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ABSTRACT 35 
Tuna is a commercially important fish species that accounts for a significant proportion of the global fish 36 
market. The annual canned-tuna consumption in Mexico reaches 1.6 kg per capita. Consequently, tuna is 37 
more than likely to be fraudulently substituted with lower-priced fish species or mixed with soy products. 38 
Recently, interest has focused on DNA analysis instead of on protein-based assays. DNA is more thermo-39 
stable than protein and it can be used to analyze processed products such as canned fish. Polymerase chain 40 
reaction (PCR)-based methods are frequently used for soy detection in different heat-processed foods. 41 
Usually, amplified DNA fragments are separated by conventional electrophoretic methods. As a result, the 42 
present study aimed to develop a capillary gel electrophoresis (CGE) method, using laser-induced 43 
fluorescence (LIF), to detect soy DNA in canned tuna. The conditions for DNA extraction and PCR were 44 
optimized. DNA extraction was carried out using the GENCLEAN® commercial kit protocol with modifications. 45 
The PCR products of the constituent gene Le1 (118 bp) were analyzed for the detection of soy in canned tuna. 46 
For the Thunnus albacares detection, the 350 bp from Cytb gene fragment was used. Results showed that 47 

DNA extraction was accurate for different soy percentages since concentration ranged from 1-70 ng/L (R2 = 48 
0.99). Additionally, the selected primer for either tuna or soy was shown to be specific by gel electrophoresis, 49 
nevertheless some band smearing was shown for canned tuna. On the other hand, the characteristic tuna 50 
fragment (350 bp) and soy fragment (118 bp) were unequivocally identified by CGE using the Low DNA mass 51 

ladder and X174 RF DNA/Hae III standards, respectively. The presence of soy in commercial canned tuna 52 
as revealed with these results, is an adulteration and a consumer fraud. Thus, the PCR-CGE method 53 
presented is a suitable technique for the semi-quantitative detection of soy in canned tuna. However, further 54 
studies are required in order to quantify soy in canned tuna by using quantitative competitive PCR followed by 55 
CGE.    56 
 57 
Key words: Food authentication, food deoxyribonucleic acid, capillary electrophoresis, soy detection, canned 58 
tuna.  59 

 60 
1. INTRODUCTION 61 

Food adulteration has been performed over time for different purposes, including cost reduction, 62 
increased performance for industrial production, as well as to cover up process malpractices1. Despite the 63 
existence of several more reasons for food adulteration practice, most of them are equally aimed to generate 64 
economic benefits for industrial workers who are engaged in unfair competition towards both the productive 65 
sector and the global trade, where such actions represent fraud against consumers2. Soy utilization in food is 66 
neither new nor expected to decline in usage at any time in the near future. Nevertheless, soy additive types 67 
and the amounts used should be regulated in accordance with the standards set by the law3, as well as in 68 
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 3 

Europe4-5. Such restrictions were created to set authenticity parameters, with the goal of alerting individuals 69 
sensitive to allergies derived from the intake of soy6. Moreover, the use of transgenic soy in several foods has 70 
caused controversy among consumers7-9. 71 

Studies aiming to detect soy adulteration have been documented for the meat industry3, 10-12. Most of 72 
these food adulterations are performed in order to replace animal proteins with vegetable proteins, resulting a 73 
decrease in cost. Another purpose is to utilize either substitutes or meat-type products based on soy because 74 
these can expand the shape of a meat product, adopting a meat appearance13-14. Consequently, since a high 75 
quality product is expected to be consumed, these actions represent fraud against the potential consumer15-16. 76 

A new law that prohibits the use of plant proteins in meat products came into effect in 1995 in 77 
Germany; ever since, their use is meant to be stated in the labeling of foods, turning into a new ability to 78 
protect consumers from both fraud and food allergies17. Even though soy utilization, either as an additive or as 79 
an adulterant, has been rather common for both the meat industry and dairy products18, marine products have 80 
not been exempted from such practice19. Some canned marine species in Mexico are mostly prepared from 81 
fresh species, including canned tuna20. Therefore, the canned tuna industry has engaged in excessive use of 82 
soy products (textured), whose function is to rehydrate and expand the fish during the canning process. 83 

