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Three species within a deeply branching cluster of the Chloroflexi are the only microorganisms currently
known to anaerobically transform polychlorinated biphenyls (PCBs) by the mechanism of reductive dechlo-
rination. A selective PCR primer set was designed that amplifies the 16S rRNA genes of a monophyletic group
within the Chloroflexi including Dehalococcoides spp. and the o-17/DF-1 group. Assays for both qualitative and
quantitative analyses by denaturing gradient gel electrophoresis and most probable number-PCR, respectively,
were developed to assess sediment microcosm enrichments that reductively dechlorinated PCBs 101
(2,2�,4,5,5�-CB) and 132 (2,2�,3,3�,4,6�-CB). PCB 101 was reductively dechlorinated at the para-flanked meta
position to PCB 49 (2,2�,4,5�-CB) by phylotype DEH10, which belongs to the Dehalococcoides group. This same
species reductively dechlorinated the para- and ortho-flanked meta-chlorine of PCB 132 to PCB 91 (2,2�,3�,4,6�-
CB). However, another phylotype designated SF1, which is more closely related to the o-17/DF-1 group, was
responsible for the subsequent dechlorination of PCB 91 to PCB 51 (2,2�,4,6�-CB). Using the selective primer
set, an increase in 16S rRNA gene copies was observed only with actively dechlorinating cultures, indicating
that PCB-dechlorinating activities by both phylotype DEH10 and SF1 were linked to growth. The results
suggest that individual species within the Chloroflexi exhibit a limited range of congener specificities and that
a relatively diverse community of species within a deeply branching group of Chloroflexi with complementary
congener specificities is likely required for the reductive dechlorination of different PCBs congeners in the
environment.

Polychlorinated biphenyls (PCBs) have been an environ-
mental concern for several decades due to their widespread
use, chemical stability, and biological toxicity (31, 33). Histor-
ically, harbor regions have been heavily impacted by the accu-
mulation of PCBs released during commercial activities. Com-
mercial production of PCBs was banned in the United States in
1978, but reports of the distribution of PCBs in marine coastal
harbor regions demonstrate the tenacity of PCB contamination
(3, 18, 21, 34).

Although PCBs persist in the environment, some microbial
processes are able to transform these chemically stable mole-
cules. Aerobic degradation involves biphenyl ring cleavage.
However, PCBs are hydrophobic and tend to adsorb to parti-
cles that settle and accumulate in the anaerobic zone of sedi-
ments, where microbial reductive dehalogenation results in the
sequential removal of chlorine atoms from the biphenyl back-
bone (4, 6). Two anaerobic PCB-dechlorinating microorgan-
isms, strains DF-1 and o-17, within the green non-sulfur Chlo-
roflexi phylum have been shown to link their growth to the
reductive dechlorination of PCBs (12, 29, 38, 40). Fennell and

coworkers (16) reported that another species within the Chlo-
roflexi, Dehalococcoides ethenogenes 195, dechlorinated the
PCB 2,3,4,5,6-pentachlorobiphenyl and other aromatic or-
ganochlorines when grown with perchloroethene. This micro-
organism was the first species in the Dehalococcoides group to
be isolated and described (26). Although other Dehalococ-
coides spp. including strains VS (10), FL2 (24), BAV1 (19),
CBDB1 (1, 7), and KB-1/VC-H2 (13) use chlorinated ethenes
and other chlorinated compounds as electron acceptors, no
other species have been reported to reductively dechlorinate
PCBs.

PCB-dechlorinating microorganisms are difficult to isolate
and are generally a small portion of the total microbial com-
munity in natural sediments (29, 38). Little is therefore known
about the catalytic diversity of PCB-dechlorinating bacteria
and their distribution in nature. A recently developed PCR-
based assay using primers specific for the 16S rRNA genes of
PCB-dechlorinating microorganisms similar to o-17 and DF-1
revealed a diverse group of organisms within a deep branch of
the Chloroflexi that are distinct from Dehalococcoides spp. (37).
Sequence similarity among Dehalococcoides strains is very high
(�98%), while the similarity between the o-17/DF-1 group and
the Dehalococcoides strains is �90%. Nevertheless, all these
microorganisms form a monophyletic clade within the Chlo-
roflexi. Using PCR primers designed to detect both Dehalococ-
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coides spp. and o-17/DF-1-like microorganisms by denaturing
gradient gel electrophoresis (DGGE), we report that two phy-
lotypes, one closely related to phylotype m-1 (37) within the
o-17/DF-1 group and the second a Dehalococcoides sp., se-
quentially dechlorinate the double-flanked and single-flanked
meta-chlorines of PCB 132 in Baltimore Harbor (BH) sedi-
ment microcosms. Enumeration by most-probable-number
(MPN)-PCR with the specific primers shows that individual
PCB congeners can be sequentially dechlorinated by a succes-
sion of two phylotypes that link their growth to reductive de-
halogenation.

