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ABSTRACT - Experiments were carried out during the year of 2004 with the collaboration of
the Nuclear Energy Department (DEN), the Federal University of the State of Pernambuco
(UFPE), and the Agricultural Research Corporation of the State of Pernambuco (IPA). The
main objective was to identify, evaluate and select high salinity resistance sorghum plants (from
varieties V- IPA 467-4-2, \J- IPA- 02-03-01 and ¥ IPA- Sudan 4202) under ionizing
radiation effects and electrical conductivity of the soil saturation extract— EC levels. The doses
(applied to the seeds) of gamma rays ff#o were 0, 450, 500 and 600 Gy and the salinity
levels used were 0, 15 and 30 dSahelectrical conductivity — CE. The main results were:

a) electrical conductivity levels between 15 and 30 d%unad gamma ray doses of 450 Gy
allowed for the selection of sorghum genotypes that are resistant to salinity; b) molecular markers
of the microsatelites type SSR - simple sequences repeated, revealed genetic changes in
appearance of irradiated and non irradiated sorghum genotypes.

Key words. electrical conductivity; salinization; forage sorghum; radiosensitivity

AVALIACAO DE GENOTIPOS DE SORGO SOB NIVEIS DE SALINIDADE
E DOSES DE RADIACAO GAMA

RESUMO -0 trabalho conduzido durante o ano de 2004, com a colaboracao do Departa-
mento de Energia Nuclear da UFPE e com o suporte do IPA— PE. O objetivo foi identificar,
avaliar e selecionar materiais de sorgo das variedades V1 —IPA- 467-4-2, VV2- IPA- 02-03-

01 e V3 —IPA- Sudan 4202, visando resisténcia a niveis elevados de salinidade. O experi-
mento foi conduzido em casa de vegetacao, onde foram avaliados os efeitos de doses eleva-
das de radiacado gama (0, 450, 500 e 600 Gy) aplicada nas sementes dos materiais de sorgo,
em presenca dos niveis de salinidade de 0, 15 e 30 @&mprincipais resultados obtidos

foram: a) niveis de condutividade elétrica entre 15 e 30'd8nmamente com a dose de
radiacdo gama de 450 Gy, permitiram selecionar genoétipos de sorgo resistentes a salinidade;
b) as analises decorrentes do uso de marcadores moleculares do tipo microsatélites SSR —
Sequéncias Simples Repetidas caracterizaram a ocorréncia de alteragfes genéticas configura-
das pelas diferencas de respostas observadas entre os materiais irradiados e o material sem
irradiacéo.



http://dx.doi.org/10.18512/1980-6477/rbms.v6n3p339-350

340 Taboseet al.

Palavras-chave condutividade elétrica; saliniza¢éo; sorgo forrageiro; radiosensitividade.

Soil salinity is one of the main problems for New materials can be obtained with
world agriculture (Ahloowalia et al., 2004). It isfavorable characteristics in view of great energy
defined as a situation of excessive soluble salts in ti@nsparence to plant tissue (IAEA, 1977).
soil or roots region (Trindade et al., 2006). ThAccording to Ahlowalia et al. (2004) there were
soluble salts are formed by cationssNaa*and 2,250 new registered mutants from 163 botanical
anions Cland SQ . The excess salt lowers thespecies, from 62 countries. For sorghum plants
osmotic potential of the soil solution and increasesibmitted to gamma rays, a dry resistant mutant was
its electrical conductivity (EC), (Richards, 1974). Iobtained (Bretaudeau & Traore, 1990). Moreover,
the arid and semi-arid regions the salinity inhibitiothe confirmation of genetic changes by gamma ray
of plant growth is the result of osmotic and ionitise is possible with RAPD (Randon Amplified
effects and of the different mechanisms to cope wiktolymorphism DNA) and microsatelite techniques
these effects (Munns et al., 2002). The procefserreira & Gratapagllia, 1998. A new genetic
occurs because of incomplete lixiviation and intensiveaterial is obtained when a change in basic genotype
soil evaporation. This process is characterized as theeurs (IAEA, 1977).
main factor of world soil degradation (Heinze, 2002), Bretaudeau & Traore (1990) declared that
which affects around 60 to 80 millions of hectaremutation induction by gamma rays doses of 200 to
(Munns et al., 2002; FAO, 2004). 300 Gy presented environmental stress viability

