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Genetical Studies on Callus Growth and Plant Regeneration
from Immature Embryos in Barley

Yoshiro MaNO, Kazuhide RikiisHI and Shozo YASUDA

Immature embryos of 99 varieties of barley were cultured to investi-
gate the ability of callus growth and plant regeneration. These two in vitro
traits showed wide and continuous variations among the barley varieties
tested. Ability of callus growth, which were evaluated by callus diameter
ranged from 3.9mm to 11.2mm, and ability of plant regeneration from the
calli ranged from 094 to 1009.

A set of complete diallel crosses was made using six cultivars as the
parents which differed in ability of callus growth and plant regeneration.
The V./W. graphical analysis showed that there were epistasis, or interac-
tion among nonallelic genes for callus growth. As to ability of plant
regeneration, no epistasis existed in the subdiallel without P, (J232) which
showed high specific combining ability, and it was controlled by a simple
additive dominance genetic system. The mean degree of dominance(0.42)
was relatively low and the broad(0.86) and narrow(0.78) sense heritabilities
were high.

Key words: Barley, Tissue culture, Plant regeneration,
Diallel analysis
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F A L X RBIRA 2D b DEMLEDEE

#

W, EOBRBE2THICh ), WHERERSHIER L s TENFEIFHAI R
HEIih->TER, ZO=FT, BEERRSLHILER TIZREEMIES & Ok ET b
WEETH 2% EORESEYH B,

FALXIZDWTIEA AFE KT 5 EMRESCRULEN TV, miEi7a 77 2
b & B WCIIRERSAEER Y b OWWEKBE S HREZIN TS (Yan ef al. 1990, Jihne ef al.
1991ab, 1EHE51991). %72, EEHC 79 F 77 2 P ADOBBTFEABICOWTOHRELH Y

(Lazzeri ef al. 1991), THIEEA F LA XDERLIEVIFRWEEE b &F2 505, LY
L, ZNbnHE3M s N2 itEr 5 n@FMbTh ), Z2OFMEELBENOFBRTH 5.
L7ehnT, A LXDEMEDREMHNLT 52 & I3BETH BREVWRETS 5.

Eoft, LR EFEN T B 7212 TEEF (leaf base) R4 1 255K (seedling axis) (Becher
ef al. 1992), %E# (inflorescence sheath leaves) (Barcelo ef al. 1991) % &, 2 F &I %
WHES D b AN ZEEEL, bR AE LN TV 305, BENE Z AR LAHINT
W ELERBIERCTI DR WERIIBOLN T v, F2, MR OEVNIZLE-T, £
IZH L A A RET L, MR EMEERA TR0 BKRTH L, 0L ) LRKD
Tizd - T, WAL % LR 2 @R T2 L 2 ETENENOIMER IC#E L 725558
ZMERRETT 2 2 EATEIUE, B o GEIBHIER & R NS NBEERIC 9T
THZDIEDPAREE ), ZOZ LIZREED B RYHRES DR E LS HI2H 72 )
Y HETHbEHEZ LN,

ARG TIE A A L XM 5 OBMuE G L, A TENTFEOERLICEHEST 5
ez, TEMMEE SRR B LR & AT L 72,

AWFDERIH 721, LA RIREWBIEF R BER B E T 3 EER, #iEEDH 25 - 2.
%72, MBFEATBFERAILRIC 3B nEEEA B -2, L TR(HEEZERT 5.

