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Comparison between Shoot Regeneration Ability in Calli
Derived from Immature Embryos of Wild and Cultivated Barley

Kazuhide RikiisHI, Kazuyoshi TAKEDA and Shozo YASUDA

The variation in shoot regeneration ability of calli derived from im-
mature embryos was examined in 95 wild strains, 82 of which were of
Hovdeum spontanewm and 13 of which were H. agriocvithon, and 87 culti-
vated varieties collected from various countries or regions of the world.

In 85 strains of the wild species, a number of calli regenerated shoots,
and their proportion ranged from 1.2% to 75.7%. The average percentage
of shoot regenerating calli was 21.7% among the strains that formed calli,
11.5% of which regenerated green and 10.29% albino shoots. On average,
21.49% and 23.99% calli regenerated shoots in H. spontaneum and H. agrio-
crithon, respectively, and there was no significant difference between these
values. A significant difference in the percentage of shoot regenerating
calli was found among six variants (dawense, ishnathevum, laguncliforme,
paradoxon, proskowetzii, spontanewm) which were comprised in H.
spontaneum.

In 73 varieties of cultivated species, there were shoots regenerating
calli likely to wild species, and their proportion ranged from 3.2% to 85.5%.
The average percentage of shoot regenerating calli was 25.49, 22.0% of
which regenerated green and 3.4% of which regenerated albino shoots.
There was a significant difference in percentage of green shoots regenerat-
ing calli against shoots regenerating ones between the wild (53.0%) and
cultivated species (86.6%).

Research Institute for Bioresources, Okayama University, Kurashiki 710, Japan
SERC 6 4E11H 1 HZFE (Received November 1, 1994)
* B |1 RS2 AR



A 20X OTHREF AR & AR BT B HAMLEED g

The two kinds of non-brittle rachis genotypes, Bt bt, and bt Bf, are one
of the key characters distinguishing the oriental and occidental types of
cultivated harley. The average percentages of shoot regenerating calli
were 16.29§ and 32.3% for the genotypes Bt bf, and bt Bt,, respectively,
suggesting that there is a geographical variation in the shoot regeneration
ability of calli in the cultivated species. By contrast, the oriental and
occidental strains of wild species showed no difference in the shoot regener-
ation ability of calli.

The geographical variation of shoot regeneration ability differed signif-
icantly between wild and cultivated species. This suggests that the geo-
graphical variation of shoot regeneration ability occurred after the cultiva-
tion of the barley was established.

Key words : Hordeum spontaneum, Hovdeum agriocrithon, Tissue cul-
ture, Geographical variation, Shoot regeneration ability
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A 4 4 X8 (Hordeum) 1213 EHFE 0 H. vulgare DAL 2 ¥ A FE o H. bulbosum, H.
murinuwm 7 C¥I30H S T TS (Bothmer 1992). #9956 H. spontaneum (3 FI5FE
EOHENRE T, BRENIVTREPBTZ L2 LBISHOMEHETH 2 L —IZHEL LI
Cvs% (Harlan and Zohary 1966). H. spontaneum (23RO ZERIC L -» THHEN
LWL OhDERIEGTEN TS, T2, H. agriocrithon 12 H. vulgare & H . spontaneum
DHEKREIC L > THELREEZ LN TS (Briggs 1978).

B, AL XOBEHFEIC BV CGREEEED b DM WEREZR»FET S 2 &
AR &7 - T X7 (Lazar ef al. 1984, Koornneef ef al. 1987, Petolino and Thompson
1987, JIG-4cH1994), F 72, iS5 (1994) 134 4 4 XEERMGFEDSERIREIHK A7 L 2 6
DREREMCRE I (F A EAEAE L, PEIRIC 13 R 00§ 1S FE O SERR R BRED
BOCEHEAHAET L I EEHEL TWa,

AR T A A LA XWIEFOMAEE L RO Y 2O L HF L L0 5 THEAEH.
spontaneum B X 8 H. agriocrithon DFRBICHIK A )L 20 65 DAES OFAEZHAL,
HELREC BT 5 AR L S I Ay {b & e L 7z,

ME s LUFE

ML K FRBEEWR TR RERKFAEZCRAL T 2 EBEMEH.
spontaneum 823 & H. agriocrithon135%4K, &t 2 FE95R#: & it R & HUB O FIEIHET ik &
ezt 72, H. spontanewm \ZVEEET 2 T o hEF N o S, T 70 A D
F0 oy aF TOCEPICHI - THALTE Y, H. agriocrithon (3 FEIZF < Moo L
Tw % (Table 1), o8, H. spontaneum 1213 6 258 (dawense, ischnatherum, lagunclifome,
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paradoxon, proskowetzii, spontanewm) HEE D, FEEHEI HA, SEYE, HE, R0
—), BETYT, bra, 3—ayusx, KT 7YV 2BLOFFETHLIES N8
HTh5,

