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Abstract 1 

We compared taxon composition of the Daphnia longispina hybrid community, as 2 

reconstructed from dormant eggs (retrieved from sediment samples) and the pelagic 3 

population (retrieved from formaldehyde-preserved zooplankton samples), from the same 4 

lake and of the same time period. As microsatellite markers do not work on largely 5 

fragmented DNA, such as of formaldehyde-preserved samples, both types of samples 6 

(dormant eggs and pelagic Daphnia) were screened with single-nucleotide polymorphism 7 

(SNP) markers. Here, we designed a genotyping panel of short SNP-bearing amplicons and, 8 

in order to facilitate screening, we developed a multiplex genotyping protocol. The results of 9 

this comparison confirmed differences between dormant and pelagic samples. Specifically, 10 

D. galeata was overrepresented in the sedimentary egg bank in comparison to the pelagic 11 

population, indicating that this taxon is more involved in sexual reproduction than other taxa. 12 

In addition to being successfully applied on formaldehyde-preserved samples, SNP-13 

genotyping was more efficient than microsatellites on sedimentary eggs, and was more 14 

sensitive for hybrid detection. In conclusion, the SNP-based genotyping panel presented here 15 

enables to study the genetic structure of past populations from common formaldehyde-16 

preserved collections. It is also promising for genotyping old dormant eggs, which can extend 17 

the temporal range of Daphnia community reconstructions.  18 
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Introduction 19 

High resolution species-level data is needed to understand zooplankton community 20 

dynamics. However, many zooplankton taxa are either inherently difficult to discriminate 21 

morphologically (Ortells et al. 2003), or identification is complicated by phenotypic plasticity 22 

(Ishida and Taylor 2007; Ma et al. 2016) or interspecific hybridization (Billiones et al. 2004; 23 

Spaak and Hoekstra 1995). Morphological identification up to the species level also requires 24 

a high degree of expertise and is extremely time consuming. These problems have led many 25 

researchers to adopt genetic identification strategies.  26 

While morphological histories can be reconstructed using microfossil remains (Hann 27 

1984), the temporal window for population genetic studies is often limited, because of the 28 

requirement of good quality DNA. However, this window can be quite long when the focal 29 

species produces long-lived dormant stages that are retrievable from sediments (Orsini et al. 30 

2013). Such propagules have occasionally been genotyped after centuries (Daphnia, Frisch et 31 

al. 2014), or even thousands of years (conifers, Parducci et al. 2012). For cladocerans like 32 

Daphnia, however, such studies are usually limited to < 100 years (Brede et al. 2009), 33 

depending on preservation conditions in the sediments (Weider et al. 2018). In the future, 34 

analysis of DNA deposited in sediments may be further extended using “ancient DNA” (Lack 35 

et al. 2017; Monchamp et al. 2016), but again, the issue of DNA degradation over time 36 

remains. 37 

Another limitation is that not all species produce such long-lasting propagules, and 38 

even when they do, the dormant egg population may not reflect entirely the pelagic 39 

population, as it is the case for Daphnia (Keller and Spaak 2004; Keller et al. 2007). Daphnia 40 

reproduce clonally through most of the growing season, but when conditions worsen, they 41 

switch to sexual reproduction and produce dormant eggs capable of withstanding a wide 42 

range of environmental perturbations. These eggs are deposited in a sclerotized sac called an 43 

ephippium, and either hatch the next spring or become buried in the sediments, where they 44 
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may remain viable for decades (Kerfoot and Weider 2004). Dormant eggs can be retrieved 45 

from the sediments and genotyped (Brede et al. 2009; Möst et al. 2015). In hybridizing 46 

Daphnia systems, however, the likelihood of producing dormant eggs differs among Daphnia 47 

species and clonal lineage (Keller and Spaak 2004; Keller et al. 2007). For example, Keller 48 

and Spaak (2004) found high proportions of interspecific hybrids in the pelagic samples, but 49 

these hybrids produced disproportionally less sexual females and therefore less dormant 50 

stages. For non-hybridizing Daphnia species, however, the resting egg bank is a good 51 

representation of population changes over time and corresponds to the pelagic population 52 

dynamics (e.g. Mergeay et al. 2004). 53 

 A better way than looking at the egg bank would be if we could use old Daphnia 54 