MATERIALS AND METHODS

Sediment samples. Sediments were sampled from the Northwest Branch of
BH with a petite Ponar grab sampler at 39°16.8�N, 76°36.1�W as described by
Berkaw et al. (5) and stored anaerobically under nitrogen prior to use.

Anaerobic enrichment cultures. A defined low-sulfate (�0.3 mM) estuarine
salts medium was prepared as described by Berkaw et al. (5) with the exclusion
of Na2S · 9H2O, dispensed in 10-ml aliquots into 20-ml Balch anaerobe tubes,
and sealed under N2-CO2 (80:20). The medium was autoclaved for 20 min and
had a final pH of 6.8. All subsequent additions were performed aseptically in an
anaerobic glove box under an N2-CO2-H2 (75:20:5) atmosphere. Prior to inoc-
ulation, a fatty acid mixture of sodium salts (acetate, propionate, and butyrate)
was added to a final concentration of 2.5 mM each. Microcosms were initiated by
the addition of 2 g of BH sediment slurry into 8 ml of medium. PCB congeners
91, 101, and 132 (AccuStandard, Inc., New Haven, CT) were solubilized in 10 �l
acetone and separately added to triplicate microcosms to a final concentration of
50 ppm (in milligrams per liter). Sterile controls were prepared by autoclaving
sediment-inoculated tubes containing medium and the fatty mixture twice, with
a 48-h interval between treatments, followed by the addition of PCB. Active
cultures were maintained by transference of 1 ml of homogenized slurry into
freshly prepared medium containing 0.5 g dried, sterile BH sediment approxi-
mately every 8 months. One control microcosm containing 10 �l acetone without
PCB was also transferred for each PCB congener set. Dried BH sediment was
prepared by baking BH sediment at 115°C for 72 h, followed by autoclaving five
times in a container sealed under N2 for 60 min. All cultures were incubated at
30°C in the dark.

Analytical techniques. PCBs were analyzed by the extraction of 0.5 ml of
culture with 3 ml of hexane for 12 h on a wrist shaker. The organic phase was
passed through a copper/Florisil (1:4) column and analyzed using a Hewlett-
Packard 5890 series II gas chromatograph (GC) with a DB-1 capillary column
(30 m by 0.25 mm by 0.25 �m; JW Scientific, Folsom, CA) and a 63Ni electron
capture detector as described by Berkaw et al. (5). Nine mixes containing 209
congeners in total (C-CSQ-SET; AccuStandard) were used to identify the PCB
congeners by matching their retention times. Individual PCB congeners were
quantified with a 10-point calibration curve using PCB 65 and PCB 204 as
external and internal standards.

Bacterial community 16S rRNA gene analyses. DNA from pooled samples (0.5
ml from each culture replicate) was extracted according to Pulliam Holoman et
al. (29) with minor modifications. Briefly, samples were subjected to bead beating
with a Fastprep Cell Disruptor (Qbiogene, Carlsbad, CA), and phenol chloro-
form extraction was followed by electrophoresis in a 1.3% (wt/vol) low-melt
agarose gel containing 2% (wt/vol) polyvinylpyrrolidine. DNA was excised from
the gel and recovered with the Promega Wizard PCR Prep kit (Promega, Mad-
ison, WI). Total DNA was probed for dechlorinating microorganisms within the
o-17/DF-1 group with universal primer 14F (14) and specific primer Dehal1265R
(36, 37). The same DNA samples were screened for the presence of Dehalococ-
coides spp. with forward primer DHC 1 and reverse primer DHC 1377 (20).
Amplified rDNA restriction analyses (ARDRAs) were conducted as described
by Pulliam Holoman et al. (29). The 16S rRNA gene clone library was generated
with Dehalococcoides-specific primers DHC 1 and DHC 1377 (20) and fragments
were ligated into pCR2.1 using the TA Cloning kit (Invitrogen, Carlsbad, CA).
The library was screened using the primers DHC 1 and DHC 1377, followed by
restriction fragment polymorphism analysis with restriction endonucleases
HaeIII and HhaI. Digestion products were discriminated by gel electrophoresis
on a 3% (wt/vol) Trevigel (Trevigen, Inc., Gaithersburg, MD) at 25 V for 3 h on
ice. Five plasmids containing the 16S rRNA gene from strains DEH10, D.
ethenogenes 195, strain o-17, DF-1, and Chloroflexus aurantiacus were con-
structed using the TA Cloning kit and used as controls.