MEsIUHE

1. INZAEREBRUEDHEBILEDREBER

L B SE A 00 ke F AR ARG S TIRAE L T\ A R EH ) FfE o th & & Moo i 2 1
L CIEMEAIC I L 720988 £ 6k & U T, RBIKEEER T 7 L 2R E R OREYRE
bR A L 72,

LIRS T L, SRR~ UA HORBRE T 2L TRAEZRD RE, 70%
T/ —NT14HE, ELICAMEREE 1 %BOKREEREF M) 7 A TI0HEKREL, £
DBWHEAKTIEARKELZ, SHOL ISl THE L 2 T2 60 EH 1 mm DR EZ Y
WL, R Ice b L5101 ye—L B2 010TD, 3> v—VLICEKRL, 25C, 128
HHE (#2,00007 2) OFGETHINAZEIET,

HIVAFEES GBEHIZ ANV ZADEEREFEL 2%, 1A ARESEETENE FHOE
FEHZ FERE L 72, B LESHuRS AR 4 S8R H 1220~ 30MB 0 &7 L 242 D THEMMR 0 Bk s

(b n 28,/ &h N2 2H#HEL -,
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7V AFEEE T MS $%H# (Murashige and Skoog 1962) i122,4-D # 2 mg/l, =/} —
AE0g/IHEMLI:3 D%, 72, BHMEERITI AN AFEERD RNV ES 2,4 D2 5
TAA Img/!+ ¥ 7+ >0.05mg/! (Lithrs and Lorz 1987) (cE Xz 2L 02 AL 72, 1
M2 NaOH TpHS5.8icFH% L 721, “ V74 b2 g/l #MiA—F 7v—7 (121C, 15%
M) 22 TREL 7.

2. ANZERBRUENDEESMLEEDRTHERT
ﬁ%umwtﬁﬁﬁktf,ﬁwxi&%&@@%ﬁﬁﬁw%ﬁi&5:1—f~w?>
(J232 : P,), Golden Promise (U132 : P,), > 24 (C649: Py), 30U 5% (J220:
P,), #M68% (J800: Ps) RUrLiE1 (C346 : Ps) DFl 6 MkE#xIEALS,

19924F 12, TN 6 DMEDIEMML 72 ) THEEITH v, 1556 11723084 A bv DR
FEH 6 RENET %, FNANKRBRREORRCIRELL CHE & R HiECREL, A1
ADBEER CRWERDO B bR REL 72,

R F OFEMLER (IFGZ#E) 12> C Hayman (1954a,b) K U Griffing (1956)
DHFIHETE, T4 TV SN EAT - 720 G (1989) 2Bl 72-v 2> M7
w75 4 DIALL % FIH L 72, |

& #

1. AV XERERUENGBEEEED BT R
1) DVAXEEER

XA FAXIRMEICONWT, ZNRFEEZLABABBIC VNV ZDERICL>TOINADERR
PIRAELS (Fig. 1), AL 290N F T3 MBI I NARZER L kh 72, HILVADE
BIZH N Z B 729658HE T3.9~11.2mm CEXI6.8mm) O E R %R 72, &
ANz A3 b, T4 Ti34.3~11.2mm (F#7.0mm), A4mFETi133.9~10.9mm (F#
6.7mm) k, WHEOMIC A EAZED 6N Eh -1 ’

(2) HEHEBILEE

7N b DFEERR LI IRERD > 7 b e AN A TR b2, F2, TLE
BRDESGIZIIE A E R LN - 2,

Fig. 2 iCHMAFE S LRE D EZE R 2R L 72, b s hiisg 4 HE H otk st
IR L 2995 F, PN ZEHRL26REENR T2 L, 0~100% ((F#20.0%)
EREEBEILERE R, FENICADL E, THERMMET0 ~100% (F#31.6%), 7~
SRTETO0~82.8% (F#12.8%) &%V, ZimfEidoNgandE & N THESMEE» & H
ﬁn%of F72, ANEMEEEHEENCADL L, EREOEMEEITE5.4% Th - 72

WXL, BAREIIES4.9% &, RGO AERWEmIZS - 2. 2 5L, b
ﬁ%%&#ﬂ%L(wé%Eﬂt@ﬁﬂﬁ CDOWTHET 2 &, FEL (245%8H) (313.2
%f%otmyﬂtf@ﬁ@(wmﬁ)i%ﬁ%kﬁo,ﬁﬁﬂ@ﬁﬁmX# WEER &
-7z,

