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Summary. The inhcritance of beta-amylase isof'nzymes sep3,rated by polyacryl­
amide gel electrophorcsis technirpH' was stndied nsing conventlonal genetic analysis. 
Result,,; of the stndi<'R support thP hypothesis that the f'nzyme is coded by two strongly 
linked gen<·R w i tli fiv<' (/i-Arn,v I) or two (/J-Amy2) corlominant and rccpssivc null alleles, 
which ure i11hnit1·d irnkpl·1t<lf'Htly of the gencs controlling the composition of alpha­
-mn,vlus,·s. T,·11 rye v11rinti,•;; w,·n, fonnd to have n significant freqncncy of null alleles 
and 1L higlt ,LPgr-<'e of il<'t<•1·ozygosity . The gt•,wt.n)r• clistrihution generally agreed with 
tl1e H>1nly-\,Vl·i11bm·g <'q11ilihr-i11m principle. 

Beta-amylase from rye endosperm is an enzyrne showing significant polymorphism 
(Busch beck, Wilp 1982). A set of isoenzymatic forms changes in the course of 
both maturation and seed germination (Masojć 1984). During 5 - 7 days after 
the seeds were allowed to gorminate it is possible, using polyacrylamide gel electro­
phoresis, to scparate beta-amylase into 7 intensive hands, five of which, faster 
migrating (1 - 5), form the first zone of the z,·mogram, and two slower ones (7 and 9) 
form the second zone of that zymogram (La piński, Masojć 1983). As shown 
by the analysis of inbred lines, in a homozygous state there occurs at most a single 
intensive band in each zone. Homozygotes with one, rarely two hands or those 
showing no hands (null phenotype) are encountered among lines. The Jack 
of beta-amylase activity in rye grain was also found by other authors (Daussant 
et al. 1981). The genetic basis ofpolymorphism of beta-amylase from rye endosperm 
is unlmown. It has been only established that the enzyme is controlled by the 
chromosome 5R (Artyomova 1982, Schmidt et al. 1984). Observations on the 
variation of beta-amylase composition in inbred lines, like in rye cultivars (Masoj ó 
Łapiński 1984), suggest that hands of the zymogram first zone are alloenzymes 
coded by one gene, whereas hands of the second zone are coded by another gene. 

The purpose of the present paper was to verify the above hypothesis using 
conventional genetic analysis. 

1 R eceived for publication: September, 1986. The work was performed under Problem 
MR II/7 coordinated by the Polish Academy of Sciences. 
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MATERIAL AND METHODS 

The studying materiał consisted of 16 inbred lines, internally homogeneous 
with respect to beta-amylases, and 10 cultivars and strains of winter rye. As a result 
-of a controlled crossing of lines 12 łybrids of ]I\ and P\ generations were obtained. 

Amylases were extracted from the endosperm of grains germinating for 5 <lays 
at a room temperature. The amylases were electrophoretically scparated in 5% 
polyacrylamide gel added with 0.125% soluble starch. Details of gel extraction, 
electrophoresis and staining methods were given earli er (Łapiński, .Mas oj ć 
1983). The beta-amylase isoenzymes were identified with the use of a fi-limit dcxtrin 
substrate . 

A genetic analysis of inter-line F 2 hybrids was performed using the x2-test 
(Sokal, Rohlf 1969), whereas the frequency of alleles occurring in rye cultivars 
were determined by the gene counting met hod (El a n d t -Johnson 1971). Hetero­
zygosity was estimated by the method of N ei (N ei, Roychoudh ury 1973). 

RESULTS AND DISCUSSION 

Out of the lines used for the studies 14 displayed single-banded phenotype 
(band 1, 2, 3, 4, 5 or 7) , one - double-banded (2 and 9) phenotype a nd one - null 
phenotype (Fig. 1). In the zymograms representing the F 1 generation, hands of 
the maternal origin were more intensive than hands introduced by the paternal 
line, which may be explained by the genc dosage effect. Double-banded phenotype 
of the heterozygote indicate that beta-amylases active in the endosperm of germin­
ating grains have a monomeric structure . 