A new group-specific primer set was developed by using Probe Design in the

ARB software package (25). Forward primer Chl348F (5�-GAGGCAGCAGCA
AGGAA-3�) is specific for Chloroflexi, and reverse primer Dehal884R (5�-GGC
GGGACACTTAAAGCG-3�) is specific for putative dechlorinating microorgan-
isms. The product size is approximately 470 bp. The primers were checked for
compatibility and possible self annealing with Primer Express (Applied Biosys-
tems, Foster City, CA).

For ARDRA, clone libraries were generated by PCR with Chl348F and
Dehal884R as described above, except that restriction enzymes RsaI and HinfI
were used for restriction fragment analysis. For DGGE, a GC clamp (28) was
added to primer Chl348F (5�-CGC CCG CCG CGC GCG GGA GGC AGC
AGC AAG GAA-3�) (Genosys Biotechnologies) and designated Chl348FGC.
PCRs (50 �l) with 10 ng DNA were performed using the GeneAmp PCR kit (PE
Applied Biosystems, Foster City, CA) containing 1� PCR buffer, a mixture of
deoxynucleoside triphosphates (200 nM each), 1.5 mM MgCl2, 160 nM each
primer, 192 mM dimethyl sulfoxide, and 1 U of AmpliTaq DNA polymerase.
Amplification was performed in a PTC200 thermal cycler (MJ Research, Wa-
tertown, MA) with the following cycle parameters: initial denaturing (1 min at
95°C), 26 cycles of denaturation (each cycle consisting of 45 s at 95°C), annealing
(45 s at 60°C), elongation (45 s at 72°C), and a final extension (30 min at 72°C)
(22). The sensitivity of the DGGE assay under the PCR conditions described
above was determined by dilution of plasmids containing the 16S rRNA gene of
o-17 (12). PCR products were checked for correct size and yield on a 0.8%
(wt/vol) Tris-acetate-EDTA agarose gel (Fisher Biotech, New Jersey). DGGE
was performed as described by Watts et al. (38) with the D-Code Universal
Mutation Detection system (Bio-Rad, Hercules, CA). The 6% (wt/vol) polyacryl-
amide gels (Sigma, St. Louis, MO) contained a 39 to 48% denaturing gradient,
and fragments were separated by electrophoresis for 18 h at 75 V. The gels were
stained with SYBR-Green 1 DNA stain (Molecular Probes, Eugene, OR) and
visualized with a Storm PhosphorImager (GE Healthcare, Piscataway, NJ).
DGGE bands of interest were excised and eluted by incubation in 30 �l Tris-
EDTA overnight at 4°C. PCR and DGGE were repeated twice to assure the
purity of each eluted band; the last PCR used primers without the GC clamp
before DNA sequencing as described below.

Sequencing and analysis. Plasmids from the two clone libraries were purified
using the QIAGEN Plasmid Mini kit (QIAGEN, Chatsworth, CA) according to
the manufacturer’s protocol. Plasmids and PCR products were used as templates
for dye terminator cycle sequencing with the Big Dye 3.1 kit (Applied Biosys-
tems) and an ABI 3100 (Applied Biosystems). Sequences were examined for
errors and assembled with the Pregap4 and Gap4 software of the Staden software
package (http://sourceforge.net/projects/staden). Chimera formation was exam-
ined using Chimera Check (9). The sequences were aligned using the ARB
software package (25), and a phylogenetic tree was generated based on published
Chloroflexi sequences of �1,200 bp. A manual filter was developed to exclude
hypervariable regions sequences (Escherichia coli positions 71 to 98, 452 to 483,
838 to 849, 1004 to 1037, 1126 to 1148, and 1163 to 1174). A second filter was
created using the “filter by base frequency” tool in the ARB package that
excluded positions in the alignment where gaps were more frequent than char-
acters and positions with ambiguous characters. DNA distance matrices were
generated with the ARB software package using the Kimura two-parameter
evolutionary distance correction, and phylogenetic trees were generated with the
neighbor-joining (32) algorithm. Bootstrap analyses (100 replicates) were per-
formed using the PHYLIP package (15).

