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ENGINEERED MICROBIAL POPULATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application claims priority to U . S . Provisional 
Application No . 62 / 529 , 754 , filed Jul . 7 , 2017 which is 
hereby incorporated by reference herein in its entirety . 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[ 0002 ] This invention was made with government support 
under Grant No . HR0011 - 15 - C - 0095 awarded by the 
Defense Advanced Research Projects Agency . The govern 
ment has certain rights in the invention 

FIELD OF THE INVENTION 
[ 0003 ] The present invention relates generally to the field 
of molecular biology . More particularly , it concerns micro 
biome engineering . 

BACKGROUND OF THE INVENTION 
[ 0004 ] Most animals have symbiotic microorganisms liv 
ing in their bodies . Most often these are bacteria that are 
specialized to live in particular animal species . Honey bees 
( Apis mellifera ) are important agricultural pollinators . 
Unfortunately , recent years have seen substantial bee colony 
losses ( e . g . , Colony Collapse Disorder ) , due to a myriad of 
complex causes . Some of the most significant causes are bee 
viral pathogens and Varroa mite infestations . 
[ 0005 ] RNA interference ( RNAI ) is a powerful technique 
to specifically downregulate gene expression in many 
eukaryotes by providing dsRNA with sequence identity to 
eukaryotic genes . RNAi has been shown to function in 
honey bees previously , and has been used to knock down bee 
genes to investigate their function and also improve bee 
health by lowering pathogen burden ( e . g . , viral and varroa 
mite ) . Injection or feeding of double stranded RNA 
( dsRNA ) has been shown to trigger RNAi in honey bees , 
leading to molecular cascades that can degrade invading 
viral RNA and kill pests ( e . g . , Varroa mites ) . However , 
production of large quantities of dsRNA in the laboratory is 
expensive and the dsRNA itself is unstable and rapidly 
degrades in the environment . Additionally , injecting dsRNA 
into bees is traumatic and feeding them dsRNA is unreliable . 
Thus , there is an unmet need for improved methods of 
inducing RNAi in bees . 

[ 0010 ] In one embodiment , the one or more bacteria 
express at least two heterologous nucleic acids . 
[ 0011 ] In one embodiment , the heterologous nucleic acid 
encodes a polypeptide that improves the health of a host 
insect . 
[ 0012 ] In one embodiment , the heterologous nucleic acid 
encodes a pesticide degrading polypeptide or a cytochrome . 
[ 0013 ] In one embodiment , the heterologous nucleic acid 
is an inhibitory nucleic acid . In one embodiment , the inhibi 
tory nucleic acid is selected from the group consisting of an 
antisense DNA , dsRNA , siRNA , shRNA , SORNA and a 
miRNA . 
[ 0014 ] In one embodiment , the heterologous nucleic acid 
is incorporated into a broad host range plasmid . 
[ 0015 ] In one embodiment , the broad host range plasmid 
comprises at least one regulatory sequence selected from the 
group consisting of an RSF1010 origin of replication , a PA1 
promoter sequence , a PA2 promoter sequence , a PA3 pro 
moter sequence , a cp25 promoter sequence , and a detectable 
marker . 
[ 0016 ] In one embodiment , the composition is a bee 
ingestible composition . 
[ 0017 ] In one embodiment , the bacteria are present as a 
live suspension . In one embodiment , the bacteria are present 
as a lyophilized powder . In one embodiment , the composi 
tion is in solid form . In one embodiment , the composition is 
in liquid form . In one embodiment , the composition com 
prises protein . In one embodiment , the composition com 
prises pollen . In one embodiment , the composition is a 
sucrose solution . In one embodiment , the composition is a 
corn syrup solution . In one embodiment , the composition 
comprises a carbohydrate or sugar supplement . 
[ 0018 ] In one embodiment , the invention relates to an 
insect comprising a microbial composition comprising one 
or more bacteria genetically engineered to express at least 
one heterologous nucleic acid , wherein the one or more 
bacteria are native to the microbiome of a host insect . 
[ 0019 ] In one embodiment , the insect is a bee , a honey 
bee , a forager , a hive bee , a pupae , an adult bee , and a bee 
colony parasite . 
10020 ] In one embodiment , the invention relates to a 
method for producing a microbial composition comprising 
one or more bacteria genetically engineered to express at 
least one heterologous nucleic acid , wherein the one or more 
bacteria are native to the microbiome of a host insect , 
comprising transfecting said bacterial species with an 
expression cassette comprising at least one heterologous 
nucleic acid . 
10021 ] In one embodiment , the invention relates to a 
method for downregulating expression of a target gene 
product , comprising administering an effective amount of a 
microbial composition comprising one or more bacteria 
genetically engineered to express at least one heterologous 
nucleic acid , wherein the one or more bacteria are native to 
the microbiome of a host insect to the host insect , wherein 
said bacteria express an inhibitor of said target gene product . 
[ 0022 ] In one embodiment , the target gene product is a 
gene from an organism selected from the group consisting of 
a pathogen , a parasite , a virus , a mite , Acute Bee Paralysis 
Virus ( ABPV ) , Kashmir Bee Virus ( KBV ) , Israeli Acute 
Paralysis Virus ( IAPV ) , Nosema ceranae , Deformed Wing 
Virus , and Varroa destructor mite . 

SUMMARY OF THE INVENTION 
[ 0006 ] In one embodiment , the invention relates to a 
microbial composition comprising one or more bacteria 
genetically engineered to express at least one heterologous 
nucleic acid , wherein the one or more bacteria are native to 
the microbiome of a host insect . 
[ 0007 ] In one embodiment , the host insect is selected from 
the group consisting of a honey bee and a bumble bee . 
[ 0008 ] In one embodiment , the one or more bacteria is 
Snodgrassella alvi , Bartonella apis , Gilliamella apicola , 
Serratia marcescens , Parasaccharibacter apium , or Lacto 
bacillus sp . 
[ 0009 ] In one embodiment , the composition comprises 2 , 
3 , 4 , or 5 bacterial species . 
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[ 0023 ] In one embodiment , the insect is selected from the 
group consisting of a bee , a honey bee , a forager , a hive bee , 
a pupae , an adult bee , and a bee colony parasite . 
[ 0024 ] In one embodiment , the target gene is selected from 
the group consisting of TOM70 , TIM22 , TOM40 , Imp2 , 
mitochondrial Hsp70 , ATM1 - ABC transporter proteins , 
Frataxin , Ferredoxin , ERV1 , ferredoxin , NADPH oxido 
reductase [ FNR ] , pyruvate dehydrogenase a subunit , pyru 
vate dehydrogenase ß subunit , mitochondrial glycerol - 3 
phosphate dehydrogenase ( mtG3PDH ) , manganese 
containing superoxide dismutase ( MnSOD ) , DNAJ ( Hsp70 
interacting ) , Iron Sulfur cluster ISU1 , Cystein desulfurase 
Nsf1 , NAR1 , RLI1 , ATPase subunit A , RNA polymerase I , 
RNA polymerase III , Inhibitor of apoptosis ( IAP ) , and FAS 
apoptotic . 
[ 0025 ] In one embodiment , the invention relates to a 
method for modulating expression of a target gene product 
in an insect , comprising administering an effective amount 
of a microbial composition comprising one or more bacteria 
genetically engineered to express at least one heterologous 
nucleic acid to said insect . 
[ 0026 ] In one embodiment , the insect is selected from the 
group consisting of a bee , a honey bee , a forager , a hive bee , 
a pupae , an adult bee , and a bee colony parasite . 
[ 0027 ] In one embodiment , the invention relates to a 
method for reducing the susceptibility of a bee to a disease 
or disorder selected from the group consisting of Colony 
Collapse Disorder ( CCD ) and infection , comprising admin 
istering an effective amount of a microbial composition 
comprising one or more bacteria genetically engineered to 
express at least one heterologous nucleic acid , wherein the 
one or more bacteria are native to the microbiome of a host 
insect , to said bee , wherein said bacteria express an inhibitor 
of a pathogen or parasite specific gene product . 
[ 0028 ] In one embodiment , the pathogen or parasite is 
selected from the group consisting of Acute Bee Paralysis 
Virus ( ABPV ) , Kashmir Bee Virus ( KBV ) , Israeli Acute 
Paralysis Virus ( IAPV ) , Nosema ceranae , Nosema cerana , 
Nosema apis , Deformed Wing Virus , and Varroa destructor 
mite . 
[ 0029 ] In one embodiment , the bacteria express at least 
two non - contiguous dsRNAs downregulating expression of 
a pathogen or parasite specific gene product . 
( 0030 ] In one embodiment , the invention relates to a 
method for reducing the susceptibility of a bee colony to 
infestation by the Small Hive Beetle , comprising adminis 
tering an effective amount of a microbial composition com 
prising one or more bacteria genetically engineered to 
express at least one heterologous nucleic acid to hive 
components , wherein said bacteria express an inhibitor of a 
Small Hive Beetle specific gene product . 
[ 0031 ] In one embodiment , the bacteria express at least 
two non - contiguous dsRNAs downregulating expression of 
a Small Hive Beetle specific gene product . 
[ 0032 ] In one embodiment , the invention relates to a 
method for expression of a heterologous nucleic acid 
sequence in a bee , the method comprising administering to 
the bee at least one modified Snodgrassella alvi bacterium 
comprising an expression plasmid for expression of the 
heterologous nucleic acid sequence . 
[ 0033 ] In one embodiment , the heterologous nucleic acid 
sequence encodes a molecule selected from the group con 
sisting of a protein , a peptide , an inhibitory RNA , a dsRNA , 
a siRNA , a shRNA , a sgRNA and a miRNA . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0034 ] The following drawings form part of the present 
specification and are included to further demonstrate certain 
aspects of the present invention . The invention may be better 
understood by reference to one or more of these drawings in 
combination with the detailed description of specific 
embodiments presented herein . 
10035 ] FIG . 1 : In vitro fluorescent protein expression in 
bee gut microbiome bacteria . 
0036 ] FIGS . 2A - 2C : Fluorescent imaging of engineered 
bee gut bacteria colonizing the bee gut microbiome . 
100371 FIG . 3 : Schematic of dsRNA - expressing broad 
host - range construct . 
[ 0038 ] FIG . 4 : In vitro production of dsRNA by engi 
neered S . alvi . 
[ 0039 ] FIG . 5 : In vivo production of dsRNA in the bee gut . 
10040 ] FIG . 6 : dsRNA against essential honey bee gene 
alpha - tubulin increases mortality . 
[ 0041 ] FIG . 7 : Quantification of tyrosine hydrolase 
mRNA in the head of bees . 
[ 0042 ] FIGS . 8A - 8D : Schematics depicting various plas 
mids including PBTK520 , PBTK570 , PBTK562 , and 
pBTK561 
10043 ] FIGS . 9A - 9C : Depicts design of the bee microbi 
ome toolkit ( BTK ) and schematic assembly . FIG . 9A depicts 
the BTK designed for Golden Gate assembly according to a 
scheme with eight - part types compatible with the yeast 
toolkit ( YTK ) ( Lee M E et al . , 2015 , ACS Synth Biol . , 
4 : 975 - 986 ) . Parts of each type generated in this study are 
shown in the top panel . Type 1 - 5 and Type 8 parts are 
defined as in the YTK except that Type 3 open reading 
frames include the stop codon . Type 6 and 7 parts are either 
replaced with a linker part or used to incorporate a reverse 
reading frame encoding a transcriptional regulator for induc 
ible expression of the main Type 3 open - reading frame and 
its promoter , respectively , during Stage 1 assembly , so that 
costly or toxic genes can be repressed while they are 
assembled into transcriptional units . FIG . 9B Schematic of 
Stage 1 ( Bsal ) assembly . Plasmid parts are shown , but PCR 
products with appropriate overhangs can be substituted . 
FIG . 9c Schematic Stage 2 ( BsmBI ) assembly . Compatible 
Stage 2 connectors are described in the YTK documentation . 
100441 FIGS . 10A - 10B : Depicts the bee microbiome tool 
kit ( BTK ) functions in diverse bee - associated bacteria . FIG . 
10A depicts replication of the BTK backbone and the 
function of three antibiotic resistance cassettes were tested 
in eight honey bee - associated bacterial strains as described 
in the Methods . At least one antibiotic resistance cassette 
functioned in each strain , and the kanamycin cassette func 
tioned in all eight strains . FIG . 10B depicts replication of the 
BTK backbone and the function of three antibiotic resistance 
cassettes were tested in three bumble bee - associated bacte 
rial strains . Again , the plasmid with kanamycin resistance 
was maintained in all three bacteria . FIG . 10C depicts 
conjugation frequency in four bee gut - associated strains . 
Black bars are the geometric mean and each point is an 
independent conjugation . Conjugation in B . apis is the most 
efficient , with conjugation efficiency approximately 10 % . 
10045 ) FIGS . 11A - 11C : Depicts constitutive and inducible 
control of in vitro gene expression in bee gut bacteria . FIG . 
11A depicts flow cytometry results of GFP fluorescence 
from four broad - host - range promoters in each of four honey 
bee - associated bacterial strains and an E . coli control . One 
representative fluorescence distribution for each promoter is 
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shown , with the medians from three biological replicates 
plotted as open circles . Spotted grey line indicates maximum 
detected fluorescence in wildtype cells . Median fluorescent 
values were calculated from cells more fluorescent than 
wildtype . FIG . 11B depicts GFP fluorescence from a 
designed CP25 ( lacO ) promoter at different levels of IPTG - 
induction , measured in four BGM strains and an E . coli 
control . All tested species are responsive to IPTG induction , 
and G . apicola shows the highest expression across all 
strains . FIG . 11C depicts GFP fluorescence from a 17 ( lac ) 
promoter at different levels of IPTG - induction of T7 RNAP 
expression in the same four BGM strains . Schematics in 
FIG . 11A through FIG . 11C show the design of tested 
constructs using Synthetic Biology Open Language ( SBOL ) 
standard glyphs ( Galdzicki M et al . , 2014 , Nat Biotechnol . , 
32 : 545 - 550 ) . Error bars are standard deviations ( n = 3 ) . 
[ 0046 ] FIGS . 12A - 12B : Depicts dCas9 gene silencing in 
Bartonella apis . FIG . 12A depicts schematic assembly of 
dCas9 plasmids for gene suppression . FIG . 12B depicts 
fluorescence from chromosomally integrated GFP in 
PEB0150 in the presence and absence of dCas9 and SgRNA 
targeting GFP . Background fluorescence of wild - type 
PEB0150 was subtracted . GFP fluorescence decreased in 
presence of dCas9 targeting GFP ( p = 0 . 004 , Kruskal - Wallis 
rank sum test ) . Error bars are 95 % confidence intervals 
( n = 4 ) . 
[ 0047 ] FIGS . 13A - 13E : Depicts Cas9 assisted gene dis 
ruption in species from the bee gut microbiota . FIG . 13A 
depicts schematic assembly of ROK - based suicide plasmids . 
Assembly strategy and validation primers are described in 
FIG . 23 . FIG . 13B depicts the two tested approaches for 
gene disruption . The suicide plasmids were introduced into 
either wild - type bacteria or bacteria possessing the consti 
tutively active Cas9 ( pBTK601 ) . FIG . 13C depicts transcon 
jugation frequency and percent of desired mutants in B . apis , 
in the presence and absence of Cas9 . The Cas9 plasmid did 
not increase the efficiency of genome modification . Num 
bers above each bar indicate the number of clones evaluated . 
FIG . 13D depicts transconjugation frequency and proportion 
of desired mutants in S . alvi . S . alvi wkB2 showed increased 
efficiency of genome modification in the presence of the 
Cas9 plasmid ( p = 0 . 0007 , Kruskal - Wallis rank sum test ) . 
FIG . 13E depicts transconjugation frequency and proportion 
of desired mutants in G . apicola . Each point in FIG . 13C and 
FIG . 13E is from an independent conjugation experiment . 
Bars in FIG . 13C and FIG . 13E represent the geometric 
mean of estimated transconjugation efficiencies . 
[ 0048 ] FIGS . 14A - 14E : Depicts visualization of engi 
neered bacteria in the honey bee gut . FIG . 14A depicts intact 
honey bee worker and dissection of honey bee gut showing 
brightfield microscopy of midgut , ileum , and rectum . FIG . 
14B depicts fluorescent imaging of whole bee ( left ) and 
dissected bee ( right ) 5 days after inoculation with S . marc 
escens N10A28 expressing E2 - Crimson ( plasmid 
PBTK570 ) . Control bee is uninoculated . Color corresponds 
to pixel fluorescence intensity . Engineered S . marcescens 
N10A28 is present in the midgut , ileum , and rectum . FIG . 
14C Similar to FIG . 14B , with S . alvi wkB2 expressing 
E2 - Crimson as inoculum . Control bee is identical to FIG . 
14B , but different fluorescent intensity scales are used for 
comparison between bees inoculated with S . alvi and S . 
marcescens . Engineered S . alvi wkB2 is visibly fluorescent 
in the midgut and ileum . FIG . 14D depicts confocal imaging 
of partial ileum and rectum in bees inoculated with S . 

marcescens N10A28 expressing E2 - Crimson ( red ) . As in 
FIG . 14B , S . marcescens can be seen robustly colonizing 
throughout the ileum and rectum . FIG . 14E Similar to FIG . 
14D , with S . alvi wkB2 expressing E2 - Crimson ( green ) . 
Snodgrassella alvi wkB2 colonizes the ileum , but not the 
rectum . Scale bars in FIG . 14D and FIG . 14E are 100 m . 
Images are representative of multiple bees inspected ( n = 3 - 5 
per condition ) for ( FIG . 14B through FIG . 14E ) . White and 
black arrows correspond to the ileum - rectum junction across 
images ( FIG . 14A through FIG . 14E ) . 
10049 ] FIGS . 15A - 15D : Depicts visible co - inoculation of 
the bee gut with species from the bee gut microbiota and the 
role of staA in colonization . FIG . 15A depicts the ileum 
rectum junction imaged by confocal fluorescence micros 
copy 5 days after co - inoculating B . apis PEBO150 and S . 
alvi wkB2 . When co - inoculated , B . apis and S . alvi are 
co - located in the ileum , but only B . apis colonizes the 
rectum . FIG . 15B , similar to FIG . 15A , depicts images taken 
5 days after co - inoculation of G . apicola wkB7 and S . alvi 
wkB2 . As in FIG . 15A , S . alvi remains restricted to the 
ileum , while G . apicola is present in both ileum and rectum . 
Scale bars are 100 m . Images are representative of multiple 
bees inspected ( n = 3 per condition ) . FIG . 15C depicts the 
number of S . alvi 16S ribosomal DNA copies 5 days after 
inoculating newly emerged worker bees with the S . alvi WT 
or AstaA mutant , based on quantitative PCR . Horizontal bars 
represent means per condition ( n = 5 ) . The AstaA has a 
significant colonization defect compared to WT ( p = 2 . 7x10 
6 , Kruskall - Wallis rank sum test ) . FIG . 15D depicts the 
ileums of bees inoculated with S . alvi wkB2AstaA express 
ing E2 - Crimson ( PBTK570 ) were imaged 5 days after 
colonization . Mutants achieved lower colonization levels 
than did S . alvi WT ( see FIG . 6E ) . Localized colonization 
was typical of multiple ileums inspected ( n = 3 ) . Scale bar is 
100 um . 
[ 0050 ] FIG . 16 depicts broad - host - range plasmid screen in 
bee gut bacteria . 
[ 0051 ] FIG . 17 depicts the bacterial strains used in this 
study . 
10052 ] FIG . 18 depicts BTK plasmids . 
[ 0053 ] FIG . 19 depicts oligonucleotides used in the study . 
[ 0054 ] FIG . 20 depicts expression of nanoluc in BGM 
strains . Bee gut microbiota strains were conjugated with 
PBTK563 ( CP25 - Nanoluc ) or PBTK564 ( PA3 - Nanoluc ) and 
luciferase activity measured per manufacturer ' s instructions . 
Luciferase is plotted on a log 10 scale . Bars are the mean 
from three biological replicates and error bars are standard 
deviation . 
100551 . FIG . 21 depicts expression of E2 - Crimson in BGM 
strains . Bee gut microbiota strains with PBTK569 ( CP25 
E2 - Crimson ) or pBTK570 ( PA3 - E2 - Crimson ) were mea 
sured for expression of E2 - Crimson . Bars are the mean from 
three biological replicates and error bars are standard devia 
tion . E2 - Crimson fluorescence expression was measured as 
GFP , except using excitation / emission wavelengths of 611 / 
646 nm . 
[ 0056 ] FIG . 22 depicts validation of additional BTK pro 
moters in E . coli . Promoter parts CP12b , CP32 , and CP6 
were used to build GFP expression plasmids ( PBTK619 , 
PBTK620 , PBTK621 ) and tested in E . coli MFDpir . Bars are 
the mean from three biological replicates and error bars are 
standard deviation . 
[ 0057 ] FIGS . 23A - 23C : Depicts construction of replace 
ment cassette plasmids . FIG . 23A depicts schematic assem 
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expected amplification at 453 bp , DC shows no amplifica 
tion . Black bars indicate image cropping for clarity . 
[ 0061 ] FIG . 27 : Depicts exemplary experimental results of 
DWV replication in bee hemolymph . 
[ 0062 ] FIG . 28 : Depicts exemplary experimental results 
demonstrating the relative quantification of TH mRNA . 
[ 0063 ] FIG . 29 : Depicts exemplary experimental results 
demonstrating the proportion of bees responding to ds TH or 
dsGFP . 
[ 0064 ] FIG . 30 : Depicts exemplary experimental results 
demonstrating the proportion of S . alvi CFU persisting in the 
gut of inoculated bees at different times . 

DETAILED DESCRIPTION 

bly of homology donor plasmids using BTK Golden Gate 
assembly . Type 2 , 3 , and 4 overhangs are repurposed for the 
upstream homology , antibiotic resistance , and downstream 
homology respectively . Combined with parts Type 1 , 5 , and 
pYTK095 ( Type 6 - 8 ) , the donor plasmid is then ready for 
further BsmBI assembly as shown in FIG . 12 . FIG . 23B 
depicts possible outcomes from homologous recombination 
crossing - over events . Single - crossover mutants are more 
common and occur with integration of the suicide plasmid 
backbone . Double - crossover mutants are the desired mutant , 
where only the antibiotic resistance cassette is retained in the 
chromosome of the target strain . FIG . 23C depicts sets of 
PCR primers used to verify mutants . 
[ 0058 ] FIGS . 24A - 24E : Depicts schematic and validation 
of staA disruption in S . alvi . FIG . 24A depicts schematic of 
sta A disruption in S . alvi . FIG . 24B depicts DNA gel with 
products from the PCR of upstream junctions using primers 
1 - 2 . The double - crossover mutant ( DC ) shows a band at the 
expected size of 1583 bp , wild type ( WT ) shows no ampli 
fication . FIG . 24C depicts DNA gel with products from the 
PCR of downstream junctions using primers 3 - 4 . DC shows 
a band at the expected size of 1587 bp , WT shows no 
amplification . FIG . 24D depicts DNA gel with products 
from the PCR of the entire region using primers 1 - 4 . DC 
shows an increase in size of approximately 880 bp compared 
to WT . Lanes rearranged from original gel for clarity . FIG . 
24E depicts DNA gel with products from the PCR of 
plasmid backbone . A single crossover mutant ( SC ) shows 
expected amplification at 453 bp , DC shows no amplifica 
tion . Black bars indicate image cropping for clarity . 
[ 0059 ] FIGS . 25A - 25C : Depicts schematic and validation 
of ackA disruption in G . apicola . FIG . 25A depicts sche 
matic of planned ackA disruption in G . apicola . FIG . 25B 
depicts DNA gel showing products from the PCR of 
upstream junctions using primers 1 - 2 . Forty clones were 
tested , and two distinct single cross - over events ( SC ) were 
observed : a smaller than expected band at - 550 bp and a 
second , larger band at ~ 2800 bp ( often in the same clone ) . 
Neither of these is the expected size of 1501 bp . This may 
represent a duplication or other complex recombination 
event . No downstream junctions were effectively amplified 
using primers 3 - 4 ( data not shown ) . PCR using primers 1 - 4 
showed no change in size between wild - type ( WT ) and SC 
mutants , indicating the SC event likely did not disrupt ackA 
function ( data not shown ) . FIG . 25C depicts DNA gel 
showing product from the PCR using primers KO _ 5 and 
KO _ 6 . Expected product at 453 bp shows retention of the 
suicide backbone in the SC mutants . 

[ 0060 ] FIGS . 26A - 26E : Depicts schematic and validation 
of narG disruption in B . apis . FIG . 26A depicts schematic of 
planned narG disruption in B . apis . FIG . 26B depicts DNA 
gel with products from the PCR of upstream junctions using 
primers 1 - 2 . The double - crossover mutant ( DC ) shows a 
band at the expected size of 1169 bp , wild type ( WT ) shows 
no amplification . FIG . 26C depicts DNA gel with products 
from the PCR of downstream junctions using primers 3 - 4 . 
DC shows a band at the expected size of 1309 bp , WT shows 
no amplification . FIG . 26D depicts DNA gel with products 
from the PCR of the entire region using primers 1 - 4 . DC 
shows an increase in size of approximately 757 bp compared 
to WT . Lanes rearranged from original gel for clarity . FIG . 
26E depicts DNA gel with products from the PCR of 
plasmid backbone . A single crossover mutant ( SC ) shows 

[ 0065 ] In some embodiments , the present disclosure pro 
vides methods and compositions concerning microbiome 
engineering , such as in the gut microbiome of arthropods . In 
certain embodiments , one or more species of bacteria that 
are naturally present in the arthropod gut are genetically 
engineered . These methods may be used to improve arthro 
pod health in a variety of ways . For example , these engi 
neered bacterial species may then be introduced to an insect 
population , such as a bee population , to directly produce one 
or more compounds in the insect gut . In some instances , the 
engineered bacterial species are used to directly express 
double - stranded RNA ( dsRNA ) in an insect . In some 
embodiments , the microbe - produced dsRNA induces RNA 
interference ( RNAi ) against a host insect gene product . In 
some embodiments , the microbe - produced dsRNA induces 
RNA interference ( RNAi ) against a gene product of a 
pathogen or parasite of a host insect . 
10066 ] A broad host range plasmid ( e . g . , comprising a 
RSF 1010 origin of replication , such as from the 
PMMB67EH plasmid ) may be used to introduce genes into 
one or more arthropod gut microbiome strains including , but 
not limited to , Snodgrassella alvi , Bartonella apis , Gillia 
mella apicola , Serratia sp . , Parasaccharibacter apium , and 
Lactobacillus sp . 
[ 0067 ] In one embodiment , the invention relates to the use 
of paired , convergent transcriptional promoters on a plasmid 
to generate dsRNA constructs against any target gene prod 
uct or series of targets . In this embodiment , no purification 
of the dsRNA is required , as the genetically engineered 
bacteria continually produce the desired dsRNA and the 
dsRNA is directly taken up through the gut of the arthropod . 
Because these are modified natural arthropod gut microbi 
ome species , they can be maintained over the arthropod ' s 
lifetime . In one embodiment , they may be naturally trans 
ferred to newly emerged arthropod ( e . g . , newly emerged 
bees in a hive ) from adults . Thus , the present methods may 
reduce the need for frequent and costly reapplication . 
[ 0068 ] The present studies showed the production of 
dsRNA directly in the bee gut by engineering natural mem 
bers of their microbiota . By producing dsRNA directly in the 
honey bee gut , the present methods can provide a continual 
and cost - effective supply of dsRNA to silence bee or bee 
pest genes . In one example , the efficacy of the present 
methods was demonstrated by using Snodgrassella alvi to 
produce a dsRNA that targets an essential honey bee cyto 
skeletal gene . Application of this engineered bacterium to 
bees resulted in increased bee mortality compared to one 
encoding an off - target dsRNA control . Further aspects may 
comprise additional methods to increase dsRNA expression , 
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such as knock out of bacterial RNasell or RNase III or using 
T7 RNA polymerase to produce dsRNA . 
[ 0069 ] Thus , in one embodiment , the present methods 
may be used to produce and administer dsRNA by geneti 
cally engineering bacteria that are native to the bee gut 
microbiome . The methods may be useful in reducing bee 
mortality from RNA viruses ( e . g . , Israeli acute paralysis 
virus , Deformed wing virus ) and for Varroa mite and Small 
Hive Beetle control as well as other microbial and insect 
pathogens . As bacterial production can be inexpensive , the 
present methods be useful to small and large scale apiaries . 
Further embodiments may concern bumble bee production , 
an industry that is important in providing pollination for 
many fruit and vegetable crops . 
[ 0070 ] In some cases , Colony Collapse Disorder ( CCD ) of 
honeybees can be due to Varroa mite infections . Varroa 
mites are suspected of acting as vectors for a number of 
honey bee pathogens , including Deformed Wing Virus 
( DWV ) , Kashmir Bee Virus ( KBV ) , Acute Bee Paralysis 
Virus ( ABPV ) and Black Queen Cell Virus ( BQCV ) , and 
may weaken the immune systems of their hosts , leaving 
them vulnerable to infections . Accordingly , certain embodi 
ments of the present disclosure provide methods of reducing 
the susceptibility of honeybees to Colony Collapse Disorder 
( CCD ) . Thus , in some aspects , the dsRNA of the present 
methods and compositions may target a gene product of 
picorna - like viruses ( e . g . , Acute Bee Paralysis Virus 
( ABPV ) , Kashmir Bee Virus ( KBV ) , and Israeli Acute 
Paralysis Virus ( IAPV ) ) , Nosema parasite , Deformed Wing 
Virus , and / or a Varroa destructor mite , or Small Hive Beetle . 
The inhibitory nucleic acid molecules ( e . g . , dsRNA ) may be 
complementary to the mRNA of the target gene product . For 
example , the inhibitory nucleic acid molecule can be 
complementary to region of a mRNA comprising at least 10 , 
15 , 20 , 21 , 22 , 23 , 24 , or 25 contiguous nucleotides . In some 
aspects , the inhibitory nucleic acid molecule can be comple 
mentary to region of a mRNA comprising at least 50 , 100 , 
150 , 200 , 300 400 or 500 contiguous nucleotides or essen 
tially the entire mRNA . In some aspects a dsRNA comprise 
at least 10 , 15 , 20 , 21 , 22 , 23 , 24 , or 25 complementary 
nucleotides . For example , the dsRNA produced by the 
engineered bacteria may comprise a sequence complemen 
tary to Varroa destructor mite mRNA of and capable of 
inducing degradation of the Varroa destructor - specific 
mRNA . The target mRNA sequences for use in the present 
methods include those described in , but are not limited to , 
U . S . Patent Publication No . 20140371298 or 20150133532 ; 
both incorporated herein by reference in their entirety . 
[ 0071 ] In some embodiments , there is provided an expres 
sion cassette encoding a dsRNA under the control of one or 
more broad host range promoters , wherein the dsRNA is 
complementary to a target gene product of Acute Bee 
Paralysis Virus ( ABPV ) , Kashmir Bee Virus ( KBV ) , Israeli 
Acute Paralysis Virus ( IAPV ) , Nosema parasite , Deformed 
Wing Virus , Varroa destructor mite , or Small Hive Beetle . 
The expression cassette may encode for 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 
10 or more inhibitory nucleic acids , such as dsRNAs . In 
some aspects , the inhibitory nucleic acids may target the 
same virus , parasite or mite . In other aspects , the inhibitory 
nucleic acids target mRNAs encoding different gene prod 
ucts , such as a dsRNA to a gene product of the Varroa 
destructor mite . 
[ 0072 ] In further embodiments , there are provided micro 
bial compositions comprising one or more insect microbi 

ome bacteria engineered to express one or more heterolo 
gous nucleic acids , such as inhibitory nucleic acids . The 
inhibitory nucleic acid may be dsRNA , siRNA , shRNA , 
and / or miRNA . The dsRNAs may also be precursor miR 
NAs . In some cases , the inhibitory nucleic acids may be at 
least 15 base pairs in length , such as at 16 , 17 , 18 , 19 , 20 , 
21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , or 30 base pairs in length . 
In further aspects , the inhibitory nucleic acids may be 
complementary to 50 , 100 or more based pairs of a target 
mRNA . Exemplary insect microbiome species include , but 
are not limited to , Snodgrassella alvi , Bartonella apis , 
Gilliamella apicola , Serratia marcescens , Parasaccharib 
acter apium and Lactobacillus sp . The microbial composi 
tion may comprise 2 , 3 , 4 , or 5 bacterial species . Each 
engineered bacterium may express 1 , 2 , 3 , 4 , 5 , or more 
heterologous nucleic acids . The nucleic acids may be patho 
gen , pest or parasite - specific , such as parasites which may 
infect insects , particularly bees . Exemplary pathogens , pests 
and parasites include , but are not limited to , viruses , micro 
bial pathogens , Acute Bee Paralysis Virus ( ABPV ) , Kashmir 
Bee Virus ( KBV ) , Israeli Acute Paralysis Virus ( IAPV ) , 
Deformed Wing Virus , parasites such as Nosema ceranae , 
mites such as the Varroa destructor mite and pests such as 
the Small Hive Beetle ( Aethina tumida ) . 
[ 0073 ] The microbial composition may be formulated for 
insect ingestion , particularly as an ingestible composition 
( e . g . , oral formulations ) . The composition may be solid or 
liquid ( e . g , a sucrose solution or corn syrup solution ) . The 
composition may comprise additives or excipients , such as 
a carbohydrate or sugar supplement . 
[ 0074 ] The microbial composition may be formulated for 
application to an insect pest food source , for example bee 
hive components . 
[ 0075 ] The engineered bacteria or microbial compositions 
provided herein may be used to reduce insect susceptibility 
to infections , such as viral infections . They may also be used 
to down - regulated expression of a target gene product , such 
as by inducing RNAi in the insect . 
[ 0076 ] In addition , the same bacterial species including S . 
alvi and G . apicola live in both honey bees ( species in the 
genus Apis ) and bumble bees ( species in the genus Bombus ) , 
and the broad host range plasmid replicated in diverse 
bacterial hosts . Thus , the present methods may be applied to 
other bees or other species of insects , such as to induce 
similar RNAi effects . Additionally , the present methods 
allow for easy targeting of bee - specific genes to silence , and 
thus may be used for research . 