The Mexican law NOM-084-SCFI-199421 is responsible for the regulation of soy addition, stating a 84 
food that contains it shall have it declared so on the list of ingredients, due to the fact that it is associated with 85 
being a promoter of allergic reactions. Among the additives permitted for canned fish, in accordance with the 86 
NOM-028-SSA1-199322 standard regulation, soy is not listed as such; hence, the presence of soy in canned 87 
fish without being declared on the label must be regarded as an adulteration. 88 

 Most effort appears to have gone into the development of methods to detect and determine soy-89 
based ingredients. Among them, electrophoresis based on proteins has been used to detect and estimate the 90 
amount of soy protein in different foods23. To circumvent these problems, DNA replace protein due to its 91 
stability at high temperatures and consequently a variety of DNA-based techniques were developed. While 92 
most methods used conventional gel electrophoresis for the separation of polymerase chain reaction (PCR) 93 
products, PCR-based capillary electrophoresis (CE) was the most used for fish and seafood species 94 
identification. PCR followed by CE take advantage of the high specificity and sensitivity of the former and the 95 
high resolving power and automation of the later24. Furthermore, capillary gel electrophoresis (CGE) 96 
separation of PCR products was demonstrated to be a powerful analytical technique for the detection of 97 
genetically modified organisms (GMOs) 25-27; food-borne pathogens28-29 and species identification30. Thus, the 98 
determination of soy in canned tuna by PCR-CGE appeared to be a good alternative. The present study aimed 99 
to develop a CGE method with laser induced fluorescence (LIF) detection in order to detect the presence of 100 
soy in canned tuna by means of the analysis of PCR products. 101 
 102 
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2. MATERIALS AND METHODS 103 
2.1. Sampling 104 
 Commercial canned tuna samples were obtained from the local market and from different states of 105 
Mexico (Guaymas, Sonora; Mexicali, Baja California; Mazatlan, Sinaloa). Fresh tuna (Thunnus albacares) 106 
samples were provided by the Universidad Autónoma de Baja California Sur (UABCS, La Paz, Baja California, 107 
Mexico). Textured soy samples were provided by Nutrimientos y Complementos Alimenticios S.A. de C.V. 108 
(NUTRICASA, Mexico, Distrito Federal). 109 
2.2. Preparation of simulated canned tuna with added soy 110 

Tuna mixtures with 1, 5, 10, 25 and 100% (w/w) of textured soy were assessed for the detection of 111 
added soy at different levels. A total of 120 g were taken from each of the samples once the mixtures were 112 
ready, then 20 mL of water were added followed by a thermal process, simulating tuna canning conditions19. 113 
Such conditions consisted of submitting the tuna-soy mixtures to a temperature of 120 °C for 20 minutes at 1.1 114 
kg/cm2 (units of pressure); the samples were then stored at room temperature until use. 115 
2.3. Genomic DNA extraction 116 

Samples DNA extraction was performed based upon the GENCLEAN® (Qbiogene, Pasadena, CA, 117 
USA) commercial kit protocol with a few modifications, where a total of 600 µL of lysis mixture (0.1 M EDTA, 118 
0.1 M NaCl, 1% SDS in 0.45 M Tris, pH 8) were added to a 100 mg sample, previously homogenized using an 119 
Ultra-Turrax apparatus (IKA®, Staufen, GR). Next, samples were centrifuged at 9279 g for 5 minutes. A total of 120 
100 µL were taken from the supernatant, which were subsequently added to 300 µL of an affinity matrix 121 
(Gene Clean Spin Glassmilk) in a new micro tube. Samples were then left to rest for 5 minutes at room 122 
temperature and occasionally mixed by inversion. 123 

Next, samples were centrifuged at 9279 g, the supernatant was decanted and the micro tube was 124 
washed with 150 µL of washing solution (50% ethanol/physiological saline solution as the solvent), which were 125 
centrifuged again at 9279 g at 20 °C; this step was repeated three times. After the third wash, the residual 126 
liquid was evaporated for 10 minutes in a Centri Vap (Labconco, CA, USA), and then the pellet (DNA) was 127 
resuspended in 50 µL of sterile water (PCR-grade), which was centrifuged at 3921 g for 2 minutes. The 128 
supernatant (water) was collected and placed into a new tube for storage (-20 °C). 129 