Quantitative assessment of PCB-dechlorinating populations. Putative dehalo-
genating Chloroflexi members were enumerated by MPN-PCR using primers
Chl348F and Dehal884R. DNA samples (each, 10 �g/ml) were serially diluted 10
fold and amplified as described above with 40 PCR cycles. 16S rRNA gene copies
per microliter of DNA sample were determined with a standard MPN table (8).
Dilutions of plasmids with the 16S rRNA genes of the PCB-dechlorinating
strains o-17 (12), DF-1 (40), and phylotype DEH10 were used as controls and to
determine the sensitivity of the assay. To test whether nonhomologous DNA
would interfere with the MPN assay, 10 ng of DNA from a Chloroflexus auran-
tiacus isolate was added to the dilution series, and the MPN numbers were
calculated as described above.

Nucleotide sequence accession numbers. The 16S rRNA gene sequences for
phylotype DEH10 and phylotype SF1 have been submitted to GenBank under
accession numbers DQ21869 and DQ21870, respectively.

RESULTS

PCB dechlorination in initial enrichment cultures. Cultures
containing BH sediment were amended with PCBs 101
(2,2�,4,5,5�-CB) and 132 (2,2�,3,3�,4,6�-CB), which are predom-
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inant congeners (about 4 and 3 mol%, respectively) in Aroclor
1260 (17). Complete reductive dehalogenation of congeners in
only the meta positions was detected within 3 to 6 months by
the pathways shown in Fig. 1. These cultures were transferred
with their respective PCB congener and then screened for

dechlorinating organisms with primers specific for the 16S
rRNA genes of strains DF-1 and o-17 (36, 37) and Dehalococ-
coides spp. (20). Unexpectedly, cultures dechlorinating PCB
101 were positive only for Dehalococcoides spp., while the
cultures dechlorinating PCB 132 were positive for both groups.

To investigate if one specific Dehalococcoides phylotype was
enriched in the PCB101 microcosms, we performed an
ARDRA with PCR products generated with primers targeting
Dehalococcoides spp. (20) from cultures dechlorinating PCB
101 and from the no-PCB control after 6 months of incubation.
There was a clear enrichment of a single phylotype (17 out of
18 clones), which we designated DEH10, with no apparent
enrichment of an individual ARDRA pattern in the no-PCB
control (8 different patterns out of 9 clones). The restriction
fragment length polymorphism pattern representing DEH10
was not found in the clone library from the no-PCB control.

Development of PCR primers for detection of PCB-dechlo-
rinating species. To detect both Dehalococcoides spp. and
o-17/DF-1-like PCB-dechlorinating species, a group-specific
primer set was developed to target the 16S rRNA genes of this
group of Chloroflexi (Fig. 2). Chl348F and Dehal884R amplify
the 16S rRNA genes from o-17, DF-1, phylotype DEH10, and
Dehalococcoides ethenogenes 195 but not Chloroflexus auran-
tiacus (Fig. 3). PCR product was not detected with species
outside of the green non-sulfur bacteria, including those from
several Bacteria and Archaea phyla (data not shown). Further-
more, sequences retrieved from a clone library generated using
Chl348F and Dehal884R with Baltimore Harbor sediments
included only sequences within the Dehalococcoides/o-17/DF-1
Chloroflexi group. The detection limit of these primers was
�105 copies per 50 �l of PCR mixture with 26 PCR cycles and

FIG. 1. Dechlorination patterns and products observed from Bal-
timore Harbor sediment microcosms containing PCBs 91, 101, and
132.