Definitions 

[ 0077 ] Unless defined otherwise , all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which the 
invention pertains . Although any methods and materials 
similar or equivalent to those described herein can be used 
in the practice for testing of the present invention , the 
preferred materials and methods are described herein . In 
describing and claiming the present invention , the following 
terminology will be used . 
[ 0078 ] It is also to be understood that the terminology used 
herein is for the purpose of describing particular embodi 
ments only , and is not intended to be limiting . 
[ 0079 ] As used herein the specification , “ a ” or “ an ” may 
mean one or more . As used herein in the claim ( s ) , when used 
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in conjunction with the word “ comprising , " the words “ a ” or 
" an " may mean one or more than one . 
10080 ] The use of the term “ or ” in the claims is used to 
mean “ and / or ” unless explicitly indicated to refer to alter 
natives only or the alternatives are mutually exclusive , 
although the disclosure supports a definition that refers to 
only alternatives and “ and / or . ” As used herein " another ” 
may mean at least a second or more . 
[ 0081 ] Throughout this application , the term “ about ” is 
used to indicate that a value includes the inherent variation 
of error for the device , the method being employed to 
determine the value , or the variation that exists among the 
study subjects . 
[ 0082 ] As used herein , “ essentially free , ” in terms of a 
specified component , is used herein to mean that none of the 
specified component has been purposefully formulated into 
a composition and / or is present only as a contaminant or in 
trace amounts . The total amount of the specified component 
resulting from any unintended contamination of a compo 
sition is therefore well below 0 . 01 % . Most preferred is a 
composition in which no amount of the specified component 
can be detected with standard analytical methods . “ Geneti 
cally engineered bacteria ” refers to bacterial cells that rep 
licate a heterologous nucleic acid , or express a polypeptide 
encoded by a heterologous nucleic acid . 
[ 0083 ] “ Heterologous nucleic acid ” is one that originates 
from a source foreign to the particular host cell , or , if from 
the same source , is modified from its original form . 
[ 0084 ] As used herein , an “ instructional material ” includes 
a publication , a recording , a diagram , or any other medium 
of expression which can be used to communicate the use 
fulness of a compound , composition , vector , or system of the 
invention in the kit . Optionally , or alternately , the instruc 
tional material can describe one or more methods of modu 
lating expression of a gene product using a compound , 
composition , vector , or system of the invention in the kit . 
The instructional material of the kit of the invention can , for 
example , be affixed to a container which contains the 
identified compound , composition , vector , or delivery sys 
tem of the invention or be shipped together with a container 
which contains the identified compound , composition , vec 
tor , or system . Alternatively , the instructional material can 
be shipped separately from the container with the intention 
that the instructional material and the kit be used coopera - 
tively by the recipient . 
[ 0085 ] “ Promoter ” is a nucleic acid sequence that acts as 
a signal sequence necessary to initiate transcription of a 
gene . 
10086 ] . As used herein , the term " bee ” is defined as any of 
several winged , hairy - bodied , usually stinging insects of the 
superfamily Apoidea in the order Hymenoptera , including 
both solitary and social species and characterized by sucking 
and chewing mouthparts for gathering nectar and pollen . 
Exemplary bee species include , but are not limited to species 
in the genera Apis , Bombus , Trigona , Osmia and the like . In 
one embodiment , bees include , but are not limited to 
bumblebees ( Bombus terrestris , Bombus impatiens , or other 
Bombus species ) and honeybees ( Apis mellifera or Apis 
cerana ) . 
[ 0087 ] As used herein , the term " colony ” is defined as a 
population of dozens to typically several tens of thousand 
honeybees that cooperate in nest building , food collection , 
and brood rearing . A colony normally has a single queen , the 
remainder of the bees being either “ workers ” ( females ) or 

“ drones ” ( males ) . The social structure of the colony is 
maintained by the queen and workers and depends on an 
effective system of communication . Division of labor within 
the worker caste primarily depends on the age of the bee but 
varies with the needs of the colony . Reproduction and 
colony strength depend on the queen , the quantity of food 
stores , and the size of the worker force . Honeybees can also 
be subdivided into the categories of “ hive bees ” , usually for 
the first part of a workers lifetime , during which the “ hive 
bee ” performs tasks within the hive , and " forager bee ” , 
during the latter part of the bee ' s lifetime , during which the 
“ forager ” locates and collects pollen and nectar from outside 
the hive , and brings the nectar or pollen into the hive for 
consumption and storage . 
[ 0088 ] As used herein , the term “ susceptibility ” is defined 
as the ability of a bee or bee colony to become infested or 
infected by and / or support proliferation of a pathogen , 
including , but not limited to , degree of infection , severity of 
symptoms , infectivity to other individuals ( contagion ) , and 
the like . Susceptibility can be assessed , for example , by 
monitoring infectivity , presence of symptoms , such as , but 
not limited to , hunger , vitality , flight range , etc , presence of 
pathogenic organisms , mortality or time course of a disease 
in an individual bee or bee population following a challenge 
with the pathogen . 
[ 0089 ] As used herein , the terms " bee disease ” or “ bee 
colony disease ” are defined as undesirable changes in the 
behavior , physiology , morphology , reproductive fitness , eco 
nomic value , viability , honey production , pollination capa 
bility , resistance to infection and / or infestation of a bee , a 
population of bees and / or a bee colony , directly or indirectly 
resulting from contact with a parasite or a parasite - infected 
bee or other organism . 
10090 ] . As used herein , the term “ downregulating expres 
sion ” is defined as causing , directly or indirectly , reduction 
in the transcription of a desired gene , reduction in the 
amount , stability or translatability of transcription products 
( e . g . RNA ) of said gene , reduction in translation of the 
polypeptide ( s ) encoded by the desired gene and / or reduction 
in the amount , stability , or alteration of biochemical function 
of the polypeptides encoded by the desired gene , so as to 
reduce the amount or function of the gene products . Down 
regulating expression of a gene RNA can be monitored , for 
example , by direct detection of gene transcripts ( for 
example , by PCR ) , by detection of polypeptide ( s ) encoded 
by the gene or bee RNA ( for example , by Western blot or 
immunoprecipitation ) , by detection of biological activity of 
polypeptides encode by the gene ( for example , catalytic 
activity , ligand binding , and the like ) , or by monitoring 
changes in a cell or organism resulting from reduction in 
expression of a desired gene or RNA . 
[ 0091 ] “ Measuring ” or “ measurement , ” or alternatively 
“ detecting ” or “ detection , " means assessing the presence , 
absence , quantity or amount ( which can be an effective 
amount ) of either a given substance within a clinical or 
subject - derived sample , including the derivation of qualita 
tive or quantitative concentration levels of such substances , 
or otherwise evaluating the values or categorization of a 
subject ' s clinical parameters . 
[ 0092 ] The term “ operably linked ” , as used in reference to 
a regulatory sequence and a structural nucleotide sequence , 
means that the regulatory sequence causes regulated expres 
sion of the linked structural nucleotide sequence . “ Regula 
tory sequences ” or “ control elements ” refer to nucleotide 
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sequences located upstream , within , or downstream of a 
structural nucleotide sequence , and which influence the 
timing and level or amount of transcription , RNA processing 
or stability , or translation of the associated structural nucleo 
tide sequence . Regulatory sequences may include promot 
ers , translation leader sequences , introns , enhancers , stem 
loop structures , repressor binding sequences , termination 
sequences , pausing sequences , polyadenylation recognition 
sequences , and the like . 
[ 0093 ] As used herein , the term “ RNA silencing agent " 
refers to an RNA which is capable of inhibiting or " silenc 
ing ” the expression of a target gene . In certain embodiments , 
the RNA silencing agent is capable of preventing complete 
processing ( e . g , the full translation and / or expression ) of an 
mRNA molecule through a post - transcriptional silencing 
mechanism . 
[ 0094 ] RNA silencing agents include noncoding RNA 
molecules , for example RNA duplexes comprising paired 
strands , as well as precursor RNAs from which such small 
non - coding RNAs can be generated . Exemplary RNA silenc 
ing agents include dsRNAs such as siRNAs , miRNAs and 
shRNAs . In one embodiment , the RNA silencing agent is 
capable of inducing RNA interference . In another embodi 
ment , the RNA silencing agent is capable of mediating 
translational repression . 
[ 0095 ] RNA interference commonly refers to the process 
of sequence - specific post - transcriptional gene silencing in 
animals mediated by short interfering RNAs ( siRNAs ) . The 
corresponding process in plants is commonly referred to as 
post - transcriptional gene silencing or RNA silencing and is 
also referred to as quelling in fungi . The process of post - 
transcriptional gene silencing is thought to be an evolution 
arily - conserved cellular defense mechanism used to prevent 
the expression of foreign genes and is commonly shared by 
diverse eukaryotic species , including plants and animals . 
Such protection from foreign gene expression may have 
evolved in response to the production of double - stranded 
RNAs ( dsRNAs ) derived from viral infection or from the 
random integration of transposon elements into a host 
genome via a cellular response that specifically destroys 
homologous single - stranded RNA or viral genomic RNA . 
[ 0096 ] The presence of long dsRNAs in cells stimulates 
the activity of a ribonuclease III enzyme referred to as dicer . 
Dicer is involved in the processing of the dsRNA into short 
pieces of dsRNA known as short interfering RNAs ( siR 
NAs ) . Short interfering RNAs derived from dicer activity 
are typically about 21 to about 23 nucleotides in length and 
comprise about 19 base pair duplexes . The RNAi response 
also features an endonuclease complex , commonly referred 
to as an RNA - induced silencing complex ( RISC ) , which 
mediates cleavage of single - stranded RNA having sequence 
complementary to the antisense strand of the siRNA duplex . 
Cleavage of the target RNA takes place in the middle of the 
region complementary to the antisense strand of the siRNA 
duplex . 
10097 ] The term " siRNA ” refers to small inhibitory RNA 
duplexes ( generally between 18 - 30 basepairs , between 19 
and 25 basepairs ) that induce the RNA interference ( RNAI ) 
pathway . Typically , siRNAs are chemically synthesized as 
21mers with a central 19 bp duplex region and symmetric 
2 - base 3 ' - overhangs on the termini , although it has been 
recently described that chemically synthesized RNA 
duplexes of 25 - 30 base length can have as much as a 
100 - fold increase in potency compared with 21mers at the 

same location . The observed increased potency obtained 
using longer RNAs in triggering RNAi is theorized to result 
from providing Dicer with a substrate ( 27mer ) instead of a 
product ( 21mer ) and that this improves the rate or efficiency 
of entry of the siRNA duplex into RISC . 
[ 0098 ] The term " shRNA ” , as used herein , refers to an 
RNA agent having a stem - loop structure , comprising a first 
and second region of complementary sequence , the degree 
of complementarity and orientation of the regions being 
sufficient such that base pairing occurs between the regions , 
the first and second regions being joined by a loop region , 
the loop resulting from a lack of base pairing between 
nucleotides ( or nucleotide analogs ) within the loop region . 
The number of nucleotides in the loop is a number between 
and including 3 to 23 , or 5 to 15 , or 7 to 13 , or 4 to 9 , or 9 
to 11 . Some of the nucleotides in the loop can be involved 
in base - pair interactions with other nucleotides in the loop . 
[ 0099 ] The terms “ subject , " " individual , ” and the like are 
used interchangeably herein , and refer to any animal , or cells 
thereof whether in vitro or in situ , amenable to the methods 
described herein . In certain non - limiting embodiments , sub 
ject or individual is a bee . 
[ 0100 ] “ Sample ” or “ biological sample ” as used herein 
means a biological material isolated from a subject . The 
biological sample may comprise cellular and / or non - cellular 
material obtained from the subject . One example of a 
biological sample is a tissue sample . 
[ 0101 ] According to one embodiment of the present dis 
closure , the nucleic acid in the expression cassette is capable 
of causing cleavage and / or degradation of a target poly 
nucleotide sequence . As used herein , the phrases “ target ” or 
" target polynucleotide sequence ” refer to any sequence 
present in a target cell ( e . g . , viral or microbial pathogen ) , 
whether naturally occurring sequence or a heterologous 
sequence present due to an intracellular or extracellular 
pathogenic infection or a disease , which polynucleotide 
sequence has a function that is desired to be reduced or 
inhibited . The target sequence may be a coding sequence , 
that is , it is translated to express a protein or a functional 
fragment thereof . Alternatively , the target sequence may be 
non - coding , but may have a regulatory function , or it may be 
without any known function . 
[ 0102 ] As used herein , the term “ treating ” includes abro 
gating , substantially inhibiting , slowing or reversing the 
progression of a condition , substantially ameliorating clini 
cal or aesthetical symptoms of a condition or substantially 
preventing the appearance of clinical or aesthetical symp 
toms of a condition . 
10103 ] The term " gene ” is intended to include any target 
sequence intended to be “ silenced ” , whether or not tran 
scribed and / or translated , including regulatory sequences , 
such as promoters , enhancers and other non - coding 
sequences . 
[ 0104 ] Ranges : throughout this disclosure , various aspects 
of the invention can be presented in a range format . It should 
be understood that the description in range format is merely 
for convenience and brevity and should not be construed as 
an inflexible limitation on the scope of the invention . 
Accordingly , the description of a range should be considered 
to have specifically disclosed all the possible subranges as 
well as individual numerical values within that range . For 
example , description of a range such as from 1 to 6 should 
be considered to have specifically disclosed subranges such 
as from 1 to 3 , from 1 to 4 , from 1 to 5 , from 2 to 4 , from 
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2 to 6 , from 3 to 6 etc . , as well as individual numbers within 
that range , for example , 1 , 2 , 2 . 7 , 3 , 4 , 5 , 5 . 3 , and 6 . This 
applies regardless of the breadth of the range . 

DESCRIPTION 

0105 ] In one embodiment , the present invention relates to 
a method for the production of an encoded molecule in an 
arthropod in vivo , comprising administering a genetically 
engineered bacterium to the arthropod , wherein the geneti 
cally engineered bacterium comprises a nucleic acid for 
expression of the gene encoded molecule . Therefore , in 
various embodiments the invention relates to nucleic acid 
molecules for expression of an encoded molecule , engi 
neered bacteria comprising the nucleic acid molecules , 
arthropods comprising the engineered bacteria , and methods 
of use of the nucleic acid molecules and engineered bacteria 
to treat or prevent a disease or disorder of the arthropod . In 
one embodiment , the invention provides compositions and 
methods of using engineered bacteria to deliver nucleic acid 
molecules to insects for therapeutic purposes . In one 
embodiment , the invention provides compositions and meth 
ods of using engineered bacteria to deliver nucleic acid 
molecules to insects for purposes of modulating at least one 
of the level or activity of a gene , the level or activity of a 
protein or a behavior of the insect . Exemplary behaviors that 
can be modified according to the invention include , but are 
not limited to , foraging behavior and aggression . In one 
embodiment , the invention provides compositions and meth 
ods of using engineered bacteria to deliver nucleic acid 
molecules to insects for purposes of killing or otherwise 
impairing the insect . In one embodiment , the invention 
provides compositions and methods of using engineered 
bacteria to deliver nucleic acid molecules to insects to harm 
or to kill a pathogen or parasite of the insect through 
expression of a nucleic acid molecule that is harmful for the 
pathogen or parasite of the insect . 
[ 0106 ] In some embodiments , the invention relates to 
methods of use of the engineered bacteria to treat or prevent 
a disease or disorder of a bee or colony of bees . In one 
embodiment , the disease or disorder is associated with a bee 
or bee colony parasite or pathogen . 

RNA is an RNA of a pathogen or other organism that may 
harm the host insect . In one embodiment , the target RNA is 
an RNA of the host insect . 
[ 0109 ] In specific aspects , the modulator is an inhibitory 
nucleic acid . In particular aspects , the inhibitory nucleic acid 
comprises an antisense DNA . In some aspects , the inhibitory 
nucleic acid is a dsRNA , siRNA , shRNA , SORNA , or 
miRNA . The nucleic acid may be at least 15 base pairs in 
length , such as 19 to 25 base pairs in length . In other aspects , 
the nucleic acid is longer in length , such as at least 30 base 
pairs . 
0110 ] An RNAi construct is understood as a double 
stranded RNA that works in accordance with the principle of 
an interfering RNA . It is known in the state of the art how 
RNAi constructs have to be designed that degrade target 
RNA ( Voorhoeve et al . ( 2003 ) . “ Knockdown stands up ” . 
Trends Biotechnol . 21 ( 1 ) : 2 - 4 ; Henschel A , Buchholz F , 
Habermann B ( 2004 ) . “ DEQOR : a web - based tool for the 
design and quality control of siRNAs " . Nucleic Acids Res 
32 ( Web Sever issue ) : W1 13 - 20 ) . In this context , it relates 
to genes that encode for double - stranded RNA . In particular , 
the RNAi construct may encode for a dsRNA ( double 
stranded RNA ) against an organism that harms the insect . In 
certain cases , the inhibitory nucleic acid can be targeted to 
an insect gene , such a bee gene . For example , insect genes 
can be targeted to improve the health or alter the develop 
ment of a host insect . For example , vitellogenin can be 
targeted to alter foraging behavior , and thus modulate pol 
linator effectiveness . 
[ 0111 ] The nucleic acid may be ( i ) plasmid DNA , ( ii ) 
linear DNA , ( iii ) circular DNA , ( iv ) single stranded DNA , 
( v ) RNA , ( vi ) non natural DNA like molecules or ( vii ) a 
hybrid formed out of any of these molecules . These mol 
ecules are known in the art ( see Sambrook and Russel , 
2001 ) . In one embodiment , the nucleic acid molecule is a 
broad - host - range vector . In one embodiment , the nucleic 
acid molecule is integrated into the bacterial genomic DNA . 

Broad Host Vector 

Compositions 

[ 0107 ] In one embodiment , the invention provides nucleic 
acid molecules for expression of a heterologous protein or 
polypeptide . In certain aspects , the heterologous polypeptide 
is a polypeptide that improves the health of a host insect . In 
one embodiment , the heterologous polypeptide is a pesti 
cide - degrading polypeptide or a cytochrome . 
[ 0108 ] In one embodiment , the invention provides nucleic 
acid molecules for expression of a modulator of a gene or 
protein of interest . Consequently , in the context of the 
present invention , the term “ nucleic acid molecule ” refers to 
a DNA or RNA molecule . DNA is understood as double 
stranded deoxyribonucleic acid molecules . These may be 
linear or circular . Exemplary RNA molecules that can be 
encoded by the nucleic acid molecules of the invention , 
include , but are not limited to RNAi , dsRNA , siRNA , 
shRNA , miRNA and short guide RNA ( SORNA ) . In one 
embodiment , the encoded RNA molecule functions as an 
inhibitor of a target RNA . In one embodiment , the target 

[ 0112 ] In one embodiment , at least one nucleic acid mol 
ecule to be expressed is cloned into a broad - host - range 
vector backbone . Therefore , in one embodiment , the inven 
tion provides broad host vectors for use in the generation of 
genetically modified bacteria for expression of a gene prod 
uct . The broad host vectors of the invention may comprise 
at least one of : a broad - host - range promoter , an antibiotic 
resistance cassette , an oriT sequence for delivery into recipi 
ent cells via conjugation , a ribosome binding site , an origin 
of replication , a bacterial terminator , at least one nucleic acid 
sequence for expression , and a sequence that encodes for a 
detectable marker . 
[ 0113 ] Promoters are operably linked with those encoding 
sequences of which they initiate transcription . The encoding 
sequences may encode for RNA constructs , peptides or 
proteins . Exemplary promoters are promoters that are active 
in a broad range of cells including , but not limited to , CMV 
promoter , TK promoter , PAI , PA2 , and PA3 from bacterio 
phage T7 , cp12b , cp18 , cp32 , cp6 , and cp25 promoters , and 
SV 40 . In one embodiment , the promoter is inducible . An 
exemplary inducible promoter includes a modified CP25 
promoter with lacO sites ( cp25 ( lacO ) ; SEQ ID NO : 12 ) . 
[ 0114 ] Generally , a promoter of the invention is under 
stood to enable the transcription of DNA sequences in 
genetically engineered bacteria . The particular promoter 
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sequence will depend on the bacteria in which the gene 
product is to be expressed . In this context , a number of 
DNAs or vectors could be cloned that present a combination 
of different promoters having the gene sequence encoding 
for the desired gene product or a reporter such as GFP . 
[ 0115 ] In exemplary embodiments , the broad host range 
vector comprises the RSF 1010 origin of replication and 
further comprises at least one heterologous nucleic acid 
sequence under the control of one or more ( e . g . , 2 or 3 ) 
broad host range promoters , such as PA1 , PA2 , PA3 , cp12b , 
cp18 , cp32 , cp6 , cp25 and cp25 ( lacO ) . In one embodiment , 
the nucleic acid molecule of the invention comprises paired , 
convergent transcriptional promoters on a broad range vec 
tor . Exemplary pairs of transcriptional promoters that can be 
included on a nucleic acid molecule ( e . g . , for the generation 
of dsRNA molecules ) include , but are not limited to at least 
two of PA1 , PA2 , PA3 , cp12b , cp18 , cp32 , cp6 , cp25 and 
cp25 ( laco ) . Exemplary , paired convergent transcriptional 
promoters include , but are not limited to , paired convergent 
cp25 promoters , paired convergent cpo promoters , paired 
convergent cp18 promoters and paired convergent cp25 
( laco ) promoters . 
[ 0116 ] In one embodiment , the origin of replication is 
selected based on the bacterial species to be engineered to 
express the broad range vector . Origins of replication that 
can be included in the broad - range - vector of the invention 
include , but are not limited to , the RSF1010 plasmid origin 
of replication , the pBBR1 plasmid origin of replication , the 
RK2 plasmid origin of replication , the RP4 plasmid origin of 
replication and the PAMi31 plasmid origin of replication . 
[ 0117 ) Furthermore , the nucleic acid molecules of the 
invention may also comprise enhancers . Enhancers may 
enhance the transcription initiation of a promoter , while they 
are not directly attached to the sequence of the promoter or 
the encoding sequence . Enhancers may be located far away 
or even on another DNA . Preferably , they are located on the 
same DNA as the promoter and the encoding sequence . 

[ 0120 ] In one embodiment , the toolkit comprises a plas 
mid containing a reverse promoter sequence for use in 
generating a vector of the invention . In one embodiment , the 
plasmid further comprises a ribosome binding site ( RBS ) . 
An exemplary reverse promoter sequence that may be 
included in a toolkit plasmid of the invention is set forth in 
SEQ ID NO : 46 . An exemplary plasmid comprising a reverse 
promoter sequence for use in generating a vector of the 
invention is SEQ ID NO : 60 . 
[ 0121 ] In one embodiment , the toolkit comprises a plas 
mid containing a coding sequence for use in generating a 
vector of the invention . Coding sequences that may be 
included in a toolkit plasmid of the invention include , but are 
not limited to , a coding sequence encoding a sgRNA , 
dsRNA , siRNA , shRNA , miRNA , protein , or peptide . In one 
embodiment , the coding sequence encodes dCas9 . An exem 
plary dCas9 coding sequence that may be included in a 
toolkit plasmid of the invention is set forth in SEQ ID 
NO : 47 . An exemplary plasmid comprising a coding 
sequence encoding dCas9 for use in generating a vector of 
the invention is SEQ ID NO : 65 . Exemplary plasmids com 
prising coding sequences for T7 RNA Polymerase , Laci 
repressor , GFP optim - 1 , Nanoluc , E2 - Crimson and Kanamy 
cin Resistance are provided as SEQ ID NO : 61 , SEQ ID 
NO : 62 , SEO ID NO : 63 , SEO ID NO : 64 , SEO ID NO : 67 and 
SEQ ID NO : 68 respectively . 
[ 0122 ] In one embodiment , the toolkit comprises a plas 
mid containing a terminator sequence for use in generating 
a vector of the invention . Terminator sequences that may be 
included in a toolkit plasmid of the invention include , but are 
not limited to , rpoC , BBa _ B0015 and T7 terminators . Exem 
plary terminator coding sequences that may be included in 
a toolkit plasmid of the invention are set forth in SEQ ID 
NO : 48 , SEQ ID NO : 49 and SEQ ID NO : 50 . Exemplary 
plasmids comprising a terminator sequence for use in gen 
erating a vector of the invention include , but are not limited 
to , SEQ ID NO : 69 , SEQ ID NO : 70 and SEQ ID NO : 71 . 
( 0123 ] . In one embodiment , the toolkit comprises a plas 
mid containing a repressor sequence for use in generating a 
vector of the invention . An exemplary plasmid comprising a 
repressor sequence for use in generating a vector of the 
invention is SEQ ID NO : 66 . 
[ 0124 ] In one embodiment , the toolkit comprises a plas 
mid containing an origin of replication sequence for use in 
generating a vector of the invention . Origin of replication 
sequences that may be included in a toolkit plasmid of the 
invention include , but are not limited to , RSF1010 and Rók . 
Exemplary plasmids comprising an origin of replication 
sequence for use in generating a vector of the invention 
include , but are not limited to , SEQ ID NO : 401 , SEQ ID 
NO : 402 , SEQ ID NO : 403 and SEQ ID NO : 11 . 

Toolkit for Modular Assembly of Broad - Host - Range 
Plasmids 

[ 0118 ] In one embodiment , the invention provides one or 
more plasmids comprising genetic parts for the modular 
construction of vectors of the invention . In one embodiment , 
one or more plasmids comprises at least one of a broad 
host - range promoter , an antibiotic resistance cassette , an 
oriT sequence for delivery into recipient cells via conjuga 
tion , a ribosome binding site , an origin of replication , a 
bacterial terminator , at least one nucleic acid sequence for 
expression , and a sequence that encodes for a detectable 
marker . 
[ 0119 ] In one embodiment , the toolkit comprises a plas 
mid containing a promoter sequence for use in generating a 
vector of the invention . In one embodiment , the plasmid 
further comprises a ribosome binding site ( RBS ) . Promoter 
sequences that may be included in a toolkit plasmid of the 
invention include , but are not limited to , SEQ ID NO : 12 , 
SEO ID NO : 37 , SEO ID NO : 38 , SEO ID NO : 39 , SEO ID 
NO : 40 , SEQ ID NO : 41 , SEQ ID NO : 42 ; SEQ ID NO : 43 , 
SEQ ID NO : 44 , and SEQ ID NO : 45 . Exemplary plasmids 
comprising a promoter sequence for use in generating a 
vector of the invention include , but are not limited to , SEQ 
ID NO : 51 , SEQ ID NO : 52 , SEQ ID NO : 53 , SEQ ID NO : 54 , 
SEQ ID NO : 55 , SEQ ID NO : 56 , SEQ ID NO : 57 , SEQ ID 
NO : 58 and SEQ ID NO : 59 . 

Inducible System 
[ 0125 ] In one embodiment , the invention provides an 
inducible system for inducible expression of a gene product 
in bacteria . In one embodiment , the inducible system of the 
invention comprises lacl driven by the CP25 promoter , and 
a cp25 ( lacO ) promoter ( SEQ ID NO : 12 ) operably linked to 
a nucleic acid sequence to be expressed . In one embodiment , 
the inducible system comprises lacl driven by the CP25 
promoter , T7 RNAP under control of the inducible lac 
promoter , and a 17 promoter with lacO sites operably linked 
to a nucleic acid sequence to be expressed . In one embodi 
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ment , the inducible system is on a single plasmid or vector . 
Alternatively , the inducible plasmid system may be on two 
or more plasmids or vectors . 
Vectors for Integration into the Bacterial Genome 
[ 0126 ] In one embodiment , the vector of the invention is 
capable of integrating into the genome of a target bacterial 
species . In one embodiment , the vector may comprise 
homology arms flanking at least one of a broad - host - range 
promoter , an antibiotic resistance cassette , a ribosome bind 
ing site , a bacterial terminator , a nucleic acid sequence for 
expression , and a sequence that encodes for a detectable 
marker . In one embodiment , a homology arm comprises at 
least 100 bp , at least 200 bp , at least 300 bp , at least 400 bp . 
at least 500 bp , at least 600 bp , at least 700 bp , at least 800 
bp , at least 900 bp , at least 1000 bp , at least 1100 bp , at least 
1200 bp , at least 1300 bp , at least 1400 bp , or at least 1500 
bp having at least 90 % , at least 91 % , at least 92 % , at least 
93 % , at least 94 % , at least 95 % , at least 96 % , at least 97 % , 
at least 98 % , at least 99 % or 100 % sequence identity to a 
target genomic DNA sequence . Alternatively the vector that 
is capable of integrating into the genome of a target bacterial 
species may be integrated using any method that is known 
in the art , including , but not limited to , lambda / red recom 
bination , and may therefore comprises one or more elements 
allowing for the integration of the vector or selection or 
counter selection of bacteria comprising the integrated vec 

Activators 
01301 . In one embodiment , the nucleic acid molecules and 
engineered bacteria of the invention can be used to activate 
or increase the levels of expression or activity of a target 
gene or protein in a subject . Therefore , in one embodiment , 
the invention relates to nucleic acid molecules encoding , a 
protein , a recombinant polypeptide , an active polypeptide 
fragment , or combinations thereof , which function to 
increase , or activate , the expression or activity of a target 
gene or protein . It will be understood by one skilled in the 
art , based upon the disclosure provided herein , that an 
increase in the level of a target gene or protein encompasses 
the increase in gene expression , including transcription , 
translation , or both . The skilled artisan will also appreciate , 
once armed with the teachings of the present invention , that 
an increase in the level of a protein includes an increase in 
protein activity ( e . g . , enzymatic activity , receptor binding 
activity , etc . ) . Thus , increasing the level or activity of a 
target gene or protein includes , but is not limited to , increas 
ing the amount of polypeptide , increasing transcription , 
translation , or both , of a nucleic acid encoding a target 
polypeptide ; and it also includes increasing any activity of a 
target polypeptide as well . 
[ 0131 ] Examples of host proteins for which it would be 
beneficial to have increased expression using the methods of 
the invention include , but are not limited to , immune system 
proteins ( e . g . , Dorsal , argonaut ( ago2 ) , relish , and proteins 
in the toll and imd pathways ) conferring greater disease 
resistance or enzymes in pathways producing neuro - active 
molecules that affect behaviors such as those determining 
aggression or pollinator effectiveness . 

tor . 
[ 0127 ] In one embodiment , the vector for integration 
comprises an origin of replication of a suicide plasmid that 
prevents plasmid replication in the target bacterial species . 
An exemplary suicide plasmid origin that can be used on a 
vector for integration includes , but is not limited to , the ROK 
plasmid origin of replication . Inhibitors 

Nucleic Acid Sequences for Expression 

[ 0128 ] In one embodiment , the broad - host - range vector of 
the invention comprises at least one nucleic acid sequence to 
be expressed . In one embodiment , the nucleic acid sequence 
expresses a RNA , protein or peptide . In one embodiment the 
nucleic acid sequence encodes a therapeutic molecule . For 
example , in various embodiments , the nucleic acid sequence 
encodes a pesticide degrading polypeptide or a cytochrome , 
or encodes an enzyme in a biosynthetic pathway producing 
neuro - active molecules that affect behaviors such as those 
determining aggression or pollinator effectiveness . 

[ 0129 ] In one embodiment , the nucleic acid sequence to be 
expressed is a modulator of ( e . g . , an inhibitor or activator ) 
of a target gene or gene product . In various embodiments , 
the present invention includes compositions for modulating 
the level or activity of a target gene or gene product in a 
subject , a cell , a tissue , or an organ in need thereof . In 
various embodiments , the compositions of the invention 
modulate the amount or activity of a target polypeptide , the 
amount or activity of a target protein , the amount or activity 
of a target mRNA . In one embodiment , the compositions of 
the invention modulate the amount or activity of a target 
polypeptide , the amount or activity of a target protein , the 
amount or activity of a target mRNA in an insect . In one 
embodiment , the compositions of the invention modulate the 
amount or activity of a target polypeptide , the amount or 
activity of a target protein , the amount or activity of a target 
mRNA in a pathogen , or parasite of an insect . 

[ 0132 ] In various embodiments , the modulator of the 
invention comprises an inhibitor of a target gene or protein . 
In one embodiment , the inhibitor of the invention decreases 
the amount of polypeptide , the amount of mRNA , the 
amount of activity , or a combination thereof , of the target 
gene or protein . Exemplary target genes that can be inhibited 
according to the methods of the invention include , but are 
not limited to , TOM70 , TIM22 , TOM40 , Imp2 , mitochon 
drial Hsp70 , ATM1 - ABC transporter proteins , Frataxin , 
Ferredoxin , ERV1 , ferredoxin , NADPH oxido - reductase 
[ FNR ] , pyruvate dehydrogenase a subunit , pyruvate dehy 
drogenase ß subunit , mitochondrial glycerol - 3 - phosphate 
dehydrogenase ( mtG3PDH ) , manganese - containing super 
oxide dismutase ( MnSOD ) , DNAJ ( Hsp70 interacting ) , Iron 
Sulfur cluster ISU1 , Cystein desulfurase Nsf1 , NAR1 , RLII , 
ATPase subunit A , RNA polymerase I , RNA polymerase III , 
Inhibitor of apoptosis ( IAP ) , and FAS apoptotic . 
[ 0133 ] It will be understood by one skilled in the art , based 
upon the disclosure provided herein , that a decrease in the 
level of a target gene or protein encompasses the decrease in 
the expression , including transcription , translation , or both . 
The skilled artisan will also appreciate , once armed with the 
teachings of the present invention , that a decrease in the 
level of a target protein includes a decrease in the activity of 
the target protein . Thus , decrease in the level or activity of 
a target protein includes , but is not limited to , decreasing the 
amount of polypeptide , and decreasing transcription , trans 
lation , or both , of a nucleic acid encoding a target protein ; 
and it also includes decreasing any activity of the target 
protein as well . 
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[ 0134 ] In one embodiment , the invention provides a 
generic concept for inhibiting an essential gene of a virus or 
parasite of a bee . In one embodiment , the inhibitor is 
selected from the group consisting of a small interfering 
RNA ( siRNA ) , a microRNA , an antisense nucleic acid , and 
a ribozyme . 
[ 0135 ] One skilled in the art will appreciate , based on the 
disclosure provided herein , that one way to decrease the 
mRNA and / or protein levels of a target protein in a cell is by 
reducing or inhibiting expression of the nucleic acid encod 
ing the target protein . Thus , the protein level can be 
decreased using a molecule or compound that inhibits or 
reduces gene expression such as , for example , dsRNA , 
siRNA , an antisense molecule or a ribozyme . However , the 
invention should not be limited to these examples . 
[ 0136 ] In one embodiment , siRNA is used to decrease the 
level of a target gene or protein . RNA interference ( RNAi ) 
is a phenomenon in which the introduction of double 
stranded RNA ( dsRNA ) into a diverse range of organisms 
and cell types causes degradation of the complementary 
mRNA . In the cell , long dsRNAs are cleaved into short 
21 - 25 nucleotide small interfering RNAs , or siRNAs , by a 
ribonuclease known as Dicer . The siRNAs subsequently 
assemble with protein components into an RNA - induced 
silencing complex ( RISC ) , unwinding in the process . Acti 
vated RISC then binds to complementary transcript by base 
pairing interactions between the siRNA antisense strand and 
the mRNA . The bound mRNA is cleaved and sequence 
specific degradation of mRNA results in gene silencing . See , 
for example , U . S . Pat . No . 6 , 506 , 559 ; Fire et al . , 1998 , 
Nature 391 ( 19 ) : 306 - 311 ; Timmons et al . , 1998 , Nature 
395 : 854 ; Montgomery et al . , 1998 , TIG 14 ( 7 ) : 255 - 258 ; 
David R . Engelke , Ed . , RNA Interference ( RNAi ) Nuts & 
Bolts of RNAi Technology , DNA Press , Eagleville , PA 
( 2003 ) ; and Gregory J . Hannon , Ed . , RNAi A Guide to Gene 
Silencing , Cold Spring Harbor Laboratory Press , Cold 
Spring Harbor , N . Y . ( 2003 ) . Soutschek et al . ( 2004 , Nature 
432 : 173 - 178 ) describe a chemical modification to siRNAs 
that aids in intravenous systemic delivery . Optimizing siR 
NAs involves consideration of overall G / C content , C / T 
content at the termini , Tm and the nucleotide content of the 
3 ' overhang . See , for instance , Schwartz et al . , 2003 , Cell , 
115 : 199 - 208 and Khvorova et al . , 2003 , Cell 115 : 209 - 216 . 
Therefore , the present invention also includes methods of 
decreasing protein levels using RNAi technology . 
[ 0137 ] In other related aspects , the invention includes a 
nucleic acid encoding an inhibitor , wherein an inhibitor such 
as a dsRNA , siRNA or antisense molecule , inhibits a target 
gene , operably linked to a nucleic acid comprising a pro 
moter / regulatory sequence such that the nucleic acid is 
preferably capable of directing expression of the dsRNA , 
siRNA or antisense molecule encoded by the nucleic acid . 
Thus , the invention encompasses expression vectors and 
methods for the introduction of exogenous DNA into cells 
with concomitant expression of the exogenous DNA in the 
cells such as those described , for example , in Sambrook et 
al . ( 2012 , Molecular Cloning : A Laboratory Manual , Cold 
Spring Harbor Laboratory , New York ) and as described 
elsewhere herein . 
[ 0138 ] In another aspect , the invention includes a vector 
comprising an siRNA or antisense polynucleotide . The 
dsRNA , siRNA or antisense polynucleotide can be cloned 
into a number of types of vectors as described elsewhere 
herein . For expression of the dsRNA , siRNA or antisense 

polynucleotide , at least one module in each promoter func 
tions to position the start site for RNA synthesis . 
[ 0139 ] In order to assess the expression of the dsRNA , 
siRNA or antisense polynucleotide , the expression vector to 
be introduced into a cell can also contain either a selectable 
marker gene or a reporter gene or both to facilitate identi 
fication and selection of expressing cells from the population 
of cells sought to be transfected or infected through viral 
vectors . In other embodiments , the selectable marker may be 
carried on a separate piece of DNA and used in a co 
transfection procedure . Both selectable markers and reporter 
genes may be flanked with appropriate regulatory sequences 
to enable expression in the host cells . Useful selectable 
markers are known in the art and include , for example , 
antibiotic - resistance genes , such as neomycin resistance and 
the like . 
[ 0140 ] In one embodiment of the invention , an antisense 
nucleic acid sequence which is expressed by a plasmid 
vector is used to inhibit a target gene or protein . The 
antisense expressing vector is used to transfect a bacterial 
cell to generate a genetically engineered bacteria of the 
invention . 

[ 0141 ] Antisense molecules and their use for inhibiting 
gene expression are well known in the art ( see , e . g . , Cohen , 
1989 , In : Oligodeoxyribonucleotides , Antisense Inhibitors 
of Gene Expression , CRC Press ) . Antisense nucleic acids are 
DNA or RNA molecules that are complementary , as that 
term is defined elsewhere herein , to at least a portion of a 
specific mRNA molecule ( Weintraub , 1990 , Scientific 
American 262 : 40 ) . In the cell , antisense nucleic acids 
hybridize to the corresponding mRNA , forming a double 
stranded molecule thereby inhibiting the translation of 
genes . 
[ 0142 ] The use of antisense methods to inhibit the trans 
lation of genes is known in the art , and is described , for 
example , in Marcus - Sakura ( 1988 , Anal . Biochem . 172 : 
289 ) . Such antisense molecules may be provided to the cell 
via genetic expression using DNA encoding the antisense 
molecule as taught by Inoue , 1993 , U . S . Pat . No . 5 , 190 , 931 . 
[ 0143 ] Alternatively , antisense molecules of the invention 
may be made synthetically and then provided to the cell . 
Antisense oligomers of between about 10 to about 30 , and 
more preferably about 15 nucleotides , are preferred , since 
they are easily synthesized and introduced into a target cell . 
Synthetic antisense molecules contemplated by the inven 
tion include oligonucleotide derivatives known in the art 
which have improved biological activity compared to 
unmodified oligonucleotides ( see U . S . Pat . No . 5 , 023 , 243 ) . 
[ 0144 ] Compositions and methods for the synthesis and 
expression of antisense nucleic acids are as described else 
where herein . 
[ 0145 ] Ribozymes and their use for inhibiting gene 
expression are also well known in the art ( see , e . g . , Cech et 
al . , 1992 , J . Biol . Chem . 267 : 17479 - 17482 ; Hampel et al . , 
1989 . Biochemistry 28 : 4929 - 4933 ; Eckstein et al . , Interna 
tional Publication No . WO 92 / 07065 ; Altman et al . , U . S . Pat . 
No . 5 , 168 , 053 ) . Ribozymes are RNA molecules possessing 
the ability to specifically cleave other single - stranded RNA 
in a manner analogous to DNA restriction endonucleases . 
Through the modification of nucleotide sequences encoding 
these RNAs , molecules can be engineered to recognize 
specific nucleotide sequences in an RNA molecule and 
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cleave it ( Cech , 1988 , J . Amer . Med . Assn . 260 : 3030 ) . A 
major advantage of this approach is the fact that ribozymes 
are sequence - specific . 
10146 ) . There are two basic types of ribozymes , namely , 
tetrahymena - type ( Hasselhoff , 1988 , Nature 334 : 585 ) and 
hammerhead - type . Tetrahymena - type ribozymes recognize 
sequences which are four bases in length , while hammer 
head - type ribozymes recognize base sequences 11 - 18 bases 
in length . The longer the sequence , the greater the likelihood 
that the sequence will occur exclusively in the target mRNA 
species . Consequently , hammerhead - type ribozymes are 
preferable to tetrahymena - type ribozymes for inactivating 
specific mRNA species , and 18 - base recognition sequences 
are preferable to shorter recognition sequences which may 
occur randomly within various unrelated mRNA molecules . 

degree of complementarity between a guide sequence and its 
corresponding target sequence , when optimally aligned 
using a suitable alignment algorithm , is about or more than 
about 50 % , 60 % , 75 % , 80 % , 85 % , 90 % , 95 % , 97 . 5 % , 99 % , 
or more . Optimal alignment may be determined with the use 
of any suitable algorithm for aligning sequences , non 
limiting example of which include the Smith - Waterman 
algorithm , the Needleman - Wunsch algorithm , algorithms 
based on the Burrows - Wheeler Transform ( e . g . the Burrows 
Wheeler Aligner ) , ClustaiW , Clustal X , BLAT , Novoalign , 
ELAND ( Illumina , San Diego , Calif . ) , SOAP , and Maq . In 
some embodiments , a guide sequence is about or more than 
about 5 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 
24 , 25 , 26 , 27 , 28 , 29 , 30 , 35 , 40 , 45 , 50 , 75 , or more 
nucleotides in length . In some embodiments , a guide 
sequence is less than about 75 , 50 , 45 , 40 , 35 , 30 , 25 , 20 , 15 , 
12 , or fewer nucleotides in length . In some embodiments , 
the guide sequence is 10 - 30 nucleotides long . The ability of 
a guide sequence to direct sequence - specific binding of a 
CRISPR complex to a target sequence may be assessed by 
any suitable assay . For example , cleavage of a target poly 
nucleotide sequence may be evaluated in a test tube by 
providing the target sequence , components of a CRISPR 
complex , including the guide sequence to be tested and a 
control guide sequence different from the test guide 
sequence , and comparing binding or rate of cleavage at the 
target sequence between the test and control guide sequence 
reactions . Other assays are possible , and will occur to those 
skilled in the art . A guide sequence may be selected to target 
any target sequence . In one embodiment , the sgRNAs for 
use in the system of the invention hybridize to a target 
sequence in an insect administered the genetically engi 
neered bacteria . In one embodiment , the sgRNAs for use in 
the system of the invention hybridize to a target sequence in 
a pathogen or a pest of an insect administered the genetically 
engineered bacteria . 

