1017 283 111 394 2.12
9 1677 X 1053 171 57 228 0.00
10 1677 X L056 226 77 303 0.03
11 1677 X L095 297 77 374 3.88*
12 1677 X L131 293 98 391 0.00
Total 1,535 542 2,077 1.33 13.49*
13 1750 x L004 108 34 142 0.08
14 1750 X L053 94 21 115 2.79
15 1750 X L056 114 37 151 0.02
16 1750 X L085 123 34 157 0.94
17 1750 X L095 107 38 145 0.11
18 1750 X L131 110 34 144 0.15
Total 656 198 854 1.50 2.59
Grand total 2,779 925 3,704 0.00 32.53%

X’ x? test for heterogeneity
* %% . Significant at the 5% and 1% levels, respectively

BE (RE) 071/ —NVEBERRELR. TNLDOMEHZ W T L 2k % FiE
TURBHBKEE, Erty P TTvwhWEBEL I L cZic oz @inlzs »—LICE
BRU, pH6 IZFH%EEL 72 1% 7 = /—WVKBHE%Z 3 ~5ml5#EL TERT2 ~3 HRIES 4,
HOERELZHEL -,

k2 Table 3 I2REN B & )iz, T8, BEBLIURE (RE) o= o0isilzicE
B srr L TEES A+, ++—, +—+, —++H, +—, —F—, ——+BLIUV———
DEIATNDIHEZATHHBLL, ZOBRICEZ DO TETH L, £D—2I3
ZonEioFNFNICT = /- VEBRIGERBET 58T (Ph-1, Ph2, Ph3) 7°%
LrTHRFTTHY, ZORBICHE) &, TEEBEOMAL TR+ +, +—, —+ L HWIT——
551,073 :7 116 3481 3BT 2 0T Ph-1 & Ph-2131.61+0.33% 0 MMl 2L, R
TR (B OMAYTIZ1,069 11 16 : 3487T Ph-1 & Ph-3 131.89+0.36%, # &
B (R DA TI21,069 1 4116 1 355T Ph-2 & Ph-3 131.39%0.31% 7 ¥l %
EALNDL, Thbb, T8, BELCLPICRE (RE) CENFIHIED 7 £ /—VEBER
IBRIETFIELET D EET D L, FNL3VTNLENET, 7D, HEILH 2 BLUROME
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DTEELHEET Oy 72BHL TWBEI2% b, bR, A ATEHAREEEkNT7 <
S = NWEBRIEKFNETNHEOBEFIC KB IN TS &) HEHSH 2 (Takahashi
and Hamza, 1983).

Fig. 1. Positive (right) and negative (left) phenol reaction in the awn of barley varieties.

Table 3. Phenol reaction of awn, hull and pericarp in F, populations

Reaction of awn, hull and pericarp

Crosses Total
+4++ ++— -+ = ———

C663x 1001 85 43 128
C663 < 1L053 95 22 117
C663 X L056 112 3 1 3 22 141
C663 < L085 82 24 106
C663x L095 76 5 22 103
C663x 1131 121 4 40 165
1677 x L017 283 5 106 3%
1750 X 1004 108 34 142
1750 X L056 107 1 1 4 35 148

Total 1,069 4 16 7 348 1,444

+ : positive — : negative

Reaction of C663, 1677 and 1750 : — ——
Reaction of other parents: +++

Lo —DOnERIZ, TNLD=2DFAUTTHRLFE—D 7 =/ — VEBRKIGEET Ph
CXEENTEBY), +++ & ———DUAND A T ERBERME ORISR, RN BE L
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Table 4. Segregation and linkage relation of Pi with 17 marker genes in F, populations