The DNA in simulated and commercial canned tuna samples, was obtained using the procedure 130 
described above, differing only by the fact that the samples were also incubated for 1 h at 60 °C with 20 µL of 131 
proteinase K (20 mg/mL). After lysis solution homogenization, the volume of the affinity matrix (Gene Clean 132 
Spin Glassmilk) was 400 µL. The DNA concentration in samples was evaluated by spectrophotometry using a 133 
Cary BIO 50 spectrophotometer (VARIAN, Palo Alto, CA) at wavelength of A260nm and sample purity was 134 
assessed by the A260/280 nm absorbance ratio. The DNA from samples was quantified using a Synergy MxF 135 
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Fluorescence Microplate Reader (Bioteck, USA) and the commercial Broad Range Quant-iTTM DNA Assay Kit 136 
(Invitrogen, USA) according  to  the  manufacturer’s  instructions.  137 
2.4. Primer sequences 138 

The primer sequences used for soy detection were set by establishing the constitutive lectin gene 139 
(Le1) (amplicon 118 bp) 31 and tuna identification was carried out through the primer sequences of the 140 
mitochondrial cytochrome b gene (Cytb) (amplicon 350 bp) reported by Quinteiro et al. 32 The different sets of 141 
primers were synthesized by Invitrogen (CA, USA); both the sequence and GenBank access number are 142 
shown in Table 1. 143 
2.5. PCR DNA amplification 144 

The DNA amplification by PCR for soy constitutive gene and mitochondrial cytochrome b gene for 145 
tuna was performed using puReTaq ready-To-Go PCR commercial kit reactions, in accordance with the 146 
supplier’s specifications, where each reaction had 50 ng of DNA template (1 µL) and 0.5 mM of each primer 147 
added to it. The amplification cycles were performed in an Eppendorf ThermocyclerTM (San Diego, CA, USA) 148 
and programmed in accordance with the parameters presented in Table 2. 149 

Negative controls were included for all PCR reactions in order to confirm the amplification specificity 150 
and to discard possible contaminated samples; in other words, no template PCR (H2O) and PCR with non-151 
specific DNA. A total of 1.5 to 2.5 µL was taken from the PCR sampling products afterwards, to be deposited 152 
in vials for their subsequent analysis by capillary electrophoresis. 153 
2.6. Tuna and soy PCR products detection by gel electrophoresis 154 

PCR product determination by gel electrophoresis was performed on precast gels (E-Gel Agarose®) 155 
at 1.2% and 2% agarose, in a Power Base chamber (Invitrogen, CA, USA); separation conditions were set by 156 
applying 15 kV for 15 minutes, in accordance with the protocol established by the supplier (Invitrogen, CA, 157 
USA). The marker used was Low DNA mass ladder and 1 Kb DNA extension ladder. A Kodak camera DC265 158 
(Kodak, USA) was used to store images which were digitized by means of Adobe PhotoDeluxe (Adobe 159 
Systems Inc.) software. 160 
2.7. Tuna and soy PCR products detection by Capillary gel electrophoresis (CGE) 161 

Analysis was carried out using PACE-MDQ capillary electrophoresis equipment (Beckman 162 
Instruments, Fullerton, CA, USA). Separation was performed on a non-coated capillary (Beckman Coulter) with 163 
a total length of 38 cm, an effective length of 28 cm and an internal diameter of 75 µm. The separation buffer 164 
was 2-hydroxyethylcellulose (HEC) at 3%, which contained 20mM Tris-HCl, 2.5 µM YOPRO®, 10mM H3PO4, 165 
and EDTA 2 mM, at pH 7.3. Capillary conditioning was carried out with 0.1 N HCl for 10 minutes before the 166 
sample run; the capillary fill sequence among introduced sample was 1% PVA for 2 minutes and separation 167 
buffer for 4 minutes, all applied at 30 psi. The temperature and separation constant current were 40 °C at 72 168 
µA, respectively, with inverse polarity. 169 
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 6 