Constructs Encoding Multiple Gene Products 

Modified Cas9 System 
[ 0147 ] In one embodiment , the invention provides a modi 
fied CRISPR system for expression of a sgRNA in bacteria , 
wherein one or more components of the CRISPR system is 
encoded on a broad - host - range vector of the invention . In 
one embodiment , the CRISPR system of the invention 
comprises an endonuclease enzyme ( e . g . , Cas9 ) which binds 
to a target nucleic acid sequence via a sgRNA , to modulate 
the target sequence . In one embodiment , the CRISPR system 
of the invention can be used to modulate a target sequence 
in an insect . In one embodiment , the CRISPR system of the 
invention can be used to modulate a target sequence in a 
parasite or pathogen of an insect . 
[ 0148 ] In some embodiments , the Cas9 enzyme comprises 
catalytically dead Cas9 ( dCas9 ) or a homolog , an ortholog 
or mimic thereof . Orthologs of Cas9 may be from a genus 
which includes but is not limited to Corynebacter , Sutterella , 
Legionella , Treponema , Filifactor , Eubacterium , Streptococ 
cus , Lactobacillus , Mycoplasma , Bacteroides , Flaviivola , 
Flavobacterium , Sphaerochaeta , Azospirillum , Gluconac 
etobacter , Neisseria , Roseburia , Parvibaculum , Staphylo 
coccus , Nitratifractor , Mycoplasma and Campylobacter . 
Catalytically dead Cas9 mimics include , but are not limited 
to , proteins or peptides which are capable of interaction with 
an sgRNA to target the CRISPR fusion construct to a site of 
interest . Catalytically dead or inactive Cas9 , and homologs , 
orthologs or mimics thereof are referred to herein collec 
tively as “ dCas9 . ” 
[ 0149 ] In one embodiment , dCas9 lacks cleavage or nick 
ase activity . In one embodiment dCas9 , or an ortholog 
thereof , has a diminished nuclease activity of at least 60 % , 
70 % , 80 % , 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 , 97 % , 
98 % , 99 % or 100 % as compared with a wild - type Cas9 
enzyme or ortholog . In one embodiment , the CRISPR fusion 
constructs comprising dCas9 serve as DNA - binding proteins 
with very little or no catalytic activity . In one embodiment , 
a dCas9 comprises one or more mutations in its catalytic 
domain which disrupt or inactivate the nuclease activity of 
the Cas9 enzyme . 
10150 ] Guide RNAs 
[ 0151 ] The present system may be used with any short 
guide RNA ( sgRNA . ) In embodiments of the invention the 
terms guide sequence and guide RNA are used interchange 
ably . In general , a guide sequence is any polynucleotide 
sequence having sufficient complementarity with a target 
polynucleotide sequence to hybridize with the target 
sequence and direct sequence - specific binding of a CRISPR 
complex to the target sequence , in some embodiments , the 

[ 0152 ] In one embodiment , the compositions of the inven 
tion encode at least 1 , at least 2 , at least 3 , at least 4 , at least 
5 or more than 5 gene products . In one embodiments , 
multiple gene products may be encoded on a single nucleic 
acid molecule . In an alternative embodiment , multiple gene 
products may be encoded on multiple nucleic acid mol 
ecules , for example , at least 1 , at least 2 , at least 3 , at least 
4 , at least 5 or more than 5 gene products may be encoded 
on at least 1 , at least 2 , at least 3 , at least 4 , at least 5 or more 
than 5 nucleic acid molecules . In one embodiment , a single 
bacterial cell comprises multiple nucleic acid molecules 
encoding multiple gene products of the invention . 
[ 0153 ] In one embodiment , the compositions of the inven 
tion comprise multiple genetically modified bacteria or 
populations thereof wherein each genetically modified bac 
teria or populations comprises at least one nucleic acid 
molecule encoding at least one inhibitor of the invention . 
Therefore , in various embodiments , the invention provides a 
composition comprising at least 1 , at least 2 , at least 3 , at 
least 4 , at least 5 or more than 5 genetically modified 
bacteria or populations comprising nucleic acid molecules 
encoding for at least 1 , at least 2 , at least 3 , at least 4 , at least 
5 or more than 5 gene products of the invention . In one 
embodiment , multiple genetically modified bacterial popu 
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lations are of the same bacterial species . In one embodiment , 
multiple genetically modified bacterial populations are of 
different bacterial species . 
[ 0154 ] In one embodiment , multiple nucleic acid mol 
ecules encode multiple gene products of the same target 
gene or protein . In an alternative embodiment , multiple 
nucleic acid molecules encode gene products of the multiple 
target genes or proteins . Multiple target genes or proteins 
may be multiple targets in a single pathogen or parasite , or 
multiple targets in multiple pathogens or parasite . Therefore , 
in one embodiment , the invention provides a composition 
comprising multiple genetically encoded bacteria compris 
ing multiple nucleic acid constructs for inhibiting at least 1 , 
at least 2 , at least 3 , at least 4 , at least 5 or more than 5 target 
genes or proteins . In one embodiment , the invention pro 
vides a composition comprising multiple genetically 
encoded bacteria comprising multiple nucleic acid con 
structs for inhibiting or modulating at least 1 , at least 2 , at 
least 3 , at least 4 , at least 5 or more than 5 target pathogens 
or parasites . 

insect , and an insect from the order Hymenoptera , Coleop 
tera or Orthoptera . Exemplary insects include , but are not 
limited to , a honey bee ( Apis mellifera ) and a small hive 
beetle ( Aethina tumida ) . In another embodiment of the 
present invention , the arthropod is an arachnid , for example , 
a mite . 
[ 0159 ] In some embodiments , the insect is a bee . As used 
herein , the term “ bee ” refers to both an adult bee and pupal 
cells thereof . According to one embodiment , the bee is in a 
hive . An adult bee is defined as any of several winged , 
hairy - bodied , usually stinging insects of the superfamily 
Apoidea in the order Hymenoptera , including both solitary 
and social species and characterized by sucking and chewing 
mouthparts for gathering nectar and pollen . Exemplary bee 
species include , but are not limited to , Apis , Bombus , 
Trigona , Osmia and the like . In one embodiment , bees 
include , but are not limited to bumblebees ( Bombus ter 
restris ) , honeybees ( Apis mellifera ) ( including foragers and 
hive bees ) and Apis cerana . 
[ 0160 ] According to one embodiment , the bee is part of a 
colony . The term “ colony ” refers to a population of bees 
comprising dozens to typically several tens of thousand bees 
that cooperate in nest building , food collection , and brood 
rearing . A colony normally has a single queen , the remainder 
of the bees being either “ workers ” ( females ) or " drones ” 
( males ) . The social structure of the colony is maintained by 
the queen and workers and depends on an effective system 
of communication . Division of labor within the worker caste 
primarily depends on the age of the bee but varies with the 
needs of the colony . Reproduction and colony strength 
depend on the queen , the quantity of food stores , and the size 
of the worker force . Honeybees can also be subdivided into 
the categories of “ hive bees ” , usually for the first part of a 
workers lifetime , during which the “ hive bee ” performs 
tasks within the hive , and “ forager bee ” , during the latter 
part of the bee ' s lifetime , during which the “ forager ” locates 
and collects pollen and nectar from outside the hive , and 
brings the nectar or pollen into the hive for consumption and 
storage . 

Genetically Modified Bacteria 
[ 0155 ] In one embodiment , the invention provides geneti 
cally modified bacteria comprising a nucleic acid molecule 
for expression of a heterologous nucleic acid sequence . In 
one embodiment the present disclosure provides microbial 
compositions comprising one or more bacteria genetically 
engineered to express a heterologous nucleic acid . In one 
embodiment , the one or more bacteria are native to the 
microbiome of an arthropod . In one embodiment , the one or 
more bacteria are native to the microbiome of a bee . In some 
aspects , the one or more bacteria are Snodgrassella alvi , 
Bartonella apis , Gilliamella apicola , Serratia marcescens or 
Parasaccharibacter apium . In one embodiment , the one or 
more bacteria are bacterial species that can live in bee hive 
materials . In one embodiment , Parasaccharibacter apium or 
Lactobacillus sp . In some aspects , the composition com 
prises 2 , 3 , 4 , or 5 genetically engineered bacterial species . 
[ 0156 ] In one embodiment , one or more nucleic acid 
molecule for expression of a heterologous nucleic acid 
sequence is contained in the bacterial cell . In one embodi 
ment , one or more nucleic acid molecule for expression of 
a heterologous nucleic acid sequence is integrated into the 
genome of said one or more bacteria . In certain aspects , the 
one or more bacteria express at least two heterologous 
nucleic acids . 

Formulations 
[ 0161 ] In some embodiments , the composition is a bee 
ingestible composition . In certain aspects , the bacteria are 
present as a live suspension or a lyophilized powder . The 
composition may be in solid form or liquid form , such as a 
sucrose solution or a corn syrup solution . In some aspects , 
the composition comprises protein and / or pollen . In addi 
tional aspects , the composition further comprises a carbo 
hydrate or sugar supplement or other additive or excipient as 
described elsewhere herein . 

Methods 

Host Organisms 
[ 0157 ] The methods of the present invention can be 
applied to all arthropods . The compositions and methods of 
the invention can be used for all purposes where the pro 
duction of a gene encoded molecule in an arthropod is 
suitable and / or desirable . This includes the use of the 
method of the invention to generate a host arthropod , where 
at least one genetically modified bacteria for production of 
a gene encoded molecule has been administered to the host 
arthropod . 
10158 ] In one embodiment of the present invention , the 
arthropod may be , but is not limited , to an insect , an 
arachnid , a crustacean and a myriapodum . In one emboid 
ment , the arthropod is an insect . Insects that can serve as 
hosts according to the methods of the invention include , but 
are not limited to , a holometabolic insect , a hemimetabolic 

[ 0162 ] The present invention also relates to the use of a 
genetically engineered bacteria comprising a nucleic acid 
encoding a molecule for use in a method for protecting an 
arthropod against pest influences , parasites or ectoparasites 
or for use in a method for treating an arthropod disease in an 
arthropod , wherein the genetically engineered bacteria is fed 
to the arthropod or is administered orally . All embodiments 
described above with respect to the method of the invention 
also apply to said use of the invention . 
[ 0163 ] In one embodiment , there is provided a method for 
producing a genetically engineered bacterial species accord 
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ing to the composition of the embodiments ( e . g . , engineered 
bacteria ) comprising transfecting said bacterial species with 
an expression cassette comprising at least one heterologous 
nucleic acid . 
[ 0164 ] In one embodiment , there is provided a method for 
downregulating expression of a target gene product in an 
insect pathogen or parasite comprising administering an 
effective amount of one or more genetically engineered 
bacteria to a host insect , wherein said bacteria express an 
inhibitor of the target gene product . In some aspects , the 
target gene product is a pathogen or parasite - specific gene 
product , such as a virus - or mite - specific gene product . 
Parasites and pathogens that can be targeted using the 
methods of the invention include , but are not limited to , 
Acute Bee Paralysis Virus ( ABPV ) , Kashmir Bee Virus 
( KBV ) , Israeli Acute Paralysis Virus ( IAPV ) , Nosema cer 
anae , deformed wing virus , or Varroa destructor mite and 
other parasites or pathogens which infect insects . 
[ 0165 ] In one embodiment , there is provided a method for 
downregulating expression of a target gene product in a 
target insect . In one embodiment , the method comprises 
administering an effective amount of one or more geneti 
cally engineered bacteria to a food source of a target insect , 
wherein said bacteria express a dsRNA complementary to a 
gene product of the target insect . In one embodiment , the 
target insect is a pest insect . In one embodiment , the target 
insect is a Small Hive Beetle , and a food source of the target 
insect is a bee hive . 
[ 016 ] In some aspects , the one or more genetically engi 
neered bacteria are comprised in a composition of the 
embodiments described herein . In particular aspects , the one 
or more genetically engineered bacteria are selected from 
the group consisting of Snodgrassella alvi , Bartonella apis , 
Gilliamella apicola , Serratia marcescens , Parasaccharib 
acter apium , and Lactobacillus sp . 
10167 ] In one embodiment , there is provided a method for 
expression of a heterologous nucleic acid sequence in an 
arthropod . In one embodiment , the method comprises 
administering to the arthropod a composition comprising 
one or more genetically modified bacteria , wherein the one 
or more genetically modified bacteria comprise a vector for 
expression of a heterologous nucleic acid sequence . In one 
embodiment , one or more bacteria is native to the host 
arthropod microbiome and as such is able to persist in the 
gut of the arthropod for at least one day , at least two days , 
at least three days , at least 4 days , at least 5 days , at least 6 
days , at least 7 days , at least 8 days , at least 9 days , at least 
10 days , at least 11 days , at least 12 days , at least 13 days , 
at least 14 days , at least 15 days , or for more than 15 days . 
In one embodiment , the one or more bacteria persists in the 
gut of the arthropod for the duration of the arthropod ' s 
lifespan . 
[ 0168 ] In a further embodiment , there is provided a 
method for reducing the susceptibility of a bee to a disease 
or disorder associated with a pathogen or parasite . In one 
embodiment , the disease or disorder is Colony Collapse 
Disorder ( CCD ) . Therefore , in one embodiment , the inven 
tion provides a method of treating or preventing CCD 
comprising administering an effective amount of one or 
more genetically engineered bacteria to a bee , or bee hive 
component , wherein said bacteria express a dsRNA comple 
mentary to a pathogen or parasite - specific gene product . 
10169 ] In another embodiment , there is provided method 
for reducing the susceptibility of a bee to an infection 

comprising feeding the bee an effective amount of one or 
more genetically engineered bacteria to said bee , wherein 
said bacteria express a dsRNA complementary to a pathogen 
or parasite - specific gene product . 
[ 0170 ] In some aspects of the above embodiments , the 
pathogen or parasite is Acute Bee Paralysis Virus ( ABPV ) , 
Kashmir Bee Virus ( KBV ) , Israeli Acute Paralysis Virus 
( IAPV ) , Nosema ceranae , deformed wing virus , Varroa 
destructor mite , or Small Hive Beetle . In certain aspects , the 
Nosema ceranae is N . cerana or N . apis . In specific aspects , 
the pathogen or parasite - specific gene product is an mRNA 
encoding a Nosema mitosomal protein . In some aspects , the 
Nosema mitosomal protein is selected from the group con 
sisting of TOM70 , TIM22 , TOM40 , Imp2 , mitochondrial 
Hsp70 , ATM1 - ABC transporter proteins , Frataxin , Ferre 
doxin , ERV1 , ferredoxin , NADPH oxido - reductase [ FNR ) , 
pyruvate dehydrogenase a subunit , pyruvate dehydrogenase 
3 subunit , mitochondrial glycerol - 3 - phosphate dehydroge 
nase ( mtG3PDH ) , manganese - containing superoxide dis 
mutase ( MnSOD ) , DNAJ ( Hsp70 interacting ) , Iron Sulfur 
cluster ISU1 , Cystein desulfurase Nsf1 , NAR1 and RLI1 . In 
other aspects , the parasite - specific gene product is ATPase 
subunit A , RNA polymerase I , RNA polymerase III , Inhibi 
tor of apoptosis ( IAP ) , or FAS apoptotic . In certain aspects , 
the bacteria express at least two non - contiguous dsRNAS 
targeting a gene product of at least one of Acute Bee 
Paralysis Virus ( ABPV ) , Kashmir Bee Virus ( KBV ) , Israeli 
Acute Paralysis Virus ( IAPV ) , Nosema cerande , deformed 
wing virus , Varroa destructor mite , and / or Small Hive 
Beetle . In certain aspects , the bacteria express at least two 
non - contiguous dsRNAs targeting a gene product of at least 
two of Acute Bee Paralysis Virus ( ABPV ) , Kashmir Bee 
Virus ( KBV ) , Israeli Acute Paralysis Virus ( IAPV ) , Nosema 
ceranae , deformed wing virus , Varroa destructor mite , 
and / or Small Hive Beetle . 
10171 ] In one embodiment , the agents of the present 
invention are used to prevent the Varroa destructor mite 
from living as a parasite on the bee , or larvae thereof . In one 
embodiment , the agents of the present invention are used to 
prevent the Small Hive Beetle from living as a parasite on 
the bee colony . Therefore , in one embodiment , the agents of 
the present invention are capable of down - regulating expres 
sion of a gene product of a Varroa destructor mite or Small 
Hive Beetle . 
[ 0172 ] In one embodiment , the agents of the present 
invention are used to prevent a viral infection of the bee , or 
larvae thereof . Therefore , in one embodiment , the agents of 
the present invention are capable of down - regulating expres 
sion of a gene product of a viral gene . 
0173 ] As used herein , the phrase " gene product ” refers to 
an RNA molecule or a protein . According to one embodi 
ment , the targeted gene product is one which is essential for 
parasite viability , parasite reproduction , viral replication or 
viral pathogenicity . Down - regulation of such a gene product 
would typically result in killing of a parasite , extermination 
of the parasite population or reduced viral pathogenicity . 
[ 0174 ] It will be appreciated that whilst the agents of the 
present invention are capable of downregulating expression 
of a gene product of a parasite or pathogen , it is preferable 
that they downregulate to a lesser extent expression of the 
gene product in other animals , such as the bee . Accordingly , 
the agents of the present invention must be able to distin 
guish between the target gene and the bee gene , down 
regulating the former to a greater extent than the latter . 



US 2019 / 0015528 A1 Jan . 17 , 2019 
15 

According to another embodiment the agents of the present 
invention do not down - regulate the bee gene whatsoever . 
This may be effected by targeting a gene that is present or 
expressed in the target pathogen or parasite and not in the 
bee . Alternatively , the agents of the present invention may be 
targeted to parasite - specific sequences of a gene that is 
expressed both in the target parasite and in the bee . 
[ 0175 ] According to one embodiment the agents of the 
present invention target segments of genes that are at least 
100 bases long and do not carry any sequence longer than 19 
bases that is entirely homologous to any bee - genome 
sequence or human - genome sequence . 
[ 0176 ] Downregulating expression of a gene product can 
be monitored , for example , by direct detection of gene 
transcripts ( for example , by PCR ) , by detection of polypep 
tide ( s ) encoded by the gene or bee pathogen RNA ( for 
example , by Western blot or immunoprecipitation ) , by 
detection of biological activity of polypeptides encode by 
the gene ( for example , catalytic activity , ligand binding , and 
the like ) , or by monitoring changes in the parasite or 
pathogen ( for example , reduced proliferation , reduced viru 
lence , reduced motility etc ) and by testing bee infectivity 
pathogenicity . 
[ 0177 ] Downregulation of a target gene product can be 
effected on the genomic and / or the transcript level using a 
variety of agents which interfere with transcription and / or 
translation ( e . g . , RNA silencing agents , Ribozyme , DNA 
zyme and antisense ) . 
[ 0178 ] According to one embodiment , the agent which 
down - regulates expression of a target gene product is a 
polynucleotide agent , such as an RNA silencing agent . 
According to this embodiment , the polynucleotide agent is 
greater than 15 base pairs in length . 
[ 0179 ] As used herein , the phrase “ RNA silencing ” refers 
to a group of regulatory mechanisms ( e . g . RNA interference 
( RNAi ) , transcriptional gene silencing ( TGS ) , post - tran 
scriptional gene silencing ( PTGS ) , quelling , co - suppression , 
and translational repression ) mediated by RNA molecules 
which result in the inhibition or “ silencing ” of the expres 
sion of a corresponding protein - coding gene or bee pathogen 
RNA sequence . RNA silencing has been observed in many 
types of organisms , including plants , animals , and fungi . 
[ 0180 ] In one embodiment of the present disclosure , syn 
thesis of RNA silencing agents suitable for use with the 
present invention can be effected as follows . First , the 
pathogen polypeptide mRNA or other target sequence is 
scanned downstream of the AUG start codon for AA dinucle 
otide sequences . Occurrence of each AA and the 3 ' adjacent 
19 nucleotides is recorded as potential siRNA target sites . 
Preferably , siRNA target sites are selected from the open 
reading frame , as untranslated regions ( UTRs ) are richer in 
regulatory protein binding sites . UTR - binding proteins and / 
or translation initiation complexes may interfere with bind 
ing of the siRNA endonuclease complex . It will be appre 
ciated though , that siRNAs directed at untranslated regions 
may also be effective , as demonstrated for GAPDH wherein 
siRNA directed at the 5 ' UTR mediated about 90 % decrease 
in cellular GAPDH mRNA and completely abolished protein 
level ( see Ambion® technical library 91 / 912 at the 
Ambion® website ) . 
[ 0181 ] Second , potential target sites are compared to an 
appropriate genomic database ( e . g . , human , mouse , rat , 
insect , etc . ) using any sequence alignment software , such as 
the BLAST software available from the NCBI server of the 

NIH . Putative target sites which exhibit significant homol 
ogy to other coding sequences are filtered out . For example , 
host ( e . g . bee ) target sites can be filtered out in this manner . 
10182 ] Qualifying target sequences are selected as tem 
plate for siRNA synthesis . Preferred sequences are those 
including low G / C content as these have proven to be more 
effective in mediating gene silencing as compared to those 
with G / C content higher than 55 % . Several target sites are 
preferably selected along the length of the target gene or 
sequence for evaluation . For better evaluation of the selected 
siRNAs , a negative control is preferably used in conjunc 
tion . Negative control siRNA preferably include the same 
nucleotide composition as the siRNAs but lack significant 
homology to the genome . Thus , a scrambled nucleotide 
sequence of the siRNA is preferably used , provided it does 
not display any significant homology to host gene 
sequences , or non - relevant pathogen target sequences . 
[ 0183 ] It will be appreciated that the dsRNA sequences 
target RNA transcripts complementary to DNA sequences of 
the targeted gene which are expressed in the parasite ( tran 
scribed into RNA ) , and that the actual complementation 
taking place in the RNAi pathways occurs following reduc 
tion of the dsRNA to smaller fragments by the RNAi 
enzymes . 
[ 0184 ] It will be appreciated that since Varroa mites use 
their mouths to puncture the bee exoskeleton and feed on the 
bee ' s hemolymph , the present invention contemplates deliv 
ering the polynucleotide agents of the present invention to 
the bees via the genetically engineered bacteria , whereby 
they become presented in the bee ' s hemolymph thereby 
becoming available to the mite . Thus , according to another 
embodiment , the nucleic acid agents are delivered indirectly 
to the mites ( e . g . via the bee ) . In this embodiment , the 
promoter of the nucleic acid construct is typically opera 
tional in bee gut bacterial cells . 
10185 ] In one embodiment said nucleic acid encodes an 
siRNA or an antisense RNA . In this case , the siRNA or 
antisense RNA molecule is produced in the arthropod by 
feeding the arthropod with the genetically engineered bac 
teria . In this context , the nucleic acid is preferably a vector 
encoding the siRNA and further containing promoter 
sequences enabling the production of the siRNA . 
10186 ] In one embodiment , of the present invention , the 
genetically engineered bacteria is fed to the arthropod . In 
principle , every feed can be used that is accepted by the 
arthropod to be fed . This includes any kind material that is 
consumed orally by the arthropods , independent on whether 
it is natural feed , agricultural feed or laboratory feed and 
independent on whether it is consumed naturally or is 
administered by means of technical devices or is taken up 
casually . In one embodiment , the feed that is used to induce 
the production of the gene encoded molecules in the arthro 
pods is either a liquid feed comprising the genetically 
engineered bacteria , a dry feed mixed with a solution 
comprising the genetically engineered bacteria or a dry feed 
comprising the genetically engineered bacteria in any of 
these formulations . 
[ 0187 ] As detailed herein , bee feeding is common practice 
amongst bee - keepers , for providing both nutritional and 
other , for example , supplemental needs . Bees typically feed 
on honey and pollen , but have been known to ingest non 
natural feeds as well . Bees can be fed various foodstuffs 
including , but not limited to Wheast ( a dairy yeast grown on 
cottage cheese ) , soybean flour , yeast ( e . g . brewer ' s yeast , 
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appreciated by those of skill in the art that the techniques 
disclosed in the examples which follow represent techniques 
discovered by the inventor to function well in the practice of 
the invention , and thus can be considered to constitute 
preferred modes for its practice . However , those of skill in 
the art should , in light of the present disclosure , appreciate 
that many changes can be made in the specific embodiments 
which are disclosed and still obtain a like or similar result 
without departing from the spirit and scope of the invention . 

torula yeast ) and yeast products products - fed singly or in 
combination and soybean flour fed as a dry mix or moist 
cake inside the hive or as a dry mix in open feeders outside 
the hive . Also useful is sugar , or a sugar syrup . The addition 
of 10 to 12 percent pollen to a supplement fed to bees 
improves palatability . The addition of 25 to 30 percent 
pollen improves the quality and quantity of essential nutri 
ents that are required by bees for vital activity . 
[ 0188 ] Cane or beet sugar , isomerized corn syrup , and 
type - 50 sugar syrup are satisfactory substitutes for honey in 
the natural diet of honey bees . The last two can be supplied 
only as a liquid to bees . 
[ 0189 ] Liquid feed can be supplied to bees inside the hive 
by , for example , any of the following methods : friction - top 
pail , combs within the brood chamber , division board feeder , 
boardman feeder , etc . Dry sug?r may be fed by placing a 
pound or two on the inverted inner cover . A supply of water 
must be available to bees at all times . In one embodiment , 
pan or trays in which floating supports - such as wood chips , 
cork , or plastic sponge — are present are envisaged . Detailed 
descriptions of supplemental feeds for bees can be found in , 
for example , USDA publication by Standifer , et al 1977 , 
entitled " Supplemental Feeding of Honey Bee Colonies ” 
( USDA , Agriculture Information Bulletin No . 413 ) . 
[ 0190 ] All the bees in a hive are potentially susceptible to 
the pathogenic diseases detailed herein . Thus , according to 
some embodiments , the bees can be honeybees , forager 
bees , hive bees and the like . 
[ 0191 ] Also provided is a method for reducing the sus 
ceptibility of a bee to a disease caused by pathogens , the 
method effected by feeding the bee on an effective amount 
of a nucleic acid or nucleic acid construct comprising a 
nucleic acid agent downregulating expression of a polypep 
tide of the bee pathogen and / or causing cleavage and / or 
degradation of a bee pathogen RNA . Methods for reducing 
the susceptibility of a bee colony or bee - hive to bee patho 
gens by feeding oligonucleotides and / or polynucleotides are 
envisaged . Thus , in some embodiments , the present inven 
tion can be used to benefit any numbers of bees , from a few 
in the hive , to the entire bee population within a hive and its 
surrounding area . It will be appreciated , that in addition to 
feeding of oligonucleotides and / or polynucleotides for 
reduction of the bee pathogen infection and infestation , 
enforcement of proper sanitation ( for example , refraining 
from reuse of infested hives ) can augment the effectiveness 
of treatment and prevention of infections . 
Kits 

[ 0192 ] The invention also includes a kit comprising a 
composition of the invention , for example , a kit comprising 
one or more plasmid comprising a genetic part for the 
modular construction of a vector for use in generating a 
genetically modified bacterium of the invention or a geneti 
cally modified bacterium comprising a nucleic acid mol 
ecule for expression of a heterologous gene product . In one 
embodiment , the kit may also comprise instructional mate 
rial which describes , for instance , methods of generation of 
a vector of the invention , methods of generating a geneti 
cally engineered bacterium of the invention , or methods of 
administering a genetically engineered bacterium of the 
invention to a target arthropod . 

I . EXAMPLES 
[ 0193 ] The following examples are included to demon 
strate preferred embodiments of the invention . It should be 

Example 1 – Microbiome Engineering in Honey 
Bee Gut 

[ 0194 ] Several bacterial species including Snodgrassella 
alvi , Bartonella apis , Gilliamella apicola , and Parasaccha 
ribacter apium from the bee gut were engineered to express 
heterologous genes . A broad host range plasmid 
PMMB67EH was used to express the heterologous gene . It 
was then confirmed that these modified bacteria can rees 
tablish and be maintained in bees . 
[ 0195 ] A variety of broad host range promoters were 
tested for their ability to express GFP in vitro in the various 
bacterial species . The promoters that were tested included 
PA1 , PA2 , PA3 , and cp25 ( FIG . 1 ) . For S . alvi , all of the 
promoters tested resulted in similar expression of GFP . PA2 , 
PA3 , and cp25 resulted in higher GFP expression as com 
pared to PA1 in G . apicola . Finally , PA1 was observed to 
have the highest expression of GFP in B . apis . 
[ 0196 ] To determine if the modified bacteria could con 
tinue to function in the bee gut , the engineered strains 
Snodgrassella alvi and Serratia marcescens producing fluo 
rescent proteins were inoculated into germ - free bees and the 
guts were fluorescently imaged 5 days later ( FIG . 2 ) . The 
control uninoculated bees showed no fluorescent signal . On 
the other hand , bees inoculated with either the S . marcecsens 
or S . alvi had expression of the fluorescent proteins . In 
addition , co - inoculation with both fluorescent strains 
resulted in expression of both fluorescent proteins . 
[ 01971 . In order to test the ability of the engineered bac 
terial species to produce dsRNA in honey bees , the broad 
host range backbone plasmid and the knowledge of pro 
moter strength in bee gut species were used to produce a 
dsRNA - producing construct ( FIG . 3 ) . The construct has 
flanking broad range promoters driving RNA transcription 
of the tubulin alpha - 1 chain - like gene ( Apis mellifera ( honey 
bee ) ) . The Snodgrassella alvi wkB2 strain was used to 
produce dsRNA using the construct and was then grown in 
cultures in vitro for 48 hours . RNA was extracted , tran 
scribed to cDNA , and qPCR was performed , normalizing to 
bacterial 16S copies ( FIG . 4 ) . The bacteria was found to 
produce dsRNA in vitro for alpha tubulin . 
0198 ) Next , it was determined whether the bacteria would 
produce dsRNA in vivo in bees . Bees were inoculated with 
S . alvi expressing Tyrosine Hydroxylase ( TH ) dsRNA or a 
GFP dsRNA control . After 6 days , guts were homogenized 
and RNA was extracted . Quantitative RT - PCR was used to 
assess the relative amount of TH RNA present in the gut 
compared to an actin control ( FIG . 5 ) . 

Example 2 — Induction of RNAi in Honey Bees 
[ 0199 ] The broad - host - range backbone was used to build 
two dsRNA - producing constructs to test in vivo . In one 
construct , a dsRNA cassette targeting alpha - tubulin , an 
essential bee gene , was used . Downregulation of this essen 
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tial gene by induction of an RNAi response should result in 
increased mortality . Newly emerged workers were colonized 
with S . alvi wkB2 containing dsRNA constructs targeting 
alpha - tubulin or GFP - control . Survival was monitored daily 
( FIG . 6 ) . The bees with dsRNA constructs targeting alpha 
tubulin were observed to have increased mortality . Thus , the 
microbe - produced dsRNA can induces RNAi in vivo in 
honey bees . 
[ 0200 ] The second construct that was tested had dsRNA 
targeting of tyrosine hydroxylase ( TH ) . Bees were inocu 
lated with bacteria containing the construct targeting TH and 
the ability to induce a systemic RNAi response and down 
regulated gene transcription in other both sites was deter 
mined . FIG . 7 shows that the dsRNA construct was able to 
induce RNAi and downregulated expression of TH in the 
bee head . Therefore , the present methods can be used to 
engineer bacteria which are introduced to bees and induce 
expression of a gene or induce RNAi against a target gene . 
This method may be broadly useful for downregulating 
honey bee genes for research as well as industrial uses to 
improve bee health and lower the impact of bee pathogens . 

Example 3 — Materials and Methods 
[ 0201 ] The plasmids used for the above experiments were 
all derived from the rsf1010 origin from the pMMB67EH 
broad host range E . coli plasmid . The pBTK520 plasmid was 
used to express GFP fluorescent protein and had spectino 
mycin resistance ( FIG . 8A ) . The PBTK570 ( FIG . 8B ) plas 
mid expressing E2 - Crimson fluorescent protein was used to 
validate gene expression in vivo . The pBTK562 plasmid 
( FIG . 8C ) expressing dsRNA against GFP was used as 
control in dsRNA experiments . The PBTK561 plasmid ( FIG . 
8D ) expressing dsRNA against bee alpha tubulin was used 
to show in vivo killing of bees and expression of dsRNA in 
vitro . Finally , the PBTK590 plasmid ( FIG . 8E ) expressing 
dsRNA against Tyrosine Hydroxlyase was used to confirm 
gene knock down in the head in vivo . 

[ 0203 ] Because of these characteristics of PMMB67EH , it 
was decided to create a toolkit of genetic parts for hierar 
chical and combinatorial assembly into its RSF1010 - derived 
backbone for testing in additional species ( FIG . 9A ) . These 
BTK parts are compatible with the Golden Gate cloning 
scheme used by the Yeast Toolkit ( YTK ) ( Lee M E , 2015 , 
ACS Synth Biol . , 4 : 975 - 986 ) , and connector parts from the 
YTK are required for BTK assembly . BTK parts are clas 
sified into eight types defined by the specific flanking 
overhangs generated by type IIS restriction enzyme cleav 
age . Entry vectors containing any complete set of parts 
labeled 1 - 8 can be combined via one Bsal Golden Gate 
assembly reaction into a complete plasmid ( FIG . 9B ) . This 
assembly creates a Stage 1 plasmid comprising parts 2 - 4 
flanked by assembly connector parts 1 and 5 with vector 
backbone components in parts 6 - 8 . Transcriptional units 
from multiple Stage 1 plasmids that have matching sets of 
connector parts can be further composed into one vector by 
Stage 2 assembly using BsmBI ( FIG . 9C ) . 
[ 0204 ] To create BTK vector backbone parts , the high 
copy number bacterial ColEl origin of YTK part 8 plasmids 
( Amp , Kank , Speck ) was replaced with the RSF1010 origin 
from PMMB67EH . These backbones retain the oriT for 
delivery into recipient cells via conjugation , which is useful 
for genetically modifying bacterial species and strains lack 
ing established chemical or electrical transformation tech 
niques . In the original YTK , Type 6 and 7 parts encode a 
yeast marker and a yeast origin , respectively . Type 6 part 
overhangs was repurposed for flanking a DNA sequence 
encoding an optional additional CDS ( such as a repressor ) in 
the reverse orientation relative to the Type 2 part CDS , and 
Type 7 part overhangs for incorporating an optional reverse 
promoter for driving expression of the part 6 CDS . A 
combined Type 6 - 7 linker ( PBTK301 ) can be used in lieu of 
these parts to create constructs lacking this extra reverse 
gene . These vectors were used to construct a variety of 
plasmids containing a single fluorescent protein driven by a 
broad - host - range promoter . To build more complex assem 
blies , such as those with T7 RNA polymerase driving 
inducible expression of GFP , multiple vectors from Bsal 
Stage 1 assembly in a Stage 2 BsmBI assembly were 
combined . Notable components of the BTK that expand on 
the set of genetic parts available in the YTK for compatible 
assembly include : 3 BHR plasmids with different antibiotic 
resistance cassettes and oriT as Type 8 origin parts for Stage 
1 assembly ; 2 BHR plasmids ready for Stage 2 assembly 
( Speck , Kan " ) ; 11 bacterial promoter / RBS combinations as 
Type 2 parts ; 6 new CDSs including E2 - Crimson ( Strack R 
L et al . , 2009 , Biochemistry , 48 : 8279 - 8281 ) and Nanoluc 
( Hall M P et al . , 2012 , ACS Chem Biol . , 7 : 1848 - 1857 ) for 
in vivo visualization as Type 3 parts ; 3 bacterial terminators 
as Type 4 parts ; 1 transcriptional repressor ( Lacl ) as a Type 
6 part ; 2 ROK - origin plasmid backbones to assemble suicide 
plasmids for gene disruption or chromosomal modification 
and pre - assembled plasmids with BHR promoters for imme 
diate testing in new bacterial strains . 
[ 0205 ] In summary , BTK , the first Golden Gate toolkit 
designed specifically for the combinatorial assembly of 
broad - host - range plasmids was built , with the aim of 
expanding synthetic biology into diverse bacteria native to 
non - laboratory environments . In this study , BTK was 
applied to modify bacteria found in the honey bee gut 
microbiome . These species are typical of many other bac 
teria in natural microbial communities of interest : they have 

Example 4 Genetic Engineering of Bee Gut 
Microbiome Bacteria with a Toolkit for Modular 