MR 7296 FED e T, ZEREND L E 24 (C649) X+ Russia 21 (U667)7 2 fLifE
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Number of varieties

30
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n
o
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30
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3~ 4~ B~ B~ 7~ 8~
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3~ 4~ 5~ 6~ T~ 8~ 9~ 10~ 11~ 12~

T F LX KRB A L 2D 5 DFAMLEED BT

two-rowed

(n=37,x=7.0)

T

3~ 4~ 5~ 6~ T~ 8~ 9~ 10~ 11~ 12~

six-rowed

(n=59, x=6.7)

9~ 10~ 11~ 12~

total

(n=36, x=6.8)

Callus diameter

Fig. 1. Varietal difference in callus diameter.

BFFCEVYESEEERL, ZRZFN100% X 95.0% Th - 72.

Number of varieties

50
two-rowed

(n=37, x=30.6)

5

Eel__m___

0~ 10~ 20~ 30~ 40~ 50~ 60~ 70~ 80~

50

six-rowed

(n=59, x=135)

0~ 10~ 20~ 30~ 40~ 50~ 60~ 70~ 80~

50
total

(n=96, x=20.1)

0~ 10~ 20~ 30~ 40~ 50~60~ 70~ 80~
Frequency of plant regeneration
(Arcsin transformed)

Varietal difference in ability
of plant regeneration.

Fig. 2.

F/2, T2 SENFMLY

WA 72 ) OREYEE L ) 5 BRI ETH - 72,

2. AINRERBRUENEBEMMLEEDRIZHEIT

BIHDFER D &, RBICEFER TO N ZEREE R CHYHRESGERIL T EEm 7
BERERL, BHOBLETH 2 BHMEELETH»EEST 5 2 s #EI N, 72 CHVE
DBIBRERN T 54 TV SIS & - TN 72,
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(1) AnzERE

FEZAIBEBICHAEL 22V ZOERIZE 6 5 T5.4~8.2mm (F¥)6. Tmm), 30%
7 FT4.4~9.8mm (F¥)6.3mm) NERERL 72 (Table 1). B okEE, Ms)
RERT aBHEEWNREZRT bHZHERT % 3 DOER (b, | EXEMERIE, b, © BB OE
HERIR, by HEMARDEOBEMR) ZETHEETH - 72, 3 LI FRNIES M= %
A CIH, FREMAGHLEDIEHZHNZELZRTdEHLEETH > 72 (Table 2),

Table 1. Callus diameter(mm) of F,s and their parental vari-
eties in immature barley embryo culture

$N\ J232 U132 C649 J220 J800 (346 Mean

J232 5.9 6.9 5.9 5.4 5.9 5.1 5.6
U132z 6.1 8.2 5.5 7.2 7.1 9.8 7.3
C649 44 5.2 6.7 5.4 6.3 6.0 5.7
J220 5.2 7.7 6.2 5.4 6.1 6.3 6.2
J800 7.1 7.4 6.0 6.3 6.9 5.5 6.6
C346 5.1 5.7 7.9 7.0 5.7 6.9 6.4

Mean 5.7 6.8 6.4 6.1 6.3 6.6 6.3

Boldface : parents

Table 2. Analysis of variance of callus diame-
ter in diallel table

Item df MS F
a 5 2.572 15.58* *
b 15 0.877 5.31
b, 1 0.972 5.89%*
b, 5 0.401 2.43*
bs 9 1.130 6.85% *
[ 5 0.518 3.14%
d 10 1.077 6.52* *
Error 70 0.165

Error MS was estimated from replication X
genotype interaction.

