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Abstract Results
Currently, there are a variety of published protocols for environmental DNA No Rinse Table 2. DNA Concentration and Purity |
extraction. Most protocols use similar, but not identical buffers, incubation i
times and temperatures, and vary in the amount of starting material, which | Soll  Soil | ceemen secmen =Sl Soil — Soil  Soil | seament  Sesmant S : o , 6 10 008 1 005
i — ! - Oi n/a . . : x
makes it difficult to compare results from different sources. For our research, =~ = =<' = FEcll = = Ecol Ecol == O REARS,
we sought a standardized protocol that would work with a variety of 4 '- ' 2 SO"(;EE-)CO“ n/a 90.20 1.942 1.470%*
environmental samples that are found in Wind Cave National Park. We | - -
. . . — 3 SUTEEN SEUlE n/a 8.35* 1.758* 0.337*
found that the addition of a pre-lysis rinse to our standard DNA extraction - (SS)
= o= - - - 3 kb . .
protocol was beneficial. The two rinse solutions we tested, 100 mM sodium - 4  Stream S(eg'STeEr)‘”E- col nla 199.75 2.053 1.923
phosphate pH 7.2 (Na;PO,) and 100mM Tris pH 8.0, 5mM EDTA, 200 mM - | TEN (100mM Tris,
sodium chloride (TEN), resulted in darker bands on our electrophoresis gels - ° >l oy 9025 L84 160
that were of the expected size (greater than 10 kilobases) and showed less . : : , : ,. : : s 0 n o A - 100 mM Na phosphate 08 10 . 1 169+
.- . o - (pH 7.2) | ' '
degraded DNA. In the future, the addition of a pre-lysis rinse will Improve ;5 preysis Rinsing of Soil and Stream Sediment Improved Yield. TEN (100mM Tris,
our |imit Of detection for microbial ||fe in environmental samples SUCh qS DNA was extracted from prairie soil (S) and stream sediment (SS). The rinses yielded more DNA with less degradation as 7 S+E 5mM EDTA, 200mM 136.65 1.969 1 .472%*
] ] ] i i ] shown by comparing gel lanes 1-4 versus 5-12. Sediment on its own needed a rinse to detect DNA using gel electrophoresis. NaCl)
paleofill sediments In Wind Cave National Park and soil samples above see Table 1 for additional experimental details.
8 S+E 100 mM Na phosphate 276.65 2.002 1.747%
ground near the cave entrance. (PH 7.2)
TEN (100mM Tris,
Table 1. Experimental Design for Soil and Stream Sediment Pre-lysis Rinse Trials 9 SS 5mM EDTA, 200mM 15.45% 1.618* 0.401**
B a.C kg rO U ﬂ d Lysis Buffer NaC?q )
. . . . 100 mM Na phosphate o
Tube | Sample Plr:{ei;:gzls Detergent | Buffer |Chelator|Osmolarity EEZSIr?]e Incubation [Precipitation Resgip])cfeer;smn Erflzn?rlle 10 oS (pH 7.2) 2.0 1.686 0.613
DNA extraction kits are commonly used for soils and other environmental samples which contain large amounts of Y Y TEN (100mM Tris,
Inhibitors against DNA-testing because of their relative speed and ease of use. However, even the best commercial . Soi va 0206 spg [100MM| 5mM | 200 mM %g&vg:;g‘_e 20 ul Tris 1L 11 SS+E 5mM EDTA, 200mM 92.85 1.934 1.655**
kits lose 83% of the starting DNA and thus can only isolate about 17% of the available sample (Hershey, | Tris** | EDTA | NaCl 1.6 M NaCl " RNase A NacCl)
Kallmeyer, and Barton 2019). This decreases the limit of detection for commercial kits. Instead of commercial Kits, Soil + E. 0.5x volume 100 mM Na phosphate
some researchers have published a variety of protocols designed for their particular environmental samples. For 2 coli na |0.2% SDS 1%?3115/' Etr)nTl\i Z%OaglM 30% PEG : | 20 L Tris Rl&a‘;t A 12 SS+E (pH 7.2) 181.4 2.028 1.866
example, Zhou, Bruns, and Tiedje (1996) compared the effect of CTAB and PVPP on humic acid contamination, (S+E) 1.6 M NaCl T 7 I Ay mur S V——