Crosses Marker Linkage F, segregation xt

genes(M/m) group Pp.M- Ph-mm phphM- phphmm Total — Ph/ph(3:1) M/m(3:1) Link.
C663 < L001 n 1 72 13 30 13 128 5.04* 1.50 3.12
C663 X L001 v 2 73 12 17 26 128 5.04% 1.50 42.01* *
C663 X L085 mi,,e 2 60 32 24 0 116 1.15 0.41 11.17%*
C663 X L085 1% 2 77 15 12 12 116 1.15 0.18 10.36* *
C663 <X L085 i 2 63 29 24 0 116 1.15 0.00 8.83* *
C663 X L085 e 2 68 24 20 4 116 1.15 0.05 0.75
C663 X L095 14 2 60 16 10 17 103 0.08 2.72 19.66* *
C663xL131 als 3 90 31 24 20 165 0.24 3.07 7.42% *
C663 < L131 uz 3 99 22 34 10 165 0.24 2.77 0.30
C663x 1131 al 3 102 19 34 10 165 0.24 4.85% 0.73
C663 X L056 K 4 95 25 19 5 144 5.33% 1.33 0.05
C663 < L056 gl-3 4 85 35 19 5 144 5.33* 0.59 0:79
C663 < L056 Bl 4 92 26 18 5 141 5.68* 0.68 0.02
C663 > L1095 trd 5 57 19 21 6 103 0.08 0.03 0.09
C663 < L095 B 5 64 12 22 5 103 0.08 3.96* 0.05
C663 X L053 0 6 77 17 18 5 117 1.78 2.40 0.27
1677 X L004 n 1 200 65 94 28 387 8.79** (.19 0.18
1677 X L004 br 1 187 78 95 27 387 8.79** 094 2.27
1677 X L095 n 1 226 71 59 18 374 3.88** (.29 0.00
1677 X LO17 Vv 2 242 41 48 63 394 2.12 0.41 82.84* *
1677 X L017 i 2 197 86 106 5 394 2.12 0.76 31.46% *
1677 X LO17 e 2 205 78 94 17 394 2.12 0.17 7.04%*
1677 X L0O95 |4 2 244 53 34 43 374 3.88* 0.09 40.67* *
1677 X L131 als 3 224 69 74 24 391 0.00 0.31 0.03
1677xL131 uz 3 220 73 72 26 391 0.00 0.02 0.10
1677 X L056 K 4 172 54 57 20 303 0.03 0.05 0.13
1677 X LO56 Bl 4 178 48 57 20 303 0.03 1.06 0.68
1677 X L095 B 5 237 60 44 33 374 3.88* 0.00 14.64* *
1677 X L095 trd 5 211 86 61 16 374 3.88% 1.03 2.20
1677 X 1053 0 6 135 36 40 17 228 0.00 0.37 1.75
1677 X L017 s 7 204 79 83 28 394 2.12 0.98 0.25
1677 X L056 s 7 174 52 55 22 303 0.03 0.05 0.95
1750 X LO04 br 1 83 25 26 8 142 0.08 0.23 0.00
1750 X L0O04 n 1 81 27 23 11 142 0.08 0.23 0.70
1750 X L085 mt,,e 2 95 28 34 0 157 0.94 4.30 5.86*
1750 X L08&5 Vv 2 108 15 19 15 157 0.94 291 14.07%*
1750 X L.085 li 2 90 33 34 0 157 0.94 1.33 8.72% *
1750 X L0835 e 2 86 37 30 4 157 0.94 0.10 4.42%
1750 X LO95 14 2 92 15 18 20 145 0.11 0.06 22.93% *
1750 x L131 als 3 85 25 29 5 144 0.15 1.33 0.79
1750 < 1131 uz 3 88 22 28 6 144 0.15 2.37 0.05
1750 X 1L131 al 3 90 20 25 9 144 0.15 1.81 1.00
1750 X L0O56 K 4 81 33 31 6 151 0.02 0.06 2.39
1750 X 1056 gl-3 4 87 27 27 10 151 0.02 0.02 0.17
1750 X LO56 Bl 4 79 32 29 8 148 0.00 0.32 0.77
1750 X L095 trd 5 88 19 30 8 145 0.11 3.15 0.13
1750 X L095 B 5 75 32 26 12 145 0.11 2.21 0.06
1750 X L053 0 6 65 29 14 7 115 2.79 2.43 0.00

* ** - Significant at the 5% and 1% levels, respectively
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2o T, TN DM OBREESEbN I PFE LK T L2 WS I RETH S, =
DI & 4T Table 3ICRENSE ++—, +——B LU —++D 3 74 7AE2MEKIZ A
Rt ++ o2 DT NLDEALTT = /= NVE RIS L b d b Wit E L &
TLzbnEAabn, HEMBOK2% (27/1,444) HZDE I LA T IL T 1272803
ZEIL L, INLDBRO T NS RE TH 20 I3 BRI DTV 3,