Table 1 shows phenotypic segregations observed in the F 2 progenies and their 
agreement with the expected values on the assumptiou of monogenic inheritance. 
In the hybrids derived from the crosses between the lines showing the presence 

T ablo l. Segrcgation ratios of bcta-am ylase iso<•nzy mes from ryc entloRperm in P, prugcnics of 
inter-line hybrids 

- ---•------ ·- -- ·------- -- I 
Hybricl I __!:'llreuta l phenotypes I X umber of phenotypes 

I x' l: 2 : l L ----- '••·----- -------------· ·. ]' 
K o. A l3 A AD 11 Total or 3 :1 

- --···· - - - ·- --· ,, __ , _____ __ _ -

1 band Jl;o.: 1 band No.: 2 130 292 125 547 2.59 0.20 - 0.30 
2 1 3 39 79 37 155 0. ll 0.90 - 0.95 
3 2 3 119 291 131 541 :l.64 O.IO - 0.20 
4 5 G7 LU4 51 212 0.4~ 0.80 - 0.\)0 

5 3 5 9 36 15 60 a.60 0.10 - 0.20 
6 4 5 M 151 83 298 2.48 (UO - 0.30 
7 2 5 80 179 73 332 :!..33 0. :10 · 0.50 
8 7 9 39 101 51 191 ~-Ił 0,30 · 0.50 
9 l null 240 94 33-! 1.20 0.20 - 0,30 

1() 2 null 152 39 19[ 1.~l O.IO - 0.20 
11 9 null 252 80 :l:lt 0.10 0.70 - 0.80 
12 7 5 47 102 5.t 200 0.24 0.80 · 0.90 
13 5 2.9 80 179 73 33~ 2.:l3 0.30 • 0.50 
14 2.9 39 101 51 191 :.!. 14 0.30 · O.GO 

·- --···-·------- --------- --··· ------------------
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Fig. I . Tlio fi-amylasc ,-;ygomrams ;;howing one double• (a) and six singlc-bandcd (b-g) 1101110• 

zygou8 phnnotypcs of tlio pamntal line,; (A) and the segregation of bands l and 3 in the F, 
progeny of a.n intor lino hybrid (B). Tho fi-amylasc iso,-;ymcs are sometimes accompanicd by 

faint secondary bands 



Table 2. Indepc>nclent scgrega tion of a lpha- and heta-amyla >-e gen t's in F 2 and BC1 pmgenies of inter -line li.d)rids 

Pair of loci 
1

1 Type of 
data 

---·---··- ' 
~-Am)·2 - /3-Amy 1 , P, 
~•A myl - /3-Amn I BC, 
o:- _.\ my~ - j!-...\.m ~· l 

I 

BC,\ 
i:r.- • .\1r,~·3 --- /1-• .\mrl F 'J 
o:- .\m~-;J - /3-Amyl 11JC'1 

:ill-1.- .\~i:_:- /3-Amyl Il, 

o.a Bill A aB;b 

H 62 
36 
21 

29 

I 
114 

- 55 
rn 79 

~umb€' l' of gl'nutnh'S 

A/Ab;b I A/,dl;b a/aH/b i A /A.ł:.tb 

10 33 28 29 
31 32 

15 25 
27 5S -H 53 

I 54 
20 35 30 

49 
46 

A ,1b/b 
:ł:l:2:i:2:2:1:11· p 

a/ab/b A/AB /B_ \ ____ _ or 1: 1: 1: 1 _ ·--~- ---

30 12 12 2.10 0.95 - 0.98 
33 0.42 0.90 • 0.95 
17 3.02 0.30 - 0.50 
52 23 26 3.31 0.90 - 0.95 
52 - 0.40 0.90 - 0.95 
34 14 18 5.46 0.50 - 0.70 
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of a, single ban<l from the first zonc (position l - 7) 01· from the second (position 8) 
the pbenotypes segregated in the ratio consistent with 1 : 2 : 1 expectation for a 
single locus with two codominant alleles. "\Vhen one of the parental lines showed 
no activity of beta-amylase (position 9 - 11 ), the segregation of a single-banded 
and null phenotypes observed in the 1\ progeny was not significantly different 
from the 3 : 1 ratio. These data suggest that isoenzymes of the first zone are products 
of five alleles of a single gene. The alleles were designatecl /3-Amyl 1 - /3-Amyl 5 