L BtR BB RBILA &5 Lithrs and Lorz (1987) DI » THNAFEEE L K
SMbEATo 72, Tihbb, BIEI0~14ABORRBER LRI, 0% /—1LT15MH,
HahtaRmeE 1 %o KEEKEE T b ) 7 LB CI00 HRE L 24, BEKT 3 HEL,
HERELLEBRAWMOBL T v —L B2 D10ET D, 33 v—LIZERLAZ. ZOREH
BT AROERIF0.8~2.0mm BRETH - 72, 4 B8RERIC 7 L2 & 5% L THo b HIC

Table 1. Strains of Hordeum spontaneum and H. agriocrithon used in study

Species Region i\tlroa;igi Species Region sl,\tl;)éi?li
H. spontaneum Tibet 6 H . agriocrithon  Tibet 10
Nepal 1 Israel 2
Afghanistan 10 Czechoslovakia 1
Iran 6
Iraq 22
Cyprus 2
Turkey 5
Russia 25
Libya 2
Morocco 3
Total 32 Total 13

TR 7. AL ABEGHICI32.4D 2 mg/l, e —230g/l, TLTA 2 g/l 280
{&IF MS $z4th (Jahne ef al. 1991) #F\v7z. Bo{UEHICIE, 2 VAFEEMORLE Y
% IAA 2 mg/l, Zeatin 0.05 mg/l ICEE L2 0 & AL 72, 8EEEMFITVTNRL25T,
16 HER & L 72,

FobEE I S8, RBHET DI, AVADEERFZESICL > THEMQO D Z LV RABK
L, 2:25mmBTF, 3:2.5~5.0mm, 4:5.0~10mm, 5:10mm Pl L) ic5 Tafld
L7, REFESrEMEL 20 ¢ 5 2 I3 E bk OEMBICHREL 2. BRI VAR
WY B AEFE 2 ML 72 0 L 2 0EE A EFEMLE, REREFLESELZ AR
WEEB LT LY/ REFOME & FHLL 2 A N2 L E0) DEE % RETES B
&, TIAE S REFNAEFMEL AN ADEE R T LE S AEF b L.

BREBIUEER

1. WL AKREES LU BSEEE
AR IR L BB EE o Ic, AR E L R v RS 1 R (OUHT45,
proskowelzii) & -7z, HNAREERE H. spontaneum & H. agriocrithon T TAL L,
ZNFENDZ AT OFHEIFS.153.6 (4K TlE3.2) Tho72. H. spontaneum 7 6 ZF&E
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DN AN ZEERBICER DY, BLHINLVAEREBRNOKE D 5 72 dawense (3.6) 12 1~
T ischnatherum (2.8) & proskowetzii (2.8) D H N A EERIIW L0274 h - 72 (Table

EDMICKELEFRD LN h - 72,

Table 2. Callus growth index in Hordeum spontaneum,
H . agriocrithon and cultivated species

Species No. of Callus
growth
(Variant) strains index
H. spontaneum 82 3.1
dawense 4 3.6
ischnatherum 10 2.8
laguncliforme 3 3.2
paradoxon 4 3.4
proskowetzii 13 2.8
spontaneum 48 3.2
H .agriocrithon 13 3.6
( Total 95 Mean 3.2 )
Cultivar 87 3.5

FEEBPERE T, AU AR TEARL 204REH8SRHE (90.4%) HAAEF L BESLL, TE
SEREHIE RFIC & 5 TL.2% 5 575.7% % TR BR U7z, A L AR TR L 7294R/# 12
B 3 AEFFEMEBRNOTFLMEIT2L. 7% T, %0 ) bk EHErbEIZ11.5%, T
JAEFEESALAIL10.2% TH - 72 (Table 3). ANEHF Mo {b#iz H. spontaneum O
OUH650%%75.7% TR b @i - 12, skt ARESFHLHIL H. agriocrithon ¢ OUHT89%*
50 7% TELE(, T S AREFEMEEIE H. spontaneum ¢ OUHE50%65.1% THe b

=¥ oW A

Table 3. Percentages of shoot regeneration in Hordeum spontaneum,
H. agriocrithon and cultivated species

