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S11rn1Hnry. H wa~ obsr·rH·•l that lti gh-lysinc mutant 1017 has a different hordein 
polypPplid" sp„ctrnm tlmn tho initial cv. Diva. On tlte lmsis of the gen etic analysis it 
was fo11nd tlwt tlw Pxpn1ssion of horde in loci in mutant 1017 is undcr an cpistatic 
adion of U1n reccssivo gPnc, which inhibih; the synthcsis of somc subunits of hordein. 
Tlw SJWL'ifk ltonfoin ;;pcctrmn of 1nutant 1017 is likcly to be a plc iotropic nffcct of the 
r,•1;1•;,;.~ i v, , -~••Jl ( '. of a high łysino con t ent. 

Mutant l 017 was obtaine<l as a result of treating harley seeds of the cv. Diva 
with N-nitJOso-N-met.hylourea (MNUA) and sodium azide. It is characterized 
by a.n incrcascd Jysine content. and a decreased fertility of gra.in. A decrease of the 
mutant frwtility (by about 5%) is caused by a worse filling of the endospenn portion 
of grain (Rybiński, Patyna 1984) . The high lysine content (4.1%) is an effect 
of the decrcase in the Ievel of hordein and the incrcsae in the portion of albumins, 
globulins, glutclins and unsolnble nitrogen (Kapała, Patyna 1986). It was 
also found that a high lysine content in mutant 1017 is conditioned by a single 
recessive gcne (Kapała, unpublished data). 

Comparativc electrophoretie studies dispJayed a characteristic pattern of hordein 
proteins in mutant 1017 (Ka.pa.la, unpublished data). The purpose of the present 
paper was to det~rmine the iJ1huitance mode of the specific hordein spectrum 
in that mutant. · 

MATERIAL AND METHODS 

PLAXT MATERIAL 

The suhject of the studies were F 2 segregants (500 seeds) originating from two­
-directiona l crosses of pure lines of the cv. Diva and mutant 1017. F 1 hybrids. 
(20 sceds) and 50 seeds from each i11iti1:tl forms were also analysed. 

1 R eccive<l for publication: April HJ86. 
2 Drs. Prrn;ont, ad<lress: ul. St,rzeszyi1ska 34, 60-479 Poznań, Poland. 
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ANALYTICAL TECHNIQUES 

The analysed seeds were halved: part of the seed with the embryo was sown out, 
whereas the endosperm was used for hordein extraction. 

Hordein extraction. Hordein was extracted from the seed meal by 70% 
ethanol (in the ratio l : 10). The extraction was performed during 17 hours at a room 
temperaturo. After centrifugation (5 min., 13 OOO g, temperature of 4°0), the hordein 
extract was evaporated. 

Dry-evaporated hordein was treated with 70 µI of 0.05 M tris-HCl buffer (pH 
6.7), which contained sodium dodecyl sulphate (SDS 2%), urea (4 M), /J-mercapto­
ethanol (1 %) and sucrose (12.5%). Hordein with disassociatiug mixture were 
incubated for l hour at 50°0. A disassociated and reduced hordein extract was 
placed on polyacrylamide gel plates and subjected to electrophoresis. 

Electrophoresis in the presence of SDS and urea. Protein elcctro­
phoresis was performed in polyacrylamide gel plates like described in the previous 
paper (Kapała 1981). 

The separating gel contained 12.5% of acrylamide, 0.13% of bisacrylamide, 
0.1 % of SDS and 4M of urea in 0.125 M tris-borate buffer (pH 8.9). The stacking 
gel contained 3% of acrylamide, O.OS% of bisacrylami<le, 0.1 % of SDS and 4M of 
urea (pH 6.7). After 0.125 M tris-borate buffer (pH 8.9) containing 0.1 % of SDS 
and 4M of urea was used. 

The proteins were fixed and stained according to Jensen et al. (1980). The 
separated protein hands were fixed by a mixture containing 50% of methanol 
and 10% of acetic acid for 17 hours, after which the gel was rinsed in <listilled wa ter 
for 1 hour. The protein hands were stained in a 0.1 % solution of Ooomassie Brilliant 
Blue R-250 in a 15% trichloracetic acid for 17 hours and then decoloured in 7% 
acetic acid. 