The irrigated agricultural area of the northeastlerance. According to Krishnamurthy et al. (2007),
region of Brazil is around 500 thousand hectaresorghum varieties has been considered relatively
where 25 to 30% is in the process of salinizatiomore salt tolerant than maize and has the potential as
(Heinze, 2002). The agricultural potentiality in thdorage plant for salinity areas. According to Zhu
salinized areas is directly associated to available §2001) and Geressu & Gezaghene (2008), the plant
resistant cultivars. The intensive crop yield in theggerformance on salinity conditions is related to the
salinized areas helps to resolve a great livestoekpression of several genes and each botanic species
regional problem of shortage of forage crops, mainiyresents different tolerance degrees to NaCl which
during dry period of the year. The Sorghum plantdepends on the quality and dissolved salt
atropical grass that offers an alternative of genetioncentration, climatic factors, water absorption and
viability to adverse abiotic factors (Tabosa et alvegetal nutrition. Promising results were obtained for
2002; Krishnamurthy et al., 2007). salinity tolerance in sunflower, banana and rice from

Sorghum is the fifth moshportant cerealin gamma rays (Omar et al., 1993).
the world after maize, wheat, rice and barley. Itis important to define which gamma ray
According to the Association Pro-Sorgo/ APP#ose is to be utilized to promote favorable changes
(2005, 2007), in 2004, 2005 and 2006, the Braziliar mutations. The gamma ray is used in DNA
sorghum area was 1,269,000 , 1,152,120 aretombinant, clonage, genetic maps, and transgenic
1,184,482 ha, respectively. In the Pernambuco Stagsearch (Irfaqg & Nawab, 2003). In this work
semi-arid region, the grain sorghum area in 2006 wagrghum plants were evaluated for high salinity
37,700 ha. tolerance through electrical conductivity levels and

gamma ray doses.
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Material and Methods most vigorous plants. The NaCl addition was

An experiment was carried out at the nuclegerformed 15 days after sowing. ,
energy department of the Federal University of the A random|zeq co_mplete block design was
State of Pernambuco jointly with IPA (Agri CuIturaIused, W|th.three replications. T.he treatments were
Research Corporation of the State of Pernambu@cU"_’mged Ina3x3xa factonglz three sorghum
support. The research actions were developed dur}f?gf'et'es (v, V,and V) x three sgllplty levels (0,15
the year of 2004 under greenhouse conditions (aqr?;\d 30 dSm) x four gamma radiation doses (0, 450,
temperature of 29— 35 °C, minimum-maximum an%OO and 600 GY)- ,
arelative humidity of 80 —89%, minimum-maximum) The va_rlables observ_ed in the sorg_hl_Jm
during 40 days. The sorghum varieties (V) utiIizegiﬁtr{j:igz'g:i;ﬁgt ZLE??ES‘%:;;;&XCSS
was: V-IPA 467-4-2 (variety of sweet stalk, heigh "
more ti]an three metEers)' le PA 02-03-01 (variet%/ performed at 40 days after seedlings emergence; b)
of dry stalk, height morezthan three meters) and yeore of damage caused in the plants — the grading

IPA Sudan 4202 (herbaceous variety, earl?ale used was of 1to 5, according toTabosa (1982).

maturation, dry stalk and height of 170 cm)awd corel- dam_age absent; Score 2 — plant with until
V, varieties are thgorghum bicolospecies. \fs 25% of the foliage affected; Score 3 - burnt on top

theSorghum sudanenspecies with 26-50% of the foliage affected (Chorosis and/
The seeds were subr.nitted to doses SF necrosis of the leaf tissue); Score 4 — plant with

gamma rays frorffCo source (Cobalt Irradiator, 51 —75% of the I_eaf tissue; Score 5 — plar_lt with
Radionics Laboratory, Scott Plains, New J erseZ/6% or more of foliage affected (burn, chlorosis and/
USA. dose of 13 Gy}’) The gamm'a radiation or necrosis of burnt leaf tissue, stalk lodging with

doses utilized were: 0 (zero); 450; 500 and 600 ?lt presence or absence, prpgressive dgmage untl
Each experimental unit was a pot with volum e_ath plant stage); c) Electrical co_nductlvny of the
capacity of three liters of soil. The physical aspecf? l ‘sa.tura.ted gxtract (EC) - obtained from Ieve!s
of the substrate were characterized and analyses \A%%lmmanly adjusted of 0, 15 and 30 dSm-1, sail