Species No. of Shoot regeneration (%)
(Variant) strains Green Albino Total
H. spontaneum 81 11.1 10.3 21.4
dawense 4 5.1 74 12.5
ischnatherum 10 8.4 14.7 23.1
laguncliforme 3 10.5 13.1 23.6
paradoxon 4 5.5 2.7 8.2
proskowetzii 12 24.5 18.5 42.9
spontaneum 48 9.3 8.0 17.3
H .agriocrithon 13 14.4 9.5 239
(Total 94 Mean 115 10.2 21.7)
Cultivar 87 22.0 34 25.4
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H. spontaneum & H. agriocrithon DAEF BT T N E1U0FE)21.4%6 2 23.9% & %
NHEEREFBHLNL -2, L L, H.spontaneum (22 N5 6 THOMIZIZ, HFE
BIUTNLE /AEFHMMERICERPRZD LN, RNEFHLEDI R L& paradoxon
DS 2% 12 X TH b iV proskowetti TI3HI 5 & D FH)42 9% THh - 72 (Table3). =
NZEIF, b 6 BEOTNEFHMUERICET 2 BB TR R > T 3 12 RR
LTw3,

FHEAE T3, BEUWREHTNRE (83.7%) bR LN A VA TRESFEMLL, &
SFEESLERIL ATEIC & - T3.2%2 585.5% % TlR/L < BR L 7. o N EF Haob
ROPHIEIL25.4% THAEFEN21.7% & 0 L E L, RO EFHMEARIZ22.0%, 7
v REFHSEHRIZZ. 4% TH - 2. AEFHHERICHT T 2N EF BT LEN LD S
H A LB T86.6%, i AEME R TIE53.0% & % ), % TH L H & » 72 (Table
3).

VAR HERERARIE, 7L RATEERES L B BERIC DV THIEEE & ARROPRIL VAR R AR
Lz, L L, SEREFHEMEROEEIVEC S TIIFEE L IR L > T, ZnZ &
13, TR A R LR ORI B L (RS S 3 B > oA AT A 2 &
ERLTw5,

2. BoMLEEOHIBH AL
F A& LXK ONFEIEBIETEIZ S 3 PetufRic R BRI BIRF Bt & BLICXECE N, Bt Bh
Tl Bt b, bt BLB XU bt b CIIIEREE L 5 Z LML EINTEY, »
bW EA R Bt b, A%, PEIRICIZ M BL A EE L T T A LN T W5
(Takahashi ef al. 1983). AHFZE THER L 72 855811 Bt b6, 537507, bt BRI AH™504%
e it b, NEFFMEE L /IEB A O BB TR A 5 &, Bt bt,B O mifE i3
#16.2% T, bt BLIIOSFEIZFH2.3% &%), bt BLEoREIAREICEWEEZRLL
(Table 4), & 5134 A+ 4 X HH SHOSERIRHK 2 L 2 H b OARERBLARIC b
B b EAE L, bt BLEUC B TAEARFMLEED W 2 28T b (145 1994).
AIFFEDRERIE, FRBIRHE S L 2 b DAEFES LRI B W TH BRIRERS LV Ah 5
DOARERESH LSS L FREIC, B bBer MEREREEOBE UM TRL Y, IR
{b2HELTWBI L E2RETs, %8B, 8)FTbh, BAEITNLIMERELEZD
TIEEIENED BRI bR e OB ZFANL Z LI TE L\,

Table 4. Percentages of shoot regeneration in cultivars
with non-brittle rachis genotypes

No. of Shoot regeneration (%)
Genotype
strains Green Albino Total
Bt bty 37 13.8 2.4 16.2
bt Bt, 50 28.1 4.2 32.3
t-value 2.76** 1.70 3.15%*

%% : Significant at 1% level
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Konishi (1988) 384 4 A X8 L R HAEMO = 2 7 7 — L REMEEHRIC O W THE
L, 3E{rFE (Est-1, Est-2, Est4) 2B 28N EBEZEFOMEE T —7 (A
~IBLUZoM) 2L, A~ERIHEEMBICZ oML, F~JMEERICEZ %
HTHIEEFMEHIC LT, 72, BEHICBT 5/VEERANR & 2 27 7 — R EEH#
BrDBR A TR 28R, A~ERCiE Bt 6B % &xh, F~JAENCiZ bt BL®(z
FRIPELEENDLIEEMEL TWE, 2D XY, = AT 7—LRMNEBERBO S HV
FEIEBL A MR TR O PRy AF S B LM A2 A T5 Z L 27/ $ 5,