pelagic samples, collected through long-term monitoring programs (Palero et al. 2010). Many 55 

museums and research institutions maintain archives of zooplankton samples preserved in 56 

unbuffered acidic formaldehyde. Unfortunately, formaldehyde renders tissue unavailable for 57 

genetic analysis by inducing cross-links between nucleic acids and proteins, resulting in DNA 58 

fragmentation (Fox et al. 1985). We have recently published a method, which allows 59 

successful extraction of DNA from formaldehyde-preserved Daphnia (Rusek et al. 2015). If 60 

the formaldehyde zooplankton archives could indeed be opened, they would represent a rich 61 

store of genetic data free from the bias inherent in sedimentary community reconstruction 62 

(Keller et al. 2007). 63 

In the present study we aimed to reconstruct and compare hybrid Daphnia community 64 

composition between sedimentary dormant egg bank and pelagic formaldehyde-preserved 65 

zooplankton samples of the same lake and time period. As study site we chose Greifensee 66 

(Switzerland); a lake that is inhabited by parental species and hybrids from the Daphnia 67 

longispina species complex (Brede et al. 2009; Keller et al. 2007) and from which there is a 68 

long-term collection of zooplankton samples available (since 1975, monthly resolution). 69 

However, these samples are preserved in unbuffered formaldehyde. We extracted DNA of 70 
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formaldehyde-preserved Daphnia using our recently developed extraction protocol (Rusek et 71 

al. 2015), and genotyped this DNA using the single-nucleotide polymorphism (SNP) markers 72 

developed by Rusek et al. (2015). While in the previous study SNPs were scored via 73 

restriction fragment length polymorphisms (RFLPs) of moderately long fragments, we here 74 

develop a novel genotyping panel suitable for highly fragmented DNA, using the SNaPshot 75 

multiplexing kit (Thermofischer 2000). To assess the ability of SNPs to discriminate 76 

interspecific hybrids, in comparison to commonly used microsatellites (e.g. Brede et al. 2006; 77 

Ma et al. 2019; Yin et al. 2010), we used the same “dormant egg DNA” from Greifensee that 78 

we beforehand used to determine the species composition applying microsatellites 79 

(Monchamp et al. 2017). In summary, in the present study we compare two types of “lake 80 

archives”: the sedimentary dormant eggs and formaldehyde-preserved pelagic Daphnia, using 81 

our novel genotyping panel of short SNP-bearing amplicons. Moreover, we compare the 82 

genotyping panel with commonly used microsatellites, in terms of genotyping success and 83 

resolution. 84 

 85 

Materials and methods 86 

Daphnia samples 87 

Description of the formaldehyde-preserved zooplankton archive 88 

Greifensee (47.37°N, 8.68°E, Switzerland) is a medium sized, eutrophic peri-alpine lake, 89 

with a surface area of 8.5 km
2
, average depth of 17 m, and maximum depth of 33 m. 90 

Greifensee is inhabited by D. longispina species complex (Keller and Spaak 2004; Keller et 91 

al. 2007). Zooplankton samples of Greifensee are occasionally available for the period 1960-92 

1975. Since 1975, quantitative zooplankton samples have been collected monthly and 93 

preserved in 4% formaldehyde (Bürgi et al. 1985). Daphnia densities were estimated from 94 

these samples (Bürgi et al. 2003).  95 

 96 
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Choice of formaldehyde-preserved Daphnia individuals 97 

To compare Daphnia taxon composition between sedimentary dormant eggs (representing 98 

1960-61 and 2003-04 periods) and the pelagic Daphnia community as archived in the 99 

formaldehyde-preserved samples, we sampled the 1960-61 and 2003-04 formaldehyde 100 

archives in a manner designed to produce a two-year integrated sample of the pelagic 101 

community. This was done by allocating our sampling effort according to the Daphnia 102 

population densities present at each archival collection date (see Table S1). The jars were 103 

shaken thoroughly to homogenize the contents and a large-bore pipette was used to take a 104 

volumetric subsample (1 mL). This was placed on a water-filled gridded petri dish, and the 105 

grid-lines were used to take random Daphnia until the quota (as defined per sample, see 106 