done in the IPA Laboratory unit, according to 1002¢7amples being.collected in each pot after hawesting
2002 N Analyses bulletin. The requirement C];Plants. The utilized methodology was described by

fertilization and lime application were addresseﬁicmlrdS (1974); d) Genetic change identification in
according to laboratory analyses bu IIetirﬁhe s_orghum_va_rieties evaluated (control variety and
recommendation. Available soil water content deadlated varieties) - at these stage molecular markers

maintained to addressing the plants’ demands durip@e microsatellite SSR (simple Sequences repeate_:d)
the experimental period. were used. These results were obtained by comparing

The salinity levels were preliminarily adjustecgenom'c DNA from sorghum cultivars according to

and defined by incubation test, carried out befofge following points: plants obtgined from no
beginning this activity. The salinity levels were: drradlated seeds and plants obtamg.d fro_m 450Gy
(zero): 15 and 30 dSi dose on 30 dStnThe methodology utilized in these

Eight seeds were sown in each pot. Ten da;%gtermingtions is according to_ Ferreira &
after emergence, seedlings were thinned to the f rrattapaglla (1998). Fpr DNA gxtractlon the CTAB
(cetyltrimethylammonium bromide) was used. After
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DNA quantification, PCR (Polimerase Chairindependently of salinity levels (Table 2). The variance
Reaction) was used with microsatellite primer. e) Plagialysis detected that gamma rays doses and sorghum
survival (Surviving plants) selection and evaluationvarieties interaction was significant. The salinity levels
after the experimental period the occurrence @nd sorghum varieties interaction was not significant
remaining plants was observed (from submitted QP<0.001, F- test).

of 30 dSnf and gamma radiation dose of 450 Gy). In radiation absence, plants of &hd V,
These plants were transplanted to a definitive locédrieties presented complete stand, above four plants
(nursery bed for plants) to future genetic seed yieler pot. These values above four plants (5.2 and
The variance and regression analyses were carrfed) correspond to new tiller appearing, that
out. The regression analysis was carried out wheappened during plant development. With an
detected significant interaction between sorghugfiuivalent dose of 450 Gy, the varietigs\W, and

variety, salinity levels or gammarays dose. V., plants presented survival. However, theafiety
showed more plants per pot number (3.8 plants/pot)
Results and Discussion when compared to \and V, varieties. In addition,

considering a O- 45OGy dose interval, a stand
eduction of V of around 27% was observed. The
altand reductlons were 14, 12 and 15%, respectively.

The variance analysis overall results wi tp
mean square values and variation coefficient
shown in Table 1.

TABLE 1. Variance analysis results — mean square values to final ssaode for plant damadend dry
matter ash.

Mean square

Variation source Freedom Final stand Score Dry matter ash
degree
Sorghum varieties (SV) 2 7.96" 26" 30.87°
Salinity levels (SN) 2 0.02" 1.7" 220.95"
Gamma rays dose (GR) 3 420" 23.5" 2.13™
SV x SN 4 0.25" 2.03" 10.65
SV x GR 6 0.67" 0.85" 1.41™
SN x GR 6 0.08™° 0.75"° 2.56™
SV x SL x GR 12 0.06™° 212" 6.45™
Blocks 12 0.08™ 2.06" 29.23"
Residue 70 0.13 0.41 3.19
Total 107 - - -
Variation coefficient (%) - 23.9 15.3 17.9

NS — Non significant; * Significant (p<0,05); ** Significant (p<0,01jinal stand — surviving number of plant per pot
[transformed (X + 1% for variance analysisi;note — score to salinity and radiosensitivity symptom (note 1- damage
absence; note 5- plant with more than 75% damage.