Assembly of Broad - Host - Range Plasmids 

[ 0202 ] A preliminary screen with a variety of broad - host 
range plasmids was performed with different replication 
origins ( RP4 , pBBR1 , RSF1010 ) and antibiotic resistance 
markers ( kanamycin , ampicillin , chloramphenicol , spectino 
mycin ) for their ability to be transferred by conjugation and 
stably maintained in two bacterial species , S . alvi and G . 
apicola , which are both abundant in the honey bee gut ( FIG . 
16 ) . Plasmid PMMB67EH , a synthetic plasmid containing 
an RSF1010 origin ( Furste J P , et al . , 1986 , Gene , 48 : 119 
131 ) , was the most versatile : it replicated in both species . 
Plasmids containing an RSF1010 origin are known to be 
extremely broad - hostrange ( BHR ) because they encode 
multiple ORFs that make them less dependent on the pres 
ence of specific proteins in a host cell for replication ( Jain A . 
et al . , 2013 , FEMS Microbiol Lett . , 348 : 87 - 96 ; Meyer R . et 
al . , 2009 , Plasmid , 62 : 57 - 70 ) . Additionally , they contain a 
promiscuous origin of transfer ( oriT ) that enables one - way 
transfer of the plasmid to a recipient cell from a donor cell 
encoding a conjugation apparatus in trans on the chromo 
some , such as E . coli MFDpir ( Ferrieres L . et al . , 2010 , J 
Bacteriol . , 192 : 6418 - 6427 ) . 
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only been cultured recently , are phylogenetically diverse , 
and have few or no established genetic tools . Fundamental 
BTK components needed for genetic modification was vali 
dated , including antibiotic selection markers , conjugation 
procedures , and promoters to express proteins under consti 
tutive or inducible control . BGM strains engineered with the 
BTK colonize the guts of newly emerged bees , and fluores 
cent in vivo imaging revealed a characteristic spatial distri 
bution of each species in the gut . 
[ 0206 ] The species engineered are within the Proteobac 
teria , a diverse Gram - negative phylum that is a common 
component of animal - and plant - associated communities . 
Although it has not yet being tested more broadly , BTK 
components should also be useful for genetically modifying 
other bacteria native to other natural communities . The core 
of the BTK is the RSF1010 plasmid origin , which is known 
to replicate in diverse bacterial lineages including Cyano 
bacteria , Agrobacterium , and others ( Jain A et el . , 2013 , 
FEMS Microbiol Lett . , 348 : 87 - 96 ; Meyer R et al . , 2009 , 
Plasmid , 62 : 57 - 71 ; Taton A et al . , 2014 , Nucleic Acids Res . , 
42 : gku673 - e136 ; Clewell D B et al . , 1974 , J Bacteriol . , 
117 : 283 - 289 ) . The BTK also includes promoters that have 
previously been shown to function in both Gram - negative 
and Gram - positive bacteria ( Jensen P R et al . , 1998 , Appl 
Environ Microbiol . , 64 : 82 - 87 ) . The E2 - Crimson reporter 
gene fluoresces at far - red excitation wavelengths , which is 
ideal for in vivo imaging of bacteria through tissue in 
host - associated systems ( Strack R L et al . , 2009 , Biochem 
istry , 48 : 8279 - 8281 ) . While broadhost - range plasmids have 
already been extensively used to study newly isolated bac 
teria in the past ( Clewell D B et al . , 1974 , J Bacteriol . , 
117 : 283 - 289 ) , the combinatorial nature of this new toolkit 
makes it possible to test multiple antibiotic resistance mark 
ers and promoters , which are more difficult to replace in 
plasmids that rely on classical cloning approaches . 
[ 0207 ] Standard part definitions enable researchers to cus 
tomize a toolkit by adding new capabilities for their own 
applications , as it was done with re - using parts from the 
yeast toolkit ( YTK ) ( Lee M E et al . , 2015 , ACS Synth Biol . , 
4 : 975 - 986 ) . Separating antibiotic resistance cassettes and 
replication origins into different subparts and adding to the 
library of choices available for each function allows more 
combinations of antibiotics and origins to be tested when 
first working with a new species . Gram - positive origins , 
such as PAMP31 ( Clewell D B et al . , 1974 , J Bacteriol . , 
117 : 283 - 289 ) , would be especially useful for the manipula 
tion of other common host - associated phyla such as Firmi 
cutes and Actinobacteria ( Robinson C J et al . , 2010 , Micro 
biol Mol Biol Rev . , 74 : 453 - 476 ) . Further validation of some 
BTK parts , such as the dCas9 and Cas9 systems , is needed 
to conclude that they will function reliably across diverse 
species . Other established broad - host - range tools such as 
Tn7 - transposon integration ( Choi K H et al . , 2005 , Nat 
Meth . , 2 : 443 - 448 ) , Group II intron - based gene disruption 
( Enyeart PJ et al . , 2013 , Mol Syst Biol . , 9 : 685 - 685 ) , and 
emerging CRISPR methods for targeted mutagenesis 
( Banno S et al . , 2018 , Nat Microbiol . , 339 : 819 ) could also 
be incorporated into the BTK - compatible Golden Gate 
framework in the future . 
[ 0208 ] Application of the BTK to engineering bee gut 
bacteria enables new approaches to microbiome research in 
these insect species that are important pollinators and model 
systems for studying social behavior and learning . For 
example , gene disruption combined with fluorescent visu 

alization of bacterial cells in living bees can be used to 
improve understanding of the molecular basis of host 
microbe and microbe - microbe interactions and their rel 
evance to host health . The BTK can also be used to imple 
ment and test biotechnological approaches for mitigating 
threats to bee health . For example , it could be used to 
engineer commensal gut bacteria to degrade pesticides or 
suppress pathogen populations ( i . e . , paratransgenesis ) 
( Rangberg A et al . , 2012 , Integr Comp Biol . , 52 : 89 - 99 ) . 
These efforts could one day profoundly affect the health of 
the bee colonies that sustain modern agriculture . 
[ 0209 ] The materials and methods employed in these 
experiments are now described . 
0210 Bacterial Culture 
0211 ] A complete list of bacterial strains used in this work 
and their sources is available as FIG . 17 . Unless otherwise 
specified , bacterial strains S . alvi wkB2 , G . apicola wkB7 , 
Parasaccharibacter apium wkB6 , B . apis PEB0150 , G . 
apicola PEB0183 , B . apis PEB0149 , and S . alvi PEB0171 , 
S . marcescens N10A28 were grown on Columbia agar 
supplemented with 5 % sterile sheep ' s blood ( B - COL ) and 
incubated at 35° C . in a 5 % CO2 atmosphere as static 
cultures . E . coli were cultured at 37° C . with orbital shaking 
at 225 rpm over a 1 - inch diameter . E . coli MFDpir was 
grown in LB supplemented with 0 . 3 mm diaminopimelic 
acid ( DAP ) . E . coli EC100D and E . coli DH5a were grown 
in LB . 
[ 0212 ] For antibiotic selection , the following concentra 
tions were used : ampicillin ( 100 ug / mL E . coli , 30 ug / mL S . 
alvi , 30 ug / mL G . apicola , 30 ug / mL B . apis , 300 ug / mL S . 
marcescens ) , kanamycin ( 50 ug / mL E . coli , 20 ug / mL S . 
alvi , 20 ug / mL G . apicola , 20 ug / mL B . apis ) , spectinomycin 
( 60 ug / mL E . coli , 30 ug / mL for S . alvi , 30 ug / mL G . 
apicola , 30 ug / mL B . apis , 30 ug / mL P . apium , 180 ug / mL 
S . marcescens ) . 
[ 0213 ] Bioparenal Conjugation 
[ 0214 ] MFDpir with mobilizable plasmid ( “ donor strain ” ) 
was grown overnight , shaking in LB with appropriate selec 
tive antibiotics and DAP ( 0 . 3 mM ) supplementation . Recipi 
ent strains ( wkB2 , wkB7 , PEB0150 , PEB0183 , PEB0171 , 
N10A28 , wkB6 , wkB12 , Snod 2 - 15 , Pens 2 - 2 - 5 ) were 
grown overnight on solid media . Recipient and donor strains 
were washed in 1 mL PBS , spun down ( 1006xg for 5 
minutes ) , and resuspended with 1 mL of PBS . These two 
suspensions were mixed in a 9 : 1 OD ratio of recipient : donor 
and spotted ( without filter ) onto a B - COL plate supple 
mented with 0 . 3 mM DAP . Conjugations proceeded over 
night ( ~ 12 - 14 hours ) and were scraped from the plate into 
PBS the next morning . Conjugation mixtures were again 
gently spun down ( 1006xg ) and washed twice in PBS to 
remove residual DAP . Approximately 100 uL of this mixture 
( and 1 : 10 , 1 : 100 dilutions ) was plated onto selective anti 
biotic plates and incubated 2 - 3 days to obtain transconjugant 
colonies . Transconjugants were passaged again on selective 
media and confirmed by PCR amplification of a plasmid 
sequence and visible fluorescence , when appropriate . For the 
initial broad - host - range plasmid screen , transconjugants 
were further verified by plasmid reisolation and electropo 
ration into E . coli DH5a cells . To determine conjugation 
efficiency , mating mixtures were serially diluted and plated 
on selective and non - selective plates . Conjugation frequency 
was calculated as the number of fluorescent transconjugant 
CFUs on selective plates per total CFUs on non - selective 
plates . 
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[ 0215 ] BTK Construction 
( 0216 ) Construction of the BTK backbone was carried out 
with Gibson assembly ( Gibson D G et al . , 2009 , Nat Meth . , 
6 : 343 - 345 ) following established protocols . New part plas 
mids were constructed using a previously published BsmBI 
assembly protocol for the yeast toolkit ( YTK ) ( LEE M E et 
al . , 2015 , ACS Synth Biol . , 4 : 975 - 986 ) with inserts synthe 
sized as doublestranded DNA gBlocks ( IDT ) . New parts 
were cloned into the pYTK001 entry vector . The BTK kit 
uses the entry vector plasmid , connector parts ( Type 1 and 
Type 5 ) , and part sequence overhangs of the YTK . In 
contrast to the YTK , Type 3 parts of the BTK include a stop 
codon , as the Type 4 terminators do not include a stop codon . 
A list of BTK plasmids is available in FIG . 18 . 
[ 0217 ] Measuring BGM GFP In Vitro 
[ 0218 ] To measure fluorescence , 50 uL of - 0 . 2 OD bac 
terial cultures were pooled on B - COL agar plates and 
incubated for 48 hours . Cells were scraped into PBS and 
then loaded into wells of a 96 well plate to measure 
fluorescent excitation using a Tecan Spark 10M multimode 
microplate reader at excitation / emission wavelengths of 
485 / 535 . Fluorescent readings were corrected with blank 
values , and then normalized by OD . Gain was set manually 
and consistent throughout experiments . 
[ 0219 ] Flow Cytometry Analysis of GFP Expression 
[ 0220 ] As with plate reader measurements , 50 uL of ~ 0 . 2 
OD bacterial culture was pulled onto BCOL agar plates and 
incubated for 48 hours . Bacteria were scraped into PBS , 
washed , and then gently spun down ( 1006xg for 5 minutes ) . 
Cells were resuspended vigorously to disrupt any biofilm , 
and then diluted to - 0 . 1 OD in HPLC - grade water . Cells 
were counterstained with SYTO 17 red nucleic acid stain 
( Thermo - Fisher ) , and then ran samples on a BD LSR 
Fortessa SORP Flow Cytometer . Data were acquired with 
FACSDiva v6 . 1 . 3 , and then analyzed with FlowJo v10 . 4 . 2 . 
All samples were run under identical conditions . GFP - A 
voltage was consistent throughout experiments . Nonfluores 
cent controls were used to determine forward - scatter , side 
scatter , and APC - A ( counterstain ) gates that were then set 
individually for each species . 
[ 0221 ] Tn7 - Transposition in B . apis 
[ 0222 ] For the chromosomal insertion of gfp into B . apis , 
a tri - parental mating was performed with B . apis , E . coli 
MFDpir with PTNS2 , and E . coli MFDpir with pTN7 - PA1 
gfp - kan in an 8 : 1 : 1 ratio . Conjugation proceeded for 12 
hours , and transformed B . apis was selected with kanamycin 
as in biparental conjugation . 
[ 0223 ] Broad - host - range dCas9 plasmids are created by 
BsmBI assembly of 3 parts plasmids containing : ( 1 ) the 
SgRNA transcriptional unit ( PBTK615 ) , ( 2 ) the dCas9 tran 
scriptional unit ( pBTK614 ) , and ( 3 ) the broad - host - range 
backbone with ConLE and ConRE connector sequences 
( PBTK527a ) . To repress gfp expression in B . apis , the gfp 
nontemplate strand was targeted by using the N20 sequence : 
5 ' - CGTCTAATTCCACGAGGATT ( SEQ ID NO : 7 ) . The 
sgRNA plasmid can be retargeted using MEGAWHOP clon 
ing ( Miyazaki K et al . , 2011 , Meth Enz . , 498 : 399 - 406 ) . 
Briefly , in MEGAWHOP cloning a double - stranded PCR 
product containing the sequence change to be introduced , 
but otherwise identical to a portion of the plasmid , is used 
as a “ megaprimer ” to re - amplify the whole plasmid in a 
second PCR reaction . Because the sgRNA targeting 
sequence is short , it is possible to include a new target 
sequence flanked by 20 bp of homology to the plasmid on 

either side in one of the primers used in the initial PCR 
reaction to generate the megaprimer . The fully assembled 
CRISPRi plasmid ( PBTK618 ) was conjugated into B . apis 
with chromosomally integrated PA1 - gfp , and GFP fluores 
cence was measured as above . 
[ 0224 ] Chromosomal Disruption using Cas9 and Homolo 
gous Recombination 
[ 0225 ] Plasmid PBTK601 contains Cas9 driven by the 
kanamycin resistance gene promoter on the broad - host 
range backbone . This plasmid was conjugated into S . alvi 
wkB2 , G . apicola wkB7 , and B . apis PEB0150 and main 
tained with spectinomycin . The CP25 - driven sgRNA is on 
plasmid PBTK615 and can be retargeted using MEGA 
WHOP cloning ( Miyazaki K et al . , 2011 , Meth Enz . , 498 : 
399 - 406 ) . A full description of homology donor plasmid 
assembly is available in FIG . 23 . Briefly , a genomic homol 
ogy segment upstream of the gene of interest to disrupt or 
replace is amplified with Type 2 part overhangs , and a 
downstream genomic homology segment is amplified as a 
Type 4 part . Upstream homology , antibiotic resistance cas 
sette ( Type 3 ) , and downstream homology are combined in 
a single Bsal reaction with ConLE and ConRE to form a 
Stage 1 assembly of the replacement cassette . The final 
BsmBI assembly includes : ( 1 ) the sgRNA plasmid , ( 2 ) the 
replacement cassette plasmid , and ( 3 ) PBTK599 ( R6K sui 
cide plasmid backbone ) . This final assembly must be trans 
formed into pir * strains , such as EC100D or MFDpir . 
[ 0226 ] Efficiency of Chromosomal Disruption with and 
without Cas9 
[ 0227 ] Recipient BGM strains ( wkB2 , wkB2 : : PBTK601 , 
wkB7 , wkB7 : : PBTK601 , PEB0150 , PEB0150 : : pBTK601 ) 
were grown on B - COL plates for 48 hours prior to conju 
gation . Donor E . coli strains were grown in liquid culture 
overnight prior to conjugation . Donor and recipients were 
washed in PBS and mixed in a 1 : 9 ratio ( by OD ) , and 100 
UL was plated on B - COL + 0 . 3 mM DAP media for overnight 
conjugation . After 14 hours , the entire conjugation mixtures 
were scraped into PBS and washed twice to remove residual 
DAP , and dilutions were plated on selective agar plates 
( B - COL + Kanamycin 20 ug / mL ) and nonselective agar 
plates ( B - COL ) . Efficiency of gene disruption was calcu 
lated as ( # of transconjugant cells ) / ( # of total cells ) . To 
identify single - crossover and double - crossover mutants , a 
series of PCR reactions were conducted as described in FIG . 
23 . Briefly , transconjugants were screened for the appropri 
ate upstream and downstream junctions with colony PCR . 
Potential double - crossover mutants were then further 
screened for the size of the disrupted region , and loss of the 
suicide plasmid backbone . 
[ 0228 ] Laboratory Care of Honey Bees 
[ 0229 ] Microbiota - free bees were obtained and raised 
using methods described previously ( Kwong W K et al . , 
2014 , Proc Natl Acad Sci USA . , 111 : 11509 - 11514 ) . Briefly , 
pupae were pulled under sterile conditions from brood 
combs obtained from outdoor hives . These pupae emerged 
in a sterile incubator ( becoming newly emerged adult work 
ers ) and were then sorted into individual cup cages for 
further development in the laboratory . Prior to inoculation , 
newly emerged workers were allowed to feed on sterile 
irradiated pollen ( Betterbee ) and 50 % sucrose solution ad 
libitum . For any individual experiment , all pupae were 
obtained from the same hive . When raised in this manner , 
Apis mellifera workers remain uncolonized by core BGM 
bacteria species and show very low levels of environmental 
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bacteria in their guts ( Powell J E et al . , 2014 , Appl Environ 
Microbiol . , 80 : 7378 - 7387 ) . It is critical to pull the pupae 
from frames at an early stage , before the mouthparts have 
hardened , as later pupal stages will begin to ingest hive 
material and may be colonized . 
[ 0230 ] Mono - and Co - Innoculation of Engineered BGM 
into Honey Bees 
[ 0231 ] After obtaining newly emerged workers , bees were 
chilled at 4° C . for 30 minutes and then coated in sugar syrup 
containing resuspended bacterial inoculum , transferred to 
cup cages , and allowed to groom each other . The inoculum 
generally contained 200 uL of OD ~ 0 . 1 bacterial suspension 
combined with 800 uL of 1 : 1 sucrose : water solution . 
Approximately 30 uL of this solution per bee was used for 
inoculations ( corresponding to 10 + bacteria per bee to ensure 
robust inoculation ) . Plate counts of the inoculum were used 
to confirm concentrations . 
[ 0232 ] In Vivo Imaging of Bacterial Burden Using 
E2 - Crimson 
[ 0233 ] To visualize in vivo expression of E2 - Crimson in 
living bees , a Syngene G : Box Chemi XX6 gel doc system 
was used . Bees were chilled on ice for 30 min to minimize 
movement , then imaged using manufacturers recommended 
instructions for far - red fluorescent probe visualization : “ Red 
LED ” light source and “ Filter 705M ” emission filter . All 
bees were imaged under identical conditions : 5 minutes 
exposure time for whole bee and 30 seconds for bees with 
dissected guts . Images were saved as TIFF files for further 
analysis in FIJI ( Schindelin J et al . , 2012 , Nat Meth . , 
9 : 676 - 682 ) . In FIJI , fluorescence intensity was mapped to 
the " mplmagma ” scale . A representative bee for each con 
dition is shown . No further image manipulation was per 
formed . Different scales are used for comparing fluorescent 
S . marcescens and fluorescent BGM species due to the 
increased fluorescent protein production and titer of S . 
marcescens . 
[ 0234 ] Confocal Fluorescence Microscopy 
[ 0235 ] Fluorescent images were obtained at the UT ICMB 
Microscopy core on a Zeiss 710 Laser Scanning Confocal 
microscope . Bees were chilled and then dissected to expose 
rectum , ileum , and midgut . Without puncturing the gut , the 
entire gut compartment was transferred to an Ibidi p - Dish 35 
mm ( CAT # 81156 ) and then placed on the microscope . 
Images were taken with a 20x objective and tiled using Zeiss 
software . Z - stack 2 - channel fluorescent images were taken 
and combined using Imaris software . Intensity on individual 
channels was false colored to correspond to species - specific 
coloring . Display intensity of individual channels was scaled 
linearly to aid in visualization of different species , but no 
further transformations or background reduction was used . 
[ 0236 ] qPCR to Assess Colonization of Sta? Mutant 
102371 . Absolute quantification of 16S rRNA gene copies 
specific to S . alvi was performed as described previously 
( Powell J E et al . , 2016 , Proc Natl Acad Sci USA . , 113 : 
13887 - 13892 ) . Cohorts of newly emerged bees were hand 
fed with equal amounts ( - 104 CFU / bee ) of either wild - type 
S . alvi or the sta A mutant . Control bees were maintained 
identically but remained uninoculated . After five days , five 
bees from each group were dissected and DNA was isolated 
from individual bee guts using the cetyltrimethylammonium 
bromide ( CTAB ) extraction method outlined previously 
( Powell J E et al . , 2014 , Apl Environ Microbiol . , 80 : 7378 
7387 ) . After extraction , S . alvi - specific primers were used 
for quantitative PCR and absolute quantification based on 

10 - fold dilution of the target sequence in a PGEM - T plasmid 
vector . Reactions were run in triplicate . 
[ 0238 ] Quantification and Statistical Analysis 
[ 02391 All data processing and statistical analyses were 
done in R . Kruskal - Wallis rank sum tests were used to assess 
significance in the dCas9 gene repression experiment and 
the Cas9 - assisted genome modification experiments . 
[ 0240 ] The results of the experiments are now described . 
10241 ] BTK Plasmids Function in Diverse Bacterial Spe 
cies Found in the Bee Gut 
10242 ] . It was sought to explore the host range of the 
RSF1010 origin used as a basis for the BTK in the context 
of a larger set of bee - associated bacterial strains . Simulta 
neously , it was needed to identify antibiotic resistance genes 
able to function in each bacterial strain . To do so , three BTK 
plasmids were constructed , each with a different antibiotic 
resistance marker and encoding GFP driven by the PA1 
promoter : PBTK501 ( Amp ) , PBTK519 ( Kan ) , PBTK520 
( Speck ) . Biparental matings were performed between E . coli 
MFDpir donors containing each plasmid and bee gut - asso 
ciated strains ( see Methods ) . Stable transconjugants were 
obtained for all of the Gram - negative strains tested with at 
least one of these three plasmids , as verified by further 
passaging on antibiotic - containing media , PCR amplifica 
tion of plasmid sequences , and GFP expression ( FIG . 10A ) . 
Successfully transformed bacterial species include Alpha - , 
Beta - , and Gammaproteobacteria and strains isolated from 
different bee species ( A . mellifera , Bombus terrestris , Bom 
bus impatiens , and Bombus pensylvanicus ) . Several of the 
bacterial species ( S . alvi , G . apicola , B . apis , and Parasac 
charibacter apium ) are phylogenetically distant from any 
established model organisms and have no previously 
reported genetic tools . Transfer of the BTK plasmids was 
efficient , with > 10 - 3 transconjugants per CFU for four 
diverse bacterial species ( FIG . 10B ) . 
[ 0243 ] Identifying Functional Promoters in BGM Species 
[ 0244 ] While some sequence features of transcriptional 
promoters are conserved across bacterial species , there is no 
guarantee that promoters designed to function in model 
organisms will function effectively in new bacterial isolates 
from a natural community of interest ( Whitaker W R et al . , 
2017 , Cell , 169 : 538 - 538 ) . The BTK includes BHR promot 
ers and RBS combinations as Type 2 parts that can be used 
to build plasmids to identify functional sequences for driv 
ing protein expression in new bacterial hosts . The function 
of the BHR promoters PA1 ( PBTK501 ) , PA2 ( pBTK509 ) , 
PA3 ( PBTK510 ) , and CP25 ( PBTK503 ) were compared in S . 
alvi wkB2 , G . apicola wkB7 , B . apis PEB0150 , and S . 
marcescens N10A28 , all isolated from honey bee gut com 
munities . Promoters PA1 , PA2 , PA3 are strong early pro 
moters from bacteriophage T7 ( Siebenlist U , 1979 , Nucleic 
Acids Res . , 6 : 1895 - 1907 ) . The synthetic CP25 promoter 
was originally designed to function in Lactococcus strains 
( Jensen P R et al . , 1998 , Appl Environ Microbiol . , 64 : 82 
87 ) , and the BTK includes other promoters from this series . 
[ 0245 ] Using flow cytometry , fluorescent protein expres 
sion from these promoters ( FIG . 10A ) was characterized . 
These promoters display significant variability in activity 
across strains when they are all tested with the same RBS . 
As expected , the promoter - RBS pairs function most strongly 
in S . marcescens , which is most closely related to E . coli . In 
the other BGM strains , expression was weaker , but there was 
a signal above background for most promoters that were 
tested with this RBS . Fluorescence is generally lower in S . 
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alvi , G . apicola , and B . apis than it is in E . coli . In E . coli 
the distributions of fluorescent per cell for the PA2 , PA3 , and 
CP25 promoters are noticeably bimodal . This may be an 
intrinsic property of the promoter or due to the accumulation 
of " broken ” plasmids with mutations that inactivate burden 
some GFP expression ( Sleight SC et al . , 2010 , J Biol Eng . , 
4 : 12 ) . In BGM strains , with the exception of CP25 in G . 
apicola , these distributions are unimodal , indicating consis 
tent fluorescent expression across single cells . PA3 expres 
sion was strong in S . alvi , and this observation was used to 
design a constitutive E2 - Crimson - expressing plasmid 
( PBTK570 ) to test expression in vivo , as described in later 
sections . Validation of additional parts ( E2 - Crimson , Nano 
luc , and other CP - series promoters ) is available in FIG . 20 , 
FIG . 21 , FIG . 22 . 
[ 0246 ] Inducible Gene Expression in BGM Species 
[ 0247 ] Induction systems are required for the temporal 
control of gene expression , and are useful for testing the 
functional roles of microbes in gut environments ( Lim B et 
at . , 2017 , Cell , 169 : 547 - 558 ) . Two lacl induction systems 
were tested : one simple system composed of a modified 
CP25 promoter with lacO sites and a more complex system 
that uses 17 RNA polymerase ( T7 RNAP ) . IPTG - induction 
of these systems was tested in E . coli MFDpir , S . alvi wkB2 , 
G . apicola wkB7 , B . apis PEB0150 , and S . marcescens 
N10A28 . The simple system ( PBTK552 ) showed robust 
induction of GFP in all strains tested ( FIG . 11B ) . Interest 
ingly , G . apicola GFP expression with this system surpassed 
that of E . coli and S . marcescens . 
[ 0248 ] For the T7 RNAP system , two transcriptional unit 
plasmids ( PBTK549d , pBTK541 ) were built , one bearing 
lacl driven by the CP25 promoter and T7 RNAP under 
control of the inducible lac promoter and the other with GFP 
expressed from a 17 promoter with lacO sites , and combined 
them into a composite plasmid ( PBTK550d ) . ( FIG . 11C ) . 
Expression was strong in S . marcescens N10A28 and E . coli 
MFDpir , with maximal GFP expression after induction 
surpassing the simpler system in which lacl directly regu 
lates GFP expression . However , in G . apicola wkB7 , S . alvi 
wkB2 , and B . apis PEB0150 , a weaker induction of GFP was 
seen compared to the simpler system . The cause of this weak 
expression is unknown . It may be due to poor transcription 
from the lac promoter driving T7 RNAP or to an intrinsic 
incompatibility between T7 RNAP and the intracellular 
environment in the BGM species tested . In all strains , the 
inducible T7 RNAP construct showed appreciable back 
ground expression when not induced . 
[ 0249 ] CRISPRi Repression of Chromosomal Gene 
Expression in Bartonella apis 
[ 0250 ] BTK was used to suppress gene activity in a BGM 
bacterium . Catalytic mutants of Cas9 ( dCas9 ) have been 
used to reduce transcription of target genes , an approach 
termed CRISPR interference ( CRISPRi ) , in diverse mam 
malian and bacterial systems ( Barrangou R et al . , 2017 , Nat 
Microbiol . , 2 : 1 - 9 ) . To expand this approach to new non 
model bacterial species , a modified dCas9 system was 
established in which targeting is achieved by a BTK part 
encoding a small guide RNA ( SORNA ) ( FIG . 12A ) ( Bikard 
D et al . , 2013 , Nucleic Acids Res . , 41 : 7429 - 7437 ) . To test 
the system , the sgRNA was targeted to a PA1 - driven GFP 
gene in B . apis PEB0150 , which was inserted into the 
chromosome using Tn7 - based integration ( Choi K H et al . , 
2005 , Nat Meth . , 2 : 443 - 448 ) . GFP expression was signifi 
cantly reduced in the presence of a sgRNA targeted to the 

GFP sequence ( FIG . 12B ) . Coupled with the induction 
system , this ability to repress a target gene enables func 
tional studies of essential genes that cannot be disrupted 
entirely . 
[ 0251 ] Cas9 - Assisted Gene Disruption in the BGM 
[ 0252 ] Gene disruption is an important tool for establish 
ing gene function and for studying interactions between 
genes . After identifying functional antibiotic cassettes in the 
earlier plasmid - replication screen , it was attempted to use 
homologous recombination to disrupt chromosomal genes in 
the BGM strains . To improve the efficacy of targeted gene 
disruption , a two - step approach was implemented based on 
using Cas9 cleavage for chromosomal modifications ( Barr 
angou R et al . , 2017 , Nat Microbiol . , 2 : 1 - 9 ) ( see Methods ) . 
In step one , Cas9 is introduced into a cell on the BTK 
backbone ( pBTK601 ) without any targeting sgRNA . In step 
two , a second round of conjugation is used to deliver a 
suicide plasmid with the replacement cassette ( ~ 1000 bp 
homology flanking a functional antibiotic resistance gene ) 
and the sgRNA targeting the desired chromosomal location . 
The suicide plasmid is made with Golden Gate assembly 
using repurposed Type 2 - 4 overhangs and an R6K origin of 
replication ( FIG . 13A , FIG . 13B ) . The sgRNA can be 
retargeted using MEGAWHOP cloning ( Miyazaki K , 2011 , 
Meth Enz . , 498 : 399 - 406 ) ( see Methods ) . A detailed descrip 
tion of suicide plasmid assembly and validation of mutants 
is shown in FIG . 23 . It was expected that Cas9 cleavage 
might facilitate recombination into the chromosome and that 
it would also select against single - crossover integrations , in 
which the suicide plasmid backbone is incorporated into the 
chromosome , because they preserve the cleavage site , 
whereas double - crossover integrations result in replacement 
of the targeted gene sequence with just the antibiotic resis 
tance cassette and delete the cleavage site . 
[ 0253 ] To test the utility of this scheme , it was attempted 
to generate gene disruptions in three BGM species . In S . alvi 
wkB2 staA ( SALWKB2 _ RS11470 ) was targeted , an adhe 
sion gene previously implicated in a genome - wide screen as 
important for gut colonization ( FIG . 24 ) ( Powell J E et al . , 
2016 , Proc Natl Acad Sci USA , 113 : 13887 - 13892 ) . In G . 
apicola wkB7 acetate kinase ackA was targeted ( A9G17 _ 
RS12535 ) ( FIG . 25 ) , and in B . apis PEB0150 nitrate reduc 
tase narG ( PEB0150 _ RS00755 ) was targeted ( FIG . 26 ) . 
Homology regions were designed to be internal to each 
coding sequence , so that even single - crossover events would 
disrupt gene function . For S . alvi wkB2 , the multi - step 
system showed higher efficiency compared to basic homolo 
gous recombination not using Cas9 . In the presence of Cas9 , 
wkB2 mutants were obtained more frequently and were 
more often double - crossover mutants ( FIG . 13D ) . In con 
trast , B . apis PEB0150 showed relatively high gene disrup 
tion efficiency even in the absence of Cas9 , and the Cas9 
system had little effect on improving the number of double 
crossover mutants ( FIG . 13C ) . In G . apicola wkB7 the Cas9 
was also not helpful , and no double - crossover mutants were 
obtained ( FIG . 13E ) . The G . apicola wkB7 mutants isolated 
showed irregular PCR amplification at the expected junc 
tions ( FIG . 25 ) , indicating that it could not effectively 
disrupt ackA , perhaps because it is an essential gene in this 
species . These experiments validated this general approach 
to gene disruption in multiple BGM species . 
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was labeled with a BTK plasmid expressing E2 - Crimson 
( PBTK570 ) to assess the effects of disrupting this gene in the 
context of the bee gut . The wkB2 AstaA mutant shows 
reduced colonization efficacy compared to a wild - type con 
trol , as measured by qPCR of S . alvi 16S rRNA gene copies 
( FIG . 15C ) . The colonization pattern of this mutant in terms 
of its localization within the gut ( FIG . 15D ) is distinct from 
that of wild - type S . alvi ( FIG . 14E ) . After 6 days , the mutant 
does not form the contiguous , robust colonization of the 
ileum wall seen for the wild type strain . Instead , coloniza 
tion is apparently restricted to small patches , while the 
majority of the ileum remains uncolonized . 

[ 0254 ] Engineered Strains Colonize Bees and can be 
Directly Visualized in the Ileum 
[ 0255 ] Next the ability of engineered BGM strains to 
colonize newly emerged worker bees removed from the hive 
before they acquire a normal microbiota was tested . Previ 
ously , S . alvi and G . apicola have been visualized in bees 
using fluorescent in situ hybridization ( Martinson V G et al . , 
2012 , Apl Environ Microbiol . , 78 : 2830 - 2840 ) . However , 
this technique can only be used at one time point because it 
requires sacrificing the bee . In contrast , fluorescent reporter 
strains can be used to non - destructively estimate bacterial 
abundance and observe how bacterial community structure 
changes over time in live bees . Previous studies have 
examined how S . alvi colonizes the honey bee gut ( Kwong 
W K et al . , 2014 , Proc Narl Acad Sci USA . , 111 : 11509 
11514 ; Engel P et al . , 2013 , J of Api Res . , 52 : 1 - 24 ) , but 
colonization by G . apicola , B . apis , and S . marcescens has 
not been investigated ( Raymann K et al . , 2017 , PLoS Biol . , 
15 : e2001861 ; Burritt N L et al . , 2016 , PLoS One . , 
11 : e0167752 ) . Newly emerged workers with ~ 104 CFU per 
bee of either S . marcescens N10A28 or S . alvi wkB2 was 
inoculated , each carrying a constitutively expressed 
E2 - Crimson fluorescent protein ( PBTK570 ) . After 5 days , 
bees from each group were dissected and their guts were 
examined ( FIG . 14 ) . Fluorescent bacteria were successfully 
imaged directly in guts without preparation or fixation , 
preserving natural community structure . S . marcescens 
N10A28 shows robust colonization in all gut compartments , 
while other species show spatially restricted colonization . 
As previously reported , S . alvi wkB2 robustly colonizes the 
ileum , with little colonization in the midgut and rectum . 
Additionally , co - inoculations with S . alvi wkB2 and either B . 
apis PEB0150 or G . apicola wkB7 engineered were per 
formed to express GFP ( PBTK520 ) . The guts of colonized 
bees were again dissected and fluorescently imaged in vivo 
co - colonization of these defined communities ( FIG . 15A , 
FIG . 15B ) . While both B . apis and G . apicola are found in 
the ileum colocated with S . alvi , they also colonize the 
rectum , in contrast to S . alvi . 
[ 0256 ] Snodgrassella Sta . Contributes to Gut Coloniza 
tion In Vivo 
[ 0257 ] Finally , it was sought to validate the usefulness of 
the BTK for disrupting specific genes in BGM species in 
order to investigate their function . StaA belongs to a family 
of YadA - like adhesion proteins important for colonization 
and pathogenicity in multiple host - associated species ( Linke 
D et al . , 2006 , Trends Microbiol . , 14 : 264 - 270 ) . These trim 
eric autotransporter proteins localize to the bacterial mem 
brane and form “ lollipop ” structures that allow bacteria to 
adhere to epithelial cells ( Ribet D et al . , 2015 , Microbes 
Infect , 17 : 173 - 183 ; Tahir El Y et al . , 2001 , Int J Med 
Microbiol . , 291 : 209 - 218 ) . Orthologs of these genes are 
found in multiple S . alvi genomes , including those from 
honey bee - and bumble bee - associated strains ( Kwong WK 
et a . , 2014 , Proc Natl Acad Sci USA . , 111 : 11509 - 11514 ) . In 
the previous works screening a transposon mutant library 
identified staA ( SALWKB2 _ RS11470 ) as necessary for the 
fitness of S . alvi during gut colonization ( Powell J E et al . , 
2016 , Proc Natl Acad Sci USA . , 113 : 13887 - 13892 ) . How 
ever , it was not able to isolate a mutant from the library with 
a transposon disrupting staA , and thus it could not fully 
characterize and validate the role of this gene . Using the 
BTK , a AstaA mutant was generated in S . alvi wkB2 ( as 
described above ) . The Asta , mutant and a wild - type control 

Example 5 : Engineering Bee Guts with 
Symbiont - Produced dsRNA 

10258 ] . These experiments provide data to demonstrate the 
use of engineered gut bacteria ( Snodgrassella alvi ) to 
manipulate bee gene expression , behavior , and immune 
response . 
[ 0259 ] Engineered Symbionts Reduce Viral Replication in 
Bees . 
[ 0260 ] Emerged bees were engineered with gut bacteria 
harboring one of six plasmids : ( 1 ) “ NR ” — this is an empty 
plasmid control , expressing no double - stranded RNA ; ( 2 ) 
“ dsGFP ” — this is a dsRNA control , expressing GFP dsRNA ; 
( 3 ) “ DWV T1 " dsRNA with DWV target 1 , ( 4 ) “ DWV 
T2 ” — dsRNA with DWV target 2 ; ( 5 ) “ DWV T3 ” _ dsRNA 
with DWV target 3 , ( 6 ) “ DWV T5 ” — dsRNA with DWV 
target 5 . 
[ 0261 ] After 5 days , bees from each condition were hand 
fed 5 . 7e6 viral particles of DWV . 
[ 0262 ] After 48 hours , the fat bodies and hemolymph of 
the bees was dissected , and RNA was isolated from this 
tissue . cDNA was generated and then absolute qPCR quan 
tification was performed to determine viral genomes ( FIG . 
27 ) . 
[ 0263 ] Engineered Symbionts Reduce Expression of Tar 
get Genes Across Body Tissues . 
[ 0264 ] Emerged bees were engineered with gut bacteria 
harboring one of three plasmids : ( 1 ) “ NR ” — an empty 
plasmid control , expressing no double - stranded RNA ; ( 2 ) 
“ dsGFP ” - a dsRNA control , expressing GFP dsRNA ; ( 3 ) 
“ dsTH ” — dsRNA targeting Tyrosine Hydroxylase ( TH ) . 
[ 0265 ] At two time points , Day 4 and Day 8 , RNA was 
isolated from the gut and head , cDNA was generated , and 
relative quantitation was performed to determine expression 
( FIG . 28 ) . 
[ 0266 ] Engineered Gut Bacteria Alter Host Behavior . 
[ 0267 ] Behavioral assays were performed on emerged 
bees engineered with gut bacteria harboring one of three 
plasmids : ( 1 ) “ NR ” — an empty plasmid control , expressing 
no double - stranded RNA ; ( 2 ) “ dsGFP ” - a dsRNA control , 
expressing GFP dsRNA ; ( 3 ) “ ds TH ” — dsRNA targeting 
Tyrosine Hydroxylase ( TH ) . 
[ 0268 ] This behavioral assay measured aversive learning , 
the ability of bees to learn to associate a scent with a shock . 
Bees colonized with bacteria expressing ds TH learned sig 
nificanctly more slowly than bees colonized with control 
bacteria ( dsGFP ) ( FIG . 29 ) . 
[ 0269 ] Suppression of Varroa with Engineered Gut Bac 
teria . 
[ 0270 ] Varroa mites are the major bee pest , and suppress 
ing them is a promising application of dsRNA technology . 
Emerged bees are engineered with gut bacteria expressing at 
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engineered gut bacteria would persist over the lifetime in 
bees in their natural environment , as well . 

Example 7 : Sequences 

[ 0280 ] 

SEQ ID NO Description 

least one dsRNA with sequence specific to essential Varroa 
genes . Targets are present individually or as a composite of 
multiple targeting sequences . This dsRNA moves into the 
bee hemolymph and when Varroa mites feed , they will 
induce a lethal self - targeting RNAi response . This is differ 
ent from the previous described RNAi work because the 
RNAi response is in the varroa mite , not the bee . 
[ 0271 ) Experimental Design : Colonize bees with gut bac 
teria expressing Varroa targeting constructs ( ds Varroa ) , cap 
ture live Varroa mites from hives , expose defined number of 
varroa mites to bees , and measure mortality of varroa mites 
fed on dsVarroa bees . Compare to control NR and dsGFP 
colonized bees . 
[ 0272 ] Suppression of Nosema with Engineered Gut Bac 
teria . 
[ 0273 ] Nosema is another pathogen of bees . Suppression 
of Nosema in bees is approached in two ways : ( 1 ) use 
symbiont - mediated RNAi to alter and strengthen the bee 
immune response , and ( 2 ) trigger lethal RNAi in nosema . 
[ 0274 ) Experimental Design : Colonize bees with gut bac 
teria expression lethal nosema RNAi or immune - strength 
ening RNAi , expose bees to a defined number of nosema 
spores , after 48 - 72 hours , count the number of nosema 
spores . Compare to control bees with no RNAi or control 
dsGFP RNAi . 
[ 0275 ] Suppression of Small Hive Beetle with Engineered 
Gut Bacteria . 
[ 0276 ] The small hive beetle is another major pest in 
beekeeping . Unlike DWV , Varroa , and Nosema , however , it 
does not attack bees directly , but instead it feeds on hive 
components . Therefore , to target this insect with bacterially 
induced RNAi , the approach is different . For this a different 
bacterial species that can live in hive materials , such as 
Parasaccharibacter apium or Lactobacillus sp . is used . 
These bacteria are transformed to produce dsRNA identical 
to an essential hive beetle gene . When these bacteria are 
consumed by the hive beetle , they would kill the beetles or 
impair their reproduction . 