Molecular weights of hordein subunits were determined using the following 
standard proteins of the "Serva" firm: myoglobin, m. wt. ca 17 200; chymotrypsino­
gen A, m. wt. ca 25 700; pepsin, m. wt. ca 34 500; albumin of hen's egg, m. wt. 
ca 43 OOO; glutamine dehydrogenase, m. wt. ca 53 OOO; bovine serum albumin, 
m. wt. ca 68 OOO. 

RESULTS 

Results of the analysis of single seeds of pure lines of the cv. Diva and mutant 
1017 showed homogeneity of the analysed harley forms with regard to their hordein 
polypeptide spectra. 

The electrophoretic hordein patterns have two groups of proteiu bar1ds de­
signated hordein-I and hordein-2. The approximate molccular weights of the sub­
fraction designated as hordein-I are 50 OOO - 67 OOO and those of the subfraction 
designated as hordein-2 are 26 OOO - 40 OOO. 
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The hordein polypeptide spectrum of mutant 1017, as compared with that of 
the cv. Diva, shows marked differences in t.he both subfractions - hordein-I and 
hordein-2 (Fig. l ). 

The subfraction hordein-I in mutant 1017 was not found to have two subunits 
with the approximate molecular weight 54 OOO and 67 OOO; the portion of these 
subunits in hordein of the initial cultivar is significant. 

When comparing the spectra of the subfraction hordein-2 of the cv. Diva and 
mutant 1017, differences of the qualitative and quantitative type were observed. 
The mutant was not found to have subunits with the molecular weight ca 30 OOO 
and 32 OOO, whereas the presence of other subunits with the molecular weight 
ca 31 OOO and 36 OOO was revealed. It shoul<l, however, be noticed that the portion 
of these subunits (m. wt. ca 31 OOO and 36 OOO) in hordein of the mutant is insignific­
ant. lt was also foun<l that a subunit with the molecular weight ca 26 OOO shows a 
higher portion in hol'dein of the mutant than in ho1dein of the initial cultivar. 

Table 1. .F'. segregation ofelectrophoretic hordein pat­
torns in the endosperm of ba rley seeds (H. vulgare) 

i Analysed Elect rophoret ic hordein 

Cross I seed patterns 

number Diva \ Mutant 1017 
-----··- - • 
Diva x lllutant 1017 

I 
250 192 58 

Mutant 1017 x Diva 250 186 64 
'.l'ota lly 500 378 122 

E xpcct.•d for ratio ' 
3:1 I- 375 125 

x ' =0.096 (0.75 < P < 0.90) 
---·- ····--- .. ~ ---

Single seeds representing l!\ hybrids of the cv. Diva and mutant 1017 showed 
an electrophoretic pattern of hordein of the cv. Diva independently on the direction 
of crossing. The F2 generation was found to have segregation of electrophoretic 
hordein patterns of the cv. Diva and mutant 1017 in the ratio 3 : l (Fig. 2 and 
Table 1). 

DISCUSSION. 

Hordein is a storage protein of harley seeds and constitutes up to 50% of crude 
protein (Shewry et al. 1978a). In hordein we distinguish two main polypeptide 
fractions designated hordein-I and hordein-2 (Doll, Brown 1979). They differ 
by amino acid com position and other chemical properties (I va nov et al. 1968, 
K0ie et al. 1976, Kapała 1983). As showu using electrophoresis the polypeptide 
composition of hordein-I and hor<lein-2 is controlled by codominant alleles of two 
respective loci, flor I and Hor 2, localized in the short arm of chromosome 5 (Favr e t 
1971, Oram et al. 1975, N e ts v c taev 1978, Shewry et al. 1978b, Sozinov et al. 
1978a, Doll, Brown 1979, J e nsen et al. 1980, Shewry et al. 1980). 

It is known that mutations changing amino acid composition of harley seeds 
are accompanied by changes in hordein (Ingwersen et al. 1973, Ingwerson 
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1975, Brandth 1976, K0ie et al. Hl76, Doli 1977, Shewry et al. 1!)77, Sliewry 
et al. Hl78a, Koi c, Doll 1979, Miflin , Sh e wry Hl7!), Kreis, Uoll 1980, Bala­
sarasw,),thi et al. 1984, Kreis et al. 1984). 