according to the band numbers. The allele responsible for the Jack of band in the 
first zone was assignecl the symbol /3-AmyP'. Isoenzymes of the second zone may be 
recognized to be allelic forms of the second gene. lts 3 alleles, coding hands 7, 9 
and the lack of band in the second zone are proposed to be designated f3-Amy2 1 

f3-Amy2 2 and f3-Amy2N, respectively. 
Three last positions in Table I present a simultaneous segregation of isoenzyrnes 

from the first and second zones. Among 723 grains of the 1\ generation no pfieno­
types, indicative of /3-Arnyl and f3-Amy2 gene reeombinations, were found. That 
rnay mean that these genes are located at two strongly linked loci or form a compound 
locus, like some genes of esterases (Wehling, Schmidt-Stohn 1984) and per­
oxidases (Garcia et al. 1982) in rye or lik:e genes of beta-arnylases in wheat (Ains­
worth et al. 1983). 

The electrophoresis method used in the present work make pm,sible the 
obtaining of the pattern of both beta- and alpha-amyla.ses on a single gel. The 
genetic analysis of alpha-amylase cornposition (Masoj ć - 1987) permitted to 
distinguish three linked structural genes designated a-Amyl, a-Amy2 , a-Amy3 
and a.n independent locus of the modifying .:VI-a-Amy gene. Table 2 prcsents segre­
gation of alpha- and beta-amylase genes in the F 2 progenies of inter-line hybrids. 
The observed segrega.tion ratios indicate that the inheritance of these genes is inde­
pendent, which agrees with the data of Schlegel and Metti n (1985). 

Earlier studies (lVIasoj ć, Łapiński 1984) showed tha.t population cultivars 
are polymorphic to a high degree with regard to beta-amylase composition. In the 
rye grain, depending on the cultivar, the most frequently encountered are the 
aileles /3-AmylN (Wiatka, Donar), p-Arnyl1 (Ponsi, Animo, Halo), f3-Amyl2 (Otello, 

Table 3. Frequencies of beta-amylase alleles and l1dProzygosity (h) 1n rye cnltivars 

--- ·----··-····------·-·--~ -
Alleles of P-Amyl I Alleles of P-Amy2 I 

Cultivar 
N 1 2 3 

h,o-Amn} · ·-N--·--1--·--- --·-2-·1 hcp-Amys) 
4 5 

----
Otello ! 0.298 0.113 0.528 0.059 0.002 o.ooo 

' 
0.617 :o.655 0.232 0.113 0,505 

Petkus 1035 I o.3o3 0.195 0.359 0.036 0.005 0.102 0.731 0.534 0.359 0.107 0.576 
Donar ! 0.318 0.183 0.290 0.0,1 0.015 0.123 0.763 :o.589 0.149 0.262 0.564 
Ponsi 0.297 0.323 0.086 0.174 0.094 0.026 0.762 i°-742 0.165 0.093 0.415 
Kungs II i 0.276 0.187 0.406 0.033 0.020 0.078 0.718 i0.717 0.219 0.064 0.435 
Sv 6970 0.208 0.077 0.521 0.118 0.020 0.056 0.664 0.819 0.167 0.014 0.302 
Dańko wskie 

I 0.267 io.676 Złote 0.236 0.081 0.287 0.049 0.080 0.777 0.173 0.151 0.491 
Animo I 0.003 0.605 0.004 0.345 o.oio 0.033 0.486 10.878 0.077 0.045 0.222 
Halo : 0.324 0.506 0.189 0.184 O.Oló 0.056 0.617 :o.687 0.205 0.108 0.475 
Wiatka 2 [ 0.403 0.306 0.014 o.oso 0.162 0.035 0.711 io.569 0.393 0.038 0.521 



