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CRAPPIE (POMOXIS) IDENTI FICATI ON  
USING GENETI C MARKERS 

By James Thomas (2003) 
 

Introduction 
The first goal of this project was to identify primers that show species specificity in 
crappies (Pomoxis sp). Primers are composed of synthetic DNA oligonucleotides that 
anneal to DNA where primers are complementary and prime the replication of the DNA 
strand, providing a starting point for DNA polymerase (1). The second goal was to use 
the primers to evaluate a population of crappies from the Minnesota Department of 
Natural Resources (DNR) to see how many fish were hybrids and how hybridization 
correlated with fish size. 

 
Black crappies (Poximus nigromaculatus) can live unaccompanied by white crappies 
(Poximus annularis), while white crappies are always found where black crappies are 
present (2). When these two species of crappie are in the same aquatic ecosystem, they 
can breed with the opposite species, creating a hybrid crappie. Scientists believe that 
these hybrid crappies have advantages and disadvantages over pure species (3). One of 
these advantages is that F1 hybrids grow larger than the pure species (4). 
 
Questions that were answered from this project included: Are first-generation hybrids 
(F1) mistakenly identified more as black crappies or white crappies? Are advanced-
generation hybrids (Fx) confused more as black or white crappies? Are the biggest fish in 
a population of the two species usually F1 hybrids? Do Fx hybrids usually grow at a 
slower rate than pure species and F1 hybrids? What is the percent of hybrid crappies in a 
natural lake in Minnesota? 
 
The hypotheses for this project were first, more F1 black crappie hybrids would be found, 
because a previous study suggested, ÒGenetic analysis of crappies collected from 
Minnesota lakes showed that nearly all crappies identified as white crappies were 
correctly identified, but up to 15% of black crappie from Minnesota lakes where both 
species occur were actually hybridsÓ (5). Second, the hybrid crappies from every age 
group and species would be larger than non-hybrid crappies, because another study had 
found that F1 hybrids grow 15-300% faster than pure species (2).  
 
This project used DNA genetic analysis, since normal meristic (physical characteristics) 
characterization is not reliable for telling the difference between pure species and hybrids 
(6). Unlike protein analysis, which has been previously used, DNA analysis is not lethal 
to the fish; all that is required is a scale or flesh sample (5). 
 
The overall purpose of this project was to identify primers for the crappies so that the 
Minnesota DNR will have a reliable method to identify species of crappies for crappie 
studies. These studies will determine growth patterns, age structure, ultimate length, and 
total and natural mortality of crappies in Minnesota lakes that have crappie populations. 
The studies will also identify factors that affect these population characteristics (2). 
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Hybrids may distort growth estimates and bias estimates in other lakes with only one 
species or different levels of hybridization (6). The project reported here provided a more 
exact identification of hybrids.      
 
Mater ials and Methods 
 
Sample collections 
To identify species-specific primers, samples of black and white crappies were used that 
had been identified by the Minnesota DNR. These included small clips of fin tissues 
stored in 95% ethanol. To evaluate crappies from a natural lake, samples collected by the 
Minnesota DNR in June of 1999 at Dog Lake in central Minnesota were also used. 
Samples were provided as dried fish scales. Samples from Dog Lake were both black and 
white crappies and suspected hybrids. The DNR had already determined the age and 
length of all Dog Lake crappies.  
 
Preparation of Samples 
Dry crappie scales or small slivers of fin tissue were placed into a 1.5-mL 
microcentrifuge tube along with 220 µL of a 5% chelex solution, which was made from  
2 g of chelex and 40 mL of dH2O. The tubes were placed into a 56¡C water bath for 90 
minutes and then boiled for eight minutes. The samples were then frozen for later use. 
 
Primer Identification 
Species-specific microsatellite DNA markers were identified using the polymerase chain 
reaction (PCR). For each PCR, 1.5 µL of previously known primers for largemouth bass 
(Micropterus salmoides) and bluegill sunfish (Lepomis macrochirus), 4.65 µL of dH2O, 
1.5 µL of Mg-free buffer, 0.9 µL of 25 mM MgCl2, 0.35 µL of dNTPs, and 0.1 µL of 
Taq were combined, vortexed, and spun. After spinning, 9 µL of this solution were added 
to each well with 6 µL of DNA from either the pure black or pure white crappie species. 
Once the solution was dispensed, a drop of mineral oil was placed over each well, and the 
plate was covered with tape. The samples were placed in a PCR chamber where they 
were run for 35 cycles at temperatures of 94¼C, 50¼C, and 72¼C for 30 seconds each. 
After PCR, 6 µL of dye were added to each well, and each sample was run in a 8% 
acrylamide gel at 400 v for one hour. The gel was stained with ethidium bromide and 
observed under UV light. If the primer amplified species-specific bands for both species 
of known crappies, it was used for the project. 
 
Population Analysis  
Using the species-specific markers identified, the same PCR procedure as in the primer 
identification was used to evaluate the Dog Lake samples. However, the samples were 
run in the PCR chamber for 35 cycles at temperatures of 94¼C, 48¼C, and 72¼C for 40 
seconds each.  
 
Acrylamide Gel 
For gel electrophoresis, an 8% acrylamide gel was prepared by adding 17.5 mL dH2O 
and 2.5 mL of 10x TBE buffer to a squirt bottle. Next, 5 mL of 19:1 polyacrylamide were 
added to the bottle along with 50 µL of tetramethylethylenediamine (TEMED) and 25 µL 
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of 25% ammonium persulfate. The bottle was gently swirled for about 15 seconds then 
poured between two spacer plates. After adding samples, the gel underwent 
electrophoresis at 400 v for one hour. The gels were then soaked in a 5 µg/mL ethidium 
bromide bath for 15 minutes. Then, they were rinsed in a water bath, removed, and 
examined under UV. A Polaroid was taken of each gel. 
 