using 5 g of starting material in their extraction buffer. A study by Hégfors-Rénnholma et al. (2018) used 8 g of soil . Szgfrﬁgnm o 0906 spg | 100 MM| 5 mM | 200 mM %g&vsgg‘? 20 uL Tris | LML i) iy e 6E o GoEminaTs Sheering 2 250 i
as the starting material and used a sodium phosphate buffer to rinse the soil before running a DNA extraction kit on | Tns™ | EDTA | NaCl 1.6 M NaCl " RNase A
the product. Starting with 50 or 200 mg of soil, Guerra et al. (2020) conducted a study comparing SDS to CTAB as 100mM| 5mM | 200 mM 0.5x volume 1 ul _
detergents in a phosphate lysis buffer. Each of these studies used different amounts of starting material with na |0.2% SDS TrisT** EI._r)nTA Nagl 30% PEG : | 20 pL Tris RNaie A CO N CIU SIons
different buffers for protocols specific to the samples they obtained. gfx'\\/'/ow'ua%
0% 100 mMM| 5mM | 200 mM ' % _ : 1L 111 _ " " " " "
Pre-lysis rinsing of soil samples was used in an early study by Tsai and Olson (1991). Their protocol included a 2e%SPS | qiigs | EDTA | NaCl f?G/MPI\I?:CII OPLTIS - pase A Th_e addItIO-n of pre IySIS I’InSGS- ylelded _more DNA with Ie_SS degradatlon
sodium phosphate pre-lysis rinse step as part of the DNA extraction protocol and yielded bright bands on their 100 M| &M | 200 0.5x volume 1L (Flg. 2). It IS unclear whether rinse solutions of TEN or sodium phosphate
agarose gel. Later studies (Tarnovetskii et al. 2018; Yamaguchi et al. 2012; Rainer W. Erb and Irene Wagner-Dobler 0.2% SDS | ... | 30% PEG : | 20 pL Tris 1At : "
1993) followed the same methods as Tsai and Olson. He, Zu, and Hughes (2005) tested the effect of including a me =21 Nat 1.6 M NaCl Rese s p_erform be_tter aS_ variation was found b?tween Separate trials (Flg 3)' _The
pre-lysis rinse to their DNA extraction protocol. They found that including a phosphate rinse before lysis of cells 0904 Sps | 100 MM| 5mM | 200 mM %g&vg:;g‘? Soul e | dmL | rInses had inconsistent effects on the purity of DNA (Table 2). Now, with a
decreased humic acids and increased DNA yield when compared to the absence of a pre-lysis rinse. These limited | Tns™ | EDTA | NaCl 1.6 M NaCl " RNase A protocol that consistently gives US higher DNA yields in both soil and stream

results suggest sodium phosphate is a useful buffer for pre-lysis rinsing of environmental samples. 0.5x volume

100 mMM| 5 mM 200 mM

: 1 uL " ! 1 +ha
0.29 sDs |00 T 2T | 200 T 30% PEG : [ 20puLTris oot | sediment, we can use this method for further study of the soils within and
In this study, we compared pre-lysis rinses to test if they increase DNA vyield and purity from our environmental 1.6 M NaCl ' :
y, We Lompared pre-ly | y SNAY Punty . AT around the caves at Wind Cave National Park.
samples. In addition to a sodium phosphate rinse, we tested a TEN rinse since TEN is the base of our lysis buffer. 0.9% Sps | 100 MM| 5mM | 200 mM 300 PEG - O
' Tris** | EDTA | NaCl ' H RNase A
1.6 M NaCl
0.5x volume . .
0.2% sps | 100 MM 5 mM ) 200 mM 30% PEG : | 20 L Tris | M Citations
Tris EDTA NaCl 1.6 M NaCl RNase A
I\/I et h O d S 0 .5X volume Guerra, Victor, Lukas Beule, Ena Lehtsaar, Hui-Ling Liao, and Petr Karlovsky. 2020. “Improved Protocol for DNA Extraction from Subsoils Using Phosphate Lysis Buffer.”
0.2% SDS 1OQ mM| 5 mM 200 mM 3'0% PEG - | 20 uL Tris 1 uL Microorganisms 8 (4): 532. https://doi.org/10.3390/microorganisms8040532. | o | | |
' Tris*** EDTA NaCl ' M RNase A Hershey, Olivia S., Jens Kallmeyer, and Hazel A. Barton. 2019. “A Practical Guide to Studying the Microbiology of Karst Aquifers.” In Karst Water Environment, edited by
1.6 M NaCl Tamim Younos, Madeline Schreiber, and Katarina Kosi¢ Ficco, 68:191-207. The Handbook of Environmental Chemistry. Cham: Springer International Publishing.