The introduced sample volume was 1.5 to 5 µL for 25 seconds at 0.5 psi; the standard X174 RF 170 
DNA/Hae III was introduced at a concentration of 250 µg/mL under the same time and pressure conditions as 171 
the samples. Detection by laser induced fluorescence (LIF) was performed with excitation at 488 nm and 172 
emission at 520 nm.  173 
 174 
3. RESULTS AND DISCUSSION 175 
3.1. Genomic DNA extraction and isolation 176 
 The quality of the DNA obtained by the 260/280 absorbance ratio for the soy was 1.88-1.92. The 177 
concentration obtained for soy was revealed at in the range of 32.5-178.25 ng/µL, thus showing that the 178 
method was suitable for DNA extraction in soy, and allowed the amplification of constitutive soy genes. 179 
 Using the commercial extraction protocol for the proper analysis of simulated canned tuna with added 180 
soy did not make it possible to distinguish DNA bands in the samples and, in some cases, little smearing were 181 
revealed; perhaps such behavior was partially due to the thermal treatment that the samples were submitted 182 
to, to its high protein content and/or to possible sample contaminants32-33. Consequently, it was not possible to 183 
either quantify or determine the DNA purity by UV analysis methods. As quantification errors were 184 
encountered by UV analysis, and since more precise quantification of the DNA was required, it was decided to 185 
quantify DNA by fluorescence, with the goal of more accurately determining the amounts of PCR products and 186 
ensuring successful amplification. 187 

The DNA concentration ranges found for the different percentages of added soy ranged from 1 to 70 188 
ng/µL; the standard curve obtained for the determinations provided R2 = 0.99, i.e. the fluorescence 189 
determination was more accurate than the UV method. This could be due to the fact that either the intercalant 190 
or the fluorophore directly binds to double stranded DNA molecules, emitting a signal at a certain wavelength, 191 
providing more accurate DNA quantification in the sample as a consequence34. Is it important to emphasize 192 
that knowing DNA concentration in canned food samples was required for running PCR reactions, and this 193 
determination was not intended for soy quantitation. 194 
3.2 PCR products detection by gel electrophoresis 195 

Tuna PCR products by gel electrophoresis are shown in Figure 1A (raw) and B (simulated canned), 196 
350 bp from Cytb gene fragments were obtained, consistent with those reported by Bartlett and Davison35. 197 
Thus, the selected primers in the study were remarkably specific for the tuna analysis. The lack of a band for 198 
soy DNA in Figure 1 showed that the primers did not promote unspecific reactions with soy DNA. It is 199 
noteworthy that the bands found in the agarose gel for the simulated canned tuna (Figure 1B) were weaker 200 
than those from raw tuna (Figure 1A); this could be due to the factors mentioned above with regards to 201 
degradation and to the smearing that is obtained with gel electrophoresis of canned food samples32. 202 
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Soy PCR products by gel electrophoresis are shown in Figure 2A. The lectin gene detection (Le1) 203 
was observed as amplification fragments with a size of 118 bp sizes in soy; such fragments are consistent with 204 
those reported by the Official Collection of Test Methods and by Querci et al (2006). Lectin is a minor protein 205 
found in soy; nevertheless, this gene has been adopted in most conventional methods to detect both 206 
conventional and transgenic soy36-37. Le1 gene primer specificity was verified by having them tested with raw 207 
tuna samples (Figure 2B), as well as with simulated canned tuna with added soy. The sample of raw tuna 208 
showed negative amplification with the soy gene primers, whereas the blends containing soy had the fragment 209 
of interest amplified without non-specific reactions. Soy was detected in eight from 30 commercial canned tuna 210 
samples.  211 
3.3. PCR products detection by CGE 212 

Characteristic electrophoresis patterns were obtained for the X174 RF DNA/Hae III, Low DNA Mass 213 
Ladder standard, as well as for the PCR products from soy, simulated and commercial canned tuna, as well as 214 
their respective amplification genes used in the study hereby. A signal of 20 relative fluorescence units (RFU) 215 
was observed (Figure 3) in the electrophoretic patterns obtained for the molecular weight markers, which was 216 
considered acceptable in terms of sensitivity for the analytical method, according to García-Cañas et al (2004).  217 

