Barley -amylase 1 (Bmy1) intron lll classification and association with enzyme activity and thermostability
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Abstract Materials and Methods i Results cont. | Discussion
Polymorphisms in intron III of barley (Hordeum vulgare L.) Bmy1 from thirty-nine wild and cultivated barley accessions were | o Selective Marker Potential of Bmy1 Intron 111
endosperm-specific p-amylase (Bmy1) have been associated with cloned and sequenced, using conventional techniques, and classified ;l;elziS;E;?lsil:iils-‘:r;lol:g:islgsqul;ai:::r}:)E-IaITZIITeSIZsa.thltles " The Bmy1 intron III indels have the potential to be exploited as a
B-amylase activity and thermostability and are thought to have potential as into four alleles. Assay ;3:1“‘11’:“‘ :ie‘;: HSE“;*“ P“;";‘(;i:ty PCR-based screen for elite malting cultivars based on the
a selective marker for breeding elite malting cultivars. The third intron of The barley seeds had their hull removed and were ground to flour. Buylavs.Bmylc 179 o106 Kruskal-Wallis test, but when further statistical scrutiny is employed
Bmyl was sequenced in thirty-nine barley accessions. Four alleles were B-Amylase was extracted from 150 mg of flour following i Brytbve Brgte 89 oo the potential disappears. The Bmyl.d allele, represented by PI 296897,
identified based upon insertion/deletions (indels) of 126-bp, 38-bp, 11-bp, manufacturer’s instructions (Megazyme). Three separate extractions B B o1 hpwad would have potential as a selective marker except it has only been
and 21-bp. The Bmy1.a allele has the 126-bp, 38-bp, and 21-bp indels. were performed for each accession. The extracts were diluted — e o found in one wild barley accession and has not been found in
Bmy1.b only has the 38-bp indel. Bmy1.c has the 38-bp, 11-bp, and 21-bp 1250-fold in a dilution buffer. The diluted extract (10 ul) was Buylavs.Bmylc 16 00006 cultivated barley. The B-amylase activity within Bmy1l.a ranges from
indels. Bmy1.d, found in only one accession, is missing the 126-bp and sub-sampled four times. The sub-samples were placed in a 96-well hormosability Brgth Bt 1 <doon 417 to 1819 U/g flour, with twelve statistically different groupings
38-bp indel. Thirty-nine accessions were assayed for f-amylase activity PCR plate. Prior to the B-amylase activity assay the plate containing A R - (Table 4). The ranges of B-amylase activity in Bmy1.b and Bmy1.d are
and thermostability (percent remaining after exposure to 60°C for 10 the diluted extract was incubated in an iCycler Thermal Cycler at 40°C Al 3 <0000 628 to 1736 and 417 to 1991 U/g flour, respectively. If the Bmy1 intron
minutes). Accessions with the Bmyl.a, Bmyl.-b, Bm}ﬂ.-cl' and Bmyl:d alleles or 60°C for 10 min and then an additional 1 min at 40°C before The enzyme activities of accessions within each allele were III indels were used as a marker to select for high f-amylase activity,
had averages of 26.7, 23.8, 38.5, and 56.1% residual activity, respectively. conducting the assay at 40°C. The p-nitrophenyl maltopentaoside compared using the LSD test (Table 4). There are twelve statistically there would be insufficient information to determine if the -amylase
Each allele had statistically different thermostabilities according to the substrate was pre-incubated at 40°C and 10 ul was added to the different groups of means for the twenty Bmyl.a accessions. The activity was actually high or low. Therefore, we have concluded that
Kruskal-Wallis test. Accessions with Bmy1.a, Bmy1.b, Bnyl.c, Bmyl.d pre-incubated diluted extract. The assays were run for 5 and 10 twelve accessions of Bmy1.b have six statistically different groups. the Bmy1 intron III indels are not effective markers for selecting lines
alleles had activity averages of 1181, 1460, 1058, and 2739 U/g flout, minutes, during which time rates were previously determined to be Bmyl.c is composed of six accessions with five statistically different with high B-amylase activity.
