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APPENDIX A

Instrum ents and chemical reagents

1. Instruments
- Analytical balance: Mettler Toledo, model AG204, Switzerland.
- Autoclave: Tomy, model Avanti J25, USA; Eppendorf, model 5430, Germany; Sorvall, 

model RC-5C Plus, USA.
- Circulating Water Bath: Techre, model TE8 A, UK.
- Freeze Dryer: Savant, model Super Modulya 233, USA.
- Freezer: Sharp, model FC27 (-20°C), Japan and Deep Freezer: Revco, model 

ULT1790-7-V12 (-80°c), USA.
- Hot stirring plate: Thermolyne, model Crimarec2, USA.
- Incubator: Memmert, model BE500, Germany.
- Incubator shaker: New Brunswick Scientific, model innova 4300, USA
- Magnetic stirrer: Ika, model RO-10, Malaysia.
- Microwave: Sanyo, model EM-815FW, Japan.
- Oven: Memmert, model UE 600, Germany.
- pH Meter: Mettler Toledo, model CH-8603, Switzerland.
- Pipctteman: Gilson, France.
- Precision balance: Mettler Toledo, model PB3002, Switzerland.
- Shaking Water Bath: Memmert, model WB22, Germany.
- Spectrophotometer: Sherwood Scientific, model 1259, Cambridge, UK.
- Vortex mixer: Barnstead/Thermolyne, model M37610-26, USA.
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. Chemicals (Analytical grade)
Chemicals Company
Acetone Merck
Di-Ammonium sulfate Merck
L-arginine monohydrochloride Fluka
Bovine serum albumin Sigma
Carboxymethyl cellulose (CMC) Merck
Cellulose powder Merck
Chloroform Mallinckrodt
Copper (II) sulfate pentahydrate Sigma
Ethanol Carlo Erba
Ethylene diamine tetraacetic acid (EDTA) Merck
Ferric citrate Merck
Ferric sulfate sevenhydrate Carlo Erba
Folin-Ciocalteu's phenol Merck
Hydrochloric acid Merck
Magnesium sulfate heptahydrate Sigma
Methanol Merck
Phenol Carlo Erba
Potassium chloride Merck
Potassium hydrogen sulfate Merck
Di-potassium tartate Carlo Erba
Sodium chloride Carlo Erba
Tri-sodium citrate dihydrate Merck
Sodium dodecyl sulfate Fluka
Sodium hydroxide Merck
Sodium potassium tartate Merck
Trichloroacetic acid Merck
Trisma base Merck
Tyrosine Sigma
Xylan from oat spelt Sigma



APPENDIX B

C ulture M edia
All media were dispensed and sterilized in autoclave at 120° c, 15 pounds/inch2 

pressure for 15 min except the media for acid production from carbon source testing which were 
sterilized at 110° c, 10 pounds/inch2 pressure for 10 min.

1. PY medium
Polypeptone 5 g
Yeast extract 1 g
k 2h p o 4 4 g
M gS04.7H,0 1 g
KC1 0.2 g
FeS04.7H20 0.02 g
(Agar 15 g)
Distilled water 1000 ml
Dissolve and adjust to pH 7.0

Cellulose powder (CPY) medium
Cellulose powder 10 g
Peptone 5 g
Yeast extract 1 g
k 2h p o 4 4 g
M gS04.7H20 1 g
KC1 0.2 g
FeS04.7H20 0.02 g
(Agar 15 g)
Distilled water 1000 ml
D issolve and adjust pH  to 7.0
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3. Xylan (XPY) medium
Oat spelt xylan 10 g
Peptone 5 g
Yeast extract 1 g
K2H P04 4 g
M gS04.7H20 1 g
KC1 0.2 g
FeS04.7H20 0.02 g
(Agar 15 g)
Distilled water
Dissolve and adjust pH to 7.0

1000 ml

Carboxymethyl cellulose (CMC) medium
CMC ( Carboxymethyl cellulose ) 1 g
Peptone 5 g
Yeast extract 1 g
k 2h p o 4 4 g
M gS04.7H,0 1 g
KC1 0.2 g
FeS04.7H20 0.02 g
(Agar 15 g)
Distilled water
Dissolve and adjust pH to 7.0