FIG. 2. Phylogenetic analysis (neighbor joining) of Chloroflexi 16S rRNA genes. Tree reconstruction was based on 998 positions between E. coli,
positions 44 and 1232, from published sequences. The tree is rooted with Bacillus subtilis (AB016721). Bootstrap analysis was performed using the
PHYLIP software package (15), and values of �50 are indicated at the branch points. The scale bar indicates 10 substitutions per 100 nucleotide
positions. Microorganisms that are confirmed dechlorinators are italicized.
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8 �l loaded in an agarose gel. The detection limit in 8 �l with
40 PCR cycles ranged between 10 and 65 gene copies per 50-�l
PCR mixture for strains o-17, DF-1, and phylotype DEH10.
The addition of up to 10 �g of Chloroflexus aurantiacus DNA
had no effect.

Analysis of PCB-dechlorinating activity and microbial com-
munity profiles. Group-specific primer set Chl348F and
Dehal884R were used to identify putative PCB-dechlorinating
bacteria in sediment microcosms actively dechlorinating PCBs

101, 132, and 91. The progressive dechlorination of the con-
geners 132, 101, and 91 at intervals of 0, 100, 150, and 200 days
is shown in Fig. 4. PCB101 was dechlorinated in a flanked meta
position to PCB 49 (2,2�,4,5�-CB), and no further dechlorina-
tion was observed after 250 days. PCB 132 was dechlorinated
sequentially in two meta positions to PCB 91 and then to PCB
51 (2,2�,4,6�-CB), which was the terminal product after incu-
bation for 300 days. Inoculum from PCB 132 microcosms was
also used to initiate PCB 91 microcosms. Negligible dechlori-

FIG. 3. Primer specificity. Alignment of 16S rRNA genes of o-17, DF-1, DEH10, Dehalococcoides ethenogenes 195 (DHE), and Chloroflexus
aurantiacus (Chl.). Numbering is based on the E. coli 16S rDNA positions. The panel on the right shows an agarose gel of PCR products using
primers Chl348F and Dehal884R and plasmids with cloned 16S rRNA gene templates from the organisms indicated. The top lane shows the DNA
size marker (�XDNA-HaeIII digest).

FIG. 4. Quantitative and qualitative analyses of 16S rRNA genes during active dechlorination of PCBs 132, 101, and 91. (Left) Dechlorination
of PCB congeners 101, 91, and 132, showing moles percent of the parent compound in active culture (�) and sterile control (■ ) and MPN-PCR
analyses of 16S rDNA copies per �l of DNA in active culture (E) and sterile controls (F). (Right) DGGE results from dechlorinating cultures and
the no-PCB controls. Cultures were sequentially transferred four times on the respective PCB congener prior to analysis. All bands were excised
and sequenced. Bands in the far right lane are products from (reading from top to bottom) DEH10, DF-1, and o-17.
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nating activity was detected in sterile controls (�6 mol% over
200 days).

DGGE profiles in Fig. 4 show enrichment of a single phy-
lotype in each of the dechlorinating cultures over the course of
200 days. The DGGE band representing phylotype DEH10
was enriched in cultures dechlorinating PCB 101 and PCB 132.
Another phylotype, designated SF1, was enriched in PCB 91-
dechlorinating cultures. Although other PCR amplified 16S
rRNA genes appear in both the actively dechlorinating cul-
tures and the no-PCB controls, there was no apparent enrich-
ment of these bands during the incubation period. The bot-
tommost bands in the DGGE gels (Fig. 4) were chimeras.

Quantitative assessment of PCB-dechlorinating popula-
tions. A MPN-PCR-based assay with primers Chl348F and
Dehal884R was used to determine whether the apparent en-
richment of selected 16S rRNA genes showed by DGGE anal-
yses of actively dechlorinating microcosms was the result of
growth by specific phylotypes. PCB 101 microcosms exhibited a
10-fold increase in 16S rRNA gene copies during active de-
chlorination (Fig. 4). The controls initiated without added PCB
showed a steady decrease of dehalogenating Chloroflexi 16S
rRNA gene copies during the same incubation period. During
active dechlorination of PCB 132 and PCB 91, the cultures
exhibited a 20-fold and 50-fold increase in dehalogenating
Chloroflexi 16S rRNA gene copies, respectively.