KIZ, A F LX D TAEOPAARIC R T 2 EHEIET & Ph & OHESESHO#ERE % Table 4
IZRT,

OUC633XOUL131 i2B\>Tid Ph & 8 3 efafKiz )% Fd % als (absent lower laterals,
FEREETIRE) & OMOMSIEENTEI NI, FEMICA B Y, ZOFELH A ZFEid
ARG BT AERVEOSHOENIC L LD TH ), HEICHB W CTERE
3 1ICTBEL T T Phk als WEEL TWBDTIR LB W L BEBENS,

OUI677 X OUL095 T35 5 eufkic 3 % B (black lemma and pericarp, 2k &
DTS EEZE NS, TS ZEEEROBR - ®|A BRI BT 5358 0 58
DEAIZFEDN T B,

—7%, B2ROAICHET 2 BIZFEE IZE—HI5 (OUC633X0UL0SS 2 51T 2 e,
wide outer glume, WRJZH#H) #BW T TN LMVEITES N, Ph »°8 2 Yeafkic i
Y 5T &R ENT, £ 2 THE2PBIKCHTET 2 8B TF 2D, HEMEEo %
W OUI677 X OULO017 iz DWW TR FAHA M % B H L (Table 5), s@fEF X8 2 4i
ERR AR 72 (Fig. 2). ZHUc k& Phiz V & I o RICAIE L, e & (345Ul T40%
BEHENTEBY, Zorzoizhiko OUC633XOUL0SS Tix Ph & e H¥Esr & MK 2 7z b
NEBLNS,

Table 4 I3 & 115 & 912, OUC633 X 0OUL085 & £ 1 OUI750 x QUL085 Tl & 2 Yefik

Table 5. Linkage analysis among Pk and three marker genes on chromosome 2
in OUI677 XOUL017 F, population

Genes(A:B) A-B- A-bb aaB- aabb Total x5 RCV(%)
Ph:e 205 78 94 17 394 7.04%*  395+42
Ph:li 197 86 106 5 394 3146**  21.8+4.8
Ph:V 242 41 48 63 394 82.84** 247426

iV 209 94 81 10 394 14.40** 32344
li:e 235 68 64 27 394 1.90 447135
e: V 200 99 90 5 394 29.24%* 222447

** - Significant at the 19 level

1i

[v)]
<
3

24.7 L i 21.8 ——

32.3 -

22.2

A
B A
[

1
447 -

Fig. 2. Linkage relation of Pk on chromosome 2.
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ICPTES 5 2 E B LI I LTV % mi, e (mottled, TH5LEE) & Ph ORI B2 88T
Izl SRR ES D ool ZES MRS, MBI TE s - 7,
A1k, HAMBARE LML T mt,e & PhoE8BIR 4+ HRAT L2 TFETH B,

—7, Doney and Woodward (1963) I3ZEH T > } > 7> % %63 % Pau (purple
auricle, SRIEH)HS V J & 28-30% D MIfli CHEE L TV B 2L 2WMELTWD, Paupns V
POEARTUEDHIMNZH B ETIUE, Pau iz Phopie VEECH B I 20T, MED
BRLMRET LI ErWETH S, £/, 72/ VBEFERBEIRBINZOTS
B E LMY 52 Ei1C k> T PRI T ORI - BACEN L ER OB ERET 5 2 & H
WiFsn s,

1% 7

IALXDETIET7 = /) — NV EBLT 2EROEWTRG DS, D TOBND FFETIIED
T /= NEERR LN, AR TIITED 7 = /) — VEGRIGOEGYE & T L 72, &
FiTRDEY .
1) EN7 x /7 —NEBRGIZEMEET Ph (phenol reaction) 12k » THE XT3,
2) Phi3ss 233dkiz e— V—Ph—1i DIETEFH| L T 5,
3) T, BEBLURE (BE) ORIEF KL LWEEIH LY, TN0ERELEY», %
NENOMBETHMEDBERTHERAL T3 Z 2L 2D IR L ET 5,

F——F AFLF, 7 /NG, B

51 B xX ®
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