1000 ml

Carboxymethyl cellulose-basal (CMC-basal) medium
(N H 4) 2 s o 4 1 g
CMC 5 g
Yeast extract 1 g
(Agar 10 g)
Distilled water 1000 ml
Dissolve and adjust pH to 7.0
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6. L-arginine agar medium
Phenol red, 1.0% aq.solution 1.0 ml
L(+)arginine monohydrochloride 10.0 g
Agar 3.0 g
PY medium 1000 ml
Dissolve and adjust pH to 7.2

7. Aesculin broth
Aesculin 1 g
Ferric citrate 0.5 g
PY medium 1000 ml
Dissolve and adjust pH to 7.4. Sterilization was performed at 110 °c for 10 min.

8. Casein agar medium
Skim milk 10 g
PY medium 1000 ml
Agar 15 g
Dissolve and adjust pH to 7.2

9. Gelatin agar medium
Gelatin 10 g
PY medium 1000 ml
Agar 15 g
Dissolve and adjust pH to 7.2

10. Motility test medium
Motility medium (Difco) 20 g
Distilled water 1000 ml
D issolve and adjust pH  to 7.2
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11. Simmon Citrate agar
Simon citrate agar (Difco) 24.2 g
Distilled water 1000 ml
Dissolve and adjust pH to 6.8

12. Starch agar medium
Starch 10 g
PY medium 1000 ml
Agar 15 g
Dissolve and adjust pH to 7.2

13. Triple sugar iron agar medium
Triple sugar iron agar (Difco) 60 g
Distilled water 1000 ml
Dissolve and adjust pH to 7.4

14. Tyrosine agar medium
Tyrosine 50 g
PY medium 1000 ml
Agar 15 g
Dissolve and adjust pH to 7.2

15. Deoxyribonuclease (DNase) medium
DNase test agar (Difco) 42 g
Distilled water 1000 ml
Adjust pH to 7.3 and heat to boiling to dissolve completely

16. Indole test medium
Tryptone 10 g
Meat extract 3 g
Distilled water 1000 ml
Dissolve and adjust pH to 7.4
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17. Nitrate broth
Meat extract 3 g
Peptone 10 g
KNOj 1 g
Distilled water 1000 ml
Dissolve and adjust pH to 7.2

Tween 80 agar medium
Tween 80 2 ml
PY medium 1000 ml
Agar 15 g
Dissolve and adjust pH to 7.2

Urea agar medium
Urea 20 g
PY medium 1000 ml
Agar 15 g
Dissolve and adjust pH to 7.2

20. MR-VP broth
MR-VP medium (Merck) 17 g
Distilled water 1000 ml
Dissolve and adjust pH to 6.9



APPENDIX c

Glucose or xylose solution (0, 20, 40, 60, 80, 100, 120, 140, 160, 180, 200 ug/ml) were 
prepared. The analytical reactions were carried out by a procedure described by Somogyi and

Reagents and Buffers

1. Standard curve of glucose or xylose
Glucose or xylose solution (0, 20, 40, 60, 80, 100, 120, 140, 160, 180, 200 ug/ml) we 

prepared. The analytical reactions were carried out by a procedure described by Somogyi at 
Nelson (1952).

2. Flagella staining reagent
Basic fuchisin 0.5 g
Tannic acid 0.2 g
Aluminium sulfate 0.5 g
Dissolve in solvent composed of 95% (v/v) ethanol (2ml), glycerol(0.5 ml), and 

Tris(hydroxymethyl)aminomethane(Tris) buffer (7.5ml).

3. Kovac’s reagent
p-dimethylaminobenzaldehyde 5 g
Amyl alcohol 75 g
cone. HC1 25 ml
Dissolve the aldehyde in the alcohol by gently heating in a water bath (about 50-55 °c). 

Cool then add the acid with care. Protect from light and store at 4 °c.

4. Nitrate test reagent
Solution A (sulphanilic acid solution)

0.33% (w/v) sulphanilic acid in 5 N- acetic acid 
Dissolve by gently heating 

Solution B (N, N-dimethyl-l-naphthylamine)
0.6% (w/v) dimethyl-a-napthylaminein 5 N-acetic acid 
Dissolve by gently heating in a fume hood.