., 

Table 4. Testing for tho Hardy-\Veinbcrg cquilibriurn prineiplc in ryc cultiYars at the P-Amyl 

I N umbcr of phenotypes 
CultiYar 

- ---- -------~-1 2 3 4 5 1,2 1,3 1,4 1,5 2,3 2,4 2,5 3,4 3,5 4,5 
Daókowskie 
Złote 

Halo 

Wiatka 2 

Donar 

Ponsi 

1• 
2• 

1 
2 

1 

2 

1 
2 

1 
2 

• observed number 
b expected number 

' 24 4-1 13 77 8 H 18 42 9 15 9 4 3 6 12 2 
21.4 54.5 15 70.7 8.6 14.7 11.5 40.6 6.9 11.3 13.0 2.4 3.9 8.4 13.8 2.3 

-- - -
14 148 6 37 O 13 5 58 O 14 O O O 1 4 O 
16.4 147.8 2.8 36 0.2 8.8 5.7 55.9 0.3 17 2 O 0,6 0.3 6.2 O 

44 103 6 21 56 8 2 21 24 5 O O O 3 2 5 
48.7 102 s .4 21.1 47 8.8 2.6 15 20.1 o.4 o .7 1.4 o.3 7.8 1.1 s.• 

20 27 53 14 2 14 23 6 1 10 4 3 20 O 8 O 
20.2 30.0 53.7 10.0 2.3 18.7 21.2 5.2 1.1 9.0 8.0 1.7 14.3 0.4 3.5 0.7 

------ ----
16 57 10 25 11 5 4 31 14 3 4 5 O 4 O 2 
17.6 59.2 11.7 26.7 12.9 3.1 11.4 22.5 12.1 3.4 6.0 8.2 0.8 6.5 1.8 I.O 

Degrees of 
freedom 

7 

2 

3 

4 

4 

x' 

11.04 

5.84 

7.70 

4.56 

14.64 

p 

0.10 · 0.20 

0.05 • 0.10 

0.05 • 0.10 

0.30 • 0.60 

< O.Ol 
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Petkus 1035, Kungs II, Sv 6970) or /J-Amyl3 (D11ńkowskie Złote). The freqnency 
of /J-Amyl 4 and /J-Amyl5 alleles is generalJy low. All the cultivars exhibit a ,;imilar 
composition of the alleles of the second beta-amylase genc. The f3 -Amy2N allele 
occurs with the highest, and f3-Amy2 2 allele - with the lowm;t frequency (Table 3) . 
Significant frequency of null alleles revealed in rye cultiv,u·s is not exce ptional. 
Such alleles occur equally frequently at the loci of phosphatases or peroxidases 
(Perez de la Vega et al. 1982, Perez de la Vega, Ailard 1984). Using immuno­
chernical techniques it was shown that the cause of the abscnce of beta-amylase 
activity in the grain of some rye lines was a low level of the protein (Danssant 
et al.). It may not, therefore, be exclnded that the action of /3-AmyIN and [J-Amy2N 
alleles consists in inhibiting enzyme production. 

Tablo 5. Test ing for the Hardy . ,,v<'inb1lrg cq11ilibri11m principh- in r_ye c·,tltivars at the 
{J-Amy2 

· -·-···- - - -

Cultivar 
null 

Ponsi 1• 109 
2• 109.0 

Kungs II 1 99 
2 100.3 

P etkus 1 59 
1035 ~ 55.6 
Donar 1 72 

2 68.7 

---~ - ---··--·-- --
Number of ptwnotypes I Drgrccs of 

7 -,:ii _____ - -9- -- 1 fn,cdom x' 
- - ----·--------·-- --- ------··· 

54, 

53.8 
72 
70.6 
9G 
!l9.9 
35 
39.l 

6 20 

6.l 29.1 
4 20 
;).4 

20 

15.0 
20 
15.5 

18.7 
20 
24.4 
71 
74.4 

········- · ---·. 
1 o.no 

O.:,ł 

2.08 

I' 