Statistical Analysis 
For statistical analysis, data of the age and length of the crappie samples were compared 
to find p-values. The p-values were calculated by testing for the significance of a slope in 
a linear regression, using a significance level of 0.05. The null hypothesis for this project 
was that there was no relationship between the age and length of the crappies. 
 
Results 
Figure 1 shows a typical acrylamide gel of primers. From similar gels, this project 
identified three new primers: MS 13, LMA 87, LMA 117s.  
 

Figure 1: Gel of Crappie Pr imers 
 

 
          1   2   3   4    5   6   7   8   9  10 11 12 13 14 15 16 17  18 19 20  21 22 23 
 
    

 
    
          black             white            black white       black          white 
 
   1 Kb ladder 

       LMA 100      LMA 116       LMA 117s 
 

Wells 1-4 of the gel show black crappie samples with primer LMA 100. Wells 5-8 show 
white crappie samples with LMA 100. Well 9 is the ladder for sizing the samples. Wells 
10-14 show black crappie samples with primer LMA 116. Wells 15-17 show white 
crappie samples with primer LMA 116. Wells 18-20 show black crappie samples with 
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primer 117s. While wells 21-23 show white crappie samples with primer 117s. Both 
LMA 100 and LMA 116 show no species specificity, because all the band heights are the 
same. LMA 117s does show species specificity, because the black crappie bands are at a 
different height than the white crappie bands.  
 

Table 1 shows the initial 17 primers tested. Of those 17, only 13 primers amplified DNA: 
LMA 102, LMA 116, LMA 120, LMA 121, LMA 124, MS 21, MS 23, MS 13, LMA 21, 
LMA 87, LMA 104, LMA 117s. Only five of the primers that amplified DNA showed 
species specifics in crappies: MS 13, LMA 21, LMA 87, LMA 104, LMA 117s. 
 
Table 1: What Primers Worked 
 
Primers Test ed Primers That  Amplif ied DNA  Primers That  Were Specie Specif ic 

LMA 21 LMA 102 MS 13 

LMA 87 LMA 116 LMA 21 

LMA 102 LMA 120 LMA 87 

LMA 104 LMA 121 LMA 104 

LMA 116 LMA 124 LMA 117s 

LMA 117s MS 21   

LMA 120 MS 23   

LMA 121     

LMA 122     

LMA 124     

MS 7      

MS 13     

MS 19     

MS 21     

MS 23     

MS 25     

RB 7    

 
Figure 2 shows the population distribution of pure black crappies, pure white crappies, 
F1, and Fx hybrids in Dog Lake. In the figure, the age groups are on the x-axis, while the 
y-axis relates the length in millimeters to the sample.  
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Figure 2: Population Distribution of Crappies 
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As seen in Figure 2, the two-year-old F1 hybrid fell within the growth range of the pure 
white crappies. In this population, F1 hybrids were found in eight out of the nine age 
groups tested in the population. In the population of crappies analyzed, all but one of the 
F1 hybrids were confused as black crappies, while all Fx hybrids were confused as white 
crappies by the DNR. The two-year-old F1 hybrid was the only F1 hybrid to be mistakenly 
identified as a white crappie.  

 
As seen in Table 2, the average length for a pure black crappies was 173 mm, and the 
average age was 3.8 years (p = 2x10-20). The average length of a pure white crappie was 
231 mm, and the average age was 3.65 years (p = 2x10-5). The average length of the F1 
hybrids was 230 mm, and the average age was 5 years. The average length of the Fx 
hybrids was 185 mm, and the average age was 3.2 years. Figure 2 provides evidence that 
on average the F1 hybrids grew larger than the pure black crappies but smaller than the 
pure white crappies. Due to the fact that the ages of crappies varied, it can be assumed 
that the lengths of the pure white crappies and F1 hybrids are actually the same. 
Furthermore, since there were not enough hybrids in Dog Lake (only 2% F1 and 1% Fx) a 
p-value could not be calculated. 
 
Table 2: Average Age of Crappies with P Values 

Species Average Age (Years)  Average Lengt h (mm)  P Value 

Pure Black Crappie 3 .8  173 2x10^ -20 

Pure Whit e Crappie 3 .65  231 2x10^ -5  

F1 Hybrid 5  230 None 

Fx Hybrid 3 .2  185 None 
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Conclusion: 
 
In conclusion, along with the three new primers found in this project, the data attested to 
the fact that hybrids are misidentified more as black crappies than white crappies. It could 
also be concluded that Fx hybrids are misidentified more often as white crappies than as 
black crappies. The study showed that F1 hybrids are not the largest fish for their age 
group in populations of crappies. Fx hybrids do grow slower than the pure white crappies 
and F1 hybrids. However, due to the small population of Fx hybrids used in this project, it 
can not be concluded that Fx hybrids grow larger than pure black crappies. Hybrids did 
not make up a large proportion of the population in Dog Lake. The estimated percent of 
F1 hybrids was 2%, while the estimated percent of Fx hybrids was only 1%. 
 
Further studies could be done to identify more species specific primers to use on larger 
populations of crappies. A larger population would help, because there would likely be 
more F1 and Fx hybrids. If more primers were found, it would be possible to distinguish 
between different, advanced generations of hybrids.  
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