It is noteworthy that signals up to 100 RFU for molecular markers were obtained in some experiments 218 
performed under different YOPRO® concentrations, but due to poor peak resolution and reproducibility in the 219 
migration time, it was decided to focus on signals ranging from 20 to 30 RFU. Table 3 shows migration times 220 

for the X174 RF DNA/Hae III and Low DNA Mass Ladder molecular weight standards, where the total run 221 
times of 12.97 and 13.42 minutes respectively were observed. The method was reproducible since the 222 
standard deviation was lower than 0.13 and the variation coefficient was lower than 1.1 for migration times. 223 
The prediction equation for the base pairs (molecular weight) was obtained by plotting the reciprocal of the 224 
migration time against the base pair logarithm obtained by means of the following equation: y = -21.042x + 225 
4.6302,with R2 = 0.9772 (n = 5). High reproducibility was also observed for the low DNA mass ladder marker 226 
with regards to migration times, where standard deviation was lower than 0.1 and the variation coefficient was 227 
lower than 0.9; the prediction equation was y = -24.05x + 4.9334 with R2 = 0.99 (n = 5). Thus, this method was 228 
useful for detecting and unequivocally identifying the fragments of interest 118 and 350 bp. 229 

 The characteristic tuna fragment (350 bp) was identified at 10.3 minutes by using the low DNA mass 230 
ladder standard. Similarly, this fragment was clearly detected in simulated canned tuna. On the other hand, 231 
smeared bands were obtained by gel electrophoresis (Figure 1B), which could result in the misinterpretation of 232 
the data. Detection by capillary electrophoresis was more reliable than gel electrophoresis, as the peak was 233 
clearly defined and the PCR product (350 bp) migration times was consistent when compared with the 234 
standard.  235 
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A typical CGE electropherogram showing soy PCR product at 8.0 minutes of migration time is 236 

depicted in Figure 4A. The characteristic soy fragment (118 bp) was identifying by using X174 RF DNA/Hae 237 
III standard. Figure 4B depicts the negative control showing the absence of peaks at 8.0 minutes. 238 

Figure 5 shows a typical CGE electropherogram for simulated canned tuna with different soy 239 
percentages. The characteristic soy fragment (118 bp) peak increased it size proportionally to the soy 240 
percentage. Thus, the develop method was usefully for soy detection over a wide substitution range.  241 

The electrophoretic pattern of a commercial canned tuna sample showing the presence of soy is 242 
depicted in Figure 6. Similarly, seven more samples were positive for soy by this method. Therefore, the 243 
presence of soy as revealed with these results, which if not declared, represents an adulteration and consumer 244 
fraud. These findings agree with and reaffirm the report made by the Mexican Consumer Protection Agency 245 
(PROFECO) in 2005, based on the presence of soy in commercial canned tuna. 246 
 247 
4. CONCLUSIONS 248 

The use of soy addition as an adulterant in commercial canned tuna became evident in this study; 249 
such actions may end up harming the consumer. The method developed in the present study may be helpful 250 
for regulatory agencies in Mexico, since there is a lack of effective analytical tools to help maintain regulatory 251 
control of this sort of product. However, further studies are required in order to quantify soy in canned tuna 252 
using quantitative competitive PCR (QC-PCR) followed by CGE.  253 
 254 
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Figure Captions 337 
Figure 1. Agarose gel electrophoresis at 2% of tuna (Thunnus albacares) and soy PCR products.  338 
A) Tuna raw muscle. Lane 1: soy DNA, 2: Tuna and 3: Low DNA mass ladder marker.  339 
B) Thermally processed tuna muscle: Lane 5: Low DNA mass ladder marker; 6-8 thermally processed and 9: 340 
soy DNA. 341 
C) Le1 gene amplification (118 bp). Lane 1: MW marker: Sigma 100 bp. Lanes: 2, 3 and 5: soy DNA; Lane 4: 342 
negative control (without DNA). 343 
 344 
Figure 2. Le1 gene primer specificity: agarose gel electrophoresis at 1.2% showing PCR primer product Le1 in 345 
raw tuna muscle. Lane 1: Low DNA mass ladder marker; 2 and 5: positive control (soy DNA), 3:  raw tuna 346 
muscle (primers Le1); 4: negative control (without DNA). 347 
 348 
Figure 3. Typical electropherograms of molecular markers using HEC at 3%. A) Standard Hae III (72-1353 349 
bp), B) Standard Low Mass (100-2000 bp). Buffer: 20mM Tris-HCl, 2.5 µM YOPRO®, 10mM H3PO4, 2 mM 350 
EDTA at pH 7.3.Introduced sample: 25 seconds. Current: 72 µA. Temperature: 40°C. Detection: LIF 488nm 351 
(excitation), 520nm (emission) Capillary: uncoated, 75 µL DI, 38 cm total length, 28 cm effective length. 352 
Polarity: inverse. 353 
 354 
Figure 4. Le1 gene amplification shown by typical electropherograms. A) Soy (Le1 primers). B) negative 355 
control soy: water (Le1 primers). Separation conditions were to those used in Figure 6, dNTPs = 356 
deoxyribonucleoside triphosphates (variable scale by printing effect). 357 
 358 
Figure 5. Typical electropherograms showing Le1 gene amplification in water tuna-soy mixtures thermally 359 
processed with different addition percentages. Separation conditions were to those used in Figure 6, dNTPs = 360 
deoxyribonucleoside triphosphates. 361 
 362 
Figure 6. Typical electropherograms showing Le1 gene amplification in a commercial tuna sample. Separation 363 
conditions were to those used in Figure 6, dNTPs = deoxyribonucleoside triphosphates. 364 
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 369 
 370 
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 371 