Table S1) was filled, at which point the entire subsample was discarded. The DNA was then 107 

extracted as described in the Supplementary Material. 108 

 109 

Molecular protocols 110 

DNA extraction 111 

We followed the protocol described in Rusek et al. (2015) to extract DNA from 112 

formaldehyde preserved Daphnia. In the Supplementary Material, we provide a detailed 113 

description of all necessary steps (including additional information, for example on avoiding 114 

contamination), in order to facilitate its use in future studies.  115 

 116 

Genotyping using SNP-based panel 117 

Previous testing showed that the DNA fragments from formaldehyde-preserved samples are 118 

between approximately 80 and 100 bp (Rusek et al. 2015). We therefore designed a 119 

genotyping panel of short SNP-bearing amplicons using the markers of Rusek et al. (2015). 120 

Each of these markers consisted of a short (< 100 bp) amplicon with conserved priming 121 

regions, and bearing one or two SNPs (Table 1). Markers with SNPs at two loci within an 122 
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amplicon can be used to distinguish three species, whereas the markers with a single SNP can 123 

be used to separate one species from the other two (Rusek et al. 2015). We started by 124 

genotyping the sedimentary dormant eggs, using the markers 1237bb, GKC113, DSTPRK, 125 

tlr, and N-sma. As two of these markers (DSTPRK and N-sma) could not be amplified in the 126 

formaldehyde-preserved pelagic Daphnia samples, these samples were additionally 127 

genotyped at the markers IG6 and Spec. 128 

 We amplified the SNP markers individually using the following PCR conditions: 1× 129 

Promega G4 Mastermix, 0.5 μM each primer, 3 mM MgCl2, 0.8 g/L BSA, and Sigma DNA-130 

ase free H2O to volume. 20 μL of this reaction mix was combined with 5 μL DNA. PCR on 131 

the formaldehyde-preserved samples started with a “touchdown”: 95°C for 5 minutes 132 

denaturation; followed by 20 cycles of 30 seconds at 95°C denaturation, 30 seconds 133 

annealing starting at 60 °C and decreasing by 0.5 °C per cycle, and 1 minute extension at 72 134 

°C. This touchdown step was immediately followed by another 40 cycles in which the 135 

annealing temperature was kept at 50 °C, followed by a final 5 minutes extension at 72 °C 136 

(PCR on sedimentary dormant eggs was performed without the touchdown step and without 137 

BSA; otherwise amplification conditions were the same). We checked amplification success 138 

by visualizing PCR products on a 3% agarose gel prepared with SB buffer (Brody and Kern 139 

2004) in the presence of SYBR safe dye (Invitrogen); DNA was separated by electrophoresis 140 

at 350 volts for 15 minutes, and successful samples were chosen based on whether they 141 

showed clear amplification of any marker (this step was omitted for sedimentary dormant 142 

eggs). 143 

 SNPs were detected using the SNaPshot kit. This kit involves applying a second, 144 

single-base extension PCR to the initially amplified markers, in the presence of fluorescently 145 

labelled ddNTPs. The primer for this second PCR is designed so that its 5’ end is exactly one 146 

base pair away from the SNP of interest; single base extension therefore incorporates the 147 

SNP. This process produces PCR products fluorescently labelled according to the SNP of 148 
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interest, which can be visualized as coloured peaks using a capillary sequencer. To avoid 149 

peak overlap, the length of the primers used for this second PCR was manipulated by 150 

attaching repeating “tails” of GATC. Following the kit instructions, we performed the initial 151 

amplifications as described above, cleaned the PCR products with SAP (New England 152 

Biolabs) and Exo I (Affymetrix), and then combined the PCR products into a single tube for 153 

each individual. We then prepared a primer mix containing all SNaPshot primers (Table 1), 154 

and set up the SNaPshot master mix by combining 1 μL primer mix, 1 μL ddH2O, and 5 μL 155 

SNaPshot ready mix per sample to be analyzed. The reaction mix was prepared by combining 156 

7 μL master mix with 3 μL pooled PCR products, and subjected to 25 cycles of 96 °C for 10 157 

seconds denaturing, 50 °C for 5 seconds annealing, and 60 °C for 30 seconds extension. The 158 

resulting PCR product was cleaned with ExoI, and diluted 1:3 with HiDi formamide (Applied 159 