Final stand count-he number of living plants  In this aspect it is important to point out variety. The
is show 40 days after emergence far¥,and V,  plant radiosensitivity also varies between botanic
varieties in presence of gamma radiatiorspecies and varieties. In addition, Table 2 shows that
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for V.V, and \, plant varieties, when submitted tosevere and irreversible damage. There was a damage
500 and 600Gy radiation dose, the development waglution tendency in plants until death; in this phase
interrupted and they died despite inicial survivathe plant damage reached more than 75% in the aerial
Considering 0-600 Gy interval, it was observed thatart.
V,and V,plant varieties presented more reduction The average score performance of V1 plant
than \ variety. The interaction between final standariety to damage is shown by gamma radiation
(plant number/pot) and gamma rays dose wasses, not considering the salinity levels (Figure 1).
observed, independently for salinity levels. The 450 Plant survival separation by salinity levels and
Gy gamma radiation dose was characterized agamma radiation doses were indicated. Score > 4.5
dose limit for radiosensitivity, considering, W and  indicate plant death. For gamma radiation irrespective
V, varieties. Irfack & Nawab (2003) report onof salinity level, surviving plants were detected, but
wheat varieties, at dose limit of up to 400 Gy, whe&00 and 600 Gy point out that all plants died. Itis
20% surviving was obtained. important to say that the radiosensitivity aspects
occurred in different forms between botanic species

TABLE 2 . Average result of final stand (surviving number of plants per pot) of sorghum varieties submitted
to gamma radiation doses.

Gamma Radiation (Gy)
Sorghum Variety Function
450 500 600
V1(467-4-2) 5.2a 3.8a 3.1a 1.1a 2nd degree
V, (02-03-01) 4.4a 0.6b 0.2b 0.0b Lineal®
V3 (Sudan 4202) 0.9b 0.2b 0.0b 0.0b Lineal @

Average in column followed by same letter do not differ significantly among themselves by Tukey test (p<0.05); data
transformed in (x+2¥ to statistic analysis?Y = 2.491128 + 0.0028016X — 0.00000735Xly/dx = 185; y=2.75¢ 0.99;
@Y =2.326919 —0.0023336 %¥;+ 0.99 (p< 0.000001¥ Y = 1.389065 — 0.0006912 X2 ¥ 0.97 (p< 0.01)

Score of damage caused in the plants land varieties, cultivars, etc. These results indicate that
salinity by scale of 1 to 5Fhe variance analysis the dose limit could have been exceeded, causing
detected a significant interaction in presence of salinfijant death. The gamma radiation doses were more
levels and gamma radiation doses (P<0.001, F- teiin those used (300 Gy) by Bretadeau & Traore
for V, and V| variety. This interaction was not(1990). Thus, Khan et al. (2003) reported that
significant (salinity levels and gamma radiation) to thiB00Gy dose gamma radiation to promote inhibitory
variable in the Yvariety. The only significant variation effects is well characterized in the barley varieties in
source for \variety was gamma rays doses (Tablitial phase of development. Thus, the optimal
3). When the damage levels occurred by plagamma radiation dose is the one that promotes effects
exposition to salinity and radiosensitivity the plantsn yield components. In this context, according to
presented a notable average of more than 4lAEA (1999), the maximum variation of quantitative
pointing out the following points: the plants presentecharacters can show the mutation stability in
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subsequent generations. Theafiety average score salinity level, gamma radiation dose of 450 Gy was
of damage by gamma rays dose presented quadrakliaracterized as surviving plant limit. At this dose
performance. According td®legree equation, 450there was no plant death. The rates were 3.6 and
Gy dose is the limit for radiosensitivity and salinityd.3 in presence of salinity levels of 15 and 30 dSm
resistance of genotypes selection. From the pointrepectively. The Vplant variety score damage by
minimum (defined by dose of dy/dx = 152 Gy andamma rays dose of 450 Gy and salinity level of 30
score damage — 2.5) to dose limit (450 Gy arbm?* was of 3.3. This performance was described
score 3.1), there was an enhancement of 0.2 for eagh2™ degree equation. Performancg Variety
100 units of gamma radiation. In addition, from thevhen submitted at salinity level of 30 dS.was
dose of 450 Gy to 500 Gy (defined by note 5.0 ahown by equation that the minimum point was dy/
lethal dose for plants) the enhancement was of 318 = 143Gy. In this gamma rays dose, the damage
for each 100 units of gamma radiation. score was 2.7. In addition, with gamma radiation
Results from the Msorghum variety plants dose of 450 Gy, the score was of 3.3. This score
submitted to gamma radiation in presence of salinity
levels are observed in the Figure 2.

TABLE 3. Statistical significance by “F” test to variation source of the final score to salinity and
radiosensitivity symptom — YV, and V., sorghum varieties.