SEQ ID NO : 1 
SEQ ID NO : 2 
SEQ ID NO : 3 
SEQ ID NO : 4 
SEQ ID NO : 5 
SEQ ID NO : 6 
SEQ ID NO : 8 
SEQ ID NO : 9 
SEQ ID NO : 10 
SEQ ID NO : 11 
SEQ ID NO : 12 
SEQ ID NO : 36 
SEQ ID NO : 37 
SEQ ID NO : 38 
SEQ ID NO : 39 
SEQ ID NO : 40 
SEQ ID NO : 41 
SEQ ID NO : 42 
SEQ ID NO : 43 
SEQ ID NO : 44 
SEQ ID NO : 45 
SEQ ID NO : 46 
SEQ ID NO : 47 
SEQ ID NO : 48 
SEQ ID NO : 49 
SEQ ID NO : 50 
SEQ ID NO : 51 
SEQ ID NO : 52 
SEQ ID NO : 53 
SEQ ID NO : 54 
SEQ ID NO : 55 
SEQ ID NO : 56 
SEQ ID NO : 57 
SEQ ID NO : 58 
SEQ ID NO : 59 
SEQ ID NO : 60 
SEQ ID NO : 61 
SEQ ID NO : 62 
SEQ ID NO : 63 
SEQ ID NO : 64 
SEQ ID NO : 65 
SEQ ID NO : 66 
SEQ ID NO : 67 
SEQ ID NO : 68 
SEQ ID NO : 69 
SEQ ID NO : 70 
SEQ ID NO : 71 
SEQ ID NO : 72 
SEQ ID NO : 73 
SEQ ID NO : 74 
SEQ ID NO : 75 
SEQ ID NO : 76 
SEQ ID NO : 77 
SEQ ID NO : 78 
SEQ ID NO : 79 
SEQ ID NO : 80 
SEQ ID NO : 81 
SEQ ID NO : 82 
SEQ ID NO : 83 
SEQ ID NO : 84 
SEQ ID NO : 85 
SEO ID NO : 86 
SEQ ID NO : 87 
SEQ ID NO : 88 
SEQ ID NO : 89 
SEQ ID NO : 90 
SEQ ID NO : 91 
SEQ ID NO : 92 

pMMB67EH 
pBTK520 
pBTK570 
pBTK562 
pBTK561 
pBTK590 
pBTK401 
pBTK402 
pBTK403 
pBTK599 
CP25 ( lacO ) promoter 
pBTK001 
T7 promoter + RBS 
Lac laco inducible promoter + RBS 
CP25 pomoter + RBS 
CP6 promoter + RBS 
CP12b promoter + RBS 
CP32 promoter + RBS 
PA1 promoter + RBS 
PA2 promoter + RBS 
PA3 promoter + RBS 
CP25 + RBS reverse 
dCas9 
rpoC terminator 
Bba _ B0015 terminator 
T7 terminator 
pBTK102 
pBTK103 
pBTK107 
pBTK110 
PBTK112 
PBTK113 
PBTK119 
pBTK120 
pBTK121 
pBTK138 
pBTK200 
PBTK203 
pBTK205 
pBTK206 
pBTK209 
pBTK211 
pBTK224 
PBTK229 
pBTK300 
pBTK301 
pBTK305 
pBTK527 
pBTK57alpha 
pBTK599s 
pBTK501 
pBTK503 
pBTK509 
PBTK510 
pBTK519 
pBTK520 
PBTK549 
PBTK541 
pBTK550d 
pBTK552 
pBTK563 
pBTK564 
PBTK569 
PBTK570 
pBTK601 
pBTK614 
pBTK615 
pBTK619 

Example 6 : Persistence of Engineered Bacteria in 
Host 

( 0277 ) Two separate cohorts of bees were obtained from 
different hives and allowed to emerge in lab . Within 24 hours 
after emergence , bees were inoculated with ~ 1e04 CFU of S . 
alvi wkB2 engineered to constitutively express GFP ( plas 
mid PBTK520 ) and separated into individual cups with 5 - 10 
bees . Bees were fed sucrose solution supplemented with 60 
ug / mL spectinomycin . Every five days , five to eight bees 
from each cohort were dissected and their entire gut contents 
plated on selective media with spectinomycin to estimate the 
CFU of engineered S . alvi remaining in their gut . 
[ 0278 ] Across all three time points , no significant differ 
ence existed between time points or hives in this experiment . 
Over 99 % of colonies were fluorescent in each sample , 
indicating the genetic device remained functional ( FIG . 30 ) . 
This shows that engineered S . alvi wkB2 persistently colo 
nizes and functions in the bee gut despite different bee 
genetic backgrounds . Bees were fed spectinomycin to main 
tain the plasmid , but other strategies could be used to ensure 
maintenance and function of the device in engineered strains 
( ie , chromosomal incorporation ) . 
[ 0279 ] Engineered S . alvi persists and functions over the 
measured lifetime of the bee in laboratory environments . 
Without being bound by theory , it is expected that the 
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- continued 

SEQ ID NO Description 

SEQ ID NO : 93 
SEQ ID NO : 94 

pBTK620 
pBTK621 

in the art that variations may be applied to the methods and 
in the steps or in the sequence of steps of the method 
described herein without departing from the concept , spirit 
and scope of the invention . More specifically , it will be 
apparent that certain agents which are both chemically and 
physiologically related may be substituted for the agents 
described herein while the same or similar results would be 
achieved . All such similar substitutes and modifications 
apparent to those skilled in the art are deemed to be within 
the spirit , scope and concept of the invention as defined by 
the appended claims . 

[ 0281 ] All of the methods disclosed and claimed herein 
can be made and executed without undue experimentation in 
light of the present disclosure . While the compositions and 
methods of this invention have been described in terms of 
preferred embodiments , it will be apparent to those of skill 

SEQUENCE LISTING 

< 160 > NUMBER OF SEQ ID NOS : 94 
V 

V 

V 

< 210 > SEQ ID NO 1 
< 211 > LENGTH : 8828 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 

O > FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized , 

V 

V 

< 400 > SEQUENCE : 1 

agcttggctg ttttggcgga tgagagaaga ttttcagcct gatacagatt aaatcagaac 60 
gcagaagcgg tctgataaaa cagaatttgc ctggcggcag tagcgcggtg gtcccacctg 120 

accccatgcc gaactcagaa gtgaaacgcc gtagcgccga tggtagtgtg gggtctcccc 180 

atgcgagagt agggaactgc caggcatcaa ataaaacgaa aggctcagtc gaaagactgg 240 
gcctttcgtt ttatctgttg tttgtcggtg aacgctctcc tgagtaggac aaatccgccg 300 
ggagoggatt tgaacgttgc gaagcaacgg cccggagggt ggcgggcagg acgcccgcca 360 

taaactgcca ggcatcaaat taagcagaag gccatcctga cggatggcct ttttgcgttt 420 

ctacaaactc ttttgtttat ttttctaaat acattcaaat atgtatccgc tcatgagaca 480 

ataaccctga taaatgcttc aataatattg aaaaaggaag agtatgagta ttcaacattt 540 

ccgtgtcgcc cttattccct tttttgcggc attttgcctt cctgtttttg ctcacccaga 600 

aacgctggtg aaagt aaaag atgctgaaga tcagttgggt gcacgagtgg gttacatcga 660 

actggatctc aacagcggta agatccttga gagttttcgc cccgaagaac gttttccaat 720 
gatgagcact tttaaagttc tgctatgtgg cgcggtatta tcccgtgttg acgccgggca 780 

agagcaactc ggtcgccgca tacactattc tcagaatgac ttggttgagt actcaccagt 840 
cacagaaaag catcttacgg atggcatgac agtaagagaa ttatgcagtg ctgccataac 900 

catgagtgat aacactgcgg ccaacttact tctgacaacg atcggaggac cgaaggagct 960 

aaccgctttt ttgcacaaca tgggggatca tgtaactcgc cttgatcgtt gggaaccgga 1020 
gotgaatgaa gccataccaa acgacgagcg tgacaccacg atgcctgtag caatggcaac 1080 

aacgttgcgc aaactattaa ctggcgaact acttactcta gcttcccggc aacaattaat 1140 

agactggatg gaggcggata aagttgcagg accacttctg cgctcggccc ttccggctgg 1200 

ctggtttatt gotgataaat ctggagccgg tgagcgtggg tctcgcggta tcattgcage 1260 
actggggcca gatggtaagc cctcccgtat cgtagttatc tacacgacgg ggagtcaggc 1320 
aactatggat gaacgaaata gacagatcgc tgagataggt gcctcactga ttaagcattg 1380 

gtaactgtca gaccaagttt actcatatat actttagatt gatttctgaa agcgaccagg 1440 

tgctcggcgt ggcaagactc gcagcgaacc cgtagaaagc catgctccag ccgcccgcat 1500 
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- continued 

tggagaaatt cttcaaattc ccgttgcaca tagcccggca attcctttcc ctgctctgcc 1560 

ataagcgcag cgaatgccgg gtaatactcg tcaacgatct gatagagaag ggtttgctcg 1620 
ggtcggtggc tctggtaacg accagtatcc cgatcccggc tggccgtcct ggccgccaca 1680 
tgaggcatgt tccgcgtcct tgcaatactg tgtttacata cagtctatcg cttagcggaa 1740 

agttctttta ccctcagccg aaatgcctgc cgttgctaga cattgccagc cagtgcccgt 1800 

cactcccgta ctaactgtca cgaacccctg caataactgt cacgcccccc tgcaataact 1860 

gtcacgaacc cctgcaataa ctgtcacgcc cccaaacctg caaacccago aggggcgggg 1920 
gctggcgggg tgttggaaaa atccatccat gattatctaa gaataatcca ctaggcgcgg 1980 

ttatcagcgc ccttgtgggg cgctgctgcc cttgcccaat atgcccggcc agaggccgga 2040 
tagctggtct attcgctgcg ctaggctaca caccgcccca ccgctgcgcg gcagggggaa 2100 

aggcgggcaa agcccgctaa accccacacc aaaccccgca gaaatacgct ggagcgcttt 2160 
tagccgcttt agcggccttt ccccctaccc gaagggtggg ggcgcgtgtg cagccccgca 2220 

2280 gggcctgtct cggtcgatca ttcagcccgg ctcatccttc tggcgtggcg gcagaccgaa 

caaggcgcgg tcgtggtcgc gttcaaggta cgcatccatt gccgccatga gccgatcctc 2340 

cggccactcg ctgctgttca ccttggccaa aatcatggcc cccaccagca ccttgcgcct 2400 
tgtttcgttc ttgcgctctt gctgctgttc ccttgcccgc tcccgctgaa tttcggcatt 2460 

gattcgcgct cgttgttctt cgagcttggc cagccgatcc gccgccttgt tgctcccctt 2520 

aaccatcttg acaccccatt gttaatgtgc tgtctcgtag gctatcatgg aggcacagcg 2580 

goggcaatcc cgaccctact ttgtagggga gggcgcactt accggtttct cttcgagaaa 2640 

ctggcctaac ggccaccctt cgggcggtgc gctctccgag ggccattgca tggagccgaa 2700 

aagcaaaagc aacagcgagg cagcatggcg atttatcacc ttacggcgaa aaccggcagc 2760 
aggtcgggcg gccaatcggc cagggccaag gccgactaca tccagcgcga aggcaagtat 2820 
goccgcgaca tggatgaagt cttgcacgcc gaatccgggc acatgccgga gttcgtcgag 2880 

2940 cggcccgccg actactggga tgctgccgac ctgtatgaac gcgccaatgg goggctgtto 

aaggaggtcg aatttgccct gccggtcgag ctgaccctcg accagcagaa ggcgctggcg 3000 
tccgagttcg cccagcacct gaccggtgcc gagcgcctgc cgtatacgct ggccatccat 3060 

gccggtggcg gcgagaaccc gcactgccac ctgatgatct ccgagoggat caatgacggc 3120 
atcgagcggc ccgccgctca gtggttcaag cggtacaacg gcaagacccc ggagaagggc 3180 

ggggcacaga agaccgaagc gotcaagccc aaggcatggc ttgagcagac ccgcgaggca 3240 
tgggccgacc atgccaaccg ggcattagag cgggctggcc acgacgcccg cattgaccac 3300 

agaacacttg aggcgcaggg catcgagcgc ctgcccggtg ttcacctggg gccgaacgtg 3360 
gtggagatgg aaggccgggg catccgcacc gaccgggcag acgtggccct gaacatcgac 3420 

accgccaacg cccagatcat cgacttacag gaataccggg aggcaataga ccatgaacgc 3480 
aatcgacaga gtgaagaaat ccagaggcat caacgagtta gcggagcaga tcgaaccgct 3540 

ggcccagagc atggcgacac tggccgacga agcccggcag gtcatgagcc agaccaagca 3600 

ggccagcgag gcgcaggcgg cggagtggct gaaagcccag cgccagacag gggcggcatg 3660 

ggtggagctg gccaaagagt tgcgggaggt agccgccgag gtgagcagcg ccgcgcagag 3720 

cgcccggagc gcgtcgcggg ggtggcactg gaagctatgg ctaaccgtga tgctggcttc 3780 
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catgatgcct acggtggtgc tgctgatcgc atcgttgctc ttgctcgacc tgacgccact 3840 

gacaaccgag gacggctcga tctggctgcg cttggtggcc cgatgaagaa cgacaggact 3900 
ttgcaggcca taggccgaca gctcaaggcc atgggctgtg agcgcttcga tatcggcgtc 3960 
agggacgcac ccaccggcca gatgatgaac cgggaatggt cagccgccga agtgctccag 4020 
aacacgccat ggctcaagcg gatgaatgcc cagggcaatg acgtgtatat caggcccgcc 4080 

gagcaggagc ggcatggtct ggtgctggtg gacgacctca gcgagtttga cctggatgac 4140 

atgaaagccg agggccggga gcctgccctg gtagtggaaa ccagcccgaa gaactatcag 4200 
gcatgggtca aggtggccga cgccgcaggc ggtgaacttc gggggcagat tgcccggacg 4260 

ctggccagcg agtacgacgc cgacccggcc agcgccgaca gccgccacta tggccgottg 4320 

gcgggcttca ccaaccgcaa ggacaagcac accacccgcg ccggttatca gccgtgggtg 4380 
ctgctgcgtg aatccaaggg caagaccgcc accgctggcc cggcgctggt gcagcaggct 4440 

ggccagcaga tcgagcaggc ccagcggcag caggagaagg cccgcaggct ggccagcctc 4500 
gaactgcccg agcggcagct tagccgccac cggcgcacgg cgctggacga gtaccgcagc 4560 

gagatggccg ggctggtcaa gcgcttcggt catgacctca gcaagtgcga ctttatcgcc 4620 

gcgcagaagc tggccagccg gggccgcagt gccgaggaaa tcggcaaggc catggccgag 4680 
gccagcccag cgctggcaga gcgcaagccc ggccacgaag cggattacat cgagcgcacc 4740 
gtcagcaagg tcatgggtct goccagcgtc cagcttgcgc gggccgagct ggcacgggca 4800 
ccggcacccc gccagcgagg catggacagg ggcgggccag atttcagcat gtagtgcttg 4860 

cgttggtact cacgcctgtt atactatgag tactcacgca cagaaggggg ttttatggaa 4920 

tacgaaaaaa gcgcttcagg gtcggtctac ctgatcaaaa gtgacaaggg ctattggttg 4980 

cccggtggct ttggttatac gtcaaacaag gccgaggctg gccgcttttc agtcgctgat 5040 
atggccagcc ttaaccttga cggctgcacc ttgtccttgt tccgcgaaga caagcctttc 5100 
ggccccggca agtttctcgg tgactgatat gaaagaccaa aaggacaagc agaccggcga 5160 

cctgctggcc agccctgacg ctgtacgcca agcgcgatat gccgagcgca tgaaggccaa 5220 

agggatgcgt cagcgcaagt tctggctgac cgacgacgaa tacgaggcgc tgcgcgagtg 5280 
cctggaagaa ctcagagcgg cgcagggcgg gggtagtgac cccgccagcg cctaaccacc 5340 

aactgcctgc aaaggaggca atcaatggct acccataagc ctatcaatat tctggaggcg 5400 

ttcgcagcag cgccgccacc gctggactac gttttgccca acatggtggc cggtacggtc 5460 
ggggcgctgg tgtcgcccgg tggtgccggt aaatccatgc tggccctgca actggccgca 5520 

cagattgcag gcgggccgga tctgctggag gtgggcgaac tgcccaccgg cccggtgatc 5580 

tacctgcccg ccgaagaccc gcccaccgcc attcatcacc gcctgcacgc ccttggggcg 5640 

cacctcagcg ccgaggaacg gcaagccgtg gotgacggcc tgctgatcca gccgctgatc 5700 

ggcagcctgc ccaacatcat ggccccggag tggttcgacg gcctcaagcg cgccgccgag 5760 

ggccgccgcc tgatggtgct ggacacgctg cgccggttoc acatcgagga agaaaacgcc 5820 
agcggcccca tggcccaggt catcggtcgc atggaggcca tcgccgccga taccgggtgc 5880 

tctatcgtgt tcctgcacca tgccagcaag ggcgcggcca tgatgggcgc aggcgaccag 5940 

cagcaggcca gccggggcag ctcggtactg gtcgataaca tccgctggca gtcctacctg 6000 

tcgagcatga ccagcgccga ggccgaggaa tggggtgtgg acgacgacca gcgccggttc 6060 
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ttcgtccgct tcggtgtgag caaggccaac tatggcgcac cgttcgctga tcggtggtto 6120 

aggcggcatg acggcggggt gotcaagccc gccgtgctgg agaggcagcg caagagcaag 6180 
ggggtgcccc gtggtgaagc ctaagaacaa gcacagcctc agccacgtcc ggcacgaccc 6240 

ggcgcactgt ctggcccccg gcctgttccg tgccctcaag cggggcgagc gcaagcgcag 6300 
caagctggac gtgacgtatg actacggcga cggcaagcgg atcgagttca gcggcccgga 6360 
gccgctgggc gctgatgatc tgcgcatcct gcaagggctg gtggccatgg ctgggcctaa 6420 

tggcctagtg cttggcccgg aacccaagac cgaaggcgga cggcagctcc ggctgttcct 6480 
ggaacccaag tgggaggccg tcaccgctga atgccatgtg gtcaaaggta gctatcgggc 6540 
gctggcaaag gaaatcgggg cagaggtcga tagtggtggg gcgctcaagc acatacagga 6600 

ctgcatcgag cgcctttgga aggtatccat catcgcccag aatggccgca agcggcaggg 6660 

gtttcggctg ctgtcggagt acgccagcga cgaggcggac gggcgcctgt acgtggccct 6720 
gaaccccttg atcgcgcagg ccgtcatggg tggcggccag catgtgcgca tcagcatgga 6780 
cgaggtgcgg gcgctggaca gcgaaaccgc ccgcctgctg caccagcggc tgtgtggctg 6840 

gatcgacccc ggcaaaaccg gcaaggcttc catagatacc ttgtgcggct atgtctggcc 6900 
gtcagaggcc agtggttcga ccatgcgcaa gcgccgcaag cgggtgcgcg aggcgttgcc 6960 
ggagctggtc gcgctgggct ggacggtaac cgagttcgcg gcgggcaagt acgacatcac 7020 

ccggcccaag goggcaggct gacccccccc actctattgt aaacaagaca tttttatctt 7080 
ttatattcaa tggcttattt tcctgctaat tggtaatacc atgaaaaata ccatgctcag 7140 

aaaaggetta acaatatttt gaaaaattgc ctactgagcg ctgccgcaca gotocatagg 7200 
ccgctttcct ggctttgctt ccagatgtat gctcttctgc tcccgaacgc cagcaagacg 7260 

tagcccagcg cgtcggccag cttgcaattc gcgctaactt acattaattg cgttgcgctc 7320 
actgcccgct ttccagtcgg gaaacctgtc gtgccagctg cattaatgaa tcggccaacg 7380 

cgcggggaga ggcggtttgc gtattgggcg ccagggtggt ttttcttttc accagtgaga 7440 
cgggcaacag ctgattgccc ttcaccgcct ggccctgaga gagttgcago aagcggtcca 7500 

cgtggtttgc cccagcaggc gaaaatcctg tttgatggtg gttaacggcg ggatataaca 7560 
tgagctgtct tcggtatcgt cgtatcccac taccgagata tccgcaccaa cgcgcagccc 7620 

ggactcggta atggcgcgca ttgcgcccag cgccatctga togttggcaa ccagcatcgc 7680 

agtgggaacg atgccctcat tcagcatttg catggtttgt tgaaaaccgg acatggcact 7740 
ccagtcgcct tcccgttccg ctatcggctg aatttgattg cgagtgagat atttatgcca 7800 

gccagccaga cgcagacgcg ccgagacaga acttaatggg cccgctaaca gcgcgatttg 7860 
ctggtgaccc aatgcgacca gatgctccac goccagtcgc gtaccgtctt catgggagaa 7920 
aataatactg ttgatgggtg tctggtcaga gacatcaaga aataacgccg gaacattagt 7980 

gcaggcagct tccacagcaa tggcatcctg gtcatccagc ggatagttaa tgatcagccc 8040 

actgacgcgt tgcgcgagaa gattgtgcac cgccgcttta caggcttcga cgccgcttcg 8100 

ttctaccatc gacaccacca cgctggcacc cagttgatcg gcgcgagatt taatcgccgc 8160 

gacaatttgc gacggcgcgt gcagggccag actggaggtg gcaacgccaa tcagcaacga 8220 
ctgtttgccc gccagttgtt gtgccacgcg gttgggaatg taattcagct ccgccatcgc 8280 

cgcttccact ttttcccgcg ttttcgcaga aacgtggctg gcctggttca ccacgcggga 8340 
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aacggtctga taagagacac cggcatactc tgcgacatcg tataacgtta ctggtttcac 8400 

attcaccacc ctgaattgac tctcttccgg gcgctatcat gccataccgc gaaaggtttt 8460 

gcaccattcg atggtgtcaa cgtaaatgcc gcttcgcctt cgcgcgcgaa ttgcaagctg 8520 
atccgggctt atcgactgca cggtgcacca atgcttctgg cgtcaggcag ccatcggaag 8580 
ctgtggtatg gctgtgcagg togtaaatca ctgcataatt cgtgtcgctc aaggcgcact 8640 

cccgttctgg ataatgtttt ttgcgccgac atcataacgg ttctggcaaa tattctgaaa 8700 

tgagctgttg acaattaatc atcggctcgt ataatgtgtg gaattgtgag cggataacaa 8760 

tttcacacag gaaacagaat tcgagctcgg tacccgggga tcctctagag togacctgca 8820 
ggcatgca 8828 

< 210 > SEQ ID NO 2 
< 211 > LENGTH : 8272 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized , 

< 400 > SEQUENCE : 2 

acgctacttg cattacagct tacgaaccga acaggcttat gtccactggg ttcgtgcctt 60 

catccgtttc cacggtgtgc gtcacccggc aaccttgggt agcagcgaag togaggcatt 120 

tctgtcctgg ctggtcatga ccaaaatccc ttaacgtgag tcagcctgcc gccttgggcc 180 

gggtgatgtc gtacttgccc gccgcgaact cggttaccgt ccagcccagc gcgaccagct 240 

ccggcaacgc ctcgcgcacc cgcttgcggc gottgcgcat ggtcgaacca ctggcctctg 300 

acggccagac atagccgcac aaggtatcta tggaagcctt gccggttttg ccggggtcga 360 

tccagccaca cagccgctgg tgcagcaggc gggcggtttc gctgtccagc gcccgcacct 420 

cgtccatgct gatgcgcaca tgctggccgc cacccatgac ggcctgcgcg atcaaggggt 480 

tcagggccac gtacaggcgc ccgtccgcct cgtcgctggc gtactccgac agcagccgaa 540 

acccctgccg cttgcggcca ttctgggcga tgatggatac cttccaaagg cgctcgatgo 600 
agtcctgtat gtgcttgagc gccccaccac tatcgacctc tgccccgatt tcctttgcca 660 

gcgcccgata gctacctttg accacatggc attcagcggt gacggcctcc cacttgggtt 720 

ccaggaacag ccggagctgc cgtccgcctt cggtcttggg ttccgggcca agcactaggc 780 

cattaggccc agccatggcc accagccctt gcaggatgcg cagatcatca gcgcccagcg 840 
gctccgggcc gctgaactcg atccgcttgc cgtcgccgta gtcatacgtc acgtccagct 900 

tgctgcgctt gcgctcgccc cgcttgaggg cacggaacag gccgggggcc agacagtgcg 960 

ccgggtcgtg ccggacgtgg ctgaggctgt gottgttctt aggcttcacc acggggcacc 1020 

cccttgctct tgcgctgcct ctccagcacg gcgggcttga gcaccccgcc gtcatgccgc 1080 

ctgaaccacc gatcagcgaa cggtgcgcca tagttggcct tgctcacacc gaagcggacg 1140 
aagaaccggc gctggtcgtc gtccacaccc cattcctcgg cctcggcgct ggtcatgctc 1200 

gacaggtagg actgccagcg gatgttatcg accagtaccg agctgccccg gctggcctgc 1260 

tgctggtcgc ctgcgcccat catggccgcg cccttgctgg catggtgcag gaacacgata 1320 
gagcacccgg tatcggcggc gatggcctcc atgcgaccga tgacctgggc catggggccg 1380 

ctggcgtttt cttcctcgat gtggaaccgg cgcagcgtgt ccagcaccat caggcggcgg 1440 
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ccctcggcgg cgcgcttgag gccgtcgaac cactccgggg ccatgatgtt gggcaggctg 1500 
ccgatcagcg gctggatcag caggccgtca gocacggctt gccgttcctc ggcgctgagg 1560 
tgcgccccaa gggcgtgcag goggtgatga atggcggtgg gcgggtcttc ggcgggcagg 1620 
tagatcaccg ggccggtggg cagttcgccc acctccagca gatccggccc gcctgcaatc 1680 

tgtgcggcca gttgcagggc cagcatggat ttaccggcac caccgggcga caccagcgcc 1740 

ccgaccgtac cggccaccat gttgggcaaa acgtagtcca gcggtggcgg cgctgctgcg 1800 

aacgcctcca gaatattgat aggettatgg gtagccattg attgcctcct ttgcaggcag 1860 
ttggtggtta ggcgctggcg gggtcactac ccccgccctg cgccgctctg agttcttcca 1920 

ggcactcgcg cagcgcctcg tattcgtcgt cggtcagcca gaacttgcgc tgacgcatcc 1980 
ctttggcctt catgcgctcg gcatatcgcg cttggcgtac agcgtcaggg ctggccagca 2040 

ggtcgccggt ctgcttgtcc ttttggtctt tcatatcagt caccgagaaa cttgccgggg 2100 
ccgaaaggct tgtcttcgcg gaacaaggac aaggtgcagc cgtcaaggtt aaggctggcc 2160 
atatcagcga ctgaaaagcg gccagcctcg gccttgtttg acgtataacc aaagccaccg 2220 

ggcaaccaat agcccttgtc acttttgatc aggtagaccg accctgaagc gcttttttcg 2280 

tattccataa aacccccttc tgtgcgtgag tactcatagt ataacaggcg tgagtaccaa 2340 

cgcaagcact acatgctgaa atctggcccg cccctgtcca tgcctcgctg gcggggtgcc 2400 

ggtgcccgtg ccagctcggc ccgcgcaagc tggacgctgg gcagacccat gaccttgctg2460 

acggtgcgct cgatgtaatc cgcttcgtgg ccgggcttgc gctctgccag cgctgggctg 2520 
gcctcggcca tggccttgcc gatttcctcg gcactgeggc cccggctggc cagcttctgc 2580 

goggcgataa agtcgcactt gctgaggtca tgaccgaagc gottgaccag cccggccato 2640 

tcgctgcggt actcgtccag cgccgtgcgc cggtggcggc taagctgccg ctcgggcagt 2700 
tcgaggctgg ccagcctgcg ggccttctcc tgctgccgct gggcctgctc gatctgctgg 2760 
ccagcctgct gcaccagcgc cgggccagcg gtggcggtct tgcccttgga ttcacgcago 2820 

agcacccacg gctgataacc ggcgcgggtg gtgtgcttgt ccttgcggtt ggtgaagccc 2880 
gccaagcggc catagtggcg gctgtcggcg ctggccgggt cggcgtcgta ctcgctggcc 2940 

agcgtccggg caatctgccc ccgaagttca ccgcctgcgg cgtcggccac cttgacccat 3000 
gcctgatagt tcttcgggct ggtttccact accagggcag gctcccggcc ctcggctttc 3060 
atgtcatcca ggtcaaactc gotgaggtcg tccaccagca ccagaccatg ccgctcctgc 3120 
tcggcgggcc tgatatacac gtcattgccc tgggcattca tccgcttgag ccatggcgtg 3180 
ttctggagca cttcggcggc tgaccattcc cggttcatca tctggccggt gggtgcgtcc 3240 

ctgacgccga tatcgaagcg ctcacagccc atggccttga gctgtcggcc tatggcctgc 3300 
aaagtcctgt cgttcttcat cgggccacca agcgcagcca gatcgagccg tcctcggttg 3360 

tcagtggcgt caggtcgage aagagcaacg atgcgatcag cagcaccacc gtaggcatca 3420 
tggaagccag catcacggtt agccatagct tccagtgcca CCCCcgcgac gcgctccggg 3480 

cgctctgcgc ggcgctgctc acctcggcgg ctacctcccg caactctttg gccagctcca 3540 

cccatgccgc ccctgtctgg cgctgggctt tcagccactc cgccgcctgc gcctcgctgg 3600 
cctgcttggt ctggctcatg acctgccggg cttcgtcggc cagtgtcgcc atgctctggg 3660 
ccagcggttc gatctgctcc gctaactcgt tgatgcctct ggatttcttc actctgtcga 3720 
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ttgcgttcat ggtctattgc ctcccggtat tcctgtaagt cgatgatctg ggcgttggcg 3780 

gtgtcgatgt tcagggccac gtctgcccgg tcggtgcgga tgccccggcc ttccatctcc 3840 

accacgttcg gccccaggtg aacaccgggc aggcgctcga tgccctgcgc ctcaagtgtt 3900 
ctgtggtcaa tgcgggcgtc gtggccagcc cgctctaatg cccggttggc atggtcggcc 3960 

catgcctcgc gggtctgctc aagccatgcc ttgggcttga gcgcttcggt cttctgtgcc 4020 

ccgcccttct ccggggtctt gccgttgtac cgcttgaacc actgagoggc gggccgctcg 4080 

atgccgtcat tgatccgctc ggagatcatc aggtggcagt gcgggttctc gccgccaccg 4140 
gcatggatgg ccagcgtata cggcaggcgc tcggcaccgg tcaggtgctg ggcgaactcg 4200 

gacgccagcg ccttctgctg gtcgagggtc agctcgaccg gcagggcaaa ttcgacctcc 4260 

ttgaacagcc gcccattggc gcgttcatac aggtcggcag catcccagta gtcggcgggc 4320 
cgctcgacga actccggcat gtgcccggat tcggcgtgca agacttcatc catgtcgcgg 4380 
gcatacttgc cttcgcgctg gatgtagtcg gccttggccc tggccgattg gccgcccgac 4440 

ctgctgccgg ttttcgccgt aaggtgataa atcgccatgc tgcctcgctg ttgcttttgc 4500 

ttttcggctc catgcaatgg ccctcggaga gcgcaccgcc cgaagggtgg ccgttaggcc 4560 
agtttctcga agagaaaccg gtaagtgcgc cctcccctac aaagtagggt cgggattgcc 4620 

gccgctgtgc ctccatgata gcctacgaga cagcacatta acaatggggt gtcaagatgg 4680 
ttaaggggag caacaaggcg goggatcggc tggccaagct cgaagaacaa cgagcgcgaa 4740 

tcaatgccga aattcagcgg gagcgggcaa gggaacagca gcaagagcgc aagaacgaaa 4800 
caaggcgcaa ggtgctggtg ggggccatga ttttggccaa ggtgaacagc agcgagtggc 4860 

cggaggatcg gctcatggcg gcaatggatg cgtaccttga acgcgaccac gaccgcgcct 4920 

tgttcggtct gccgccacgc cagaaggatg agccgggctg aatgatcgac cgagacaggc 4980 

cctgcggggc tgcacacgcg cccccaccct tcgggtaggg ggaaaggccg ctaaagcggc 5040 
taaaagcgct ccagcgtatt tctgcggggt ttggtgtggg gtttagcggg ctttgcccgc 5100 
ctttccccct gccgcgcagc ggtggggcgg tgtgtagcct agcgcagcga atagaccago 5160 
tatccggcct ctggccgggc atattgggca agggcagcag cgccccacaa gggcgctgat 5220 

aaccgcgcct agtggattat tcttagataa tcatggatgg atttttccaa caccccgcca 5280 ? 

gcccccgccc ctgctgggtt tgcaggtttg ggggcgtgac agttattgca ggggttcgtg 5340 
acagttattg caggggggcg tgacagttat tgcaggggtt cgtgacagtt agtacgggag 5400 
tgacgggcac tggctggcaa tgtctagcaa cggcaggcat ttcggctgag ggtaaaagaa 5460 

ctttccgcta agcgatagac tgtatgtaaa cacagtattg caaggacgcg gaacatgcct 5520 

catgtggcgg ccaggacggc cagccgggat cgggatactg gtcgttacca gagccaccga 5580 

cccgagcaaa cccttctcta tcagatcgtt gacgagtatt acccggcatt cgctgcgctt 5640 

atggcagagc agggaaagga attgccgggc tatgtgcaac gggaatttga agaatttctc 5700 
caatgcgggc ggctggagca tggctttcta cgggttcgct gcgagtcttg ccacgccgag 5760 

cacctggtcg ctttcagaaa tcaatctaaa gtatatatga gtaaacttgg tctgacaggc 5820 

ccctgaattc gcatctagat ggtagagcca caaacagccg gtacaagcaa cgatctccag 5880 

gaccatctga atcatgcgcg gatgacacga actcacgacg gcgatcacag acattaaccc 5940 

acagtacaga cactgcgaca acgtggcaat tcgtcgcaat accgtctcac tgaactggcc 6000 
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gataattgca gacgaacgtt atcaaaaaga gtattgactt aaagtctaac ctataggata 6060 

cttacagcca tcgagaggga cacggcgagg aattgtgagc ggataacaat tccatacaga 6120 
aacagaggag atattacata tgagtaaagg agaagagctt ttcacaggag ttgtcccaat 6180 
cctcgtggaa ttagacggtg atgttaatgg gcacaagttc tctgtcagtg gagagggtga 6240 

aggcgacgca acatatggca agctgaccct taaatttatt tgcaccacgg gtaaactacc 6300 
tgttccatgg ccaacactgg tcactacgtt cgggtatggg gttcagtgct ttgcgcgcta 6360 

cccagatcac atgaaacagc acgacttttt caagagtgca atgcccgaag gctatgtaca 6420 
ggagagaacc atctttttta aggatgacgg caactataag acacgcgccg aagtgaagtt 6480 

cgagggtgat acccttgtta atagaatega gttaaagggt attgacttta aggaagatgg 6540 
aaatatttta ggccacaaac tggaatataa ctataactcc cataatgtgt acattatggc 6600 

cgacaagcaa aagaacggta tcaaggttaa cttcaagatc agacacaaca ttgaggatgg 6660 

aagcgttcaa ctagccgacc attaccaaca aaacacocca attggcgatg ggcctgtgct 6720 
gttaccagac aaccattacc tgtccactca atctgccctt tcgaaagatc ccaacgaaaa 6780 

gcgcgaccac atggtccttc ttgagtttgt cacggctgct gggattacac acggcatgga 6840 

tgaactatac aaataaatcc gtaatcgtta atccgcaaat aacgtaaaaa cccgcttcgg 6900 

cgggtttttt tatgggggga gtttagggaa agagcatttg tcagctgcca atgagacgac 6960 
ggggtcatca cggctcatca tgcgccaaac aaatgtgtgc aatacacgct cggatgactg 7020 

catgatgacc gcactgactg gggacagcag atccacctaa gcctgtgaga gaagcagaca 7080 

cccgacagat caaggcagtt aactagtgca ctgcagtaca ccaggcatca aataaaacga 7140 

aaggctcagt cgaaagactg ggcctttcgt tttatctgtt gtttgtcggt gaacgctctc 7200 

tactagagtc acactggctc accttcgggt gggcctttct gcgtttatac cgagcggccg 7260 

cttatttgcc gactaccttg gtgatctcgc ctttcacgta gtggacaaat tcttccaact 7320 

gatctgcgcg cgaggccaag cgatcttctt cttgtccaag ataagcctgt ctagcttcaa 7380 

gtatgacggg ctg?tactgg gccggcaggc gctccattgc ccagtcggca gcgacatcct 7440 

toggcgcgat tttgccggtt actgegctgt accaaatgcg ggacaacgta agcactacat 7500 
ttcgctcatc gccagcccag tcgggcggcg agttccatag cgttaaggtt tcatttagcg 7560 

cctcaaatag atcctgttca ggaaccggat caaagagttc ctccgccgct ggacctacca 7620 
aggcaacgct atgttctctt gottttgtca gcaagatagc cagatcaatg togatcgtgg 7680 
ctggctcgaa gatacccgca agaatgtcat tgcgctgcca ttctccaaat tgcagttcgc 7740 
gottagctgg ataacgccac ggaatgatgt cgtcgtgcac aacaatggtg acttctacag 7800 
cgcggagaat ctcgctctct ccaggggaag ccgaagtttc caaaaggtcg ttgatcaaag 7860 

ctcgccgcgt tgtttcatca agccttacgg tcaccgtaac cagcaaatca atatcactgt 7920 

gtggcttcag gccgccatcc actgcggagc cgtacaaatg tacggccagc aacgtcggtt 7980 
cgagatggcg ctcgatgacg ccaactacct ctgat agttg agtcgatact tcggcgatca 8040 

ccgcttccct cataatgttt aactttgttt tagggcgact gccctgctgc gtaacatcgt 8100 

tgctgctcca taacatcaaa catcgaccca cggcgtaacg cgcttgctgc ttggatgccc 8160 
gaggcataga ctgtacccca aaaaaacagt cataacaagc catgaaaacc gccactgcgc 8220 

cgttaccacc gctgcgttcg gtcaaggttc tggaccagtt gcgtgagcgc at 8272 
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V 

< 210 > SEQ ID NO 3 
< 211 > LENGTH : 7999 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
20 > FEATURE : 