respectively. Each allele had statistically different activities using the linear. The reaction was Stopped by addlng 150 pl of 1% Trizma® base. groups. The LSD values for BmyI. a, Bmyl.b’ and Bmyl. C were 814’ Table 4. LSD analysis of f-amylase activities (U/g flour) for alleles Table 5. LSD analysis of p-amylase thermostabilities (% residual
Kruskal-Wallis test, except between Bmy1.a and Bmy1.c. These data The absorbance was read at 400 nm on a microplate 236, and 102, respectively. g;&yjf ;"g:pétlg': isSAzigiyfwﬁini:"‘;;th (J;:::’h f;,i‘lilig:f;tgy}i::fgjFLS*,;Y;‘Z“M*
support the use of intron III as a selective tool. However, when the data spectrophotometer. Activity rates were determined by using the Alec e Zy' hccion ST Alele M; T Agtcészion T
within each intron allele are analyzed, the conclusions are different. Using equation in the Betamyl method handbook. 16533 ;gyy a: 54 2 Trg}‘éi,l ib
the least significant difference (LSD) test on the activities and The percent residual activity was determined by dividing the B-Amylase Activity of Bmy17 Intron lll Alleles 1872 Bl < 533 PorMuhah 75 2 b e
thermostabilities within each allele (i.e. Bnyl.a, Bmyl.b, and Bmy.c), B-amylase activity after pre-incubating at 60°C by the p-amylase 2000 o 3 Sisler de 213 Bed  ede
statistically significant differences were found. Therefore, we conclude activity after pre-incubating at 40°C and multiplying by 100. 126 2 e Qe ws 2 e Cae
that the third intron is not a reliable marker for use in selecting elite All statistics were accomplished using SAS 9.1. The LSD test was e | 3 e o P 012 Hemont K
malting cultivars. conducted using the GLM procedure. The Kruskal-Wallis test was 2000 - neo2 oM ghj ;659 2o Sler fﬁﬁ
conducted using the NPARTWAY procedure. Activity ., [ g6 2 ssabss | Za 5 supe "
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Introduction e | 13 | 223 1
B-Amylase (3.2.1.2) is a starch degrading enzyme that is very Results et ity 1 1 i vk i A S nooTme
important to the malting and brewing industry because it is one of the The Bmy1 intron III sequences were grouped into one of four oy s o) s voented o 20 scensions oes, Bt e P o2 s L w2 2w K
four main enzymes involved in fermentable sugar production during intronic alleles. Alleles were determined by the presence or absence mecessions (1o13), BrayLd -+ is represented by e ouly accession kaown f w2 ;11;};12%411 . P15 Damaniiar
the mashing process (Sun and Henson, 1991). Diastatic power (DP) is of four indels: 126-bp, 38-bp, 11-bp, and 21-bp (Table 1). dateveth (hisaflele (n=3). Trror bars xepresent standard deviation. e | 172 Ashadlonzss — Egg g Asgqﬁllgofff :
an official international measure of malt quality (Kunze, 1999) and it 3 e 4 05 3 Dmalrs o
measures the contribution of all amylolytic enzymes involved in Table 1. By intron III alleles based on B-Amylase Thermostability of Bmy1 Intron Il Alleles
starch degradation. B-Amylase has also been shown to be the major the four largest indels. 70 The mean thermostabilities of each of the four intron III alleles,
contributor to DP (Delcour and Verschaeve, 1987). Researchers have Indel o according to the Kruskal-Wallis test, are significantly different from
been studying B-amylase in hopes of finding selective markers for Allele 126-bp 38-bp 11-bp 21-bp o | each other (Table 3). Similar to the f-amylase activity data, the
breeding elite malting barley varieties. Bmyla | + ¥ Residual o | thermostability data have a large range within any given allele, except
Erkkila et al. (1998) identified three distinct Bmy1 alleles (Haruna Bmyl.b - - Activity l Bmyl.d (only one accession). The maximum value in the Bmy1.a allele
Nijo-like, Adorra-like, and PI 296897-like), in cultivated barley Bmyl.c - * (o) ™1 I is 36%, whereas the maximum value for the Bmmy1.b allele is 26.5%.