Generally known is a clrastically changed hordein compositiun in Riso mutc1nt 
1508. Reccssive gene, Zys 3 rt, controlling high lysinc content re<hwes vory strongly 
the quantity of the both hordein subfractions, hordein-I nnd honlein-2 (K0ie 
et al. 1976, Shewry et al. 1979, Kreis et al. 1984). It war-; also revoakd thitt the 
expression of hordein loci is uncler epistatic action of that gene. The clectrnphoretic 
hordein spectrum of Riso mutant 1508 is a pleiotropici offecit of the same recessive 
gene of a high łysino content (On1m et al. Hl7i,, Sozinov et al. 1978b). 

In the present studies it has becn fcllnd that in mutant 1017 Jikc in RiRo mutant 
1508 the cxpression of hordein lC1ei is under the epistatic action of the recessive 
gene, which inhibits the synthesis of some hordein su bunitR. The chara('teristic 
electrophoretic hordein spectrum of mutant 1017 is probably a. pleiotrcpic dfoct 
of the recessive gene of high lysine content. 
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Fig. l. Elcctrophoretic patterns of hordein: 
A - lnitial cultivar Diva, B - mutant 1017 
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DZIEDZH'ZENIE ELl~KTIWl<'Ol:E'l'YCZ:'\!YCH OBRAZ<)W HOHDEINY VI' ZIARNIA­
KACH ,ll;'.CZMH:NTA (HORDEUM VUU/-A!U!J L.) 

Streszczenie 

U \1·.,·s-okolizyn,•m·go m11t,,1tta 1017 obs<'rwowano inw· niż 11 odminny Diva polipeptydowe 
8pektr111n ltord,·iny. Mi1·szu1H'" fa\. pocltodząen z krzy:iowania mutanta l()l i z oclmianą Diva, wy­
kazują ~- nic·zai<•:i,nic, od kinnmku krzyżowania - dPktroforetyczne spokt.nnn hordeiny odmiany 
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Diva. Stwierdzono, że w pokoleniu F , występuje segregacja w stosunku 3 : l elektroforetycznych 
obrazów hordeiny odmiany Diva i mutanta 1017. Uzyskane wyniki wskazują, że ekspresja 
hordeinowych loci jest pod epistatycznym oddziaływaniem recesywnego genu mutanta, który 
hamuje syntezę niektórych podjednostek hordeiny. Charakterystyczne spektrum hordeiny 
mutanta l O 17 jest, prawdopodobnie, plejotropowym efektem rec<·sywnego genu wysokiej 
zawartości lizyny. 

HACJIE.LJ:OBAHl1E 3JIEKTPO<l>OPETl1lfECKMX CITEKTPOB XOP.LJ:El1HA 

B 3EPHOBKE 5I_qMEH5l (HORDEUM VULGARE L.) 

Pe310Me 

3aMe'!eHo, '!TO y MYTaHTa 1017 c Bb!COKHM Co.D;eplKaHHeM nH3HHa nonHnenTH,!l;HblH cnexTp xop.D;eHHa 

OTnlł'łaeTCJl OT TaKoro CUCKTpa y HCXO,!l;HOI'O copTa .LJ:Hea. Ha OCHOBaHHH reHeTH'łecxoro aHanH3a 6bJn0 

ycTaHOBJleHo, '!TO 3KCnpecCHll noKycoe xopti_eJrna y MyTaHTa JOJ 7 HaXO,!J;HTCSI ITO,!I; :mHCTaTH'łeCKHM B03-

)J,CHCTBHeM pe11ecCHBHOro reHa, KOTOpblłf TOpM03HT CHHTe3 HeKOT0pblX ITO)J,e.D;HHHll xopti_eHHa. Cne11H­

«pH'łCCKHH crreKTP xopti_CHHa MYTaHTa I 017 llBnlleTCll no aceii aepollTHOCTH nneiioTp0ITHblM 3cpif>eKTOM 

pe11ecCHBHOro reHa BbICOKOro CO.D;eplKaHHlf nH3HHa. 