DISCUSSION

Patterns of dechlorination in sediment microcosms. All mi-
crocosms incubated with PCB 132, 101, and 91 exhibited re-
ductive dechlorination in the meta position. Dechlorination of
ortho-, para-, and unflanked meta-chlorines was not detected,
indicating that these enrichment microcosms selectively de-
chlorinated double- and single-flanked meta-chlorines. De-
chlorination of double-flanked chlorines on a biphenyl back-
bone has been reported previously for bacterium DF-1 (39, 40)
and D. ethenogenes 195 (16). This study provided compelling
evidence that phylotype DEH10 was responsible for both dou-
ble-flanked meta-dechlorination of PCB132 and single-flanked
meta-dechlorination of PCB 101. As D. ethenogenes 195 was
only tested with PCB 116 (2,3,4,5,6-CB) (17), which contains
two double-flanked meta-chlorines, the ability to reductive de-
chlorinate a PCB congener such as PCB 101 with a single-
flanked meta-chlorine cannot be discounted.

These results are consistent with the reductive dechlorina-
tion of Aroclor 1260 in microcosms with Baltimore Harbor
sediments (41), which showed significant decreases in PCB 101
and PCB 132 and significant accumulation of PCB 51 and PCB
49 after 181 days of incubation. This pattern of dechlorination
is most similar to “Process N” described in enrichment micro-
cosms from Silver Lake and Woods Ponds (4), which exhibited
extensive dechlorination of flanked meta-chlorines. Other
studies have also reported this to be a frequent dechlorination
pattern (2, 6, 23, 27, 30).

Identification of dechlorinating microorganisms. One of the
goals of this study was to develop a rapid and comprehensive
assay for monitoring the microorganisms responsible for the
different dechlorination patterns observed in sediment micro-
cosms. Although primers for both the Dehalococcoides group
(20) and the o-17/DF-1 group (36, 37) are available, the group-

specific primer set developed in this study selectively amplified
both groups of putative PCB-dechlorinating bacteria within
this Chloroflexi clade in a single PCR. Figure 2 shows that the
bootstrap values separating this clade from the rest of the
Chloroflexi are high, suggesting that this group is monophyletic.

Enrichment of phylotype DEH10 in the PCB 101 and PCB
132 cultures compared to the no-PCB control is apparent in
the DGGE gel (Fig. 4). Phylotype DEH10 16S rRNA gene
sequence has the “Pinellas group” signature of Dehalococ-
coides spp. in variable regions 2 and 6 (20), and a single base
pair difference over 1,378 bp compared to Dehalococcoides sp.
strain FL2 (24). However, due to the small size of the PCR
products, the DGGE assay described here will not distinguish
between different members of the Pinellas group.

Phylotype SF1 was clearly enriched in the microcosm de-
chlorinating PCB 91 compared to the no-PCB control. Phylo-
type SF1 is most similar to phylotype m-1 (only 1-bp difference
from the 16S rRNA gene sequence over 466 bp), which was
detected in cultures dechlorinating 3,5-dichlorobiphenyl (37).
Previously, DGGE using universal primers (28) was performed
on these same cultures, and no changes were observed in the
microbial community. Although the DNA concentrations were
normalized among samples and PCR cycles were kept at a
minimum to minimize PCR biases, DGGE is only a semiquan-
titative method. The use of MPN-PCR confirmed the DGGE
assay results (Fig. 4). MPN-PCR was used instead of real-time
quantitative PCR because fluorescence quenching and
autofluorescence associated with sediment samples can ad-
versely affect enumeration accuracy by the latter assay (35).

Isolation of PCB-dechlorinating microorganisms has proven
difficult (5, 11, 12, 29, 38–40). Several isolates in the Dehalo-
coccoides group have been reported (1, 10, 13, 19, 24), but a
direct link between growth and PCB dechlorination activity has
not been shown for any of these isolates. The development of
primers targeting a broader range of putative dehalogenating
phylotypes within Chloroflexi, including uncultured microor-
ganisms, is an important advance in the study of this diverse
group of bacteria in laboratory microcosms, as well as in situ.
Increases in 16S rRNA gene copies were only observed in
cultures actively dechlorinating PCBs. This is the strongest
evidence reported thus far to indicate that PCB-dechlorinating
activity is linked to growth of dehalogenating bacteria, in this
case, DEH10 and bacterium SF1, possibly by the proposed
mechanism of dehalorespiration. The predominance of these
meta-dechlorinating pathways in the reductive dechlorination
of Aroclor 1260 in BH sediments further suggests that phylo-
types DEH10 and SF1 may have a significant and complemen-
tary role in this process.
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