“F” test for final to damage score/sorghum varieties

Variation source

V1(467-4-2) V2 (02-03-01) V3(Sudan 4202)
NacCl levels (N) NS ok NS
Gamma ray doses (GD) ok ok ok
Interaction (N x GD) NS ok ok

NS — non significant; ** (P< 0.01)

In absence of radiation, plants with normabresented an enhancement of 22% when compared
survival (scores of 2.3 to 2.6), independent of salinityith 2.7, obtained on 0.0 dSisalinity level.
level utilized, were observed. The results obtained for Wlant varieties are

When the plants were submitted to gammghown in Figure 3. In the absé&nce of radiation, low

radiation of 500 and 600 Gy, they presented sevefamage (up to score 3) was detected. This damage
damage and death. In this gamma radiation dagiél not present interference on plant survival, mainly
damage score to all plants was 5, except to plantaaalinity levels. Regression study revealed that
salinity level of 30 dSmand gamma radiation of salinity absence occurred at an effective level of O-
500 Gy (score of 4.3). However, these plants on§00 Gy interval. It was observed that some plants
survived for a short period of time. Independently Gfurvived simultaneous exposure to gamma radiation
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doses of 450 Gy and 15 and 30 dalinity levels. in Table 4, when compares with defined level of O,
Plant selection was performed using gamma radiatith and 30 dSrh
(450 Gy) and salinity level (30 dShninteraction The EC level average obtained by
No live plants were observed when they weraboratory analysis and estimated data from regression
submitted to gamma radiation of 500 and 600Ggquation are shown in Table 4, when compared with
These doses of above 450 Gy are beyomegfined level of 0, 15 and 30 dStnThese results
radiosensitivity ability to variety \plants. With  were obtained from previously defined levels of soil
salinity level of 15 dS.rhwas presented quadratiancubation test (0, 15 and 30 dSmiThus, for EC
performance. The inflexion point was obtained witdefined as 0 (zero) dShthere is an equivalent
dy/dx = 142 Gy. In this point the score for plantalue that was measured as 1.58 dSThis value
damage obtained with 450 Gy gamma radiation daseprobably due to natural salt quantity previously
was of 3.0. This score presented an enhancemenpiasent in the substrate. These determinations were
30% when compared with 2.3(note equivalent fperformed according to the Richards (1974)
minimum point). methodology. For the equivalent values of 14.56 and
Electrical conductivity of soil saturation26.34, there probably occurred additional NacCl
extracts (EC) The results of the EC variablequantitative adjustment to pot, even considering
observed (in each soil pot by sampling each oneintrumental and experimental error. The regression
the 108 experimental units) were obtained iequation probably uniformed the data, from EC
laboratory analysis. The EC average obtained adefined/ EC measured relation.
estimated data from regression equation are shown

(1tob)
o

SN

w

\———/’/Yw:z.sm - 0.00417X, r= 0.71; (P<0.0001)

damage

N

Score
—

0 { w { w { l
0 100 200 300 400 500 600 700

Gamma rays dose (Gy)

FIGURE 1. Average score damage (1 —damage absence and 5 — plant with more than 75% damage) to
V., (IPA467.4-2) plant variety by gamma rays doses.
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YN(15)=2.509 + 0.003976X, r?>= 0.81; (P<0.0001)

(1to 5)
N

3
g TS~—_ /
% 2 R \__/ ,’
© /
® \ YN(0)=2.312 - 0.00701X + 0.000001995X2, r>= 0.68; (P<0.0005)
S 1
® YN(30)=2.661 - 0.00376X + 0.0000128X2, 2= 0.94; (P<0.01)

0 | | { | |

0 100 200 300 400 500 600
Gamma rays dose (Gy)

FIGURE 2. Average score damage (1 — damage absence and 5 — plant with more than 75% damage) to
V,(IPA02-03-01) plant variety by salinity levels (N) 0,15 and 30 dS/m and gamma radiation dose.

YN(30)=3.002 + 0.003308X, r>= 0.96; (P<0.0001)

i //—

(110 5)

o 3
o
IS \
32
AN Y(15)=2.651 - 0.00369X + 0.0000129X?, r*= 0.73; (P<0.02)

a) 4.
: | -
N T~ YNO=1.728 + 0.00572X, r*= 0.97; (P<0.001)

0

0 100 200 300 400 500 600 700
Gamma rays dose (Gy)

FIGURE 3. Average score damage (1 — damage absence and 5 — plant with more than 75% damage) to
V., (sudan 4202) plant variety by salinity levels (N) 0,15 and 30 ds/m and gamma radiation dose.
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TABLE 4. Salinity level (dS.n), obtained in and estimated by equation.