%, % % : Significant at 5% and 19 levels,
respectively

Fr2, HWNVAEERLTRT 5 BEEFOHLAEDLEENZRAL 2R, —illatbe
Bes (GCA) BEB TR Ld - 128, fFEMlasbeiess (SCA) RUESEHEAETARE
s o7z, REGEC (Ve) BRUH & RYInIEGE (W) 23K, TR FICEENARED
BNEFEHSEB|W2 FTV.E WoBRERLRE DS, V/W. 757 DRUREHS D =
0.3727% 0, 12565k, 202 b b, IEMLERTROMEEN (252 2) ¢
HoEWMEINR, Tbh, TNFNDOBREBRRIA TV ILELLBRWIZEAIIBWTL V,/
W.7 2 70RIBEEIZ 1 50 N0 T, 7V AEEEOBIETFEACET 22 2
BEFENBICLIDLDOTIREVWEELZ LN,
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(2) HEHEES1LEE

71V A 5% 8 B H 2 F4 L AR b A3 8 6 R T 0 ~45.8% (F118.6%),
303D FiT 0 ~43.3% (CFH#15.6%) NER%ZR L 72 (Table 3), &S HoREE, M
IR ERT a T, FEMAEDEOENIE 27T bJH, HEMAS bW DI
PR AEHIBEETH -7 (Table 4). V. & WOBMRERLI-EZ A, V. /W, 757D
TR D =0.69 %), 1 bl COZERPLIERAT L ANHFET D EHEIN
7z,

Table 3. Plant regeneration frequency(%) of F;s and their
parental varieties in immature barley embryo cul-
ture

$N\& J232 U132 C649 J220 J800 C346 Mean

J232 141 323 433 407 0.0 0.0 217
U132 401 458 392 146 9.2 145 272
C649 279 214 451 158 208 185 249
J220 207 0.0 354 6.7 0.0 6.7 11.6
J800 3.0 148 3.0 83 0.0 0.0 49
C346 0.0 33 292 6.1 0.0 0.0 6.4

Mean 176 196 325 154 5.0 6.6 16.1

Boldface : parents

Table 4. Analysis of variance of plant regen-
eration frequency in diallel table
(Arcsin transformed)

Item df MS F
a 5 1018.200 34.55* *
b 15 109.334 3.71

b, 1 15.764 0.53

b, 5 34.247 1.16

b; 9 161.446 5.48% *
c 5 65.806 2.23
d 10 76.320 2.59%*
Error 70 29.467

Error MS was estimated from replication X
genotype interaction.
* % : Significant at 194 level

ZIT, XNEFNDFUz D TSCA2FHML 2225, P, (J232) 28 & L72BAOF,
@ SCA a8 b7z, 374 b HIEYERES LRI — I WO TFMEIC T - 7245, Py
(J232) 2 BlE L723B4A, M08 % P, (U132) » 25wz P, (J220) & L7: FCi3s
LD H DB AR KE, 0% Ps (J800) &5\ id Py (C346) & L7z F,Tid
BRI ) PEEZRL TS, BoEEOEREEI/HAGbEIc L > TRE -
7z,
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ZZTP, (J232) 2725 X5DBIZA TLILRIZOWT I AL T LD #1772, #
DFER, alH, dHIFEETH 7127 bJHIRABICIZL L4 -7 (Table5). dIEPH
BThoeZ th b, FENMAE DY THIIE £ 7213 BRI RS B bIc BB L Tw 2 &
Fzonl, P (J232) 272 V/W. 257 % Fig. 31mR L 72, VAicid 2 W o [)5HE
Brb=0.98% 1icur{, M- EHEETLICEA L, 202 krbh, P, (J232) 2K<
& REEBE S CED B THERICEL TR 22 EE L TL Wz L.