(Hordeum vulgare) and wild barley (Hordeum vulgare ssp. Bryl.d - - * N The Bmyl.a mean is significantly different from the Bmy1.b mean
spontaneum), based upon two indels in Bmmy1 intron III. Erkkila (1999) The average B-amylase activity for each allele was 1181358, . using the Kruskal-Wallis test. However, the minimum values for the
determined the mean activity for f-amylase in crude extracts of 1460+433, 1057+367, and 2739+42 U/g of flour for Bmy1.a, Bmy1.b, T amyte  emio  amye  omyta Bmy1.a allele is 4%, whereas the minimum value for the Bmy1.b allele
cultivars with the Haruna Nijo-like allele had 1.3 times more activity Bmyl.c, and Bmyl.d, respectively (Table 2, Figure 1). The -amylase Bmy1 Intron Il Alleles is 18.8%. There is no way to determine if the thermostability is going
than the Adorra-like allele. The PI 296897-like allele had 2.1 times activity of Bmyl.a is statistically different from Bmy1.b and Bmy1.d sceesions broken p nto four noniesleles based upon foue indels (126 p, to be at the high end or the low end of these ranges by just examining
more activity than the cultivars with the Adorra-like allele. but not from Bmyl.c, according to the Kruskal-Wallis test (Table 3). By (o)t sepresented by 12 accessons (ra. BrogLe (onn e the third intron. Therefore, we conclude that using the third intron as
Gunkel et al. (2002) correlated the intron III alleles with 3-amylase The B-amylase activity levels of Bmy1.b, Bmyl.c, and Bmy1.d, are all wecesion Ko to dte with tis alels (. vzor bars represnt sandaed a marker to select for f-amylase thermostability will not provide
thermostability. They showed that cultivars with non-thermostable statistically different from one another (Table 3). deviation. consistent or reliable results.
p-amylase contained the 126-bp indel in Bmy1 intron III whereas the The average B-amylase thermostabilities of the four intron III A more effective way to screen germplasm for f-amylase
thermostable f-amylases did not contain the 126-bp indel. They Table 2. MeanzSD, range, and sample mumber of barley f-amylase activities alleles range from 23.8 + 2.8 to 56.1 + 1.1% residual activity after thermostability would be to use a two point assay as that Eglington et
thermostability. The inferior f-amylase thermostabilty lowered e e b 33 mdl e e e 26.0% (1ot 3 Fins method, 2 done in this sudy, to determine the f-amylase activity and
: : . . ) — samples being 3.3 and the maximum being 56.9% (Table 2, Figure 2). method, as done in this study, to determing the p-amylase activity an
concentrations of .malt.ose.r in wort, whch} was associated with a lqwer B-Amylase P R S The residual activities of the Bmy1.a, Bmy1.b, Bmyl.c, and Bmy1.d thermostability from barley grain as a selective tool as opposed to
apparent attenuation !1m1t (AAL). AAL is a measure of the capacity of MeantSD  1181:358 1460433 10574367 2739:42 alleles are 26.7+10.1, 23.8+2.8, 38.5+9.7, 56.1+1.1% respectively and are, using assays based on the indels or other motifs in the third intron of
yeast to convert wort into alcohol. . Activity v 58 e o s according to the Kruskal-Wallis test, all significantly different than Bmyl.
Coventry et al. (2003) correlated the presence of the 126-bp indel Samples () 51 2 15 3 each other (Tables 2 and 3).
with lower DP, lower B-amylase activity, and inferior thermostability. Mean:SD  267:10.1 238:2.8 385207  56.1+11 LSD analysis was used to determine if there were any differences
Their intron III PCR marker was used to distinguish between the Themostability  U% D L s see among the accessions of each allele. The Bmyl.a allele had an LSD
presence and al?sence of the.e 126-bp 1ndel. at the Bmy1 locus and they Samples (1) 52 27 17 2 value of 2.7 and was found to have eleven statistically different groups N T ———
concluded t.h.at it was ef.fe.ctlve for screening for f-amylase amongst twenty accessions, with four accessions being the maximum The sthors wold ke hank Ccs Koo ol Pillps M Pt and Laren Bosbom ot SOISIIR ety s amytse i P
thermostability and activity as well as DP.- . for one group. There were five statistically different groups amongst I References et o i o s s oy . it
Logically, if one can find simple and reliable markers (i.e. PCR) to twelve accessions for Bmy1.b using an LSD value of 2.5. Bmy1.c had e s st ot
se.lect for B-amylase actlYlty, B-amylase tchermostablhty, DP, and. AAL, six accessions and four statistically different groups using an LSD of Do A snd 5 N 155, Ml st ety . A e EC st pone sy 0ihe 2 D et e 1 5o e £t i A
without actually measuring them, then it could lead to more efficient 4.2 (Table 5). et Bt g e sy | ’
and cost effective breeding of elite malting quality barley. \ Y. g o o o e o gty s