Add two drops of sulphanilic acid solution and three drops of A/yV-dimethyl-l- 
naphthylamine into peptone nitrate broth, then inoculating with test microorganisms.
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5. 6NHC1
cone. HC1 60 ml
Distilled water 60 ml
Add cone. HC1 into the distilled water

6. 2 N H 2SO4
cone. H2S 0 4 2 ml
Distilled water 34 ml
Add cone. HC1 into the distilled water

7. Ninhydrin solution
Ninhydrin 0.3 g
1-Butanol 100 ml
Glacial acetic acid 3 ml
Dissolve ninhydrin in butanol containing acetic acid

8. Phenol ะ Chloroform (1:1 v/v)
Crystalline phenol was liquified in water bath at 65° c  and mixed with 

chloroform in the ratio of 1:1 (v/v). The solution was stored in a light tight bottle.

9. 0.5 M EDTA (pH 8.0)

Disodium ethylenediamine tetraacetate.2H20  (186.1 g) was added into 800 ml of distilled 
water and stirred vigorously on a magnetic stirrer. The pH was adjusted to 8.0 with NaOH 
(20 g of NaOH pellet). The volume was adjusted to 1 litre. The solution was dispensed into

8. Phenol ะ Chloroform (1:1 v/v)
Crystalline phenol was liquified in water bath at 65° c  and mixed with

9. 0.5 M EDTA (pH 8.0)

aliquot and sterilized by autoclaving at 15 lb/in2 for 15 minutes.
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10. 2x PBS solution

8 mM Na2H P04

1.5 mM K H ,P04 

137 mM NaCl 

2.7 mM K.C1

The ingredient o f 2x PBS is shown above. The solution pH was adjusted to 7.0 with IN 
NaOH or IN HCL, then sterilized by autoclaving at 15 lb/in2 for 15 minutes.

11. 10 mg/ml Salmon sperm DNA

A 10 mg of Salmon sperm DNA was dissolved in 1 
Boiling for 10 minutes, immediately cooling in ice water and

ml o f 10 mM TE buffer pH 
sonicating for 3 minutes.

7.6.

12. 3 M Sodium acetate, pH 5.2

To 800 ml of distilled water, 408.1 g of sodium acetate was added and adjusted the 
pH to 5.2 with glacial acetic acid. The volume was adjusted to 1 litre. The solution was 
sterilized by autoclaving at 15 lb/in2 for 15 minutes.

13. 10% Sodium dodecyl sulphate (SDS)

The solution was prepared by dissolving 10 g of sodium dodecyl sulphate in 100 ml 
sterile distilled water. Sterilization is not required.

14. 20x ssc
3 M NaCl

0.1 M Tri-sodium citrate

The ingredient of 20x s s c  is shown above. The solution pH was adjusted to 7.0 with IN 
NaOH, then sterilized by autoclaving at 15 lb/in2 for 15 minutes
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15. 1 M Tris-HCl (pH 8.0)

The I M Tris was prepared by dissolving 121.1 g of Tris base in 800 ml of distilled 
water. The pH was adjusted to the desired value by adding cone. HCL (pH 8.0, 42 ml of 
HC1). The solution was cooled to room temperature before making final adjustment to the 
desired pH. The volume of the solution was adjusted to 1 litter with with distilled water and 
sterilized by autoclaving.

16. RNase A solution

RNase A 20 mg

0.15 MNaCl 10 ml

Dissolve 20 mg of RNase A in 10 ml of 0.15 M NaCl and heat at 95° c  for 5-10
minutes. Store at -20°c.

17. RNase T, solution

RNase T, 80 ttl
0.1 M Tris-HCl (pH 7.5) 10 ml

Add 80 pi of RNase T, into 10 ml of 0.1 M Tris-HCl (pH 7.5), then heat at 95°c 
for 5 minutes. Store at -20°c.

18. Proteinase K solution

Proteinase K (Sigma) 4 mg

50 mM Tris-HCl (pH 7.5) 1 ml

Dissolve proteinase K in Tris-HCl buffer. Use freshly prepared solution.
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1 9 .  N u c l e a s e  P I  s o l u t i o n

N u c l e a s e  P I 0 . 1  m g

4 0  m M  C H 3 C O O N a + 1 2  m M  Z n S 0 4 ( p H 5 . 3 ) 1 m l

D i s s o l v e  n u c l e a s e  P I  i n  s o d i u m  a c e t a t e  c o n t a i n i n g  Z n S 0 4 . S t o r e  a t  4 ° c .