Biosystems). Finally, 2 μL of the diluted SNaPshot product was combined with 8 μL size 160 

standard (0.5 μL Liz-120 in 7.5 μL HiDi), and analyzed on an ABI 3130 XL capillary 161 

sequencer (Applied Biosystems). The resulting peaks were analyzed in STRand, where peaks 162 

were scored by eye as either present or not present.  163 

 164 

Microsatellite analysis 165 

For the comparison between microsatellites and SNPs we used DNA extracted from 166 

sedimentary dormant eggs. The microsatellite data used in this study was taken from 167 

Monchamp at al. (2017), where eight microsatellite markers were used to classify the eggs 168 

into taxon. Specifically, the obtained genotyping-profile was compared to a panel of 169 

reference clones, which consisted of D. galeata, D. longispina, D. cucullata, and D. galeata × 170 

longispina hybrids, collected from several lakes located on both sides of the Alps 171 

(Monchamp et al. 2017). 172 

 173 
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DNA from sedimentary dormant eggs 174 

We used sediment cores (6.3 cm diameter) retrieved from the deepest point of Greifensee in 175 

June 2013. In short, sediment cores  were collected from the centre of lake Greifensee in June 176 

2013 using an Eawag-63/S gravity corer. The sediment cores were sliced longitudinally using 177 

large brass blades, and photographed and dated based on 
137

Cs, 
210

Pb, and varve counts. After 178 

dating, we retrieved Daphnia ephippia by slicing the core in 1- or 2-year sections which were 179 

sieved. Further details about the resting egg selection, the DNA extraction and the age model 180 

of the sediment cores are published in Monchamp et al. (2017).  181 

For our comparisons we used two time periods (1966-67 and 2003-04), the first 182 

period during the time of intense cultural eutrophication which resulted in rapid Daphnia 183 

community composition changes (Brede et al. 2009), the second a more recent time period 184 

after re-oligotrophication. The DNA was freed from the eggs using the HoTShot protocol 185 

(Montero‐Pau et al. 2008) and stored at -20°C until use. The eggs were genotyped using 186 

microsatellites (reported in Monchamp et al. 2017), and were additionally genotyped with the 187 

SNP panel (see above). 188 

 189 

Results 190 

DNA extraction and genotyping success  191 

We attempted to extract DNA from 82 Daphnia preserved in formaldehyde from the years 192 

1960-61. DNA was measureable in all non-blank samples (mean 4.7 ng total mass, SD 3.5, 193 

detection limit 0.5). Unfortunately, PCR resulted in successful amplification of only one 194 

locus: SPEC. Other loci showed only faint or absent bands on the agarose gel, therefore we 195 

did not attempt to proceed with SNP-based genotyping for these samples. From the 2003-04 196 

formaldehyde-preserved samples, 60 of 82 extractions yielded measureable amounts of DNA 197 

(mean 6.1 ng total mass, SD equal to 8.3), while none of the negative controls contained 198 
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detectable DNA. Of the 60 successful DNA extractions, 33 yielded visible PCR product 199 

(Table S1) and were used for SNP detection. Most of those (30 out of 33 samples) could be 200 

typed unambiguously for at least two markers. The most successful marker was GKC113, 201 

which was detectable in 30 samples, followed by IG6 (28), Spec (25), tlr (19), and 1237_bb 202 

(9). We were therefore able to assign a species identity to 37% of the processed Daphnia 203 

from the period 2003-04 (i.e. 30 out of 82 total samples).  204 

 We further performed SNP analysis on the sedimentary dormant eggs, for which at 205 

least 6 of the 8 applied microsatellite markers were successfully amplified (i.e. 62 of 103 206 

eggs, Table 2). From the 2003-04 samples, we applied SNPs to all eggs that were 207 

successfully microsatellite genotyped, with success in 42 of 45 cases. For the 1966-67 208 

samples, we successfully SNP-typed all of the 17 microsatellite-typed eggs, and an additional 209 

14 of 21 eggs in which microsatellite genotyping failed (Table 2). Overall, the sedimentary 210 

eggs were more successfully genotyped with SNPs than with microsatellites (88% vs. 60% 211 

success, respectively; Fisher’s exact Test: p<0.001). 212 

 213 

Comparison of resolution of SNP-based markers and microsatellites 214 

The sedimentary dormant egg bank, as genotyped with microsatellites, revealed a similar 215 

pattern as was previously reported from Greifensee (Brede et al. 2009). Namely, D. galeata × 216 

longispina hybrids dominated both periods, with pure D. galeata being the second most 217 

abundant group (Fig. 1). Other detected taxa were: D. galeata × cucullata hybrids, D. 218 

cucullata × longispina hybrids and D. longispina; all present in low frequencies. In the 219 

follow-up tests we therefore compared the abundance of D. galeata to all other pooled taxa 220 