Table 5. Analysis of variance of plant regen-
eration frequency in subdiallel table
(without P,)
(Arcsin transformed)

Item df MS F
a 4 810.728 27.99* *
b 10 57.964 2.00

b, 1 40.272 1.39

b, 4 61.761 2.13

b, 5 58.464 2.02
c 4 54.915 1.90
d 6 117.970 4.07**
Error 48 28.969

Error MS was estimated from replication X
genotype interaction.
* % : Significant at 1% level

400 p
Wr2=436.19vVr
300 F 2:U132
3:CH49
. 5 2 4: 4220
= 200 b . 5:J800
5, 6: C346
73
100 *4
Wr=0.98vr+91.48
O A 1 L J
0 100 200 300 400

vr
Fig. 3. (Vr/Wr)graph for plant regenration frequency of a subdiallel without P, (J232).

350z, BUREHRRFEYR W2 =436. 19V I 2 G 1 RIS &b,
WREMEROBRIAERIIE L L CHMPREFAIRIC L > TR S, BEHRIINE
WZ Edbiro iz, BIFERLOERD (V, W) BofmEs b, Py (J220) 2EWEET
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D, F7z, P, (Ul32) BHEMELRTFOEEIRLEGVEF 2z bne (Fig.3). 72, o
gibaE (P & EEEETFISERETOMNGEE 2K T V. + W02 r =0.38% 7%
D, BETEZh -2 FoBREs 8 5,

BlEantoiz, P, (J232) #BvwT8 A4 T v gt #4575 72354, Fig. 3R L724& 91,
MR ACED BB TERICEL T2 8 o ZOFEFEDLNT, 54 TV IHHD
BN 24T ) BBORB 272 L T e F2 bz, &2 THMZMN - BT V2R
EL TUTF G5 E47- 72,

Vi, WD &L & H#HEE L 728584 % Table 6 127/ L 72, fHIMBRIE 284 D3
WRERT Hy, Hodk ) kE <, PHEMEEVH,/DI30.42 & BBV NS WETH 72, £ L
TP Vo + W oMBIERIED & iz 1 =0.38 L BE Tl % - 7225, BHENHHH h =—
5.08TH YN, ZDZ LhbBALEMECHEIENETH S EHERI Nz, BIBEROHEEMIZ
W 0.78, IRFET0.86 L WINL Y @ - 72,

Table 6. Estimates of genetic compoments of
plant regeneration frequency in sub-
diallel table (without P,)

Component Estimated value
D 436.19
F 143.16
H, 77.67
H, 60.31
h*? 9.09
E 28.97
JH,/D 0.42
h*?/H, 0.15
h —5.08
uv 0.19
D/(D+E) 0.94
hg? 0.86
hy? 0.78

% &

AR THREMO A A 4 XIOMED RBUCEERICEB T 2 7 L 2R RE X CHEYRE S
1LhE % 34 L 248, MR EIGERMAERZIRL 2.

Goldstein and Kronstad (1986), Ohkoshi ef al. (1991)iZ A4 4 4 FRBAIREFHRIC BT 5 4
N2ERBICRERZRPBO LN EHEL Tnd, £72, T4 AXDORBICKETER THE
kB {bien mFEZE R % FAN72 #E51c Hanzel ef al (1985), Goldstein and Kronstad
(1986), Liihrs and Lorz (1987), Ohkoshi ef al. (1991)7c &45d D, AR 1LEEIC SRERE
FERAPEETLIEEREL T D, AEBOERE INLOWEERIETHELL L, 2L
ZERER RS LRIZERRE TH 5 £ 52 5.

REBROWYERE LD WEEROFAEDORR, MBI NN & i L THEPHEA
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BRI SRR E L -7z (Fig.2). 202 &cBL T, A4 L XD &adEIIN &b
& L THMRE bR S E HE S 1 TE ) (Ohkoshi ef al. 1991), F7z/MAH S

(1992) IREHEHET—IL () T X2LX (KK OMlaEbET, FE2eD2 Vo
BB T I YR T URE 2 S0 5 BB FAOFAET 5 LHEL Twb, UbEnZ tid
V EfGF &R CIC B ST 2B R T OB 2R L w5, ool, AERTIEANE
B RREOREE M EERIZASEESEL D, /4, DRMBEEOEEAIEE LY L&y
FEEL oo T2, AR, M I RBRME L OVERLE T & IR L & DBRR D AT
Wl BN H B EFEZ LTz,