2 0 .  A l k a l i n e  p h o s p h a t a s e  s o l u t i o n

A l k a l i n e  p h o s p h a t a s e  2 . 4  u n i t s

0 .1  M T r i s - H C l ( p H  8 .1 )  1 m l

D i s s o l v e  a l k a l i n e  p h o s p h a t a s e  i n  T r i s - H C l  b u f f e r .  S t o r e  a t  - 2 0 ° c .

2 1 .  0 . 1  M  T r i s - H C l  b u f f e r ,  p H  9

T r i s 1 . 2 1 m g

D i s t i l l e d  w a t e r 1 0 0 m l

D i s s o l v e  T r i s  b a s e  i n  d i s t i l l e d  w a t e r ,  a d j u s t  t h e  p H  t o  9  w i t h  c o n c . H C l .

2 2 .  T E  b u f f e r  ( p H  8 . 0 )

1 0  m M  T r i s  H C l  ( p H  8 . 0 )

1 m  M  N a 2 - E D T A  ( p H  8 . 0 )

T h e  i n g r e d i e n t  o f  T E  b u f f e r  ( p H  8 . 0 )  i s  s h o w n  a b o v e .  S t e r i l e  b y  a u t o c l a v i n g  a t  1 5  
l b / i n 2 f o r  1 5  m i n u t e s ,  s t o r e  a t 4 ° c .

2 3 .  T E  b u f f e r  +  R N a s e  A

S t e r i l e  T E  b u f f e r 9 6 0  m l

R N a s e  A  ( 2  m g / m l ) 1 0 0  p i

T h e  i n g r e d i e n t  i s  s h o w n  a b o v e .  M i x  t h e  i n g r e d i e n t  t o g e t h e r  a n d  s t o r e  a t  4 ° c .
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2 4 .  S a l i n e - N a 2 E D T A

0 . 1  M N a C l

5 0  m M  E D T A . 2 N a  ( p H  8 . 0 )

T h e  i n g r e d i e n t  i s  s h o w n  a b o v e .  M i x  t h e  i n g r e d i e n t  t o g e t h e r ,  s t e r i l e  b y  a u t o c l a v i n g  a t  

1 5  l b / i n 2 f o r  1 5  m i n u t e s .  S t o r e  a t  r o o m  t e m p e r a t u r e .

2 5 .  R e a g e n t s  a n d  b u f f e r s  f o r  D N A - D N A  h y b r i d i z a t i o n

2 5 . 1  P r e h y b r i d i z a t i o n  s o l u t i o n

l O O x  D e n h a r d t  s o l u t i o n 5 m l

1 0  m g / m l  S a l m o n  s p e r m  D N A 1 m l

S t e r i l e  2 0 x  s s c 1 0 m l

F o r m a m i d e 5 0 m l

D i s t i l l e d  w a t e r 3 4 m l

S e q u e n t i a l l y  d i s s o l v e  t h e  a b o v e  i n g r e d i e n t s  i n  d i s s t i l l e d  w a t e r .  

H y b r i d i z a t i o n  s o l u t i o n

P r e h y b r i d i z a t i o n  s o l u t i o n 1 0 0 m l

D e x t r a n  s u l f a t e 5 g

D i s s o l v e  d e x t r a n  s u l p h a t e  i n  p r e h y b r i d i z a t i o n  s o l u t i o n ,  s t o r e  a t  4 ° c .  

S o l u t i o n  I

B o v i n e  s e r u m  a l b u m i n  ( F r a c t i o n  V ) 0 . 2 5 g

T i t r o n  X - 1 0 0 5 0 p l

P B S  s o l u t i o n 5 0 m l

D i s s o l v e  B o v i n e  s e r u m  a l b u m i n  a n d  T r i t o n  X - 1 0 0  i n  P B S  s o l u t i o n .

S t o r e  a t  3 7 ° c .
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2 5 . 4  S o l u t i o n  I I

S t r e p t a v i d i n - P O D  

S o l u t i o n  I

D i s s o l v e  S t r e p t a v i d i n - P O D  i n  S o l u t i o n  I .  S t o r e  a t 4 ° c .