< 223 > OTHER INFORMATION : Chemically Synthesized , 

V 

< 2 
V 

< 400 > SEQUENCE : 3 

tccgcttcgt ggccgggctt gcgctctgcc agcgctgggc tggcctcggc catggccttg 60 
ccgatttcct cggcactgcg gccccggctg gccagcttct gcgcggcgat aaagtcgcac 120 

ttgctgaggt catgaccgaa gcgcttgacc agcccggcca tctcgctgcg gtactcgtcc 180 

240 agcgccgtgc gccggtggcg gotaagctgc cgctcgggca gttcgaggct ggccagcctg 
cgggccttct cctgctgccg ctgggcctgc tcgatctgct ggccagcctg ctgcaccagc 300 

gccgggccag cggtggcggt cttgcccttg gattcacgca gcagcaccca cggctgataa 360 

ccggcgcggg tggtgtgott gtccttgcgg ttggtgaagc ccgccaagcg gocatagtgg 420 
cggctgtcgg cgctggccgg gtcggcgtcg tactcgctgg ccagcgtccg ggcaatctgc 480 

ccccgaagtt caccgcctgc ggcgtcggcc accttgaccc atgcctgata gttcttcggg 540 
ctggtttcca ctaccagggc aggctcccgg ccctcggctt tcatgtcatc caggtcaaac 600 

tcgctgaggt cgtccaccag caccagacca tgccgctcct gctcggcggg cctgatatac 660 
acgtcattgc cctgggcatt catccgottg agccatggcg tgttctggag cacttcggcg 720 
gctgaccatt cccggttcat catctggccg gtgggtgcgt ccctgacgcc gatatcgaag 780 

cgctcacage ccatggcctt gagctgtcgg cctatggcct gcaaagtcct gtcgttcttc 840 

atcgggccac caagcgcagc cagatcgagc cgtcctcggt tgtcagtggc gtcaggtcga 900 

gcaagagcaa cgatgcgatc agcagcacca ccgtaggcat catggaagcc agcatcacgg 960 

ttagccatag cttccagtgc cacccccgcg acgcgctccg ggcgctctgc gcggcgctgc 1020 

tcacctcggc ggctacctcc cgcaactctt tggccagctc cacccatgcc gcccctgtct 1080 

ggcgctgggc tttcagecac tccgccgcct gcgcctcgct ggcctgcttg gtctggctca 1140 
tgacctgccg ggcttcgtcg gccagtgtcg ccatgctctg ggccagcggt tcgatctgct 1200 
ccgctaactc gttgatgcct ctggatttct tcactctgtc gattgcgttc atggtctatt 1260 

gcctcccggt attcctgtaa gtcgatgatc tgggcgttgg cggtgtcgat gttcagggcc 1320 
acgtctgccc ggtcggtgcg gatgccccgg ccttccatct ccaccacgtt cggccccagg 1380 

tgaacaccgg gcaggcgctc gatgccctgc gcctcaagtg ttctgtggtc aatgcgggcg 1440 

tcgtggccag cccgctctaa tgcccggttg gcatggtcgg cccatgcctc gcgggtctgc 1500 

tcaagccatg ccttgggctt gagcgcttcg gtcttctgtg ccccgccctt ctccggggtc 1560 

ttgccgttgt accgottgaa ccactgagcg gcgggccgct cgatgccgtc attgatccgc 1620 
tcggagatca tcaggtggca gtgcgggttc tcgccgccac cggcatggat ggccagcgta 1680 
tacggcaggc gctcggcacc ggtcaggtgc tgggcgaact cggacgccag cgccttctgc 1740 

tggtcgaggg tcagctcgac cggcagggca aattcgacct ccttgaacag ccgcccattg 1800 

gcgcgttcat acaggtcggc agcatcccag tagtcggcgg gccgctcgac gaactccggc 1860 
atgtgcccgg attcggcgtg caagacttca tocatgtcgc gggcatactt gccttcgcgc 1920 

tggatgtagt cggccttggc cctggccgat tggccgcccg acctgctgcc ggttttcgcc 1980 
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gtaaggtgat aaatcgccat gctgcctcgc tgttgctttt gottttcggc tccatgcaat 2040 

ggccctcgga gagcgcaccg cccgaagggt ggccgttagg ccagtttctc gaagagaaac 2100 
cggtaagtgc gccctcccct acaaagtagg gtcgggattg ccgccgctgt gcctccatga 2160 
tagcctacga gacagcacat taacaatggg gtgtcaagat ggttaagggg agcaacaagg 2220 
cggcggatcg gctggccaag ctcgaagaac aacgagcgcg aatcaatgcc gaaattcago 2280 
gggagcgggc aagggaacag cagcaagagc gcaagaacga aacaaggcgc aaggtgctgg 2340 

tgggggccat gattttggcc aaggt gaaca gcagcgagtg gccggaggat cggctcatgg 2400 
cggcaatgga tgcgtacctt gaacgcgacc acgaccgcgc cttgttcggt ctgccgccac 2460 

gccagaagga tgagccgggc tgaatgatcg accgagacag gccctgcggg gctgcacacg 2520 
cgcccccacc cttcgggtag ggggaaaggc cgctaaagcg gotaaaagcg ctccagcgta 2580 

2640 tttctgcggg gtttggtgtg gggtttagcg ggctttgccc gcctttcccc ctgccgcgca 

gcggtggggc ggtgtgtago ctagcgcagc gaatagacca gctatccggc ctctggccgg 2700 
gcatattggg caagggcagc agcgccccac aagggcgctg ataaccgcgc ctagtggatt 2760 
attcttagat aatcatggat ggatttttcc aacaccccgc cagcccccgc ccctgctggg 2820 

tttgcaggtt tgggggcgtg acagttattg caggggttcg tgacagttat tgcagggggg 2880 
cgtgacagtt attgcagggg ttcgtgacag ttagtacggg agtgacgggc actggctggc 2940 

aatgtctagc aacggcaggc atttcggctg agggtaaaag aactttccgc taagcgatag 3000 

actgtatgta aacacagtat tgcaaggacg cggaacatgc ctcatgtggc ggccaggacg 3060 
gccagccggg atcgggatac tggtcgttac cagagccacc gacccgagca aacccttctc 3120 

tatcagatcg ttgacgagta ttacccggca ttcgctgcgc ttatggcaga gcagggaaag 3180 
gaattgccgg gotatgtgca acgggaattt gaagaatttc tccaatgcgg goggctggag 3240 
catggctttc tacgggttcg ctgcgagtct tgccacgccg agcacctggt cgctttcaga 3300 
aatcaatcta aagtatatat gagtaaactt ggtctgacag gcccctgaat tcgcatctag 3360 

atggtagagc cacaaacagc cggtacaagc aacgatctcc aggaccatct gaatcatgcg 3420 
cggatgacac gaactcacga cggcgatcac agacattaac ccacagtaca gacactgega 3480 
caacgtggca attcgtcgca ataccgtctc actgaactgg ccgataattg cagacgaacg 3540 

ggtgaaacaa aacggttgac aacatgaagt aaacacggta cgatgtacca catgaaacga 3600 
cagtgagtca atacagaaac agaggagata ttacatatgg atagcactga gaacgtcatc 3660 
aagcccttca tgcgcttcaa ggtgcacatg gagggctccg tgaacggcca cgagttegag 3720 
atcgagggcg tgggcgaggg caagccctac gagggcacce agaccgccaa gctgcaagtg 3780 
accaagggcg gccccctgcc cttcgcctgg gacatcctgt ccccccagtt cttctacggc 3840 

tccaaggcgt acatcaagca ccccgccgac atccccgact acctcaagca gtccttcccc 3900 

gagggcttca agtgggagcg cgtgatgaac ttcgaggacg goggcgtggt gaccgtgacc 3960 
caggactcct ccctgcagga cggcaccctc atctaccacg tgaagttcat cggcgtgaac 4020 

ttcccctccg acggccccgt aatgcagaag aagactctgg gctgggagcc ctccactgag 4080 
cgcaactacc cccgcgacgg cgtgctgaag ggcgagaacc acatggcgct gaagctgaag 4140 
ggcggcggcc actacctgtg tgagttcaag tccatctaca tggccaagaa gcccgtgaag 4200 

ctgcccggct accactacgt ggactacaag ctcgacatca cctcccacaa cgaggactac 4260 
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accgtggtgg agcagtacga gcgcgccgag gcccgccacc acctgttcca gactcacggt 4320 

atggacgaat tgtacaagca cgacgaattg taaatccgta atcgttaatc cgcaaataac 4380 
gtaaaaaccc gottcggcgg gtttttttat ggggggagtt tagggaaaga gcatttgtca 4440 
gctggatcag cagatgggaa ccggatactc ctcagcctcc agagtagcca atgagacgcc 4500 

gagoggccgc ttatttgccg actaccttgg tgatctcgcc tttcacgtag tggacaaatt 4560 

cttccaacts atctgcgcgc gaggccaagc gatcttcttc ttgtccaaga taagcctgtc 4620 

tagcttcaag tatgacgggc tgatactggg ccggcaggcg ctccattgcc cagtcggcag 4680 
cgacatcctt cggcgcgatt ttgccggtta ctgcgctgta ccaaatgcgg gacaacgtaa 4740 

4800 gcactacatt tcgctcatcg ccagcccagt cgggcggcga gttccatagc gttaaggttt 
catttagcgc ctcaaataga tcctgttcag gaaccggatc aaagagttcc tccgccgctg 4860 

gacctaccaa ggcaacgcta tgttctcttg cttttgtcag caagatagcc agatcaatgt 4920 

cgatcgtggc tggctcgaag atacccgcaa gaatgtcatt gcgctgccat tctccaaatt 4980 

gcagttcgcg cttagctgga taacgccacg gaatgatgtc gtcgtgcaca acaatggtga 5040 
cttctacagc gcggagaatc tcgctctctc caggggaagc cgaagtttcc aaaaggtcgt 5100 

tgatcaaagc tcgccgcgtt gtttcatcaa gccttacggt caccgtaacc agcaaatcaa 5160 

tatcactgtg tggcttcagg ccgccatcca ctgcggagcc gtacaaatgt acggccagca 5220 

acgtcggttc gagatggcgc tugatgacgc caactacctc tgatagttga gtcgatactt 5280 
cggcgatcac cgcttccctc ataatgttta actttgtttt agggcgactg ccctgctgcg 5340 

taacatcgtt gctgctccat aacatcaaac atcgacccac ggcgtaacgc gottgctgct 5400 
tggatgcccg aggcatagac tgtaccccaa aaaaacagtc ataacaagcc atgaaaaccg 5460 

ccactgcgcc gttaccaccg ctgcgttcgg tcaaggttct ggaccagttg cgtgagcgca 5520 
tacgctactt gcattacagc ttacgaaccg aacaggotta tgtccactgg gttcgtgcct 5580 
tcatccgttt ccacggtgtg cgtcacccgg caaccttggg tagcagcgaa gtcgaggcat 5640 
ttctgtcctg gctggtcatg accaaaatcc cttaacgtga gtcagcctgc cgccttgggc 5700 

cgggtgatgt cgtacttgcc cgccgcgaac tcggttaccg tccagcccag cgcgaccagc 5760 

tccggcaacg cctcgcgcac ccgcttgcgg cgcttgcgca tggtcgaacc actggcctct 5820 

gacggccaga catagccgca caaggtatct atggaagcct tgccggtttt gccggggtcg 5880 
atccagccac acagccgctg gtgcagcagg cgggcggttt cgctgtccag cgcccgcacc 5940 
tcgtccatgc tgatgcgcac atgctggccg ccacccatga cggcctgcgc gatcaagggg 6000 
ttcagggcca cgtacaggcg cccgtccgcc tcgtcgctgg cgtactccga cagcagccga 6060 
aacccctgcc gottgcggcc attctgggcg atgatggata ccttccaaag gcgctcgatg 6120 

cagtcctgta tgtgcttgag cgccccacca ctatcgacct ctgccccgat ttcctttgcc 6180 

agcgcccgat agctaccttt gaccacatgg cattcagcgg tgacggcctc ccacttgggt 6240 
tccaggaaca gccggagctg ccgtccgcct tcggtcttgg gttccgggcc aagcactagg 6300 
ccattaggcc cagccatggc caccagccct tgcaggatge gcagatcatc agcgcccage 6360 
ggctccgggc cgctgaactc gatccgcttg ccgtcgccgt agtcatacgt cacgtccagc 6420 

ttgctgcgct tgcgctcgcc ccgcttgagg gcacggaaca ggccgggggc cagacagtgc 6480 

gccgggtcgt gccggacgtg gotgaggctg tgcttgttct taggcttcac cacggggcac 6540 
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ccccttgctc ttgcgctgcc tctccagcac ggcgggcttg agcaccccgc cgtcatgccg 6600 

cctgaaccac cgatcagoga acggtgcgcc atagttggcc ttgctcacac cgaagcggac 6660 
gaagaaccgg cgctggtcgt cgtccacacc ccattcctcg gcctcggcgc tggtcatgct 6720 

cgacaggtag gactgccagc ggatgttatc gaccagtacc gagctgcccc ggctggcctg 6780 
ctgctggtcg cctgcgccca tcatggccgc gcccttgctg gcatggtgca ggaacacgat 6840 

agagcacccg gtatcggcgg cgatggcctc catgcgaccg atgacctggg ccatggggcc 6900 
gctggcgttt tcttcctcga tgtggaaccg gcgcagcgtg tccagcacca tcaggcggcg 6960 
gccctcggcg gcgcgcttga ggccgtcgaa ccactccggg gccatgatgt tgggcaggot 7020 

gccgatcagc ggctggatca gcaggccgtc agccacggct tgccgttcct cggcgctgag 7080 
gtgcgcccca agggcgtgca ggcggtgatg aatggcggtg ggcgggtctt cggcgggcag 7140 

gtagatcacc gggccggtgg gcagttcgcc cacctccagc agatccggcc cgcctgcaat 7200 

ctgtgcggcc agttgcaggg ccagcatgga tttaccggca ccaccgggcg acaccagcgc 7260 
cccgaccgta ccggccacca tgttgggcaa aacgtagtcc agcggtggcg gcgctgctgc 7320 

gaacgcctcc agaatattga taggcttatg ggtagccatt gattgcctcc tttgcaggca 7380 
gttggtggtt aggcgctggc ggggtcacta cccccgccct gcgccgctct gagttcttcc 7440 
aggcactcgc gcagcgcctc gtattcgtcg tcggtcagcc agaacttgcg ctgacgcatc 7500 

cctttggcct tcatgcgctc ggcatatcgc gottggcgta cagcgtcagg gctggccagc 7560 
aggtcgccgg tctgcttgtc cttttggtct ttcatatcag tcaccgagaa acttgccggg 7620 

gccgaaaggc ttgtcttcgc ggaacaagga caaggtgcag ccgtcaaggt taaggctggc 7680 
catatcagcg actgaaaagc ggccagcctc ggccttgttt gacgtataac caaagccacc 7740 

gggcaaccaa tagcccttgt cacttttgat caggtagacc gaccctgaag cgcttttttc 7800 
gtattccata aaaccccctt ctgtgcgtga gtactcatag tataacaggc gtgagtacca 7860 

acgcaagcac tacatgctga aatctggccc gcccctgtcc atgcctcgct ggcggggtgc 7920 
7980 cggtgcccgt gccagctcgg cccgcgcaag ctggacgctg ggcagaccca tgaccttgct 

gacggtgcgc tcgatgtaa 7999 

< 210 > SEQ ID NO 4 
< 211 > LENGTH : 8101 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Chemically : Synthesized , 

< 400 > SEQUENCE : 4 

ctcgatgtaa tccgcttcgt ggccgggctt gcgctctgcc agcgctgggc tggcctcggc 60 

catggccttg ccgatttcct cggcactgcg gccccggctg gccagcttct gcgcggcgat 120 

aaagtcgcac ttgctgaggt catgaccgaa gcgcttgacc agcccggcca tctcgctgcg 180 

gtactcgtcc agcgccgtgc gccggtggcg gotaagctgc cgctcgggca gttcgaggct 240 

ggccagcctg cgggccttct cctgctgccg ctgggcctgc tcgatctgct ggccagcctg 300 
ctgcaccagc gccgggccag cggtggcggt cttgcccttg gattcacgca gcagcaccca 360 
cggctgataa ccggcgcggg tggtgtgctt gtccttgcgg ttggtgaagc ccgccaagcg 420 

gccatagtgg cggctgtcgg cgctggccgg gtcggcgtcg tactcgctgg ccagcgtccg 480 
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ggcaatctgc ccccgaagtt caccgcctgc ggcgtcggcc accttgaccc atgcctgata 540 

gttcttcggg ctggtttcca ctaccagggc aggctcccgg ccctcggott tcatgtcatc 600 
caggtcaaac tcgctgaggt cgtccaccag caccagacca tgccgctcct gctcggcggg 660 
cctgatatac acgtcattgc cctgggcatt catccgottg agccatggcg tgttctggag 720 

cacttcggcg gotgaccatt cccggttcat catctggccg gtgggtgcgt ccctgacgcc 780 
gatatcgaag cgctcacagc ccatggcctt gagctgtcgg cctatggcct gcaaagtcct 840 

gtcgttcttc atcgggccac caagcgcagc cagatcgagc cgtcctcggt tgtcagtggc 900 

gtcaggtcga gcaagagcaa cgatgcgatc agcagcacca ccgtaggcat catggaagcc 960 

1020 agcatcacgg ttagccatag cttccagtgc cacccccgcg acgcgctccg ggcgctctgc 
goggcgctgc tcacctcggc ggctacctcc cgcaactctt tggccagctc cacccatgcc 1080 

gcccctgtct ggcgctgggc tttcagecac tccgccgcct gcgcctcgct ggcctgcttg 1140 
gtctggctca tgacctgccg ggcttcgtcg gccagtgtcg ccatgctctg ggccagcggt 1200 
togatctgct ccgctaactc gttgatgcct ctggatttct tcactctgtc gattgcgttc 1260 
atggtctatt gcctcccggt attcctgtaa gtcgatgatc tgggcgttgg cggtgtcgat 1320 
gttcagggcc acgtctgccc ggtcggtgcg gatgccccgg ccttccatct ccaccacgtt 1380 
cggccccagg tgaacaccgg gcaggcgctc gatgccctgc gcctcaagtg ttctgtggtc 1440 

aatgcgggcg tcgtggccag cccgctctaa tgcccggttg gcatggtcgg cccatgcctc 1500 

gcgggtctgc tcaagccatg ccttgggctt gagcgcttcg gtcttctgtg ccccgccctt 1560 

ctccggggtc ttgccgttgt accgottgaa ccactgagcg gcgggccgct cgatgccgtc 1620 

attgatccgc tcggagatca tcaggtggca gtgcgggttc tcgccgccac cggcatggat 1680 
ggccagcgta tacggcaggc gctcggcacc ggt caggtgc tgggcgaact cggacgccag 1740 
cgccttctgc tggtcgaggg tcagctcgac cggcagggca aattcgacct ccttgaacag 1800 
ccgcccattg gcgcgttcat acaggtcggc agcatcccag tagtcggcgg gccgctcgac 1860 

gaactccggc atgtgcccgg attcggcgtg caagacttca tocatgtcgc gggcatactt 1920 
gccttcgcgc tggatgtagt cggccttggc cctggccgat tggccgcccg acctgctgcc 1980 
ggttttcgcc gtaaggtgat aaatcgccat gctgcctcgc tgttgctttt gottttcggc 2040 

tccatgcaat ggccctcgga gagcgcaccg cccgaagggt ggccgttagg ccagtttctc 2100 

gaagagaaac cggtaagtgc gccctcccct acaaagtagg gtcgggattg ccgccgctgt 2160 
gcctccatga tagcctacga gacagcacat taacaatggg gtgtcaagat ggttaagggg 2220 
agcaacaagg cggcggatcg gctggccaag ctcgaagaac aacgagcgcg aatcaatgcc 2280 
gaaattcagc gggagcgggc aagggaacag cagcaagagc gcaagaacga aacaaggcgc 2340 

aaggtgctgg tgggggccat gattttggcc aaggtgaaca gcagcgagtg gccggaggat 2400 

cggctcatgg cggcaatgga tgcgtacctt gaacgcgacc acgaccgcgc cttgttcggt 2460 
ctgccgccac gccagaagga tgagccgggc tgaatgatcg accgagacag gccctgcggg 2520 
gctgcacacg cgcccccacc cttcgggtag ggggaaaggc cgctaaagcg gctaaaagcg 2580 

ctccagcgta tttctgcggg gtttggtgtg gggtttagcg ggctttgccc gcctttcccc 2640 

ctgccgcgca gcggtggggc ggtgtgtagc ctagcgcagc gaatagacca gotatccggc 2700 
ctctggccgg gcatattggg caagggcagc agcgccccac aagggcgctg ataaccgcgc 2760 
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ctagtggatt attcttagat aatcatggat ggatttttcc aacaccccgc cagcccccgc 2820 

ccctgctggg tttgcaggtt tgggggcgtgacagttattg caggggttcg tgacagttat 2880 

tgcagggggg cgtgacagtt attgcagggg ttcgtgacag ttagtacggg agtgacgggc 2940 
3000 actggctggc aatgtctagc aacggcaggc atttcggctg agggtaaaag aactttccgc 

taagcgatag actgtatgta aacacagtat tgcaaggacg cggaacatgc ctcatgtggc 3060 

ggccaggacg gccagccggg atcgggatac tggtcgttac cagagccacc gacccgagca 3120 

aacccttctc tatcagatcg ttgacgagta ttacccggca ttcgctgcgc ttatggcaga 3180 
gcagggaaag gaattgccgg gctatgtgca acgggaattt gaagaatttc tccaatgcgg 3240 
gcggctggag catggctttc tacgggttcg ctgcgagtct tgccacgccg agcacctggt 3300 
cgctttcaga aatcaatcta aagtatatat gagtaaactt ggtctgacag gcccctgaat 3360 

tcgcatctag actgatgaga cgtggtagag ccacaaacag ccggtacaag caacgatctc3420 

caggaccatc tgaatcatgc goggatgaca cgaactcacg acggcgatca cagacattaa 3480 
cccacagtac agacactgcg acaacgtggc aattcgtcgc aatacaacgg acagtcattc 3540 
atctttctgc ccctccaaaa gcaaaaaccc gccgaagcgg gtttttacgt aaatcaggtg 3600 
aaactgaccg actttggcag tttattcttg acatgtagtg agggggctgg tataatcaca 3660 

tagtactgtt tatgagtaaa ggagaagagc ttttcacagg agttgtccca atcctcgtgg 3720 
aattagacgg tgatgttaat gggcacaagt tctctgtcag tggagagggt gaaggcgacg 3780 
caacatatgg caagctgacc cttaaattta tttgcaccac gggtaaacta cctgttocat 3840 

ggccaacact ggtcactacg ttcgggtatg gggttcagtg ctttgcgcgc tacccagatc 3900 

acatgaaaca gcacgacttt ttcaagagtg caatgcccga aggctatgta caggagagaa 3960 

ccatcttttt taaggatgac ggcaactata agacacgcgc cgaagtgaag ttcgagggtg 4020 
atacccttgt taatagaatc gagttaaagg gtattgactt taaggaagat ggaaatattt 4080 

4140 taggccacaa actggaatat aactataact cccataatgt gtacattatg gccgacaagc 

aaaagaacgg tatcaaggtt aacttcaaga tcagacacaa cattgaggat ggaagcgttc 4200 

aactagccga ccattaccaa caaaacaccc caattggcga tgggcctgtg ctgttaccag 4260 
acaaccatta cctgtccact caatctgccc tttcgaaaga tcccaacgaa aagcgcgacc 4320 

acatggtcct tcttgagttt gtcacggctg ctgggattac acacggcatg gatgaactat 4380 

acaaataaat ccaacagtac tatgtgatta taccagcccc ctcactacat gtcaagaata 4440 
aactgccaaa ggtaatcgtt aatccgcaaa taacgtaaaa acccgcttcg gcgggttttt 4500 

ttatgggggg agtttaggga aagagcattt gtcagctgcg tctcaagcag ttacagagat 4560 
gttacgaacc cccaggacat ccgagaatgc gaggcgatgg agggtacaac ccgagcggcc 4620 

gottatttgc cgactacctt ggtgatctcg cctttcacgt agtggacaaa ttcttccaac 4680 

tgatctgcgc gcgaggccaa gcgatcttct tcttgtccaa gataagcctg tctagcttca 4740 

agtatgacgg gotgatactg ggccggcagg cgctccattg cccagtcggc agcgacatcc 4800 

ttcggcgcga ttttgccggt tactgcgctg taccaaatgc gggacaacgt aagcactaca 4860 

tttcgctcat cgccagccca gtcgggcggc gagttccata gcgttaaggt ttcatttagc 4920 
gcctcaaata gatcctgttc aggaaccgga tcaaagagtt cctccgccgc tggacctacc 4980 

aaggcaacgc tatgttctct tgcttttgtc agcaagatag ccagatcaat gtcgatcgtg 5040 
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gctggctcga agatacccgc aagaatgtca ttgcgctgcc attctccaaa ttgcagttcg 5100 

cgcttagctg gataacgcca cggaatgatg tcgtcgtgca caacaatggt gacttctaca 5160 
gcgcggagaa tctcgctctc tccaggggaa gccgaagttt ccaaaaggtc gttgatcaaa 5220 
gctcgccgcg ttgtttcatc aagccttacg gtcaccgtaa ccagcaaatc aatatcactg 5280 

tgtggcttca ggccgccatc cactgcggag ccgtacaaat gtacggccag caacgtcggt 5340 

tcgagatggc gctcgatgac gccaactacc tctgatagtt gagtcgatac ttcggcgatc 5400 

accgcttccc tcataatgtt taactttgtt ttagggcgac tgccctgctg cgtaacatcg 5460 
ttgctgctcc ataacatcaa acatcgaccc acggcgtaac gcgcttgctg cttggatgcc 5520 

cgaggcatag actgtacccc aaaaaaacag t?ataacaag coatgaaaac cgccactgcg 5580 
ccgttaccac cgctgcgttc ggtcaaggtt ctggaccagt tgcgtgagcg catacgctac 5640 

ttgcattaca gottacgaac cgaacaggct tatgtccact gggttcgtgc cttcatccgt 5700 

ttccacggtg tgcgtcaccc ggcaaccttg ggt agcagcg aagtcgaggc atttctgtcc 
tggctggtca tgaccaaaat cccttaacgt gagtcagcct gccgccttgg gccgggtgat 

5760 
5820 

gtcgtacttg cccgccgcga actcggttac cgtccagccc agcgcgacca gctccggcaa 5880 

cgcctcgcgc acccgcttgc ggcgcttgcg catggtcgaa ccactggcct ctgacggcca 5940 

gacatagccg cacaaggtat ctatggaagc cttgccggtt ttgccggggt cgatccagcc 6000 
acacagccgc tggtgcagca ggcgggcggt ttcgctgtcc agcgcccgca cctcgtccat 6060 

gctgatgcgc acatgctggc cgccacccat gacggcctgc gcgatcaagg ggttcagggc 6120 

cacgtacagg cgcccgtccg cctcgtcgct ggcgtactcc gacagcagcc gaaacccctg 6180 

ccgottgcgg ccattctggg cgatgatgga taccttccaa aggcgctcga tgcagtcctg 6240 
tatgtgcttg agcgccccac cactatcgac ctctgccccg atttcctttg ccagcgcccg 6300 
atagctacct ttgaccacat ggcattcagc ggtgacggcc tcccacttgg gttccaggaa 6360 

cagccggagc tgccgtccgc cttcggtctt gggttccggg ccaagcacta ggccattagg 6420 
6480 cccagccatg gccaccagcc cttgcaggat gcgcagatca tcagcgccca gcggctccgg 

gccgctgaac tcgatccgct tgccgtcgcc gtagtcatac gtcacgtcca gottgctgcg 6540 
cttgcgctcg ccccgcttga gggcacggaa caggccgggg gccagacagt gcgccgggtc 6600 
gtgccggacg tggctgaggc tgtgcttgtt cttaggcttc accacggggc acccccttgo 6660 
tuttgcgctg cctctccagc acggcgggct tgagcacccc gccgtcatgc cgcctgaacc 6720 
accgatcagc gaacggtgcg ccatagttgg ccttgctcac accgaagcgg acgaagaacc 6780 

ggcgctggtc gtcgtccaca ccccattcct cggcctcggc gctggtcatg ctcgacaggt 6840 

aggactgcca gcggatgtta tcgaccagta ccgagctgcc ccggctggcc tgctgctggt 6900 

cgcctgcgcc catcatggcc gcgcccttgt tggcatggtg caggaacacg atagagcacc 6960 

cggtatcggc ggcgatggcc tccatgcgac cgatgacctg ggccatgggg ccgctggcgt 7020 

tttcttcctc gatgtggaac cggcgcagcg tgtccagcac catcaggcgg cggccctcgg 7080 

cggcgcgctt gaggccgtcg aaccactccg gggccatgat gttgggcagg ctgccgatca 7140 

gcggctggat cagcaggccg tcagccacgg cttgccgttc ctcggcgctg aggtgcgccc 7200 

caagggcgtg caggcggtga tgaatggcgg tgggcgggtc ttcggcgggc aggtagatca 7260 
ccgggccggt gggcagttcg cccacctcca gcagatccgg cccgcctgca atctgtgcgg 7320 
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ccagttgcag ggccagcatg gatttaccgg caccaccggg cgacaccagc gccccgaccg 7380 

taccggccac catgttgggc aaaacgtagt ccagcggtgg cggcgctgct gegaacgcct 7440 
ccagaatatt gataggetta tgggtagcca ttgattgcct cctttgcagg cagttggtgg 7500 
ttaggcgctg gcggggtcac tacccccgcc ctgcgccgct ctgagttctt ccaggcactc 7560 

gcgcagcgcc tcgtattcgt cgtcggtcag ccagaacttg cgctgacgca tccctttggc 7620 
cttcatgcgc tcggcatatc gcgcttggcg tacagcgtca gggctggcca gcaggtcgcc 7680 

ggtctgcttg tccttttggt ctttcatatc agtcaccgag aaacttgccg gggccgaaag 7740 
gottgtcttc goggaacaag gacaaggtgc agccgtcaag gttaaggctg gccatatcag 7800 

cgactgaaaa goggccagcc tcggccttgt ttgacgtata accaaagcca ccgggcaacc 7860 
aatagccctt gtcacttttg atcaggtaga ccgaccctga agcgcttttt tcgtattcca 7920 

taaaaccccc ttctgtgcgt gagtactcat agtataacag gcgtgagtac caacgcaagc 7980 
actacatgct gaaatctggc ccgcccctgt ccatgcctcg ctggcggggt gccggtgccc 8040 
gtgccagctc ggcccgcgca agctggacgc tgggcagacc catgaccttg ctgacggtgc 8100 

8101 

< 210 > SEQ ID NO 5 
< 211 > LENGTH : 8737 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized , 

< 400 > SEQUENCE : 5 

taatccgctt cgtggccggg cttgcgctct gccagcgctg ggctggcctc ggccatggcc 60 

ttgccgattt cctcggcact geggccccgg ctggccagct tctgcgcggc gataaagtcg 120 

cacttgctga ggtcatgacc gaagcgcttg accagcccgg ccatctcgct gcggtactcg 180 

tccagcgccg tgcgccggtg goggctaagc tgccgctcgg gcagttcgag gctggccagc 240 

ctgcgggcct tctcctgctg ccgctgggcc tgctcgatct gctggccagc ctgctgcacc 300 
agcgccgggc cagcggtggc ggtcttgccc ttggattcac gcagcagcac ccacggctga 360 

taaccggcgc gggtggtgtg cttgtccttg cggttggtga agcccgccaa gcggccatag 420 

tggcggctgt cggcgctggc cgggtcggcg togtactcgc tggccagcgt ccgggcaatc 480 

tgcccccgaa gttcaccgcc tgcggcgtcg gccaccttga cccatgcctg atagttcttc 540 

gggctggttt coactaccag ggcaggctcc cggccctcgg ctttcatgtc atccaggtca 600 

aactcgctga ggtcgtccac cagcaccaga ccatgccgct cctgctcggc gggcctgata 660 
tacacgtcat tgccctgggc attcatccgc ttgagccatg gogtgttctg gagcacttcg 720 
gcggctgacc attcccggtt catcatctgg ccggtgggtg cgtccctgac gccgatatcg 780 

aagcgctcac agcccatggc cttgagctgt cggcctatgg cctgcaaagt cctgtcgttc 840 

ttcatcgggc caccaagcgc agccagatcg agccgtcctc ggttgtcagt ggcgtcaggt 900 

cgagcaagag caacgatgcg atcaggagca ccaccgtagg catcatggaa gccagcatca 960 

cggttagoca tagcttccag tgccaccccc gcgacgcgct ccgggcgctc tgcgcggcgc 1020 
tgctcacctc ggcggctacc tcccgcaact ctttggccag ctccacccat gccgcccctg 1080 

tctggcgctg ggctttcagc cactccgccg cctgcgcctc gctggcctgc ttggtctggc 1140 
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tcatgacctg ccgggcttcg tcggccagtgtcgccatgct ctgggccagc ggttcgatct 1200 

gctccgctaa ctcgttgatg cctctggatt tcttcactct gtcgattgcg ttcatggtct 1260 

attgcctccc ggtattcctg taagtcgatg atctgggcgt tggcggtgtc gatgttcagg 1320 

gccacgtctg cccggtcggt gcggatgccc cggccttcca tctccaccac gttcggcccc 1380 

aggtgaacac cgggcaggcg ctcgatgccc tgcgcctcaa gtgttctgtg gtcaatgcgg 1440 

gcgtcgtggc cagcccgctc taatgcccgg ttggcatggt cggcccatgc ctcgcgggtc 1500 

tgctcaagcc atgccttggg cttgagcgct tcggtcttct gtgccccgcc cttctccggg 1560 
gtcttgccgt tgtaccgctt gaaccactga gcggcgggcc gctcgatgcc gtcattgatc 1620 

cgctcggaga tcatcaggtg gcagtgcggg ttctcgccgc caccggcatg gatggccago 1680 

gtatacggca ggcgctcggc accggtcagg tgctgggcga actcggacgc cagcgccttc 1740 

tgctggtcga gggtcagctc gaccggcagg gcaaattcga cctccttgaa cagccgccca 1800 

ttggcgcgtt catacaggtc ggcagcatcc cagtagtcgg cgggccgctc gacgaactcc 1860 
ggcatgtgcc cggattcggc gtgcaagact tcatccatgt cgcgggcata cttgccttcg 1920 

cgctggatgt agtcggcctt ggccctggcc gattggccgc ccgacctgct gccggttttc 1980 
gccgtaaggt gataaatcgc catgctgcct cgctgttgct tttgcttttc ggctccatgc 2040 
aatggccctc ggagagcgca ccgcccgaag ggtggccgtt aggccagttt ctcgaagaga 2100 
aaccggtaag tgcgccctcc cctacaaagt agggtcggga ttgccgccgc tgtgcctcca 2160 
tgatagccta cgagacagca cattaacaat ggggtgtcaa gatggttaag gggagcaaca 2220 
aggcggcgga tcggctggcc aagctcgaag aacaacgagc gcgaatcaat gccgaaatto 2280 
agcgggagog ggcaagggaa cagcagcaag agcgcaagaa cgaaacaagg cgcaaggtgc 2340 
tggtgggggc catgattttg gocaaggtga acagcagcga gtggccggag gatcggctca 2400 
tggcggcaat ggatgcgtac cttgaacgcg accacgaccg cgccttgttc ggtctgccgc 2460 

cacgccagaa ggatgagccg ggctgaatga tcgaccgaga caggccctgc ggggctgcac 2520 

acgcgccccc acccttcggg tagggggaaa ggccgctaaa goggctaaaa gcgctccagc 2580 
gtatttctgc ggggtttggt gtggggttta gcgggctttg cccgcctttc cccctgccgc 2640 
gcagcggtggggcggtgtgt agcctagcgc agcgaataga ccagctatcc ggcctctggc 2700 

cgggcatatt gggcaagggc agcagcgccc cacaagggcg ctgataaccg cgcctagtgg 2760 
attattctta gataatcatg gatggatttt tccaacaccc cgccagcccc cgcccctgct 2820 
gggtttgcag gtttgggggc gtgacagtta ttgcaggggt tcgtgacagt tattgcaggg 2880 

gggcgtgaca gttattgcag gggttcgtga cagttagtac gggagtgacg ggcactggct 2940 

ggcaatgtct agcaacggca ggcatttcgg ctgagggtaa aagaactttc cgctaagcga 3000 
tagactgtat gtaaacacag tattgcaagg acgcggaaca tgcctcatgt ggcggccagg 3060 

acggccagcc gggatcggga tactggtcgt taccagagcc accgacccga gcaaaccctt 3120 

ctctatcaga togttgacga gtattacccg gcattcgctg cgcttatggc agagcaggga 3180 
aaggaattgc cgggctatgt gcaacgggaa tttgaagaat ttctccaatg cgggcggctg 3240 

gagcatggct ttctacgggt tcgctgcgag tcttgccacg ccgagcacct ggtcgctttc 3300 
agaaatcaat ?taaagtata tatgagtaaa cttggtctga caggcccctg aattcgcatc 3360 

tagactgatg agacgtggta gagccacaaa cagccggtac aagcaacgat ctccaggacc 3420 
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atctgaatca tgcgcggatg acacgaactc acgacggcga tcacagacat taacccacag 3480 

tacagacact gcgacaacgt ggcaattogt cgcaatacaa cggacagtca ttcatctttc 3540 
tgcccctcca aaagcaaaaa cccgccgaag cgggttttta cgtaaatcag gtgaaactga 3600 
cogactttgg cagtttattc ttgacatgta gtgagggggc tggtataatc acatagtact 3660 
gtttatgcgt gaatgtatct caatccacgt tggccaggct ggagtccaaa ttggtaatge 3720 

ctgttgggaa ttatattgtc tggaacatgg catccaacct gatggtcaga tgccatcaga 3780 

caaaaccatt ggaggaggag atgatagttt caatactttc ttcagtgaaa caggtgccgg 3840 
aaaacacgtt cccagagcgg ttttcatcga cttagagcct acagtagtcg acgaggttcg 3900 

cacaggcact tatcgtcaac tcttccatcc agaacaactg atcacgggca aagaggatgc 3960 
agcaaacaat tatgcccgtg gtcattacac aattggcaag gaaattgttg accttgtctt 4020 

ggatcgtatt cgtaaacttg cagatcaatg tactggactc caaggtttcc tcatcttcca 4080 
ttcctttgga ggtggcactg gctctggttt cacatctctg ttgatggaac gtctgtctgt 4140 

ggattatgga aagaagtcaa aattggaatt cgcaatttat ccagcaccac aagtttccac 4200 

tgctgtggtc gaaccttata attcaattct caccacccat actactttag aacattccga 4260 

ttgtgcattt atggtcgaca atgaggctat ttatgatatc tgtcgccgta acttggacat 4320 

cgaaagaccg acgtatacaa acttgaaccg actgattggt caaatcgttt cttctatcac 4380 

tgcctcactt cgtttcgatg gcgcccttaa tgttgatctg acggaattcc aaactaattt 4440 

agtaccctat ccaagaattc atttcccatt ggttacctat gcgccagtca tttccgctga 4500 

aaaagcgtat cacgaacaac tttctgtagc ggaaatcacg aatgcttgct tcgaaccggc 4560 
taatcagatg gtaaaatgcg atcctcgtca tggaaaatat atggcgtgtt gtatgctgta 4620 

cagaggagat gttgtaccta aggatgttaa tgcagccatt gcaactatca agactaagcg 4680 

caccattcaa tttgtcgatt ggtgcccaac tggattcaaa gttggcatta attatcaacc 4740 

acctactgtt gtaccaggtg gtgatcttgc taaagtacaa cgagctgttt gcatgttatc 4800 

caatactact gctatcgcag aagcttgggc cagacttgac cataaatttg atttaatgta 4860 

cgctaagaga gcatttgtac actggtacgt cggtgagggt atggaggaag gtgagttctc 4920 
cgaagcacgt gaagatcttg ctgctttgga gaaggattat gaagaggttg gtatggatto 4980 

cgcaga aggt gagggagagg gagctgaaga atactaa atc caacagtact atgtgattat 5040 

accagccccc tcactacatg tcaagaataa actgccaaag gtaatcgtta atccgcaaat 5100 
aacgtaaaaa cccgcttcgg cgggtttttt tatgggggga gtttagggaa agagcatttg 5160 
tcagctgcgt ctcaagcagt tacagagatg ttacgaaccc ccaggacatc cgagaatgcg 5220 

aggcgatgga gggtacaacc cgagcggccg cttatttgcc gactaccttg gtgatctcgc 5280 

ctttcacgta gtggacaaat tcttccaact gatctgcgcg cgaggccaag cgatcttctt 5340 

cttgtccaag ataagcctgt ctagcttcaa gtatgacggg ctg?tactgg gccggcaggc 5400 

gctccattgc ccagtcggca gcgacatcct tcggcgcgat tttgccggtt actgcgctgt 5460 

accaaatgcg ggacaacgta agcactacat ttcgctcatc gccagcccag tcgggcggcg 5520 

agttccatag cgttaaggtt tcatttagcg cctcaaatag atcctgttca ggaaccggat 5580 
caaagagttc ctccgccgct ggacctacca aggcaacgct atgttctctt gcttttgtca 5640 

gcaagatagc cagatcaatg togatcgtgg ctggctcgaa gatacccgca agaatgtcat 5700 
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tgcgctgcca ttctccaaat tgcagttcgc gcttagctgg ataacgccac ggaatgatgt 5760 

cgtcgtgcac aacaatggtg acttctacag cgcggagaat ctcgctctct ccaggggaag 5820 
ccgaagtttc caaaaggtcg ttgatcaaag ctcgccgcgt tgtttcatca agccttacgg 5880 
tcaccgtaac cagcaaatca atatcactgt gtggcttcag gccgccatcc actgcggagc 5940 

cgtacaaatg tacggccagc aacgtcggtt cgagatggcg ctcgatgacg ccaactacct 6000 

ctgatagttg agtcgatact tcggcgatca ccgcttccct cataatgttt aactttgttt 6060 

tagggcgact gccctgctgc gtaacatcgt tgctgctcca taacatcaaa catcgaccca 6120 

cggcgtaacg cgottgctgc ttggatgccc gaggcataga ctgtaccoca aaaaaacagt 6180 
cataacaagc catgaaaacc gccactgcgc cgttaccacc gctgcgttcg gtcaaggttc 6240 

tggaccagtt gcgtgagcgc atacgctact tgcattacag cttacgaacc gaacaggott 6300 

atgtccactg ggttcgtgcc ttcatccgtt tccacggtgt gcgtcacccg gcaaccttgg 6360 
gtagcagoga agtcgaggca tttctgtcct ggctggtcat gaccaaaatc cottaacgtg 6420 
agtcagcctg ccgccttggg ccgggtgatg togtacttgc ccgccgcgaa ctcggttacc 6480 

gtccagccca gcgcgaccag ctccggcaac gcctcgcgca cccgcttgcg gcgcttgcgc 6540 
atggtcgaac cactggcctc tgacggccag acatagccgc acaaggtatc tatggaagcc 6600 

ttgccggttt tgccggggtc gatccagcca cacagccgct ggtgcagcag gcgggcggtt 6660 
tcgctgtcca gcgcccgcac ctcgtccatg ctgatgcgca catgctggcc gccacccatg 6720 

acggcctgcg cgatcaaggg gttcagggcc acgtacaggc gcccgtccgc ctcgtcgctg 6780 

gcgtactccg acagcagccg aaacccctgc cgcttgcggc cattctgggc gatgatggat 6840 

accttccaaa ggcgctcgat gcagtcctgt atgtgcttga gcgccccacc actatcgacc 6900 

tctgccccga tttcctttgc cagcgcccga tagctacctt tgaccacatg gcattcagcg 6960 
gtgacggcct cccacttggg ttccaggaac agccggagct gccgtccgcc ttcggtcttg 
ggttccgggc caagcactag gccattaggc ccagccatgg ccaccagccc ttgcaggatg 

