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Background.  The 16S rRNA gene is commonly used to identify Mycobacterium spp. in the 
clinical laboratory, but sequencing multiple DNA targets can provide better species resolution. 
RipSeq Dual Loci [iSentio, Bergen, Norway] is a software program that decodes mixed elec-
tropherograms enabling a laboratory to perform multi-locus sequencing in a single tube. We 
evaluated the ability of RipSeq to simultaneously analyze 16S rRNA and rpoB gene sequences 
for mycobacterial identification.  Methods.  Isolates identified as Mycobacterium spp. by par-
tial 16S rRNA sequencing at ARUP Laboratories were obtained. Amplification was performed 
on lysates with primers targeting 500bp of 16S rRNA and 700bp of rpoB genes. Sequencing 
was performed with forward and reverse primers for each target. Electropherograms were ana-
lyzed with RipSeq. Final identification was determined by separate phylogenetic analyses of 
individual 16S rRNA and rpoB sequences.  Results.  Of 149 Mycobacterium spp., 139 were de-
coded by RipSeq, and identified as M. arupense (1), M. abscessus (25), M. gordonae (28) M. 
holsaticum (1), M. avium complex (15), M. mucogenicum (10), M. fortuitum (12), M. lentifla-
vum (3), M. peregrinum (5), M. immunogenum (4), M. kansasii (7), M. kansasii / gastri (1), M. 
chelonae (5), M. chelonae variant (1), M. interjectum (1), M. massiliense (7), M. mageritense 
(2), M. phocaicum (2), M. nebraskense (1), M. scrofulaceum (2), M. smegmatis (1), M. kuma-
motonese / malmoense / terrae (1), M. szulgai (1),  and M. tuberculosis complex (3). Ten se-
quences failed to produce sufficient signal for analysis.  For 59 isolates, low interspecies vari-
ability existed with the 16S rRNA gene, and rpoB sequence data was necessary for species 
resolution. For 14 isolates, 16S rRNA data was required for identification due to lack of rpoB 
reference sequences in Genbank.  Conclusions.  RipSeq Dual Loci was an effective tool for si-
multaneous analysis of dual loci sequences of 16S rRNA and rpoB genes. This application pro-
vided greater resolution to species, eliminating the need for reflex testing to discriminate be-
tween closely related species. 
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A total 149 isolates identified as Mycobacterium spp. by partial 16S rRNA sequencing at 
ARUP Laboratories were obtained. Simultaneous amplification of two genes was performed 
on lysates with primers targeting 500bp of 16S rRNA and 700bp of rpoB genes. Amplification 
reactions were sequenced with forward or reverse primers for the 16S rRNA and rpoB genes 
alone and forward or reverse primers of the 16S rRNA and rpoB genes together. Only isolates 
that produced clean sequence from 16S rRNA and rpoB unmixed reactions were included in 
the study.  This gave a total of 139 mixed electropherograms that were analyzed with RipSeq. 
Final identification and performance of RipSeq was determined by separate phylogenetic 
analyses of individual 16S rRNA and rpoB sequences.

RipSeq Dual Loci was an effective tool for simultaneous analysis of dual loci sequences of
    16S rRNA and rpoB genes. 
  -This application provided greater resolution to species for 59 (42%) isolates, eliminating
       the need for reflex testing to discriminate between closely related species. Most notably
       RipSeq identified all members of M. chelonae / abscessus complex, and distinguish between
       M. mucogenicum and M. phocaicum.  
  -The 16S rRNA gene was required to identify 14 (10%) isolates because of insufficient rpoB
       data available.
Incorporation of dual loci sequencing has relatively low impact on current sequencing 
 workflow and requires no additional cost in reagents and consumables, with the exception of
 primers.
  -Limitations included:
  -Database has to be manually updated and is not tied directly to Genbank.
  -Consensus sequence cannot be constructed.
  -Differences in signal strength between the two gene targets in RipSeq often resulted in lower
       identity scores for one of the targets, but identification was not compromised. We 
       recommend optimizing the amplification and sequencing procedures to obtain good signal
       for both targets.
RipSeq provides a powerful tool to incorporate new DNA targets with better resolution for
    identification without the need to extensively curate a database or sacrifice the experience and
    knowledge gained from using the 16S rRNA gene for identification. 
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Identification using RipSeq, 16S rRNA , and rpoB Genes 

 (n
 = 38) M

. ch
elo

nae / 
absce

ssu
s c

omplex(n = 4) M. immungenum 

(n = 12) M. mucogenucum / phocaicum 

(n = 1) M. senegalense / conceptionense /

houstonense / farcinogenes 

(n = 5) M. peregrinum / septicum  M
. f

or
tu

itu
m

 c
om

pl
ex

 (
n 

=
 1

1)

M
. a

ru
pe

ns
e 

(n
 =

 1
)

M
. s

m
eg

m
at

is
 (

n 
=

 1
)

M
. m

ag
er

ite
ns

e 
(n

 =
 2

)
M

. h
ol

sa
tic

um
 (

n 
=

 1
)