(mostly hybrids). 221 

The frequency of D. galeata compared to the other taxa as reconstructed from 222 

dormant eggs did not differ significantly between two marker types (Fig. 1; Fisher’s exact 223 

Test: p = 0.1668 and p = 0.2516; for 1966-67 and 2003-04 periods, respectively). 224 
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Nevertheless, some D. galeata as identified by microsatellites were classified to D. galeata × 225 

longispina hybrids by SNPs; a detailed list of mismatches is provided in Table 3. 226 

 227 

Correspondence of sediment and pelagic samples 228 

The Daphnia community reconstructed from the 2003-04 integrated formaldehyde-preserved 229 

pelagic sample differed significantly from the community reconstructed from sedimentary 230 

dormant eggs. The difference is attributable to the absence of pure D. galeata (and higher 231 

frequency of D. galeata × cucullata hybrids) in the formaldehyde-preserved samples (Fig. 1, 232 

comparison of D. galeata abundance with the other taxa in both samples; Fisher’s exact Test: 233 

p < 0.004). 234 

 235 

Discussion 236 

We were able to genotype pelagic Daphnia using samples preserved in formaldehyde for 13-237 

14 years, which constitutes an important step towards opening this type of archive for genetic 238 

studies. Given how common such archives are, we believe that the method used here has the 239 

potential to elucidate genetic change over time from aquatic habitats around the globe for 240 

which no other archived DNA is available. We were also able to isolate DNA from 50-year-241 

old formaldehyde samples; unfortunately amplification was successful for only one SNP 242 

marker. If the failure of amplification is due to excessive fragmentation, these older samples 243 

could potentially be analysed with markers on shorter amplicons in the future. Further, with 244 

the short SNP-based markers developed here, we were able to genotype sedimentary eggs 245 

that were too degraded for microsatellite analyses, indicating that our markers may extend the 246 

temporal range of sedimentary reconstructions. 247 

 The SNP and microsatellite markers resulted in largely comparable results. Still, 14 of 248 

20 D. galeata as classified by microsatellites were classified to hybrids by SNPs (Table 3). 249 

Although this represents a mismatch in identification, in this case it did not change the overall 250 
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results: in both time periods, with both marker types, hybrids of D. galeata and D. longispina 251 

were the dominant taxon. This mismatch might be a consequence of the design decisions for 252 

each marker type. Microsatellites are designed with a preference for high allelic richness to 253 

enable population genetic studies (Guichoux et al. 2011), and the set that we use here does 254 

not have any private alleles (Brede et al. 2006). There may also be problems with species 255 

specific null alleles which would decrease the detection of hybrids (Thielsch et al. 2012). In 256 

contrast, the SNPs we used here were specifically designed to discriminate the members of 257 

the D. longispina species complex; all markers amplify equally well in each species, and all 258 

alleles are private (Rusek et al. 2015). Overall, using much larger sample sizes (several 259 

screened populations from Europe), Rusek et al. (2015) showed that taxon assignment was 260 

nearly perfectly concordant between SNP and microsatellite genotyping. 261 

 Our comparison of Daphnia community composition between reconstructions from 262 

formaldehyde-preserved pelagic zooplankton samples and sedimentary dormant eggs showed 263 

more D. galeata × cucullata in the pelagic samples (50% versus 0 %), but more D. galeata in 264 

the sediments (25% versus 75%). These results accord with Keller et al. (2007)’s comparison 265 

of the Daphnia pelagic and egg bank communities in Greifensee where cross-species mating 266 

was found to be non-random. Specifically, Keller et al. (2007) reported underrepresentation 267 

of hybrids and overrepresentation of D. galeata among the sexually-reproducing fraction of 268 

the Daphnia community. This further resulted in overrepresentation of D. galeata is the 269 

sedimentary egg bank, compared to the pelagic community (Keller et al. 2007; Spaak and 270 