FMIRIEF R TO A N ZERE R CHERE SRR SFE 2 8 4 J4 L 728528, Mz g3t
IR R EIRL, HEOBETH 5V IEHENER TS 5 2 LRI N £
Z T BB E 74 TV LGATic & - TS L 72,

A4 ARHES O FEZEFEIC BT 2 IBIC DOV TOHEHI W Db b 2% (Lazar et al. 1984,
Petolino and Thompson 1987, Larsen ef al. 1991, BiAMH & 1991), Z D% { I3#HEFIZD
WTTHD, TNHICL DL, PREEDEEFFETIFICHGRBEFIC L » THREI N TS &
HWEINTWE, L2 L EN50HEIZEEKICOCTORITH Y, AEBR L ORI T
&7,

—F, 2HERDIKE TH B RBIEE H W EEEREIC B 2 B o #EIcl:, 24X
W2/ S (1992) %4 4 4 X % H v 72 Komatsuda ef al. (1989)0#5%H % % . Komatsuda
LIEA A 20X 7 GRS DV T 2 E R i R ORR M GRE D T 2 72 ) 2% 4T - 72,
REBR TIIHIED & 512 AL 2 B R EOBERMIIAI - € T UICE A3, BIRE 2 HE
ETELh - 12h, FEWERE LR BEBT ORI O T Komatsuda & DFFR &
BL1E5.

R ofER, OEFEIEh -7 (Table 6), @EMEEE FOVER DI I AR 134 K
TELD o2, D2EIZOCTERGAL 2R TH - 72, —J, AKE & Komatsuda & D
%t@ﬁﬁﬁﬁ,$%%fi®$ﬁ@%ﬁ#¢ébot(T%b@,@%ﬁﬁ&ﬁb%?ﬁ
WA AR & 17z (Table 5), ?izkL ¢, Komatsuda & DFEFRIZ N FNOFHE
PREEATKE D o 72, QIEEKHBENRBD LN o7, YW R TH-72, ZHZ i
Beb R L EEFMNEVICL LD EFEZLNE, THRICL TL A A L X DR
IREEEERIC BT 2 MR ERR I BEIREN R WEEZE TH D, &EvaBRPShRIWF S 1
77, AUBETOEESDE L, HMEENEV Golden Promise (U132: P,) & 5 7 fnfE it
SrEED K E WA TESEERO B O A OBREIT ) BICARM B kb &2 5
(WA

& -3

F o L FEFMI OB ORI MILEIR O ERLICEF ST 5 2010, R ESLhE
DRI & AT L 72,

%%&Hﬁ%%%c:iswﬁi?ﬁ%ﬁﬂm%&ﬁé DWT ANV A R CTES AR {LRE DO
FAT-72 625, MEICHEENZEREZRL, BEOBETH 5 WIIHEEETFIES
waéztﬁﬁ$§nt

v Z R B R UHEHATE LR O BB R 2 N5 7odic, 6 ShfE TRk 72 ) oM
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* & L X RBIE A L2 D 5 DFEAMEEED #IZ

ATV, TAT VNG ERAT> 72, AN AHERRICOWTL, BB EFROMEES (=
EAZLR) kD EHBEIN,

—J, HWIRBEMGERIC DWW T, BEMAS bR &) - 72 P, (J232) #Brv728l
FATVNVDGIIC L - T, WWERBSLREOBRERIIT L L GEAETOMMIRIC L 3
Lo LHEIN, FOTHEREIZ0.42TH-» 2, BIEEOHEMBIIWETO.78, ILHET
0.86 TN bmhr-re,

F—7—F D AA LK, MK HEWEESL 54T VS
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