EC Level Defined EC Level Measured EC level estimated
(dS.m™) (dS.m™) (dS.m™)
0 1.58 1.78
15 14.56 14.16
30 26.34 26.54

MYy =1.786111 + 0.8251852 X3 0.99; (P<0.00001)

Evaluation and selection of plants to salinity The plant selection that presented less
resistance at EC = 30 dSifavel and 450 Gy gammadamage, when compared with other varieties of
radiation dose - Consolidated data of plant evaluatiptants, was from With score of 2.7. The greatest
and selection are shown in Table 5. In this evaluatid@mages observed were in the varietypMnts,
only the surviving and remaining plants that weregthen submitted to 30 EC dS*salinity level. In
submitted to 15 and 30 dSmsalinity level and these plants, the score damage was 4.3 that continued
gamma radiation dose of 450 Gy were considerathtil 75% of the plant aerial part of was affected. In
With the above combination it was possible tthis condition, the few surviving plants recovered
perform the selection of remaining plants. It irormal development. In addition, according to
important to point out that these plants, selected affsmzallag et al. (2005), the adaptation of sorghum to
experimental period, recovered normal developmehigh salinity result from a modulation of genome
The damage observed in these plant selections wex@ression occurring during exposure to non-lethal
3.1 (JFigure 1) to Y independently of salinity level; NaCl concentrations. These results agree with
3.6 and 3.3 to 15 and 30 dSm-1 salinity levelrindade etal., (2006) where they relate that genetic
respectively to Yvariety (Figure 2) and 3.0 andvariability is also expressed by different degrees of
4.3to 15 and 30 dSm-1 salinity level, respectivelsalinity tolerance among botanical species. It is
to V, variety (Figure 3). important to say that sorghum species are considered

TABLE 5. Consolidated evaluation of surviving plants from sorghum varieties from 15 and 30 dS.m
salinity level and 450Gy gamma radiation dose.

Sorghum Variety EC
EC Damage observed
(plants Measured level ;
. 1 (score( ))
remaining) Defined level (dSm™) (dSm™)

V1(467-4-2) 30 26.9 2.7
V,(02-03-01) 30 25.6 33
V,(02-03-01) 15 14.4 3.6
V3(Sudan 4202) 30 26.9 4.3
V3(Sudan 4202) 15 15.2 3.0

MAccording to Tabosa (1982), where: score 1 —damage absent and score 5 — plant with more 75% damage.
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moderately salinity tolerant and that their toleranageached viable production stage.
characteristics are related to morphologic and Genetic change identification in the sorghum
physiological differences presented by plants undearieties -The identification of possible genetic
abiotic stress (salinity or water stress). Othechanging was performed in the remaining sorghum
considerations about these surviving plants weptants from three varieties. The evaluation was done
reported by Trindade et al. (2006), where thigy comparing the plants in presence and absence of
exclusion or retention of ions observed in stressgamma radiation dose of 450 Gy, after surviving
plants of sorghum (CSF 18 IPA variety) produceshlinity level of 30 dSrh The genetic marker utilized
leaf dehidratation. This fact is more efficientvas microsatelite type SSR (Simple Sequence
mechanism of stress acclimation than the excessRepeated). Thus, considering observation mode of
accumulation of ions in leaf tissue . the molecular polymorphism, the genetic analysis
Itis important to point out that these remainingtudies a specific region of amplification that contains
and survivining plants after experimental period wege repeated sequence (Ferreira & Grattapaglia,
transplanted to definitive nursery bed plant locald998), where the main ones were “primer” 5L and
The plants in place were developed until see@f (Figure 4).

bp M1 2 3 4 5 6

1000-

850-

500-
400-

FIGURE 4. Standard band amplification products with microsatellite SSR markers in different sorghum
varieties plants submitted to gamma radiation dose of 450 Gy. M — Marker of molecular weight (1 kb plus
DNA Ladder); 1-6: amplification product with “primer” 5L 6 R in the different standard band: 46 Y-

4-2 (zero Gy); 2 - Y 467-4-2 (450 Gy); 302-03-01 (zero Gy); 4 - M03-03-01 (450 Gy); 5 - ¥

Sudan 4202 (zero Gy); 6 -, Budan 4202 (450Gy).
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