A CHRA L 2 HEEAE 2T 7 RMVEERRIC L > CTA~ERn R EF~ ] &
D FEREIZ T CAESE b 2 g L 235812 4 (Table5), A~ ER o FERED P
11218.1% T, F~ ] Mo GHEREDFEMEIZ28.9% &%, F~] RGO @ AEIZES
Wl AR L 72, B L B AR A AT T — LB T T S &, Ao LB
D OEINTRFIZIZA~ERNS L, T7 /=22 > DlL LNEXI N RMICIEF
~ TR EL ALN, WEMEFR LB H-72, LrL, TNHA~ERBIUF~]R
DREBOM THE S 2 i L 723580213, ZRFNOFEHIZ25.5% £21.4% X %D,
MEHFCHELEZVES LN G-, 2ok Hie, AL zirEEEEo L 27 7 — R4
FERT AT IS, HES L ORI AR L R UEA A2 4T 512 LB b 57, #iks
Miza s s L) ZAREFEEDRGIIERD LN a2,

Table 5. Percentages of shoot regeneration in wild and cultivated species
with esterase isozyme genotypes

Wild species Cultivated species

Regenerated Regeneration Regeneration

percentage (%) percentage (%)
shoot —— t-value —————— t-value

A~E F~]J A~E F~]

(19) (40) (25) 47)

Green 12.6 12.6 0.43 15.5 25.1 2.14%
Albino 12.9 8.8 1.13 2.6 3.8 1.69
Total 25.5 214 0.33 18.1 289 2.42 %

A~E and F~]J indicate A. B, C, D and E type and F, G, H, I and J type of
esterase isozyme genotype, respectively.

Numerals in parentheses indicate the number of tested strains and varieties.

% : Significant at 5% leve!

Komatsuda ef al. (1991) (2 F5{bAg% &5 5 B L 4 2 ik Bic b 5 &M% 23
Voo BEFEISHEE L T\ 2 EA@EL Twa, —7F, R TIZE 3Bz ERL T
Vs B /NREB TR VAR - (BLBL) 12 & > TRELE LA /INEIEBLE O £ TR T, Harb
BEAMH LA Z R B 2 AR L2, ZO T &R, BLigfaTHEE &M 2 AL & e Bl
BT HEAET 5 WHEME % R84 5, B ARE & 4R IC BT 2 B bRgo HELRY -1 5
e HEMICE L TiE, MEOHLREVGEL 2 BETICE > TERIN TR ZEICL 5D
By, b L LRI A RS B TR & 2k - TR LS 1L B bL,A E bt B O SEATEL
7L, HbiER T BRI BRER R E LRSI T L 511 5.
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AW T3 A 4 L Xtk BT 48 Hordeum spontaneum 82445 & H. agriocrithon 135k#k,
B 2195 M L MR B IIEFESTRAE L SR L T, RAICHER S L 20 b O EFH
SACRERRE L, TRE AR L BERICB T 2ESMLREORRERE L U2 BRI E
WL 7z,

ITHEEFAEFE TR ISR URO A N A ETER L, £D ) LR (90.4%) »hEH %
BHoibL €, REFESMEERIIRKICE > T1L.2%»575.7% F TRIES BR L2, AL %
T L 72945%80C 81T 2 NEF H O FEMEIZ21.7%, FEAEFHEEIZ1.5%,
TN S REFHEIZL10.2% TH - 72, H. spontaneum r H. agriocrithon DAESFH
SALE OB F N T N21.4% £23.9% T, AEEEREHLNLT» 72, Ly L, H
spontaneum 12 & £ N5 6 Lk (dawense, ishnatherum, laguncliforme, paradoxon, prosk-
owelzit, spontaneum) D TIREFHSLEICZEEN DO LN,

P CRBRMEDO T TNV AZEEL, Z9 ) bT3daiE (83.7%) P AEF % H
AL T, REFHSHITREIC L - 73.2%5585.5% F TIRIL C ER L 72, fhalifE4e
KOREFEFMCEDFEEIZ25.4%, FFRENEFFHSLHIL22.0%, Te /S TNEFHES
1b#433.4% Th » 72, 2D & 512, TEFFHMLEICNT b REAEFHLFED LD 5 HE|
B3 HIEFE T86.6%, VTIREFERETH3.0% &), MFICKE REIED L L,

PR L 7o RERE 2/ NVBIEB A PEIC BT 2B T RS & - CREEMIBUC £ 5 5 Bt bt
T PEIIC % (AT B bt BLENUCAHT TAREFEMELEL K § 5 &, Bt bt Tkl
16.2%, bt BLEIOFEX#IZ32.3% & 70 Y, bt BLEO A EF B LR\ AFICE, B
SMeAERS bz, L L, AR TRAEFHH LM ZE A LN WD T,
F 4 A X OIS FIALE T L AEFFEHMbiEo MBSt E L2 bn FEzZ o
5.

*— 17— F : Hovdeum spontaneum, Hordeum agrviocrithon, fHfk¥EEE, HhIHAER,
Ho1bhe
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