Keller 2004). In another study of the same lake, Wolinska et at. (2006) reported for 2003 271 

pelagic community very low proportions of D. galeata, which confirms the findings of the 272 

present study. Regardless of the underlying ecology, the discrepancy between the 273 

formaldehyde-preserved archive and the sedimentary archive underscores the utility of 274 

analysing formaldehyde samples for community reconstruction. 275 
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 The here developed method (SNP-based genotyping panel) together with the DNA 276 

extraction protocol and SNP markers established by Rusek et al. (2015) constitute an 277 

important step towards opening the zooplankton formaldehyde-preserved archives. Given the 278 

highly degraded state of the Greifensee archive, we believe that our methods should be 279 

applicable to other formaldehyde-preserved samples, especially if they were buffered. We 280 

were able to genotype approximately a third of the tested animals that had been preserved for 281 

12-13 years. From older samples (1960), we were able to get DNA, but only one SNP locus 282 

(SPEC) could be amplified (Rusek et al. 2015). These results are promising, but also show 283 

that more work is needed to be able to use these samples in genetic reconstructions. While 284 

our tests here were limited to Daphnia, the DNA extraction method and similar SNP-based 285 

genotyping panels have the potential to be used for other formaldehyde-preserved taxa of 286 

similar size (e.g. copepods, small insects). Overall, our results suggest that preserved 287 

Daphnia over a decade old, and probably older, can be genotyped despite storage in 288 

unbuffered formaldehyde. The discrepancy found between pelagic and sedimentary eggs 289 

community structure proves that utilizing formaldehyde samples might be crucial for 290 

unravelling past events. 291 
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Figures Legends 400 

Fig. 1. Community composition of sedimentary Daphnia dormant eggs and a two-year 401 

integrated formaldehyde-preserved pelagic Daphnia sample. Eggs were genotyped with 402 

microsatellites (first panel) and SNP-based markers (second panel); formaldehyde samples 403 

were SNP-typed (third panel). Blank years were not genotyped. Species names are 404 

abbreviated: “gal” = D. galeata; “lon” = D. longispina; “cuc” = D. cucullata. Hybrids are 405 

abbreviated with “x” between letters representing the parental species.  406 

 407 
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Table 1. SNP-based markers allowing discrimination of three species using short amplicons. SNPs are 

coloured by nucleotide and enlarged for clarity. Primers used to amplify the whole marker (“outer primers”) 

are highlighted grey. SNaPshot priming regions (“snapshot primers”, underlined) are adjacent to SNPs and 

allow SNP detection after single-base extension with fluorescently labelled nucleotides. Note that only the 

5’ strand is given here; reverse primers are complementary to the given sequence. Species names are 

abbreviated: “gal” = D. galeata; “lon” = D. longispina; “cuc” = D. cucullata. 

 

 

