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ABSTRACT

Efficient DNA extraction Is the key step in molecular
analysis of soil for microbial ecology investigations. In
fact, the choice of extraction method may have a
significant effect on the data collected and
mechanical lysis is generally considered best. Soils
can vary greatly in their microbial diversity and load,
which is influenced by factors including pH, organic
content, moisture content, and tfexture of the soil.
Consequently, careful study of the choices in
mechanical lysis methods is important for obtaining
reproducible data that accurately reflects the soil
microbial assemblage. To assess bacterial and fungal
diversity from different soils of varying characteristics,
we used terminal restfriction fragment length
polymorphism  (TRFLP) analysis, a reliable and
well-established method for estimating microbial
assemblage structure in environmental samples. DNA
extraction of six different soil samples was evaluated
using four different methods of mechanical disruption,
varying the process (vortex vs. PowerlLyzer™) and the
matrix (glass beads vs. garnet). The use of the
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Table 1. Soil characteritcs for sach of the sixsois used for DNA
xiraction and subsequent TRFLP anolyss. Tofai N [%)=Tofal
Nitogen content, Tolal C (%)=Total Carbon conten
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Comparison of Microbial Populations Isolated from a Variety of Soils using Different
Homogenization Methods During DNA Extraction

RESULTS AND DISCUSSION

The sois we examined all came from around fhe San Luis Obispo, CA
area (Table 1) and covered a range of argaric confent (1.2% - 10%),
pH (5.4-81)
A eitocton maimocs ot bcsed o A yield. In most sois we
tested there was litfle obvious difference in DNA yields befween
extraction methods (Figure 1). The clear exception was soil 1, the:
highest organic confent soil, where considerably more DNA was
extracted with the Powerlyzer™ compared to vortex methods,
regardiess of matrix.  Careful examinafion ako reveals a trend to.
increased DNA yield with the Powerlyzer™ and/or glass beads across
most sol fypes. All methods appeared fo result in minimal amounts of
DNA shearing (Figure 2. center)

TRFLP analysis was used fo evaluate the apparent bacterial and fungal
assemblages represented by the exiracted DNA. If fhe exiraction

lent then the TRFLP difermore
than the variation present n the method. We compared TRFLP patters
by cluster analyss of Bray-Curlis similarity for each sol (Figures 2 and 3).
TRFLP data from replicate exiracts generally clustered together,
indicating our methods were reproducible. To clarify evaluations of
extraction mefhods we assessed pair-wise comparisons of extraction
methods fo defermine differences (Table 2). When all frree repicate
extracions clustered separately befween the methods compared we:
marked this as representing a difference between methods (Y). If
separate clusters were ot observed we marked the methods as not
making a diference (N). Two sefs of fungal TRFLP data were
incomplete 5o there was some question as o differences in apparent

Figurs 1, Exracted DNA concentrafions from sofs 1-6 compored by (Ym).
(U methodsfor soﬂsfov'ungu\ 17 and bactertl asemblages 6) with Vortex (V) and Powerlyzer™ (L) kit and by bead d
P /een extraction mef beads and
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Powerlyzer™ generally resulted in higher DNA yields
than the vortexer, as did the glass beads compared to
garnet.  As expected, soils containing higher sand
content yielded much less DNA compared to soils rich il il [Soil 3 [Soil 4 Soil 6

in organic content. The effect of using the different § @ 0 s0 s 70 e 0 @ Table 2. Summary comparison befuween pas of DNA exirac-

Figure 2. Comparison of 0.7mm garnet and 0.1mm gi Vortex [V) versus
TRFLP.

for soil DNA exiraction.

Different extraction methods commonly resulted in different apparent
bacterial assemblages. indicating that most sois harbor bacteria with
diferent DNA extraction efficiencies. Conversely, fewer extraction
methods resulfed in different apparent fungal assemblages. When all
soi fypes and exiraction methods were analyzed fogether, bacterial

TGEsh G i miceel CREEEED ST €5 van tion mefhods for each soi a3 defaied i flgures 2 and 3. Sepo-
assessed by TRFLP was strongly dependant on the soil
type and the microbial assemblage (fungal or
bacterial).