7020 
7080 

cgcagatcat cagcgcccag cggctccggg ccgctgaact cgatccgctt gccgtcgccg 7140 
tagtcatacg tcacgtccag cttgctgcgc ttgcgctcgc cccgcttgag ggcacggaac 7200 
aggccggggg ccagacagtg cgccgggtcg tgccggacgt ggctgaggct gtgcttgttc 7260 

ttaggcttca ccacggggca cccccttgct cttgcgctgc ctctccagca cggcgggctt 7320 

gagcaccccg ccgtcatgcc gcctgaacca ccgatcagcg aacggtgcgc catagttggc 7380 

cttgctcaca ccgaagcgga cgaagaaccg gcgctggtcg tcgtccacac cccattcctc . 7440 

ggcctcggcg ctggtcatgc tcgacaggta ggactgccag cggatgttat cgaccagtac 7500 
cgagctgccc cggctggcct gctgctggtc gcctgcgccc atcatggccg cgcccttgct 7560 
ggcatggtgc aggaacacga tagagcaccc ggtatcggcg gcgatggcct ccatgcgacc 7620 

gatgacctgg gocatggggc cgctggcgtt ttcttcctcg atgtggaacc ggcgcagcgt 7680 
gtccagcacc atcaggcggc ggccctcggc ggcgcgcttg aggccgtcga accactccgg 7740 

ggccatgatg ttgggcaggc tgccgatcag cggctggatc agcaggccgt cagccacggc 7800 

ttgccgttcc tcggcgctga ggtgcgcccc aagggcgtgc aggcggtgat gaatggcggt 7860 
gggcgggtct tcggcgggca ggtagatcac cgggccggtg ggcagttcgc ccacctccag 7920 

cagatccggc ccgcctgcaa tctgtgcggc cagttgcagg gccagcatgg atttaccggc 7980 
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accaccgggc gacaccagcg ccccgaccgt accggccacc atgttgggca aaacgtagtc 8040 

cagcggtggc ggcgctgctg cgaacgcctc cagaatattg ataggcttat gggtagccat 8100 

tgattgcctc ctttgcaggc agttggtggt taggcgctgg cggggtcact acccccgccc 8160 
tgcgccgctc tgagttcttc caggcactcg cgcagcgcct cgtattcgtc gtcggtcagc 8220 

cagaacttgc gctgacgcat ccctttggcc ttcatgcgct cggcatatcg cgcttggcgt 8280 

acagcgtcag ggctggccag caggtcgccg gtctgcttgt ccttttggtc tttcatatca 8340 

gtcaccgaga aacttgccgg ggccgaaagg cttgtcttcg cggaacaagg acaaggtgca 8400 

gccgtcaagg ttaaggctgg ccatatcagc gactgaaaag cggccagcct cggccttgtt 8460 

tgacgtataa ccaaagccac cgggcaacca atagcccttg tcacttttga tcaggtagac 8520 
cgaccctgaa gcgctttttt cgtattocat aaaaccccct tctgtgcgtg agtactcata 8580 
gtataacagg cgtgagtacc aacgcaagca ctacatgctg aaatctggcc cgcccctgtc 8640 

catgcctcgc tggcggggtg ccggtgcccg toccagctcg gcccgcgcaa gctggacgct 8700 
gggcagaccc atgaccttgc tgacggtgcg ctcgatg 8737 

< 210 > SEQ ID NO 6 
< 211 > LENGTH : 8920 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized , 

< 400 > SEQUENCE : 6 

taatccgctt cgtggccggg cttgcgctct gccagcgctg ggctggcctc ggccatggcc 60 

ttgccgattt cctcggcact gcggccccgg ctggccagct tctgcgcggc gataaagtcg 120 

cacttgctga ggtcatgacc gaagcgcttg accagcccgg ccatctcgct gcggtactcg 180 

tccagcgccg tgcgccggtg goggctaagc tgccgctcgg gcagttcgag gctggccago 240 

ctgcgggcct tctcctgctg ccgctgggcc tgctcgatct gctggccagc ctgctgcacc 300 
agcgccgggc cagcggtggc ggtcttgccc ttggattcac gcagcagcac ccacggctga 360 
taaccggcgc gggtggtgtg cttgtccttg cggttggtga agcccgccaa gcggccatag 420 

tggcggctgt cggcgctggc cgggtcggcg togtactcgc tggccagcgt Ccgggcaatc 480 

tgcccccgaa gttcaccgcc tgcggcgtcg gccaccttga cccatgcctg atagttcttc 540 

gggctggttt ccactaccag ggcaggctcc cggccctcgg ctttcatgtc atccaggtca 600 

aactcgctga ggtcgtccac cagcaccaga ccatgccgct cctgctcggc gggcctgata 660 

tacacgtcat tgccctgggc attcatccgc ttgagccatg gcgtgttctg gagcacttcg 720 

gcggctgacc attcccggtt catcatctgg ccggtgggtg cgtccctgac gccgatatcg 780 

aagcgctcac agcccatggc cttgagctgt cggcctatgg cctgcaaagt cctgtcgttc 840 

ttcatcgggc caccaagcgc agccagatcg agccgtcctc ggttgtcagt ggcgtcaggt 900 
cgagcaagag caacgatgcg atcaggagca ccaccgtagg catcatggaa gccagcatca 960 

cggttagcca tagcttccag tgccaccccc gcgacgcgct ccgggcgctc tgcgcggcgc 1020 

tgctcacctc ggcggctacc tcccgcaact ctttggccag ctccacccat gccgcccctg 1080 

tctggcgctg ggctttcagc cactccgccg cctgcgcctc gctggcctgc ttggtctggc 1140 

tcatgacctg ccgggcttcg tcggccagtg tcgccatgct ctgggccagc ggttcgatct 1200 
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gctccgctaa ctcgttgatg cctctggatt tcttcactct gtcgattgcg ttcatggtct 1260 

attgcctccc ggtattcctg taagtcgatg atctgggcgt tggcggtgtc gatgttcagg 1320 
gccacgtctg cccggtcggt gcggatgccc cggccttcca tctccaccac gtteggcccc 1380 
aggtgaacac cgggcaggcg ctcgatgccc tgcgcctcaa gtgttctgtg gtcaatgcgg 1440 

gcgtcgtggc cagcccgctc taatgcccgg ttggcatggt cggcccatgc ctcgcgggtc 1500 

tgctcaagcc atgccttggg cttgagcgct tcggtcttct gtgccccgcc cttctccggg 1560 

gtcttgccgt tgtaccgctt gaaccactga gcggcgggcc gctcgatgcc gtcattgatc 1620 
cgctcggaga tcatcaggtg gcagtgcggg ttctcgccgc caccggcatg gatggccago 1680 

gtatacggca ggcgctcggc accggtcagg tgctgggcga actcggacgc cagcgccttc 1740 

tgctggtcga gggtcagctc gaccggcagg gcaaattega cctccttgaa cagccgccca 1800 

ttggcgcgtt catacaggtc ggcagcatcc cagtagtcgg cgggccgctc gacgaactcc 1860 
ggcatgtgcc cggattcggc gtgcaagact tcatccatgt cgcgggcata cttgccttcg 1920 

1980 cgctggatgt agtcggcctt ggccctggcc gattggccgc ccgacctgct gccggttttc 

gccgtaaggt gataaatcgc catgctgcct cgctgttgct tttgcttttc ggctccatgc 2040 
aatggccctc ggagagcgca ccgcccgaag ggtggccgtt aggccagttt ctcgaagaga 2100 
aaccggtaag tgcgccctcc cctacaaagt agggtcggga ttgccgccgc tgtgcctcca 2160 

tgatagccta cgagacagca cattaacaat ggggtgtcaa gatggttaag gggagcaaca 2220 

aggcggcgga tcggctggcc aagctcgaag aacaacgagc gcgaatcaat gccgaaattc 2280 
agcgggagcg ggcaagggaa cagcagcaag agcgcaagaa cgaaacaagg cgcaaggtgc 2340 

tggtgggggc catgattttg gccaaggtga acagcagcga gtggccggag gatcggctca 2400 

tggcggcaat ggatgcgtac cttgaacgcg accacgaccg cgccttgttc ggtctgccgc 2460 
cacgccagaa ggatgagccg ggctgaatga tcgaccgaga caggccctgc ggggctgcac 2520 

acgcgccccc acccttcggg tagggggaaa ggccgctaaa gcggctaaaa gcgctccagc 2580 
gtatttctgc ggggtttggt gtggggttta gcgggctttg cccgcctttc cccctgccgc 2640 
gcagcggtgg ggcggtgtgt agcctagcgc agcgaataga ccagctatcc ggcctctggc 2700 

cgggcatatt gggcaagggc agcagcgccc cacaagggcg ctgataaccg cgcctagtgg 2760 
attattctta gataatcatg gatggatttt tccaacaccc cgccagcccc cgcccctgct 2820 
gggtttgcag gtttgggggc gtgacagtta ttgcaggggt tcgtgacagt tattgcaggg 2880 

gggcgtgaca gttattgcag gggttcgtga cagttagtac gggagtgacg ggcactggct 2940 
ggcaatgtct agcaacggca ggcatttcgg ctgagggtaa aagaactttc cgctaagcga 3000 

tagactgtat gtaaacacag tattgcaagg acgcggaaca tgcctcatgt ggcggccagg 3060 
acggccagcc gggatcggga tactggtcgt taccagagcc accgacccga gcaaaccctt 3120 

ctctatcaga tcgttgacga gtattacccg gcattcgctg cgcttatggc agagcaggga 3180 
aaggaattgc cgggctatgt gcaacgggaa tttgaagaat ttctccaatg cgggcggctg 3240 

gagcatggct ttctacgggt tcgctgcgag tcttgccacg ccgagcacct ggtcgctttc 3300 
agaaatcaat ?taaagtata tatgagtaaa cttggtctga caggcccctg aattcgcatc 3360 

tagatggtag agccacaaac agccggtaca agcaacgatc tccaggacca totgaatcat 3420 

gcgcggatga cacgaactca cgacggcgat cacagacatt aacccacagt acagacactg 3480 
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cgacaacgtg gcaattcgtc gcaataccgt ctcactgaac tggccgataa ttgcagacga 3540 

acggacagtc attcatcttt ctgcccctcc aaaagcaaaa acccgccgaa gcgggttttt 3600 
acgtaaatca ggtgaaactg accgactttg gcagtttatt cttgacatgt agtgaggggg 3660 
ctggtataat cacatagtac tgtttatgat ggctgtagca gcggcgcaga agaaccgcga 3720 
gatgttcgct atcaagaaat cttacagcat cgagaatgga tatccggcga ggcgacgatc 3780 

tctcgtggac gatgctcggt ttgaaacttt ggtcgtcaag caaacgaagc agagcgtttt 3840 

ggaagaagca cgtcaacggg cgaatgacgc tggactgacc gaggaggaag tggtgctggc 3900 
caagacgata gcggaatgcc cggagagcga gaacacggtg caaaaagctg cgcttgtgct 3960 

gcgcctgaga gaggggatcg gttcactcgc gaggatcctg aagacgatcg agaacttcaa 4020 

ggggacggtg acccacgtgg agtcccggcc gtccaagaag gagggcctcc agttcgacgt 4080 

gctcgtcaag gtcgacatga cgaggcaata cttgctccaa ctgatcagga atctccgcca 4140 
gagctcagcc ctggacggcg tcaccctgct cgcggacaac tcggtcagca tcaaggatcc 4200 
atggttcccg aggcacgcgt ccgacctcga caattgcaac cacctgatga ccaaattcga 4260 
gcctgaccta gacatgaatc atcctggatt cgcggacaag gagtaccgcg cccgtagaaa 4320 

gttcatcgct gaaattgcat tcgcgtacag gtacggtgac gcgataccca ccgtcccgta 4380 

cacggaaacg gaaaccgaga cttggacccg ggtgttcaac accctcgtcg atctggtgcc 4440 
gaaacacgct tgcgcggaat atagaagaaa ttttaagaag atgcaggagg agaagatatt 4500 

cgagcctcac cgtatacctc agctgcagga ggtgagcgag ttcttgaaga agaacacagg 4560 

gttcacgttg aggccagcgg ccggactgct cacgtccagg gacttcttgt cgagtttggc 4620 

gttcagagtg ttccagagca ctcagtacat tcgtcacatc aagagcccgt atcatacccc 4680 

ggaaccagat tgcatccacg agctgttggg acacatgccg ttgttggccg atccaagott 4740 
cgcccaattc toccaggaaa tcggcctcgc ctcgctcggt gcctccgacg aggaaatcga 4800 
gaaattgtcc acgatttact ggttcaccgt cgaattcggc ctctgcaagg aggggccgga 4860 

tgtgaaagcc tacggtgccg gccttttgtc cgcctacggg gagcttcttc acgcgcttac 4920 

gagcggcaaa tgcgagcatc gacctttcga gccgaaatcc accgccgttc aaaagtacca 4980 

ggatcaagat taccaaccga tctacttcgt cgcggatagc ttcgaggatg ccaaagagaa 5040 

attccgccgt tgggtgtcca ccatgagccg accttttgag gttaggtacg atccgtacac 5100 
gcagcgggtt gagatactgg acagcgtgga caggttggac aatctgatgg ctcaagtgaa 5160 

cacggaaatg acgcatctca cgaacgctgt caacaagctg aagacatcgt tcgcgtaaat 5220 

ccaacagtac tatgtgatta taccagcccc ctcactacat gtcaagaata aactgccaaa 5280 
ggtaatcgtt aatccgcaaa taacgtaaaa acccgcttcg gcgggttttt ttatgggggg 5340 
agtttaggga aagagcattt gtcagctgga tcagcagatg ggaaccggat actcctcagc 5400 

ctccagagta gccaatgaga cgccgagcgg ccgcttattt gccgactacc ttggtgatct 5460 

cgcctttcac gtagtggaca aattcttcca actgatctgc gcgcgaggcc aagcgatott 5520 

cttcttgtcc aagataagcc tgtctagctt caagtatgac gggctgatac tgggccggca 5580 

ggcgctccat tgcccagtcg gcagcgacat ccttcggcgc gattttgccg gttactgcgc 5640 
tgtaccaaat gcgggacaac gtaagcacta catttcgctc atcgccagcc cagtcgggcg 5700 

gcgagttcca tagcgttaag gtttcattta gcgcctcaaa tagatcctgt tcaggaaccg 5760 
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gatcaaagag ttcctccgcc gctggaccta ccaaggcaac gctatgttct cttgcttttg 5820 

tcagcaagat agccagatca atgtcgatcg tggctggctc gaagatacco gcaagaatgt 5880 
cattgcgctg ccattctcca aattgcagtt cgcgcttagc tggataacgc cacggaatga 5940 
tgtcgtcgtg cacaacaatg gtgacttcta cagcgcggag aatctcgctc tctccagggg 6000 
aagccgaagt ttccaaaagg tcgttgatca aagctcgccg cgttgtttca tcaagcctta 6060 
cggtcaccgt aaccagcaaa tcaatatcac tgtgtggctt caggccgcca tocactgegg 6120 

agccgtacaa atgtacggcc agcaacgtcg gttcgagatg gcgctcgatg acgccaacta 6180 
cctctgatag ttgagtcgat acttcggcga tcaccgcttc cctcataatg tttaactttg 6240 
ttttagggcg actgccctgc tgcgtaacat cgttgctgct ccataacatc aaacatcgac 6300 
ccacggcgta acgcgcttgc tgottggatg cccgaggcat agactgtacc ccaaaaaaac 6360 
agtcataaca agccatgaaa accgccactg cgccgttacc accgctgcgt tcggtcaagg 6420 
ttctggacca gttgcgtgag cgcatacgct acttgcatta cagcttacga accgaacagg 6480 
cttatgtcca ctgggttcgt gccttcatcc gtttccacgg tgtgcgtcac ccggcaacct 6540 
tgggtagcag cgaagtcgag gcatttctgt cctggctggt catgaccaaa atcccttaac 6600 

gtgagtcagc ctgccgcctt gggccgggtg atgtcgtact tgcccgccgc gaactcggtt 6660 

accgtccagc ccagcgcgac cagctccggc aacgcctcgc gcacccgctt gcggcgcttg 6720 

cgcatggtcg aaccactggc ctctgacggc cagacatagc cgcacaaggt atctatggaa 6780 

6840 gccttgccgg ttttgccggg gtcgatccag ccacacagcc gctggtgcag caggcgggcg 
gtttcgctgt ccagcgcccg cacctcgtcc atgctgatgc gcacatgctg gccgccaccc 6900 

atgacggcct gcgcgatcaa ggggttcagg gocacgtaca ggcgcccgtc cgcctcgtcg 6960 
ctggcgtact ccgacagcag ccgaaacccc tgccgcttgc ggccattctg ggcgatgatg 7020 
gataccttcc aaaggcgctc gatgcagtcc tgtatgtgct tgagcgcccc accactatcg 7080 

acctctgccc cgatttcctt tgccagcgcc cgatagctac ctttgaccac atggcattca 7140 
gcggtgacgg cctcccactt gggttccagg aacagccgga gotgccgtcc gccttcggto 7200 

ttgggttccg ggccaagcac taggccatta ggcccagcca tggccaccag cccttgcagg 7260 
atgcgcagat catcagcgcc cagcggctcc gggccgctga actcgatccg cttgccgtcg 7320 

ccgtagtcat acgtcacgtc cagettgctg cgcttgcgct cgccccgott gagggcacgg 7380 
aacaggccgg gggccagaca gtgcgccggg tcgtgccgga cgtggctgag gctgtgcttg 7440 

ttcttaggct tcaccacggg gcaccccctt gctcttgcgc tgcctctcca gcacggcggg 7500 

cttgagcacc ccgccgtcat gccgcctgaa ccaccgatca gcgaacggtg cgccatagtt 7560 
ggccttgctc acaccgaagc ggacgaagaa ccggcgctgg tcgtcgtcca caccccattc 7620 

ctcggcctcg gcgctggtca tgctcgacag gtaggactgc cagcggatgt tatcgaccag 7680 
taccgagctg ccccggctgg cctgctgctg gtcgcctgcg cccatcatgg ccgcgccctt 7740 
gctggcatgg tgcaggaaca cgatagagca cccggtatcg gcggcgatgg cctccatgcg 7800 

accgatgacc tgggccatgg ggccgctggc gttttcttcc tcgatgtgga accggcgcag 7860 

cgtgtccagc accatcaggc ggcggccctc ggcggcgcgc ttgaggccgt cgaaccactc 7920 
cggggccatg atgttgggca ggctgccgat cagcggctgg atcagcaggc cgtcagecac 7980 

ggcttgccgt tcctcggcgc tgaggtgcgc cccaagggcg tgcaggcggt gatgaatggc 8040 
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ggtgggcggg tcttcggcgg gcaggtagat caccgggccg gtgggcagtt cgcccacctc 8100 

cagcagatcc ggcccgcctg caatctgtgc ggccagttgc agggccagca tggatttacc 8160 
ggcaccaccg ggcgacacca gcgccccgac cgtaccggcc accatgttgg gcaaaacgta 8220 

gtccagcggt ggcggcgctg ctgegaacgc ctccagaata ttgataggct tatgggt agc 8280 
cattgattgc ctcctttgca ggcagttggt ggttaggcgc tggcggggtc actacccccg 8340 

ccctgcgccg ctctgagttc ttccaggcac tcgcgcagcg cctcgtattc gtcgtcggtc 8400 

agccagaact tgcgctgacg catccctttg gccttcatgc gctcggcata tcgcgcttgg 8460 

cgtacagcgt cagggctggc cagcaggtcg ccggtctgct tgtccttttg gtctttcata 8520 

tcagtcaccg agaaacttgc cggggccgaa aggcttgtct tcgcggaaca aggacaaggt 8580 
gcagccgtca aggttaaggc tggccatatc agcgactgaa aagcggccag cctcggcctt 8640 
gtttgacgta taaccaaagc caccgggcaa ccaatagccc ttgtcacttt tgatcaggta 8700 
gaccgaccct gaagcgcttt tttogtattc cataaaaccc ccttctgtgc gtgagtactc 8760 
atagtataac aggcgtgagt accaacgcaa gcactacatg ctgaaatctg gcccgcccct 8820 

gtccatgcct cgctggcggg gtgccggtgc ccgtgccagc tcggcccgcg caagctggac 8880 
gctgggcaga cccatgacct tgctgacggt gcgctcgatg 8920 

< 210 > SEQ ID NO 7 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized , 

< 400 > SEQUENCE : 7 
cgtctaattc cacgaggatt 20 

V 

V 

V 

< 210 > SEQ ID NO 8 
< 211 > LENGTH : 7703 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized , PBTK401 plasmid 

backbone sequence , circular 

< 400 > SEQUENCE : 8 

ccaatgctta atcagtgagg cacctatctc agcgatctgt ctatttcgtt catccatagt 60 

tgcctgactc cccgtcgtgt agataactac gatacgggag ggcttaccat ctggccccag 120 

tgctgcaatg ataccgcggg acccacgctc accggctcca gatttatcag caataaacca 180 

gccagccgga agggccgagc gcagaagtgg tcctgcaact ttatccgcct ccatccagtc 240 

tattaattgt tgccgggaag ctagagtaag tagttcgcca gttaatagtt tgcgcaacgt 300 

tgttgccatt gctacaggca tcgtggtgtc acgctcgtcg tttggtatgg cttcattcag 360 

ctccggttcc caacgatcaa ggcgagttac atgatccccc atgttgtgca aaaaagcggt 420 

tagctccttc ggtcctccga tcgttgtcag aagtaagttg gccgcagtgt tatcactcat 480 

ggttatggca gcactgcata attctcttac tgtcatgcca tccgtaagat gcttttctgt 540 

gactggtgag tactcaacca agtcattctg agaatagtgt atgcggcgac cgagttgctc 600 

ttgcccggcg tcaatacggg ataataccgc gccacatago agaactttaa aagtgctcat 660 
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cattggaaaa cgttcttcgg ggcgaaaact ctcaaggatc ttaccgctgt tgagatccag 720 
ttcgatgtaa cccactcgtg cacccaactg atcttcagca tcttttactt tcaccagcgt 780 

ttctgggtga gcaaaaacag gaaggcaaaa tgccgcaaaa aagggaataa gggcgacacg 840 

qaaatqttqa atactcatac tcttcctttt tcaatattat tqaaqcattt atcaqaatta 900 

ttgtctcatg agcggataca tatttgaatg tatttagaaa aataaacaaa taggggttcc 960 

gcgcacattt ccccgaaaag tgccacctgt catgaccaaa atcccttaac gtgagtcagc 1020 

1080 ctgccgcctt gggccgggtg atgtcgtact tgcccgccgc gaactcggtt accgtccagc 
ccagcgcgac cagctccgge aacgcctcgc gcacccgott goggcgcttg cgcatggtcg 1140 

aaccactggc ctctgacggc cagacatagc cgcacaaggt atctatggaa gccttgccgg 1200 
ttttgccggg gtcgatccag ccacacagcc gctggtgcag caggcgggcg gtttcgctgt 1260 
ccagcgcccg cacctcgtcc atgctgatgc gcacatgctg gccgccaccc atgacggcct 1320 

gcgcgatcaa ggggttcagg gocacgtaca ggcgcccgtc cgcctcgtcg ctggcgtact 1380 
ccgacagcag ccgaaacccc tgccgcttgc ggccattctg ggcgatgatg gataccttcc 1440 
aaaggcgctc gatgcagtcc tgtatgtgct tgagcgcccc accactatcg acctctgccc 1500 
cgatttcctt toccagcgcc cgatagctac ctttgaccac atggcattca gcggtgacgg 1560 

cctcccactt gggttccagg aacagccgga gctgccgtcc gccttcggtc ttgggttccg 1620 
ggccaagcac taggccatta ggcccagcca tggccaccag cccttgcagg atgcgcagat 1680 

1740 catcagcgcc cagcggctcc gggccgctga actcgatccg cttgccgtcg ccgtagtcat 

acgtcacgtc cagcttgctg cgettgcgct cgccccgott gagggcacgg aacaggccgg 1800 
1860 gggccagaca gtgcgccggg togtgccgga cgtggctgag gctgtgcttg ttcttaggct 

tcaccacggg gcaccccctt gotcttgcgc tgcctctcca gcacggcggg cttgagcacc 1920 

ccgccgtcat gccgcctgaa ccaccgatca gcgaacggtg cgccatagtt ggccttgctc 1980 

acaccgaagc ggacgaagaa ccggcgctgg tcgtcgtcca caccccattc ctcggcctcg 2040 
gcgctggtca tgctcgacag gtaggactgc cagcggatgt tatcgaccag taccgagctg 2100 
ccccggctgg cctgctgctg gtcgcctgcg cccatcatgg ccgcgccctt gctggcatgg 2160 

tgcaggaaca cgatagagca cccggtatcg goggcgatgg cctccatgcg accgatgacc 2220 
tgggccatgg ggccgctggc gttttcttcc tugatgtgga accggcgcag cgtgtccagc 2280 
accatcaggc ggcggccctc ggcggcgcgc ttgaggccgt cgaaccactc cggggccatg 2340 

atgttgggca ggctgccgat cagcggctgg atcagcaggc cgtcagccac ggcttgccgt 2400 

tcctcggcgc tgaggtgcgc cccaagggcg tgcaggcggt gatgaatggc ggtgggcggg 2460 
tcttcggcgg gcaggtagat caccgggccg gtgggcagtt cgcccacctc cagcagatcc 2520 
ggcccgcctg caatctgtgc ggccagttgc agggccagca tggatttacc ggcaccaccg 2580 

ggcgacacca gcgccccgac cgtaccggcc accatgttgg gcaaaacgta gtccagcggt 2640 

ggcggcgctg ctgcgaacgc ctccagaata ttgataggct tatgggtagc cattgattgc 2700 

ctcctttgca ggcagttggt ggttaggcgc tggcggggtc actacccccg ccctgcgccg 2760 
ctctgagttc ttccaggcac tcgcgcagcg cctcgtattc gtcgtcggtc agccagaact 2820 

tgcgctgacg catccctttg gccttcatgo gctcggcata tcgcgottgg cgtacagcgt 2880 
cagggctggc cagcaggtcg ccggtctgct tgtccttttg gtctttcata tcagtcaccg 2940 
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agaaacttgc cggggccgaa aggcttgtct tcgcggaaca aggacaaggt gcagccgtca 3000 

aggttaaggc tggccatatc agcgactgaa aagcggccag cctcggcctt gtttgacgta 3060 

taaccaaagc caccgggcaa ccaatagccc ttgtcacttt tgatcaggta gaccgaccct 3120 

gaagcgcttt tttcgtattc cataaaaccc ccttctgtgc gtgagtactc atagtataac 3180 
aggcgtgagt accaacgcaa gcactacatg ctgaaatctg gcccgcccct gtccatgcct 3240 
cgctggcggg gtgccggtgc ccgtgccagc tcggcccgcg caagctggac gctgggcaga 3300 

cccatgacct tgctgacggt gcgctcgatg taatccgctt cgtggccggg cttgcgctct 3360 

gccagcgctg ggctggcctc ggccatggcc ttgccgattt cctcggcact geggccccgg 3420 344 

ctggccagct tctgcgcggc gataaagtcg cacttgctga ggtcatgacc gaagcgcttg 3480 
accagcccgg ccatctcgct gcggtactcg tccagcgccg tgcgccggtg goggctaagc 3540 
tgccgctcgg gcagttcgag gctggccagc ctgcgggcct tctcctgctg ccgctgggcc 3600 

3660 tgctcgatct gctggccagc ctgctgcacc agcgccgggc cagcggtggc ggtcttgccc 

ttggattcac gcagcagcac ccacggctga taaccggcgc gggtggtgtg cttgtccttg 3720 
cggttggtga agcccgccaa goggccatag tggcggctgt cggcgctggc cgggtcggcg 3780 
tcgtactcgc tggccagcgt ccgggcaatc tgcccccgaa gttcaccgcc tgcggcgtcg 3840 
gccaccttga cccatgcctg atagttcttc gggctggttt coactaccag ggcaggctcc 3900 
cggccctcgg ctttcatgtc atccaggtca aactcgctga ggtcgtccac cagcaccaga 3960 
ccatgccgct cctgctcggc gggcctgata tacacgtcat tgccctgggc attcatccgc 4020 

ttgagccatg gcgtgttctg gagcacttcg gcggctgacc attcccggtt catcatctgg 4080 

ccggtgggtg cgtccctgac gccgatatcg aagcgctcac agcccatggc cttgagctgt 4140 
cggcctatgg cctgcaaagt cctgtcgttc ttcatcgggc caccaagcgc agccagatcg 4200 

agccgtcctc ggttgtcagt ggcgtcaggt cgagcaagag caacgatgcg atcagcagca 4260 

ccaccgtagg catcatggaa gccagcatca cggttagcca tagcttccag tgccaccccc 4320 

gcgacgcgct ccgggcgctc tgcgcggcgc tgctcacctc ggcggctacc tcccgcaact 4380 
ctttggccag ctccacccat gccgcccctg tctggcgctg ggctttcagc cactccgccg 4440 
cctgcgcctc gctggcctgc ttggtctggc toatgacctg ccgggcttcg tcggccagtg 4500 
tcgccatgct ctgggccagc ggttegatct gctccgctaa ctcgttgatg cctctggatt 4560 

tcttcactct gtcgattgcg ttcatggtct attgcctccc ggtattcctg taagtcgatg 4620 
4680 atctgggcgt tggcggtgtc gatgttcagg gccacgtctg cccggtcggt gcggatgccc 

cggccttcca tctccaccac gttcggcccc aggtgaacac cgggcaggcg ctcgatgccc 4740 

tgcgcctcaa gtgttctgtg gtcaatgcgg gcgtcgtggc cagcccgctc taatgcccgg 4800 

ttggcatggt cggcccatge ctcgcgggtc tgctcaagcc atgccttggg cttgagcgct 4860 

tcggtcttct gtgccccgcc cttctccggg gtcttgccgt tgtaccgctt gaaccactga 4920 

goggcgggcc gctcgatgcc gtcattgatc cgctcggaga tcatcaggtg gcagtgcggg 4980 

ttctcgccgc caccggcatg gatggccagc gtatacggca ggcgctcggc accggtcagg 5040 

tgctgggcga actcggacgc cagcgccttc tgctggtcga gggtcagctc gaccggcagg 5100 

gcaaattega cctccttgaa cagccgccca ttggcgcgtt catacaggtc ggcagcatcc 5160 
cagtagtcgg cgggccgctc gacgaactcc ggcatgtgcc cggattcggc gtgcaagact 5220 
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tcatccatgt cgcgggcata cttgccttcg cgctggatgt agtcggcctt ggccctggcc 5280 
gattggccgc ccgacctgct gccggttttc gccgtaaggt gataaatcgc catgctgcct 5340 

cgctgttgct tttgcttttc ggctccatge aatggccctc ggagagcgca ccgcccgaag 5400 

ggtggccgtt aggccagttt ctcgaagaga aaccggtaag tgcgccctcc cctacaaagt 5460 

agggtcggga ttgccgccgc tgtgcctcca tgatagccta cgagacagca cattaacaat 5520 

ggggtgtcaa gatggttaag gggagcaaca aggcggcgga tcggctggcc aagctcgaag 5580 

aacaacgagc gcgaatcaat gccgaaattc agcgggagcg ggcaagggaa cagcagcaag 5640 

agcgcaagaa cgaaacaagg cgcaaggtgc tggtgggggc catgattttg gccaaggtga 5700 

acagcagcga gtggccggag gatcggctca tggcggcaat ggatgcgtac cttgaacgcg 5760 
accacgaccg cgccttgttc ggtctgccgc cacgccagaa ggatgagccg ggctgaatga 5820 
tcgaccgaga caggccctgc ggggctgcac acgcgccccc acccttcggg tagggggaaa 5880 

ggccgctaaa gcggctaaaa gcgctccagc gtatttctgc ggggtttggt gtggggttta 5940 
gcgggctttg cccgcctttc cccctgccgc gcagcggtgg ggcggtgtgt agcctagcgc 6000 
agcgaataga ccagctatcc ggcctctggc cgggcatatt gggcaagggc agcagcgccc 6060 
cacaagggcg ctgataaccg cgcctagtgg attattctta gataatcatg gatggatttt 6120 
tccaacaccc cgccagcccc cgcccctgct gggtttgcag gtttgggggc gtgacagtta 6180 
ttgcaggggt tcgtgacagt tattgcaggg gggcgtgaca gttattgcag gggttcgtga 6240 

cagttagtac gggagtgacg ggcactggct ggcaatgtct agcaacggca ggcatttcgg 6300 

ctgagggtaa aagaactttc cgctaagcga tagactgtat gtaaacacag tattgcaagg 6360 

acgcggaaca tgcctcatgt ggcggccagg acggccagcc gggatcggga tactggtcgt 6420 
taccagagcc accgacccga gcaaaccctt ctctatcaga tcgttgacga gtattacccg 6480 

gcattcgctg cgcttatggc agagcaggga aaggaattgc cgggctatgt gcaacgggaa 6540 

tttgaagaat ttctccaatg cgggcggctg gagcatggct ttctacgggt tcgctgcgag 6600 
tuttgccacg ccgagcacct ggtcgctttc agaaatcaat ?taaagtata tatgagtaaa 6660 

cttggtctga caggcccctt gagaccagtc cctatcagtg atagagattg acatccctat 6720 
cagtgataga gatactgagc acggatctga aagaggagaa aggatctatg gcgagtagcg 6780 

aagacgttat caaagagttc atgcgtttca aagttogtat ggaaggttcc gttaacggtc 6840 
acgagttega aatcgaaggt gaaggtgaag gtcgtccgta cgaaggtact cagaccgcta 6900 

aactgaaagt taccaaaggt ggtccgctgc cgttcgcttg ggacatcctg tccccgcagt 6960 

tccagtacgg ttccaaagct tacgttaaac acccggctga catcccggac tacctgaaac 7020 

tgtccttccc ggaaggtttc aaatgggaac gtgttatgaa cttcgaagac ggtggtgttg 7080 
ttaccgttac ccaggactcc tccctgcaag acggtgagtt catctacaaa gttaaactge 7140 

gtggtactaa cttcccgtcc gacggtccgg ttatgcagaa aaaaaccatg ggttgggaag 7200 

cttccaccga acgtatgtac ccggaagacg gtgctctgaa aggtgaaatc aaaatgcgtc 7260 

tgaaactgaa agacggtggt cactacgacg ctgaagttaa aaccacctac atggotaaaa 7320 

aaccggttca gctgccgggt gottacaaaa ccgacatcaa actggacatc acctcccaca 7380 

acgaagacta caccatcgtt gaacagtacg aacgtgctga aggtcgtcac tccaccggtg 7440 

cttaataagg atctccaggc atcaaataaa acgaaaggct cagtcgaaag actgggcctt 7500 
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togttttatc tgttgtttgt cggtgaacgc tctctactag agtcacactg gctcaccttc 7560 
gggtgggcct ttctgcgttt ataagtcggt ctcaccgagc ggccgcgatt atcaaaaagg 7620 