Name Species Sequence 

1237_bb cuc 
TTCTGCTGGTCCCATTCACTACTGTCCAAAGTGACACAGTTCATTCAAAGAAAATGATTGAACAGCAACAAGGTAAATAGTTTCA 

gal 
TTCTGCTGGTCCCATTCACTACTGTCCAAAGTGACACGGTTAATTCAAAGAAAATGATTAAACAGCAACAAGGTAAATAGTTTCA 

lon 
TTCTGCTGGTCCCATTCACTACTGTCCAAAGTGACACGGTTAATTCAAAGAAAATGATTGAACAGCAACAAGGTAAATAGTTTCA 

IG6 cuc 
GAGATAACGAGAAAAGCTTGACGCTATCCATAA-AAATAAGGCAATCAGTTGAATCGTTGGCTACT 

gal 
GAGATAACGAGAAAAGCTTGACGCTATCCATGACAAATAAGGCAATCAGTTGAATCGTTGGCTACT 

lon 
GAGATAACGAGAAAAGCTTGACGCTATCCATGAAAAATAAGGCAATCAGTTGAATCGTTGGCTACT 

DSTPRK cuc 
AGCAAAAGTCGTCGTGTGAAAATAATAATGAACCACCACACACAACCCCCTTCCTTTCCCTTCATATC 

gal 
AGCAAAAGTCGTCGTGTGAAAATAATAATGAACCACCACACACAACCCCCTTCCTTTCCCTTCATATC 

lon 
AGCAAAAGTCGTCGTGTGAAAATAATAATGAACTAC------CATCCCCCTTCCTTTCCCTTCATATC 

N-sma cuc 
GGCCAGTAAGCACCATTTCAGGACAAAGAGAATCGGCTTCTTTAGCTTCAAAGGTCACCCCATATCCGGATATG 

GTGTCGCCCGCTCCCATTGTAGA 

gal 
GGCCAGTAAGCACCATTTCAGGACAAAGAGAATCGGCTGCTTTAGCTTCAAAGGTCACCCCATATCCGGATATG 

GTGTCGCCCGCTCCCATTGTAGA 

lon 
GGCCAGTAAGCACCATTTCAGGACAAAGAGAATCGGCTGCTTTAGCTTCAAAGGTCACCCCATATCCGGATATG 

GTGTCGCCCGCTCCCATTGTAGA 

Tlr cuc 
TCAGAATGTACAGGGCGATCACGTGTGGTCTATTGATGAAAGATGAGTTGTCAGCATCGCCGTCCGAGTCTTCATCTGT 

gal 
TCAGAATGTACAGGGCGATCACGTGTGGTCTATTGATGAARGATGAGTTGTCAGCATCGCCGTCCGAGTCTTCATCTGT 

lon 
TCAGAATGTACAGGGCGATCACGTGTGGTCTATTAATGAAAGATGAGTTGTCAGCATCGCCGTCCGAGTCTTCATCTGT 

Spec cuc 
GCATTAGCAGCTAACTCGGCTTCAAAAGCTTGATGCTTCTGATGCTTCGATTGGATATTAGCAGGGTCACGATAGCTCT 

gal 
GCATTAGCAGCTAACTCGGCTTCAAAAGCTTGATGCTTCTGATGCTTTGATTGGATATTAGCAGGGTCACGATAGCTCT 

lon 
GCATTAGCAGCTAACTCGGCTTCAAAAGCTTGGTGCTTCTGATGCTTTGATTGGATATTAGCAGGGTCACGATAGCTCT 

GKC113 cuc 
CGCACTTATTATTTGGACTGACCAACCGAAAGCTGTGGCGTACTATTTCCAGGATTTCACCCTCTTTAGCACCTTCAA 

gal 
CGCACTTATTATTTGGACTGACCAACCGAAAGCTATGTCGTACTATTTCCAGGATTTCACCCTCTTTAGCACCTTCAA 

lon 
CGCACTTATTATTTGGACTGACCAGCCGAAAGCTGTGTCGTACTATTTCCAGGATTTCACCCTCTTTAGCACCTTCGA 
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Table 2. Genotyping success of dormant eggs extracted from Greifensee sediments deposited 

during different years. 

 

Year Sedimentary 

dormant eggs 

Successfully 

genotyped with 

microsats 

Successfully genotyped  

with SNPs 

2003 – 04 65 45 (of 65) 69% 42 (of 45) 93% 

1966 – 67 38 17 (of 38) 45% 31 (of 38) 82% 

Total 103 62 (of 103) 60% 73 (of 83) 88% 

 

 

 

  



 

19 
 

Table 3. Correspondence of SNP-based and microsatellite genotyping methods used on 

sedimentary eggs from two time periods. Numbers in each cell give the number of eggs with that 

combination of SNP genotype (rows) and microsatellite genotype (columns). Matching 

combinations are highlighted. Species names are abbreviated: “gal” = D. galeata; “lon” = D. 

longispina; “cuc” = D. cucullata; interspecific hybrids are abbreviated with “x” between letters 

representing the two parental species.  

 

    Microsatellite genotype   

Date SNP Genotype gal gxc gxl lon lxc No ID Failed Tot SNP 

1966 - 67 

gal 1 0 1 0 0 0 0 2 

gxc 0 1 0 0 0 0 2 3 

gxl 3 0 8 1 1 1 11 25 

lon 0 0 0 0 0 0 0 0 

lxc 0 0 0 0 0 0 1 1 

  Failed 0 0 0 0 0 0 0 0 

2003 - 04 

gal 4 0 4 0 0 2 0 10 

gxc 0 0 0 0 0 0 0 0 

gxl 11 0 17 1 0 1 0 30 

lon 0 0 0 0 0 0 0 0 

lxc 0 1 1 0 0 0 0 2 

 
Failed 1 0 2 0 0 0 0 3 

  Tot M Sat 20 2 33 2 1 4 14 76 

 