2 5 . 5  S o l u t i o n  I I I

3 , 3 ' , 5 , 5 ’ - T e t r a m e t h y l b e n z i d i n e  ( T M B )

( 1 0  m g / m l  i n  D M F O )

0 . 3 %  ( v / v )  H 2 0 2

0 . 4  M  C i t r i c  a c i d  +  0 . 2  M  N a 2 H P 0 4 b u f f e r  

p H  6 . 2  i n  1 0 %  ( v / v )  D M F O  

M i x  t h e  a b o v e  i n g r e d i e n t  t o g e t h e r .  S t o r e  a t  3 7 ° c .

2 5 . 6  2  M  H 2 ร อ 4

c o n e .  H 2S 0 4 

D i s t i l l e d  w a t e r

A d d  c o n e .  H 2 S 0 4 i n t o  d i s t i l l e d  w a t e r .  T h e  s o l u t i o n  w a s  
a u t o c l a v i n g  a t  1 5  l b / i n 2 f o r  1 5  m i n u t e s .  S t o r e  a t  r o o m  t e m p e r a t u r e .

2 6 .  F e h l i n g  s  s o l u t i o n

S o l u t i o n  I :

C o p p e r  s u l f a t e  p e n t a h y d r a t e  

D i s t i l l e d  w a t e r  

S o l u t i o n  I I :

S o d i u m  p o t a s s i u m  t a r t a t e

1 p i

4  m l

1 0 0  p i

1 0 0  p i  

1 0 0  p i

2 2  m l  

1 7 8  m l  

s t e r i l i z e d  b y

3 4 .6 4  g  

5 0 0  m l

1 7 3  g  

5 0  gS o d i u m  h y d r o x i d e



D istilled w ater

M i x  s o l u t i o n  I  a n d  I I  t o g e t h e r .  S t o r e  a t  r o o m  t e m p e r a t u r e .



APPENDIX D

P h y s i o l o g i c a l  a n d  b i o c h e m i c a l  c h a r a c t e r i s t i c s  o f  i s o l a t e s ,  
p r i m e r s ,  1 6 S  r R N A  g e n e  s e q u e n c e s  a n d  D N A  G + C  c o n t e n t s



Physiological and biochem ical characteristics o f  isolates.
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P A 4 -1 - - - + + + - พ + + + - - + + + - 4- - 4- - - N / N 4- 4- - - - 4- - -

P B S 5 + 4- - + + + - + + + + - - + + + 4- 4- - - - - K 7K - - - + - + - -

T 4 -1 + + - + + + - + + + + - - + + + 4- 4- - - - - A /A + 4- - 4- - + - -

T 6 -1 + + - + + + - + + + + - - + + + + 4- - - - - K /A 4- 4- + 4- 4- 4- - -

-1'3 . 3 + + - + + + - + + + + - - + + + + - 4- 4- - - KJA 4- 4- 4- + 4- 4- - -

T 1 0 -2 + 4- - + + + - + + + + - - + + + + - 4- + - - K /A 4- 4- 4- 4- 4- 4- - -

P B S 4 + 4- พ + + + - + + + + + - + + 4- 4- - - 4- - - A /A + 4- + 4- 4- 4- 4- -

P A 3 -3 + + - + + + - + + + + + - + + - - 4- - - - - A /A 4- 4- + + -1- 4- - -

P A 3 -5 + + - + + + - - + + + + - + + - - 4- - - - - K /A 4- 4- 4- 4- 4- 4- - -

P A 4 -3 + + + + + + - + + + + + - + + 4- - 4- 4- - - - A /A 4- + 4- - + - - -

P A 4 -4 + 4- - + + + - + + + + + - + + - + - 4- + - - K /A 4- 4- 4- - 4- - - -

Sym bols: +, positive; -, negative; พ , w eakly  positive; N ,neutral; K, a lkaline; A , acid



Physiological and biochem ical characteristics o f  iso lates (C ont)
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T 3 -2 + + - + 4- 4- - 4- 4- 4- 4- พ - 4- 4- 4- 4- - 4- - - - K /A 4- 4- 4- 4- - 4- - -