0.5x volume https://doi.org/10.1007/978-3-319-77368-1 7.
0.2% SDS 100 mM| 5 mM 200 mM 30% PEG : 20 IJL Tris 1 IJI— Hogfors-Ronnholm, Eva, Stephan Christel, Sten Engblom, and Mark Dopson. 2018. “Indirect DNA Extraction Method Suitable for Acidic Soil with High Clay Content.”
' Tris*** | EDTA NacCl ' RNase Al MethodsX 5: 136-40. https://doi.org/10.1016/j.mex.2018.02.005.
u : : 1.6 M NaCl _ | Jinzheng He, Zhihong Xu, and Jane Hughes. 2005. “Pre-Lysis Washing Improves DNA Extraction from a Forest Soil.”” Soil Biology and Biochemistry 37 (12): 2337-41.
H:}u x U H:} U U *100mM Tris, 5mM EDTA, 200mM NaCl  **100 mM Sodium Phosphate pH 7.2 ***pH 8.0 ****Proteinase K Qiagen https://doi.ora/10.1016/j.50ilbio.2005.04.016.
@ @ - Rainer W. Erb and Irene Wagner-Dobler. 1993. “Detection of Polychlorinated Biphenyl Degradation Genes in Polluted Sediments by Direct DNA Extraction and Polymerase
: Mix at 150 Spin at max speed . Chain Reaction.” Applied and Environmental Microbiology 59 (12): 4065—73. https://doi.org/10.1128/aem.59.12.4065-4073.1993.
U ‘%‘dd pl’E-W.SIS rpm for 15 for 2 minutes and [ o] ] Add lysis @ Incubate at 250 Tarnovetskii, I Yu, A Yu Merkel, T A Kanapatskiy, E A Ivanova, M B Gulin, S Toshchakov, and N V Pimenov. 2018. “Decoupling between Sulfate Reduction and the
1 Weiah rinse solution s minutes | save pellet with buffer " _ rpm for 1 5:' Anacrobic Oxidation of Methane in the Shallow Methane Seep of the Black Sea.” FEMS Microbiology Letters 365 (21)._https://doi.org/10.1093/femsle/fny235.
O _ €ig 250 uL at 37°C cells 300 pL minutes at 60°C Yamaguchi, Nobuyasu, Tomoaki Ichijo, Akiko Sakotani, Takashi Baba, and Masao Nasu. 2012. “Global Dispersion of Bacterial Cells on Asian Dust.” Scientific Reports 2
environmental Soil Soil + E. coli Fig. 3. Variability in the (1): 525. https://doi.orq/10.1038/sre0005?5. | | | | | | o
sample Effect of TEN Versus Y L Tsai and Betty H. Olson. 1991. “Rapid Method for Direct Extraction of DNA from Soil and Sediments.” Applied and Environmental Microbiology 57 (4): 1070-74.
Na.PO. I It
250 mg If not including a rinse, go to step 5 Na,PO, Between
Independent Trials.
The effectiveness of Acknowledgements
(a increasing DNA  vyield
g ) H:}B g ) U0 bEtWGE”tTEN and SOd'Ug‘ The authors would like to express appreciation for material support and useful discussions with
= = ospnateé was compared. - - - . : .
(41| Rinse DNA pellet @[SPnaimar)  (G{pgaos | @) ] Soim at max soeec R eitr i perfgrmed Nicole Geerdes and Angelica Perez. This project/material is based upon work currently supported
. . o . : _
Eﬁ:ﬂiﬂ?ﬂéﬁ ] ﬁii?ef:raig volume PEG rfsﬁ;j“uzl”:ilmﬁl‘fﬁﬂ for 5 minutes and better than the other in DY the lowa Space Grant Consortium under NASA Award No. BONSSC20M0107 and the
resuspend in 20 piL save pellet of precipiation debris pellet forms Save S e At every trial, so we cannot  University of Northern lowa Summer Undergraduate Research Program.
of buffer DNA say with certainty which
rinse works best without
Fig. 1. Visual Description of Methods further testing. Replicate
DNA was extracted using this step-wise protocol. Centrifugation was performed at 19090 rcf. The DNA pellet was ~ 2 : ‘ 3 8 7 : ¢ 10 experiments are separated University of
resuspended in 10 mM Tris pH 8.0. RNaseA was added to remove RNA before running samples on agarose gel by lines.
electrophoresis. Northern lowa.
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