METHODS

Six soll samples were chosen to cover a range of
characteristics including pH, organic carbon and
nitrogen content and particle size (Table 1). DNA from
each of the six soils was extracted in triplicate using
the PowerSoil® DNA Isolafion Kit (MO BIO
Laboratories, Inc., Carlsbad, CA). Mechanical lysis
was performed with either a vortexer or the MO BIO
Powerlyzer™, using either 0.1 mm glass beads or
iregular garnet as a disruption matix. Isolated DNA
was inspected for degradation via gel electrophoresis
and quantified via UV spectrophotometry. For each
DNA extraction, TRFLP analysis was performed on
triplicate PCR amplifications of the 168 rRNA region for
bacteria and 185-28S ITS region for fungl. Forward
primers were fluorescently-labeled with Cy5 in each
case. PCR friplicates from each exiraction were
cleaned using the Zymo DNA Clean and
Concentrator-25 Kit (Zymo Research, Orange, CA)
and product DNA quantified using a Bio-Tek
fluorometer to measure the Cy5 incorporated label.
Cleaned bacterial PCR products were digested with
Dpnll and the fungal product was digested with
Haelll. Excess salt was removed by ethanol
precipitation and the fluorescent fragments were
examined using the CEQ8000 capillary

Figure 3. Comparison of 0.7mm garnet and 0.1mr
different methods indicated small differences in peckdlsmbuﬂon for

Vortex (V) versus

(L) bashing methods for sos 1-4 and soi 6. TRFLP analysis of exiractions using

in most soils, and

some soils with
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Vortex (V) and Poweryzer™ (L) mefhods are compared with
‘edch ofher and by matrix used. Clear differences befween
mefhods are denoted “Y", unless fhers wers fewer fhan 3 TRFLP
repicates (Ym). When repicate TRFLP data befween DNA
‘extraction mefhods was nol clecry different his was marked

and fungal TRALP data clustered primarly by soi type (Figure 4).

indicating that differences in microbial assemblage structure befween

sols are larger than those created by the choice of a DNA exraction
i), e I
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Soil
V-Garnet vs. V-Glass
V-Garnet vs. L-Garnet
L-Garnet vs. L-Glass
L-Glass vs. V-Glass
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le: soil 4 was spi the
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The apparent microbial diversity seen in each exiraction was analyzed
using the Shannon-Weaver index (Figure 5). Differences i
Shannon-Weaver diversity between DNA exiraction methods were
apparent for some sols and depended on the sl fype and microbial

Soil
V-Garnet vs. V-Glass
V-Garnet vs. L-Garnet
L-Garnet vs. L-Glass
L-Glass vs. V-Glass

Figure 5.

TRFLP patters. Exfractions of sols 1-6 were

invesigated.  Conelafing with increased DNA yield.
decreases in Shannon-Weaver diversity were most common when the:
Powerlyzer™ and glass bead method was employed fo the bacterial
assemblages (Figure 5A). This may be explained by a mechanism.

ereby (A exiraction uifsin more DNA
from dominant populations of difficult to lyse soil bacteria (e.g. spore
formers), resulfing in a more: skewed species distibufion. Conversely,
DNA from more easly lysed organisms (e.g. Gram negalive bacteria)
may be degraded by harsher exiraction procedures, causing these:
organisms o lose representation in the TRFLP paften. In confrast, the:
Powerlyzer™fended foincrease diversity in fungal assemblages (Figure:
5B) which may be a result of overal increases in DNA that could allow
for defection of under represented species. To relate higher DNA yield
more diectly fo microbial dwemvy an analysis of specmc TRF peak
differences and a would

CONCLUSIONS

+ The Powerlyzer® with glass bead matrix method resuled in a higher DNA
yield for most soll fested, especially the high organic confent sol.

« The Powerlyzer® with glass bead matix method resulled in a lower
apparent diversity of bacteria and higher apparent diversity of fungi for
most solls fested, especially the high organic confent soll

+ Choice of DNA exfraction method alfered the apparent bacterial
assemblage siructure (assessed via TRFLP) in most solls fested.

+ Choice of DNA exfraction method aifered the apparent fungal

(assessed via TRFLP) but not In others

« Inmost cases the choice of DNA exiraction method did not affect the

between sols.

+ The vortex based DNA exiraction methods produced higher amounts of
variation in apparent microbial assemblage siructure compared fo the

electrophoresis DNA analyzer _ (Beckman-Coulter, : == oot oy e ) s ety 1] achactons e an s by et e oo o1 g oo e Eotst e
Brea, CA). The resulting TRFLP patterns were :‘mg pltshowslerge ertor bors on sl 4 v Gome s Dcavse theso s oo S “
el Vi) Beaus (RETY G SaVEe e g i s decrecing dvery ex comesponding lo 6nd ncrease = DNA bolaled (6.0, compeare ol momearer v o coratponang
scaled, normalized data with the PrimerS stafistics
package (Primer-E, Ivybridge, UK).
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1 DNA concenrafions in Figure 1. The
Figure 4 Comparison of 0.7mm gamef and 0.1mm glass homogenization methods and Vortex (V) versus Poweryzer™ (L) bashing ot o
mefhods across ol 6 sois for fungal (F) ond bacteril (8] assemblages. Different colored boxes indicate sach soll fype. Differences

between sol ypes. The majoriy of Ihe exractions grouped
Sl fypes 1,2, ond 4 pit, other by (s0lk1 and 2) or by
Tne bead homogenization method (s 4). References
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