atcttcacct agatcctttt aaattaaaaa tgaagtttta aatcaatcta aagtatatat 7680 

gagtaaactt ggtctgacag tta 7703 

< 210 > SEO ID NO 9 
< 211 > LENGTH : 7608 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized , PBTK402 plasmid 

backbone sequence , circular 

< 400 > SEQUENCE : 9 

ttagaaaaac tcatcgagca tcaaatgaaa ctgcaattta ttcatatcag gattatcaat 60 

accatatttt tgaaaaagcc gtttctgtaa tgaaggagaa aactcaccga ggcagttcca 120 

taggatggca agatcctggt atcggtctgc gattccgact cgtccaacat caatacaacc 180 
tattaatttc ccctcgtcaa aaataaggtt atcaagtgag aaatcaccat gagtgacgac 240 
tgaatccggt gagaatggca aaagcttatg catttctttc cagacttgtt caacaggcca 300 

gccattacgc tcgtcatcaa aatcactcgc atcaaccaaa cogttattca ttcgtgattg 360 

cgcctgagcg aggcgaaata cgcgatcgct gttaaaagga caattacaaa caggaatcga 420 

atgcaaccgg cgcaggaaca ctgccagcgc atcaacaata ttttcacctg aatcaggata 480 

ttcttctaat acctggaatg ctgttttccc ggggatcgca gtggtgagta accatgcatc 540 

atcaggagta cggataaaat gottgatggt cggaagaggc ataaattccg tcagccagtt 600 

tagtctgacc atctcatctg taacatcatt ggcaacgcta cctttgccat gtttcagaaa 660 

caactctggc gcatcgggct tcccatacaa togatagatt gtcgcacctg attgcccgac 720 

attatcgcga gcccatttat acccatataa atcagcatcc atgttggaat ttaatcgcgg 780 

cctggagcaa gacgtttccc gttgaatatg gctcataaca ccccttgtat tactgtttat 840 

gtaagcagac agttttattg ttcatgatga tatattttta tcttgtgcaa tgtaacatca 900 

gagattttga gacacaacgt ggctttgttg aataaatcga acttttgctg agttgaagga 960 
tcagtcatga ccaaaatccc ttaacgtgag tcagcctgcc gccttgggcc gggtgatgtc 1020 
gtacttgccc gccgcgaact cggttaccgt ccagcccagc gcgaccagct ccggcaacgc 1080 

ctcgcgcacc cgcttgcggc gottgcgcat ggtcgaacca ctggcctctg acggccagac 1140 
atagccgcac aaggtatcta tggaagcctt gccggttttg ccggggtcga tccagccaca 1200 

cagccgctgg tgcagcaggc gggcggtttc gctgtccagc goccgcacct cgtccatgct 1260 

gatgcgcaca tgctggccgc cacccatgac ggcctgcgcg atcaaggggt tcagggccac 1320 
gtacaggcgc ccgtccgcct cgtcgctggc gtactccgac agcagccgaa acccctgccg 1380 

cttgcggcca ttctgggcga tgatggatac cttccaaagg cgctcgatgc agtcctgtat 1440 

gtgcttgagc gccccaccac tatcgacctc tgccccgatt tcctttgcca gcgcccgata 1500 

gctacctttg accacatggc attcagcggt gacggcctcc cacttgggtt ccaggaacag 1560 

ccggagctgc cgtccgcctt cggtcttggg ttccgggcca agcactaggc cattaggccc 1620 
agccatggcc accagccctt gcaggatgcg cagatcatca gcgcccagcg gctccgggcc 1680 

gctgaactcg atccgcttgc cgtcgccgta gtcatacgtc acgtccagct tgctgcgctt 1740 
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gcgctcgccc cgcttgaggg cacggaacag gccgggggcc agacagtgcg ccgggtcgtg 1800 

ccggacgtgg ctgaggctgt gottgttctt aggcttcacc acggggcacc cccttgctct 1860 

tgcgctgcct ctccagcacg gcgggcttga gcaccccgcc gtcatgccgc ctgaaccacc 1920 

gatcagcgaa cggtgcgcca tagttggcct tgctcacacc gaagcggacg aagaaccggc 1980 
gctggtcgtc gtccacaccc cattcctcgg cctcggcgct ggtcatgctc gacaggtagg 2040 

actgccagcg gatgttatcg accagtaccg agctgccccg gctggcctgc tgctggtcgc 2100 
ctgcgcccat catggccgcg cccttgctgg catggtgcag gaacacgata gagcacccgg 2160 
tatcggcggc gatggcctcc atgcgaccga tgacctgggc catggggccg ctggcgtttt 2220 

cttcctcgat gtggaaccgg cgcagcgtgt ccagcaccat caggcggcgg ccctcggcgg 2280 
cgcgcttgag gccgtcgaac cactccgggg ccatgatgtt gggcaggctg ccgatcagcg 2340 
gctggatcag caggccgtca gccacggctt gccgttcctc ggcgctgagg tgcgccccaa 2400 

gggcgtgcag goggtgatga atggcggtgg gcgggtcttc ggcgggcagg tagatcaccg 2460 

ggccggtggg cagttcgccc acctccagca gatccggccc gcctgcaatc tgtgcggcca 2520 

gttgcagggc cagcatggat ttaccggcac caccgggcga caccagcgcc ccgaccgtac 2580 

cggccaccat gttgggcaaa acgtagtcca gcggtggcgg cgctgctgcg aacgcctcca 2640 
gaatattgat aggcttatgg gtagccattg attgcctcct ttgcaggcag ttggtggtta 2700 
ggcgctggcg gggtcactac ccccgccctg cgccgctctg agttcttcca ggcactcgcg 2760 
cagcgcctcg tattcgtcgt cggtcagcca gaacttgcgc tgacgcatcc ctttggcctt 2820 

catgcgctcg gcatatcgcg cttggcgtac agcgtcaggg ctggccagca ggtcgccggt 2880 

ctgottgtcc ttttggtctt tcatatcagt caccgagaaa cttgccgggg ccgaaaggct 2940 

tgtcttcgcg gaacaaggac aaggtgcagc cgtcaaggtt aaggctggcc atatcagoga 3000 
ctgaaaagcg gccagcctcg gccttgtttg acgtataacc aaagccaccg ggcaaccaat 3060 

agcccttgtc acttttgatc aggtagaccg accctgaagc gcttttttcg tattccataa 3120 
aacccccttc tgtgcgtgag tactcatagt ataacaggcg tgagtaccaa cgcaagcact 3180 

acatgctgaa atctggcccg cccctgtcca tgcctcgctg gcggggtgcc ggtgcccgtg 3240 
ccagctcggc ccgcgcaagc tggacgctgg gcagacccat gaccttgctg acggtgcgct . 3300 

cgatgtaatc cgcttcgtgg ccgggcttgc gctctgccag cgctgggctg gcctcggcca 3360 

tggccttgcc gatttcctcg gcactgeggc cccggctggc cagcttctgc gcggcgataa 3420 

agtcgcactt gotgaggtca tgaccgaagc gottgaccag cccggccatc tcgctgcggt 3480 
actcgtccag cgccgtgcgc cggtggcgge taagctgccg ctcgggcagt tcgaggctgg 3540 
ccagcctgcg ggccttctcc tgctgccgct gggcctgctc gatctgctgg ccagcctgct 3600 
gcaccagcgc cgggccagcg gtggcggtct tgcccttgga ttcacgcagc agcacccacg 3660 

gctgataacc ggcgcgggtg gtgtgcttgt ccttgcggtt ggtgaagccc gocaagcggc 3720 
catagtggcg gctgtcggcg ctggccgggt cggcgtcgta ctcgctggcc agcgtccggg 3780 

caatctgccc ccgaagttca ccgcctgcgg cgtcggccac cttgacccat gcctgatagt 3840 
tcttcgggct ggtttccact accagggcag gctcccggcc ctcggctttc atgtcatcca 3900 

ggtcaaactc gctgaggtcg tccaccagca ccagaccatg ccgctcctgc tcggcgggcc 3960 

tgatatacac gtcattgccc tgggcattca tccgcttgag ccatggcgtg ttctggagca 4020 
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cttcggcggc tgaccattcc cggttcatca tctggccggt gggtgcgtcc ctgacgccga 4080 

tatcgaagcg ctcacagccc atggccttga gctgtcggcc tatggcctgc aaagtcctgt 4140 
cgttcttcat cgggccacca agcgcagcca gatcgagccg tcctcggttg t?agtggcgt 4200 
caggtcgagc aagagcaacg atgcgatcag cagcaccacc gtaggcatca tggaagccag 4260 
catcacggtt agccatagct tccagtgcca cccccgcgac gcgctccggg cgctctgcgc 4320 

ggcgctgctc acctcggcgg ctacctcccg caactctttg gccagctcca cccatgccgc 4380 

ccctgtctgg cgctgggctt tcagccactc cgccgcctgc gcctcgctgg cctgcttggt 4440 

ctggctcatg acctgccggg cttcgtcggc cagtgtcgcc atgctctggg ccagcggttc 4500 
4560 gatctgctcc gctaactcgt tgatgcctct ggatttcttc actctgtcga ttgcgttcat 

ggtctattgc ctcccggtat tcctgtaagt cgatgatctg ggcgt tggcg gtgtcgatgt 4620 

tcagggccac gtctgcccgg tcggtgcgga tgccccggcc ttccatctcc accacgttcg 4680 
gccccaggtg aacaccgggc aggcgctcga tgccctgcgc ctcaagtgtt ctgtggtcaa 4740 
tgcgggcgtc gtggccagcc cgctctaatg cccggttggc atggtcggcc catgcctcgc 4800 

gggtctgctc aagccatgoc ttgggcttga gcgcttcggt cttctgtgcc ccgcccttct 4860 
ccggggtctt gccgttgtac cgcttgaacc actgagcggc gggccgctcg atgccgtcat 4920 

tgatccgctc ggagatcatc aggtggcagt gcgggttctc gccgccaccg gcatggatgg 4980 
ccagcgtata cggcaggcgc tcggcaccgg tcaggtgctg ggcgaactcg gacgccagcg 5040 
ccttctgctg gtcgagggtc agctcgaccg gcagggcaaa ttcgacctcc ttgaacagcc 5100 
gcccattggc gcgttcatac aggtcggcag catcccagta gtcggcgggc cgctcgacga 5160 

actccggcat gtgcccggat tcggcgtgca agacttcatc catgtcgcgg gcatacttgc 5220 

cttcgcgctg gatgtagtcg gccttggccc tggccgattg gccgcccgac ctgctgccgg 5280 

ttttcgccgt aaggtgataa atcgccatgc tgcctcgctg ttgcttttgc ttttcggctc 5340 

catgcaatgg ccctcggaga gcgcaccgcc cgaagggtgg ccgttaggcc agtttctcga 5400 

agagaaaccg gtaagtgcgc cctcccctac aaagt agggt cgggattgcc gccgctgtgc 5460 
ctccatgata gcctacgaga cagcacatta acaatggggt gtcaagatgg ttaaggggag 5520 
caacaaggcg goggatcggc tggccaagct cgaagaacaa cgagcgcgaa tcaatgccga 5580 

aattcagcgg gagcgggcaa gggaacagca gcaagagcgc aagaacgaaa caaggcgcaa 5640 
ggtgctggtg ggggccatga ttttggccaa ggtgaacagc agcgagtggc cggaggatcg 5700 
gctcatggcg gcaatggatg cgtaccttga acgcgaccac gaccgcgcct tgttcggtct 5760 
gccgccacgc cagaaggatg agccgggctg aatgatcgac cgagacaggc cctgcggggc 5820 

tgcacacgcg cccccaccct tcgggtaggg ggaaaggccg ctaaagcggo taaaagcgct 5880 
ccagcgtatt tctgcggggt ttggtgtggg gtttagcggg ctttgcccgc ctttccccct 5940 

gccgcgcagc ggtggggcgg tgtgtagcct agcgcagoga atagaccagc tatccggcct 6000 
ctggccgggc atattgggca agggcagcag cgccccacaa gggcgctgat aaccgcgcct 6060 

agtggattat tottagataa tcatggatgg atttttccaa caccccgoca gcccccccc 6120 

ctgctgggtt tgcaggtttg ggggcgtgac agttattgca ggggttcgtg acagttattg 6180 
caggggggcg tgacagttat tgcaggggtt cgtgacagtt agtacgggag tgacgggcac 6240 

tggctggcaa tgtctagcaa cggcaggcat ttcggctgag ggtaaaagaa ctttccgcta 6300 



US 2019 / 0015528 A1 Jan . 17 , 2019 
54 

- continued 

agcgatagac tgtatgtaaa cacagtattg caaggacgcg gaacatgcct catgtggcgg 6360 

ccaggacggc cagccgggat cgggatactggtcgttacca gagccaccga cccgagcaaa 6420 

cccttctcta tcagatcgtt gacgagtatt acccggcatt cgctgcgctt atggcagagc 6480 

agggaaagga attgccgggc tatgtgcaac gggaatttga agaatttctc caatgcgggc 6540 
ggctggagca tggctttcta cgggttcgct gcgagtcttg ccacgccgag cacctggtcg 

ctttcagaaa tcaatctaaa gtatatatga gtaaacttgg tctgacaggc cccttgagac 
cagtccctat cagtgataga gattgacatc cctatcagtg atagagatac tgagcacgga 

6600 

6660 
6720 

tctgaaagag gagaaaggat ctatggcgag tagcgaagac gttatcaaag agttcatgcg 6780 

tttcaaagtt cgtatggaag gttccgttaa cggtcacgag ttcgaaatcg aaggtgaagg 6840 
tgaaggtcgt ccgtacgaag gtactcagac cgctaaactg aaagttacca aaggtggtcc 6900 
gctgccgtto gottgggaca tcctgtcccc gcagttccag tacggttcca aagcttacgt 6960 

taaacacccg gotgacatcc cggactacct gaaactgtcc ttcccggaag gtttcaaatg 7020 

ggaacgtgtt atgaacttcg aagacggtgg tgttgttacc gttacccagg actcctccct 7080 

gcaagacggt gagttcatct acaaagttaa actgcgtggt actaacttcc cgtccgacgg 7140 
tccggttatg cagaaaaaaa ccatgggttg ggaagcttcc accgaacgta tgtacccgga 7200 
agacggtgct ctgaaaggtg aaatcaaaat gcgtctgaaa ctgaaagacg gtggtcacta 7260 

cgacgctgaa gttaaaacca cctacatggc taaaaaaccg gttcagctgc cgggtgctta 7320 

caaaaccgac atcaaactgg acatcacctc ccacaacgaa gactacacca tcgttgaaca 7380 

gtacgaacgt gotgaaggtc gtcactccac cggtgcttaa taaggatctc caggcatcaa 7440 
ataaaacgaa aggctcagtc gaaagactgg gcctttcgtt ttatctgttg tttgtcggtg 7500 

aacgctctct actagagtca cactggctca ccttcgggtg ggcctttctg cgtttataag 7560 

tcggtctcac cgagoggccg cgtgttacaa ccaattaacc aattctga 7608 

< 210 > SEQ ID NO 10 
< 211 > LENGTH : 7762 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized , PBTK403 plasmid 

backbone sequence , circular 

< 400 > SEQUENCE : 10 

ttatttgccg actaccttgg tgatctcgcc tttcacgtag tggacaaatt cttccaactg 60 
atctgcgcgc gaggccaagc gatcttcttc ttgtccaaga taagcctgtc tagcttcaag 120 

tatgacgggc tgatactggg ccggcaggcg ctccattgcc cagtcggcag cgacatcctt 180 
cggcgcgatt ttgccggtta ctgcgctgta ccaaatgcgg gacaacgtaa gcactacatt 240 

tcgctcatcg ccagcccagt cgggcggcga gttccatagc gttaaggttt catttagcgc 300 

ctcaaataga tcctgttcag gaaccggatc aaagagttcc tccgccgctg gacctaccaa 360 

ggcaacgcta tgttctcttg cttttgtcag caagatagoc agatcaatgt cgatcgtggc 420 

tggctcgaag atacccgcaa gaatgtcatt gcgctgccat tctccaaatt gcagttcgcg 480 

cttagctgga taacgccacg gaatgatgtc gtcgtgcaca acaatggtga cttctacagc 540 

gcggagaatc tcgctctctc caggggaagc cgaagtttcc aaaaggtcgt tgatcaaagc 600 
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tcgccgcgtt gtttcatcaa gccttacggt caccgtaacc agcaaatcaa tatcactgtg 660 

tggcttcagg ccgccatcca ctgcggagcc gtacaaatgt acggccagca acgtcggttc 720 

gagatggcgc tcgatgacgc caactacctc tgatagttga gtcgatactt cggcgatcac 780 
cgcttccctc ataatgttta actttgtttt agggcgactg ccctgctgcg taacatcgtt 840 

gctgctccat aacatcaaac atcgacccac ggcgtaacgc gottgctgct tggatgcccg 900 
aggcatagac tgtaccccaa aaaaacagtc ataacaagcc atgaaaaccg ccactgcgcc 960 

gttaccaccg ctgcgttcgg tcaaggttct ggaccagttg cgtgagcgca tacgctactt 1020 

gcattacagc ttacgaaccg aacaggotta tgtccactgg gttcgtgcct tcatccgttt 1080 

ccacggtgtg cgtcacccgg caaccttggg tagcagcgaa gtcgaggcat ttctgtcctg 1140 
gctggtcatg accaaaatcc cttaacgtga gtcagcctgc cgccttgggc cgggtgatgt 1200 

cgtacttgcc cgccgcgaac tcggttaccg tccagcccag cgcgaccagc tccggcaacg 1260 
cctcgcgcac ccgottgcgg cgcttgcgca tggtcgaacc actggcctct gacggccaga 1320 
catagccgca caaggtatct atggaagcct tgccggtttt gccggggtcg atccagecac 1380 

acagccgctg gtgcagcagg cgggcggttt cgctgtccag cgcccgcacc tcgtccatge 1440 
tgatgcgcac atgctggccg ccacccatga cggcctgcgc gatcaagggg ttcagggcca 1500 
cgtacaggcg cccgtccgcc tcgtcgctgg cgtactccga cagcagccga aacccctgcc 1560 

gottgoggcc attctgggcg atgatggata ccttccaaag gcgctcgatg cagtcctgta 1620 
tgtgottgag cgccccacca ctatcgacct ctgccccgat ttcctttgcc agcgcccgat 1680 

agctaccttt gaccacatgg cattcagcgg tgacggcctc ccacttgggt tccaggaaca 1740 
gccggagctg ccgtccgcct tcggtcttgg gttccgggcc aagcactagg ccattaggcc 1800 
cagccatggc caccagccct tgcaggatgc gcagatcatc agcgcccagc ggctccgggc 1860 

cgctgaactc gatccgcttg ccgtcgccgt agtcatacgt cacgtccagc ttgctgcgct 1920 

tgcgctcgcc ccgcttgagg gcacggaaca ggccgggggc cagacagtgc gccgggtcgt 1980 

gccggacgtg gctgaggctg tgottgttct taggcttcac cacggggcac ccccttgcto 2040 
ttgcgctgcc tctccagcac ggcgggcttg agcaccccgc cgtcatgccg cctgaaccac 2100 
cgatcagoga acggtgcgcc atagttggcc ttgctcacac cgaagcggac gaagaaccgg 2160 

cgctggtcgt cgtccacacc ccattcctcg gcctcggcgc tggtcatgct cgacaggtag 2220 
gactgccagc ggatgttatc gaccagtacc gagctgcccc ggctggcctg ctgctggtcg 2280 

cctgcgccca tcatggccgc gcccttgctg gcatggtgca ggaacacgat agagcacccg 2340 

gtatcggcgg cgatggcctc catgcgaccg atgacctggg ccatggggcc gctggcgttt 
tcttcctcga tgtggaaccg gcgcagcgtg tccagcacca tcaggcggcg gccctcggcg 

2400 
2460 
2520 gcgcgcttga ggccgtcgaa ccactccggg gccatgatgt tgggcaggct gccgatcagc 

ggctggatca gcaggccgtc agccacggct tgccgttcct cggcgctgag gtgcgcccca 2580 

agggcgtgca ggcggtgatg aatggcggtg ggcgggtctt cggcgggcag gtagatcacc 2640 

gggccggtgg gcagttcgcc cacctccagc agatccggcc cgcctgcaat ctgtgcggcc 2700 

agttgcaggg ccagcatgga tttaccggca ccaccgggcg acaccagcgc cccgaccgta 2760 

ccggccacca tgttgggcaa aacgtagtcc agcggtggcg gcgctgctgc gaacgcctcc 2820 
agaatattga taggettatg ggtagccatt gattgcctcc tttgcaggca gttggtggtt 2880 
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aggcgctggc ggggtcacta cccccgccct gcgccgctct gagttcttcc aggcactcgc 2940 

gcagcgcctc gtattcgtcgtcggtcagcc agaacttgcg ctgacgcatc cctttggcct 3000 

tcatgcgctc ggcatatcgc gottggcgta cagcgtcagg gctggccagc aggtcgccgg 3060 
tctgcttgtc cttttggtct ttcatatcag tcaccgagaa acttgccggg gccgaaaggc 3120 
ttgtcttcgc ggaacaagga caaggtgcag ccgtcaaggt taaggctggc catatcagcg 3180 

3240 actgaaaagc ggccagcctc ggccttgttt gacgtataac caaagccacc gggcaaccaa 

tagcccttgt cacttttgat caggtagacc gaccctgaag cgcttttttc gtattccata 3300 
aaaccccctt ctgtgcgtga gtactcatag tataacaggc gtgagtacca acgcaagcac 3360 

tacatgctga aatctggccc gcccctgtcc atgcctcgct ggcggggtgc cggtgcccgt 3420 
gccagctcgg cccgcgcaag ctggacgctg ggcagaccca tgaccttgct gacggtgcgc 3480 
tugatgtaat ccgcttcgtg gccgggcttg cgctctgcca gcgctgggct ggcctcggcc 3540 
atggccttgc cgatttcctc ggcactgegg ccccggctgg ccagcttctg cgcggcgata 3600 
aagtcgcact tgctgaggtc atgaccgaag cgcttgacca gcccggccat ctcgctgcgg 3660 
tactcgtcca gcgccgtgcg ccggtggcgg ctaagctgcc gotcgggcag ttcgaggctg 3720 
gocagcctgc gggccttctc ctgctgccgc tgggcctgct cgatctgctg gocagcctgc 3780 
tgcaccagcg ccgggccagc ggtggcggtc ttgcccttgg attcacgcag cagcacccac 3840 

3900 ggctgataac cggcgcgggt ggtgtgottg tccttgcggt tggtgaagcc cgccaagcgg 
ccatagtggc ggctgtcggc gctggccggg tcggcgtcgt actcgctggc cagcgtccgg 3960 

gcaatctgcc cccgaagttc accgcctgcg gcgtcggcca ccttgaccca tgcctgatag 4020 
ttcttcgggc tggtttccac taccagggca ggctcccggc cctcggcttt catgtcatcc 4080 

4140 aggtcaaact cgctgaggtc gtccaccagc accagaccat gccgctcctg ctcggcgggc 

ctgatataca cgtcattgcc ctgggcattc atccgcttga gccatggcgt gttctggage 4200 
acttcggcgg ctgaccattc ccggttcatc atctggccgg tgggtgcgtc cctgacgccg 4260 
atatcgaagc gctcacagcc catggccttg agctgtcggc ctatggcctg caaagtcctg 4320 
togttcttca tcgggccacc aagcgcagcc agatcgagcc gtcctcggtt gtcagtggcg 4380 
tcaggtcgag caagagcaac gatgcgatca gcagcaccac cgtaggcatc atggaagcca 4440 

gcatcacggt tagccatagc ttccagtgcc acccccgcga cgcgctccgg gcgctctgcg 4500 

cggcgctgct cacctcggcg gctacctccc gcaactcttt ggccagctcc acccatgccg 4560 

cccctgtctg gcgctgggct ttcagccact ccgccgcctg cgcctcgctg gcctgcttgg 4620 

4680 tctggctcat gacctgccgg gottcgtcgg ccagtgtcgc catgctctgg gccagcggtt 
cgatctgctc cgctaactcg ttgatgcctc tggatttctt cactctgtcg attgcgttca 4740 
tggtctattg cctcccggta ttcctgtaag togatgatct gggcgttggc ggtgtcgatg 4800 

ttcagggcca cgtctgcccg gtcggtgcgg atgccccggc cttccatctc caccacgttc 4860 
ggccccaggt gaacaccggg caggcgctcg atgccctgcg cctcaagtgt tctgtggtca 4920 

atgcgggcgt cgtggccagc ccgctctaat gcccggttgg catggtcggc ccatgcctcg 4980 
cgggtctgct caagccatgc cttgggcttg agcgcttcgg tcttctgtgc cccgcccttc 5040 
tccggggtct tgccgttgta ccgcttgaac cactgagcgg cgggccgctc gatgccgtca 5100 

ttgatccgct cggagatcat caggtggcag tgcgggttct cgccgccacc ggcatggatg 5160 
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gccagcgtat acggcaggcg ctcggcaccg gtcaggtgct gggcgaactc ggacgccagc 5220 

gccttctgct ggtcgagggt cagctcgacc ggcagggcaa attcgacctc cttgaacagc 5280 

cgcccattgg cgcgttcata caggtcggca gcatcccagt agtcggcggg ccgctcgacg 5340 

aactccggca tgtgcccgga ttcggcgtgc aagacttcat ccatgtcgcg ggcatacttg 5400 

ccttcgcgct ggatgtagtc ggccttggcc ctggccgatt ggccgcccga cctgctgccg 5460 
gttttcgccg taaggtgata aatcgccatg ctgcctcgct gttgcttttg cttttcggct 5520 

5580 ccatgcaatg gccctcggag agcgcaccgc ccgaagggtg gccgttaggc cagtttctcg 
aagagaaacc ggtaagtgcg ccctccccta caaagtaggg tcgggattgc cgccgctgtg 5640 

5700 cctccatgat agcctacgag acagcacatt aacaatgggg tgtcaagatg gttaagggga 
gcaacaaggc ggcggatcgg ctggccaagc tcgaagaaca acgagcgcga atcaatgccg 5760 
aaattcagcg ggagcgggca agggaacagc agcaagagcg caagaacgaa acaaggcgca 5820 

aggtgctggt gggggccatg attttggcca aggtgaacag cagcgagtgg ccggaggato 5880 
ggctcatggc ggcaatggat gcgtaccttg aacgcgacca cgaccgcgcc ttgttcggtc 5940 
tgccgccacg ccagaaggat gagccgggct gaatgatcga ccgagacagg ccctgcgggg 6000 

ctgcacacgc gcccccaccc ttcgggtagg gggaaaggcc gotaaagcgg ctaaaagcgc 6060 
tccagcgtat ttctgcgggg tttggtgtgg ggtttagcgg gotttgoocg cctttccccc 6120 

tgccgcgcag cggtggggcg gtgtgtagcc tagcgcagcg aatagaccag ctatccggcc 6180 
tctggccggg catattgggc aagggcagca gcgccccaca agggcgctga taaccgcgcc 6240 
tagtggatta ttcttagata atcatggatg gatttttcca acaccccgcc agcccccgcc 6300 

cctgctgggt ttgcaggttt gggggcgtga cagttattgc aggggttcgt gacagttatt 6360 
gcaggggggc gtgacagtta ttgcaggggt tcgtgacagt tagtacggga gtgacgggca 6420 

ctggctggca atgtctagca acggcaggca tttcggctga gggtaaaaga actttccgct 6480 

aagcgataga ctgtatgtaa acacagtatt gcaaggacgc ggaacatgcc tcatgtggcg 

gccaggacgg ccagccggga tcgggatact ggtcgttacc agagccaccg acccgagcaa 
6540 
6600 
6660 acccttctct atcagatcgt tgacgagtat tacccggcat tcgctgcgct tatggcagag 

cagggaaagg aattgccggg ctatgtgcaa cgggaatttg aagaatttct ccaatgcggg 6720 
cggctggagc atggctttct acgggttcgc tgcgagtctt gccacgccga gcacctggtc 6780 
gctttcagaa atcaatctaa agtatatatg agtaaacttg gtctgacagg ccccttgaga 6840 
ccagtcccta tcagtgatag agattgacat ccctatcagt gatagagata ctgagcacgg6900 

atctgaaaga ggagaaagga tctatggcga gtagcgaaga cgttatcaaa gagttcatgc 6960 
gtttcaaagt tcgtatggaa ggttccgtta acggtcacga gttcgaaatc gaaggtgaag 7020 
gtgaaggtcg tocgtacgaa ggtactcaga ccgctaaact gaaagttacc aaaggtggtc 7080 

cgctgccgtt cgcttgggac atcctgtccc cgcagttcca gtacggttcc aaagcttacg 7140 

ttaaacaccc ggctgacatc ccggactacc tgaaactgtc cttcccggaa ggtttcaaat 7200 

gggaacgtgt tatgaacttc gaagacggtg gtgttgttac cgttacccag gactcctccc 7260 
tgcaagacgg tgagttcatc tacaaagtta aactgcgtgg tactaacttc ccgtccgacg 7320 

gtccggttat gcagaaaaaa accatgggtt gggaagcttc caccgaacgt atgtaccogg 7380 
aagacggtgc tctgaaaggt gaaatcaaaa tgcgtctgaa actgaaagac ggtggtcact 7440 
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acgacgctga agttaaaacc acctacatgg ctaaaaaacc ggttcagctg ccgggtgctt 7500 

acaaaaccga catcaaactg gacatcacct cccacaacga agactacacc atcgttgaac 7560 

agtacgaacg tgctgaaggt cgtcactcca ccggtgctta ataaggatct ccaggcatca 7620 

aataaaacga aaggctcagt cgaaagactg ggcctttcgt tttatctgtt gtttgtcggt 7680 

gaacgctctc tactagagtc acactggctc accttcgggt gggcctttct gcgtttataa 7740 

gtcggtctca ccgagcggcc gc 7762 

< 210 > SEQ ID NO 11 
< 211 > LENGTH : 3199 

TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 

FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized , PBTK599 backbone 

sequence , circular 
NNAPE W OWNE 

< 400 > SEQUENCE : 11 

agggggatca attccgtgat aggtgggctg cccttcctgg ttggcttggt ttcatcagcc 60 
atccgcttgc cctcatctgt tacgccggcg gtagccggcc agcctcgcag agcaggattc 120 

ccgttgagca ccgccaggtg cgaataaggg acagtgaaga aggaacaccc gctcgcgggt 180 

gggcctactt cacctatcct gcccggctga cgccgttgga tacaccaagg aaagtctaca 240 
cgaacccttt ggcaaaatcc tgtatatcgt gegaaaaagg atggatatac cgaaaaaato 300 

gctataatga ccccgaagca gggttatgca gcggaaaacg gaattgatcc ggccacgatg 360 
cgtccggcgt agaggatctg aagatcagca gttcaacctg ttgatagtac gtactaagct 420 

ctcatgtttc acgtactaag ctctcatgtt taacgtacta agctctcatg tttaacgaac 480 

taaaccctca tggctaacgt actaagctct catggctaac gtactaagct ctcatgtttc 540 

acgtactaag ctctcatgtt tgaacaataa aattaatata aatcagcaac ttaaatagcc 600 

totaaggttt taagttttat aagaaaaaaa agaatatata aggcttttaa agcttttaag 660 
gtttaacggt tgtggacaac aagccaggga tgtaacgcac tgagaagccc ttagagcctc 720 
tcaaagcaat tttgagtgac acaggaacac ttaacggctg acatgggaat tcccctccac 780 

cgcggtggcg gccgctctag aactagtgga tcccccgggc tgcaggaatt cgatatcaag 840 
cttatcgata ccgtcgacct cgaggggggg cccggtaccg aggacgcgtc gaattaatto 900 
cgctagcttc acgctgccgc aagcactcag ggcgcaaggg ctgctaaagg aagcggaaca 960 
cgtagaaagc cagtccgcag aaacggtgct gaccccggat gaatgtcagc tactgggcta 1020 

tctggacaag ggaaaacgca agcgcaaaga gaaagcaggt agcttgcagt gggattatca 1080 
aaaaggatct tcacctagat ccttttaaat taaaaatgaa gttttaaatc aatctaaagt 1140 

atatatgagt aaacttggtc tgacagttac caatgottaa tcagtgaggc acctatctca 1200 

gcgatctgtc tatttogttc atccatagtt gcctgactcc ccgtcgtgta gataactacg 1260 
atacgggagg gottaccatc tggccccagt gctgcaatga taccgcggga cccacgctca 1320 

ccggctccag atttatcagc aataaaccag ccagccggaa gggccgagcg cagaagtggt 1380 

cctgcaactt tatccgcctc catccagtct attaattgtt gccgggaagc tagagtaagt 1440 

agttcgccag ttaatagttt gcgcaacgtt gttgccattg ctacaggcat cgtggtgtca 1500 
cgctcgtcgt ttggtatggc ttcattcagc tccggttccc aacgatcaag gcgagttaca 1560 

tgatccccca tgttgtgcaa aaaagcggtt agctccttcg gtcctccgat cgttgtcaga 1620 
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agtaagttgg ccgcagtgtt atcactcatg gttatggcag cactgcataa ttctcttact 1680 

gtcatgocat ccgtaagatg cttttctgtg actggtgagt actcaaccaa gtcattctga 1740 
gaat agtgta tgcggcgacc gagttgctct tgcccggcgt caatacggga taataccgcg 1800 
ccacatagca gaactttaaa agtgctcatc attggaaaac gttcttcggg gegaaaactc 1860 
tcaaggatct taccgctgtt gagatccagt tcgatgtaac ccactcgtgc acccaactga 1920 

tcttcagcat cttttacttt caccagcgtt tctgggtgag caaaaacagg aaggcaaaat 1980 

gccgcaaaaa agggaataag ggcgacacgg aaatgttgaa tactcatact cttccttttt 2040 

caatattatt gaagcattta tcagggttat tgtctcatga gcggatacat atttgaatgt 2100 

atttagaaaa ataaacaaat aggggttccg cgcacatttc cccgaaaagt gccacctgcc 2160 
tgatgagacg atgaaagtga aacgtgattt catgcgtcat tttgaacatt ttgtaaatct 2220 

tatttaataa tgtgtgcggc aattcacatt taatttatga atgttttctt aacatcgcgg 2280 
caactcaaga aacggcaggt tcggatotta gctactagag aaagaggaga aatactagat 2340 
gcgtaaaggc gaagagctgt tcactggtgt cgtccctatt ctggtggaac tggatggtga 2400 

tgtcaacggt cataagtttt ccgtgcgtgg cgagggtgaa ggtgacgcaa ctaatggtaa 2460 

actgacgctg aagttcatct gtactactgg taaactgccg gttccttggc cgactctggt 2520 
aacgacgctg acttatggtg ttcagtgctt tgctcgttat ccggaccata tgaagcagca 2580 
tgacttcttc aagtccgcca tgccggaagg ctatgtgcag gaacgcacga tttcctttaa 2640 

2700 ggatgacggc acgtacaaaa cgcgtgcgga agtgaaattt gaaggcgata ccctggtaaa 

ccgcattgag ctgaaaggca ttgactttaa agaggacggc aatatcctgg gocataagct 2760 
ggaatacaat tttaacagcc acaatgttta catcaccgcc gataaacaaa aaaatggcat 2820 

taaagcgaat tttaaaattc gccacaacgt ggaggatggc agcgtgcagc tggctgatca 2880 

ctaccagcaa aacactccaa tcggtgatgg tcctgttctg ctgccagaca atcactatct 2940 
gagcacgcaa agcgttctgt ctaaagatcc gaacgagaaa cgcgatcata tggttctgct 3000 

ggagttcgta accgcagcgg gcatcacgca tggtatggat gaactgtaca aatgaccagg 3060 

catcaaataa aacgaaaggc tcagtcgaaa gactgggcct ttcgttttat ctgttgtttg 3120 

tcggtgaacg ctctctacta gagtcacact ggctcacctt cgggtgggcc tttctgcgtt 3180 
tataagtccg tctcaagca 3199 

V 

V 

< 210 > SEQ ID NO 12 
< 211 > LENGTH : 109 
< 212 > TYPE : DNA 

13 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized , CP25 _ laco sequence 

V NN HAH OWN V 

< 400 > SEQUENCE : 12 

ctttggcagt ttattcttga catgtagtga gggggctggt ataatcacat agtactgttg 60 
gaattgtgag cggataacaa ttccatacag aaacagagga gatattaca 109 

< 210 > SEO ID NO 13 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 

3 > OTHER INFORMATION : Chemical Synthesized 
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< 400 > SEQUENCE : 13 

taccaacagc gacagaaccc 20 

< 210 > SEQ ID NO 14 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 

13 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized 

V 

< 400 > SEQUENCE : 14 

ctcaggcgca atcacgaatg 20 

< 210 > SEQ ID NO 15 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized 

OWN 
< 400 > SEQUENCE : 15 

aatgctgttt tcccggggat 20 

< 210 > SEQ ID NO 16 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized 
< 400 > SEQUENCE : 16 

ctggaaattg ctgctgccag 20 

< 210 > SEQ ID NO 17 
< 211 > LENGTH : 21 
< 212 > TYPE : DNA 

13 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized 

< 400 > SEQUENCE : 17 

tcgcttgttc acagcgatag a 21 

< 210 > SEQ ID NO 18 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized 

< 400 > SEQUENCE : 18 

gcttttgcca ttctcaccgg 20 

< 210 > SEQ ID NO 19 
< 211 > LENGTH : 20 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
20 > FEATURE : 

< 223 > OTHER INFORMATION : Chemically Synthesized 

< 400 > SEQUENCE : 19 

attggcaacg ctacctttgc 20 
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< 210 > SEQ ID NO 20 
< 211 > LENGTH : 21 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
20 > FEATURE : 

< 223 > OTHER INFORMATION : Chemically Synthesized 
V 

< 400 > SEQUENCE : 20 

gtcgtggtat tgtcaggage a 21 

< 210 > SEQ ID NO 21 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized 

< 400 > SEQUENCE : 21 

tgttcaggac gtcaatacac cttat 25 

V 

V 

V 

< 210 > SEQ ID NO 22 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized 

V 

V 

V 

< 400 > SEQUENCE : 22 

aaattgcagt ttcatttgat gctcg 25 

< 210 > SEQ ID NO 23 
< 211 > LENGTH : 25 

TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 

FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized 

< 400 > SEQUENCE : 23 

gcgagcccat ttatacccat ataaa 25 

< 210 > SEQ ID NO 24 
< 211 > LENGTH : 25 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized 

< 400 > SEQUENCE : 24 

ttcaaggttc catttgcctt tttca 25 

< 210 > SEQ ID NO 25 
< 211 > LENGTH : 26 

< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Chemically Synthesized 

< 400 > SEQUENCE : 25 

acctgttgat agtacgtact aagcto 26 

< 210 > SEQ ID NO 26 
< 211 > LENGTH : 26 
















































































































































































































