>0.99 

0.05 - 0.10 

O.IO - 0.25 

- --- -----'--- ----------- - ---'---·-- ---- -

a obscrvet.l number 
• expected number 

Heterozygosity of rye cultivars is high and ranges from 0.486 (Animo) to O. 777 
{Dańkowskie Złote) in the case of the [J-Amyl gene and from 0.222 (Animo) to 
0.576 (Petkus 1035) in the case of the f3-Amy2 gene (Table 3). Such a high frequency 
of heterozygotes oceurs also at the loci of phospho-glucoso-isomerase and peroxidase 
(Perez de la Vega et al. 1982). A signifieant level of heterozygosity detected at 
some enzymatic loci of rye results from the maintenance of a high freqnency of 
severa! alleles and is presumably a symptom of adaptational strategy of allogamous 
species. 

The agreement of the phenotype frequency distribution in a population with the 
-equation of the Hardy-Weinberg equilibrium principle constitutes an ad­
ditional criterion of allelism for isoenzymatic forms. Tables 4 and 5 present testing 
results of genetic equilibrium in rye cultivars, separately for isoenzymes of the 
first and second zones. The revealed phenotype frequencies a.re generally in agree­
ment with the expected values, which justifi.es the genetic interpretation accepted 
in this paper. 
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DZIEDZICZENIE I POLIMORFIZM GENETYCZNY BETA-AMYLAZY Z BIELMA 
ŻYTA {8ECALE CEREALE L.) 

Stres ze zen ie 

Badano sposób dzindziczc·nia izoenzymów bota-amylazy, rozdzielonych techniką elektro­
forezy w ;i;el11 polialu-ylamidowym. ,vyniki badaiI pot·wicrd:.mją hipotezę, że enzy m jest kodo­
wany prwz dwa silnie sprzężone geny z pi9cionm {P-Amy l) , lub dwoma {P-Amy2) kodorninu­
jącymi 01·11.;, r<!ccsywHymi alldami null, które dl".i<,dziczą się niezależnie od genów kontmlnją­
cych Rk[a (l rdfo.-11myl:t'.r.. U dziesięciu odmian ;i;yta stwierdzono znaczną częstoś<, alleli null oraz 
·wysoki Rtopini1 ht't<'rozygotye'.r.ności. Rozkład genotypów był na ogół zgodny z zasadą równo­
wagi H II nl y- \Vei n bPrga. 
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HACJlE)J;OBAHME M fEHETI14ECKMJil ITOJ111MOP<l>l13M 6ETA-AMl1J1A3bI HJ 
3H)J;OCITEPMbl P)Kl1 (SEGA.LE GEREALE L.) 

[8) 

J1crrorrh3YJI M eTO):lbI o6brql!o ro r e tten1qecKoro afrnmna , Hcc ne):losarrcJ1 cnoco6 Hacnc,[\osamłJI 1no­

qiepMeHTOB 6 eTa-aMHJI33bJ, P33,[\CJll!CMLIX TCXH11KOH 3JICKTpoqiope3a B rron11aKp1rnaMl1 /:UlOM rene. Pe-

3YJibTaTbl llCCJIC,[\OBaHlJH IIO,[\TBCplK,[\3IOT flllIOTC3y, 'fTO qiepMeHT KO,[\HpyCTCH /:IBYMSl fCHa M H, CHJlbHO 

cneoneHHbJMH c IIllTbJO (P-Amyl) !łJIJI /:IBYMJI (//-Amy 2) KO/:IOMHHHflYEOlJ.IHMH u c p e L1ecc11stt1,1M11 annenHMH 

null, KOTOpbiC HaCJIC):lyJOTCJI HC3aBHCl1MO OT TCHOB, KOHTponupy!Ol.LIHX COCTaB anL Q)a-al'vllU133. Y IO copTOB 

P)KH o6Ha pylKeHo Bb!COKY!O 'f3CTOTY anneneii null , a Ta KlKC BblCOKYIO CTCITCHb rCTCp03ł1fOTJIOCTH . Pac­

npe):ICJICfEHe reHoTHITOB B o6m:eM COOTBCTCTl30Bano paBHOBCCl1!0 Xap):IJ.t-Baiitt6epra. 