Table 1. Primers used to detect soy in tuna (Thunnus albacares) products. 372 

Official Collection of Test Methods, 1998 and Quinteiro et al., 1998. 373 

 374 
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 392 

 393 

Primers Sequences Gen GenBank access 
number 

GMO3 (Forward)  5’-GCCCTCTACTCCACCCCCATCC-3’ Lectin (Le1) K00821 
GMO3 (Reverse) 5’-GCCCATCTGCAAGCCTTTTTGTG-3’ Lectin (Le1) K00821 

CytBL (Forward) 5’-CCATCCAACATCTCAGCATGATGAAA-3’ Cytochrome b mt AB101291 

CytBH (Reverse) 5’-CCCCTCAGAATGATATTTGTCCTCA-3’ Cytochrome b mt AB101291 
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 395 

 396 

 397 

 398 

 399 

Table 2. PCR amplification conditions 400 

 401 

 402 

 403 

 404 

 405 

 406 

 407 

 408 

 409 

 410 

 411 

                   412 

 413 

 414 

 415 

 416 

 417 

 418 

 419 

 420 

 421 

 422 

 
Parameter 

Gene: 
Gen lectin (Le1) 

Gene: 
Cytochrome b mt 

   
Initial denaturation  95 °C 3 min   
Denaturation 95 °C 30 sec 92 °C 45 sec 
Annealing 63 °C 30 sec 50 °C 60 sec 
Extension 72 °C 30 sec 72 °C 60 sec 

Number of cycles 40  30  

Final extension 72 °C 3 min   
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 423 
Table 3. Migration times and reproducibility of the molecular weight markers used (n = 5) 424 

 425 

bp= base pair, Mt = migration time (minutes) SD = standard deviation, CV = coefficient of variation 426 
 427 
 428 
 429 
 430 
 431 
 432 
 433 
 434 
 435 
 436 
 437 
 438 
 439 
 440 
 441 
 442 
 443 
 444 
 445 

ΦX174 RF DNA/Hae III  

bp 72* 118 194 234 271 281 310 603 872 1078 1353 

Mt 7.22 8.01 9.00 9.39 9.81 10.06 10.20 11.80 12.44 12.71 12.97 

SD 0.03 0.06 0.07 0.07 0.05 0.044 0.11 0.10 0.11 0.10 0.12 
CV 0.54 0.86 0.088 0.78 0.60 0.44 1.10 0.86 0.95 0.85 0.94 

Low DNA mass ladder (100-2000 bp) 

bp 100 200 400 800 1200 2000      
Mt 7.76 9.20 11.03 12.49 12.98 13.42      
SD 0.03 0.06 0.07 0.07 0.05 0.044      
CV 0.54 0.86 0.088 0.78 0.60 0.44     
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Figure 1 446 
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Figure 2 480 
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Figure 3 515 
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Figure 4 548 
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Figure 6 618 
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