M
. m

al
m

oe
ns

e 
/ t

er
ra

e 
/ 

ku
m

am
ot

on
es

e 
(n

 =
 1

)
M

. l
et

ifl
av

um
  (

n 
=

 3
) 

M
. i

nt
er

je
ct

um
 (

n 
=

 1
) 

M
. s

cr
of

ul
ac

eu
m

 (
n 

=
 2

)
 M

. a
vi

um
 c

om
pl

ex
 (

n 
=

 1
5)

 M
. n

eb
ra

ske
nse 

(n = 1)

M. kansasii / gastri (n = 8)

M. szulgai (n = 1)
 M. tuberculosis complex (n = 3)

0.01 M. gordonae (n = 28) 
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Neighbor-Joining trees of clinical isolates used in 
this study.   Identifications are based on sequence 
identity cut-off values of 99.8% for the 16S rRNA 
gene and 98.0% for the rpoB gene.

Mixed electrophergram showing both sequences 
from the 16S rRNA and rpoB genes.
 

Results from RipSeq.  Isolate identified as M. che-
lonae / abscessus by 16S rRNA, and M. abscessus 
by rpoB.

Accurate identification of Mycobacterium species is important to administer appropriate anti-
bacterial therapy.  However molecular identification of Mycobacterium species is often hin-
dered by lack of heterogeneity in the 16S rRNA gene. Many studies have shown that alternative 
DNA targets, like the rpoB gene, may be more useful because they move at a faster evolution-
ary rate. Routine implementation of alternative targets is limited by reference databases and an 
uncertainty about the expected intra-species variability for each DNA target.  Optimally both 
the 16S rRNA gene and an alternative target could be utilized to identify mycobacteria, but  in-
creased workflow and cost prevents this laboratory practice.  In this study we explored a single 
reaction approach that allows for simultaneous amplification and sequence of the 16S rRNA 
and the rpoB genes, using a novel piece of software called RipSeq that can interpret mixed 
electrophergrams generated by dual-locus sequencing.
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 (n = 2)  No Match (16S rRNA M. gordonae)  

 (n = 1)  No Match (16S rRNA M. gordonae)  

 (n = 2) M. gordonae (variant)  

 (n = 4) M. gordonae (variant)  
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No. of 
Isolates RipSeq Identification 16S rRNA Identification rpoB gene Identification

1 M. arupense M. arupense No Match
1 M. avium complex M. avium complex No Match
6 M. avium complex (M. avium) M. avium complex M. avium complex (M. avium)
1 M. avium complex M. avium complex M. avium complex (Highest Hit at 98%)

7
M. avium complex (M. intracellulare / 
chimeara) M. avium complex

M. avium complex (M. intracellulare / 
chimeara)

25 M. abscessus M. chelonae / abscessus complex M. abscessus
5 M. chelonae M. chelonae / abscessus complex M. chelonae
7 M. massiliense M. chelonae / abscessus complex M. massiliense
1 Novel  chelonae group M. chelonae / abscessus complex No Match
11 M. fortuitum complex M. fortuitum complex M. fortuitum complex

1
M. fortuitum complex (M. senegalense / 
conceptionense) M. fortuitum complex M. senegalense / conceptionense

19 M. gordonae M. gordonae M. gordonae
6 M. gordonae M. gordonae M. gordonae (variant)
3 M. gordonae M. gordonae No Match
1 M. holsaticum M. holsaticum No Match
4 M. immunogenum M. immunogenum M. immunogenum
1 M. interjectum M. interjectum No Match
7 M. kansasii M. kansasii / gastri M. kansasii
1 M. kansasii / gastri M. kansasii / gastri No Match
3 M. lentiflavum M. lentiflavum M. lentiflavum
2 M. mageritense M. mageritense M. mageritense

10 M. mucogenicum M. mucogenicum /  phocaicum M. mucogenicum
2 M. phocaicum M. mucogenicum /  phocaicum M. phocaicum
1 M. nebraskense M. nebraskense No Match
2 M. scrofulaceum M. scrofulaceum No Match
5 M. peregrinum M. septicum / peregrinum M. peregrinum
1 M. smegmatis M. smegmatis M. smegmatis

1 M. kumamotonese
M. malmoense / terrae / 
kumamotonese No Match

1 M. szulgai M. szulgai 
3 M. tuberculosis complex M. tuberculosis complex M. tuberculosis complex

Diversity seen in the rpoB gene for isolates typically 
identified as M. gordonae by 16S rRNA data.  Currently 
correlating antibiotic and specimen data to see if these 
different clusters have different phenotypic characteris-
tics

M. avium complex breaks out into clusters 
with the rpoB gene for M. intercellulare / 
chimeara and M. avium.

Not all members of the M. 
fortuitum group have rpoB 
data available.

rpoB gene is able to distinguish 
between members of the M. che-
lonae / abscessus group.  With 16S 
rRNA and rpoB data we identified 
an atypical member of the group 
that appears to be related to M. che-
lonae but is sensitive to cefoxitin. 

Spectrum of Diversity among Clinical Study Isolates

No Match

Example of RipSeq Input and Output