T 6 -3 + + - + 4- 4- - + 4- + 4- - - 4- 4- 4- 4- - 4- - - - K /A 4- 4- 4- 4- - 4- - -

N 1 4 - 2 + + - + 4- 4- - + 4- 4- 4- - - 4- 4- 4- - - - - - 4- K /K 4- - 4- - - - - -

P F 2 -1 + - - + 4- 4- - 4- 4- 4- 4- - - 4- 4- 4- - 4- - - - 4- K7K 4- - 4- - 4- - - -

P D  1 -2 + + - + 4- 4- - - 4- 4- 4- - - 4- 4- 4- - 4- - 4- - 4- K /K + - 4- - 4- - 4- -

T 6 -4 + + - 4- 4- 4- - 4- 4- 4- 4- - - 4- 4- 4- - - - - - - K /K 4- 4- 4- - 4- - - -

N 3 - 2 + + + + + 4- - - 4- 4- 4- - - 4- 4- 4- - - - - - - K /K 4- 4- 4- - 4- - - -

N 12 + - - + 4- - - 4- 4- 4- - - - 4- 4- 4- - 4- - - - - K /N 4- 4- 4- 4- 4- - - -

N 1 6 - 2 + - - 4- 4- - - - 4- 4- 4- - - 4- 4- 4- - - - - - - K /K 4- 4- 4- - 4- - 4- -

PA1-4 + + + + 4- 4- - 4- + 4- 4- 4- - 4- 4- 4- - 4- - - - - K /A 4- - - - - - - -

P A 2 -4 + - + -1- 4- 4- - 4- 4- 4- 4- 4- - 4- 4- 4- - - - - - - K 7A 4- - - - 4- - - -

Sym bols: +, positive; -, negative; พ , w eakly  positive; N ,neutral; K, alkaline; A , acid



Physiological and biochem ical characteristics o f  iso lates (C ont)
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P A 4 -2 + + + + 4- 4- - 4- 4- 4- 4- - - 4- 4- + - 4- - - - - K /A + - - - - - - -

P B  11
+ + + + + 4- - 4- + 4- 4- 4- - 4- 4- 4- 4- 4- - - - 4- K /A  , 

gas"

4- 4- 4- - - - - -

P B H 2 4- + + + 4- 4- - - 4- 4- 4- - - 4- 4- 4- 4- + - - - 4- K /K + - 4- - - - 4- -

P B H 4 4- + + + 4- 4- - - 4- 4- 4- 4- - 4- 4- 4- 4- 4- 4- 4- - 4- K /A 4- 4- 4- - - - - -

P B S 3 4- + + + 4- 4- - - 4- 4- 4- 4- - 4- 4- 4- 4- 4- 4- 4- - 4- K /A 4- 4- 4- - - - - -

P T 4 -2 - - + -1- 4- 4- - 4- 4- 4- 4- - - - - 4- - + - - - - N /N + 4- - - 4- 4- - -

P N 8 -3 - - + + 4- - - 4- 4- 4- 4- - - 4- - 4- - 4- - 4- - - N /N 4- 4- - - 4- 4- - -

P N 1 2 - 2 - - - + 4- - - 4- 4- 4- + - - 4- - 4- - + - - - - N /N 4- 4- - - - 4- - -

P N 1 2 -3 - - - + + - - 4- 4- 4- 4- - - 4- - 4- - + - - - - N /N + 4- - - - 4- - -

P T 6 -2 4- - + + 4- 4- - 4- 4- 4- 4- - - 4- - 4- - 4- - 4- - - N /N 4- 4- - - 4- 4- - -

P T 6 -3 - - + + 4- 4- - 4- 4- 4- 4- 4- - 4- - 4- - + - 4- - - N /N 4- 4- - 4- 4- 4- - -

Sym bols: +, positive; -, negative; พ , w eak ly  positive; N ,neutral; K, alkaline; A , acid
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S y m b o l s :  + ,  p o s i t i v e ;  - ,  n e g a t i v e ;  พ ,  w e a k l y  p o s i t i v e ;  N , n e u t r a l ;  K ,  a l k a l i n e ;  A ,  a c i d
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P h y s i o l o g i c a l  a n d  b i o c h e m i c a l  c h a r a c t e r i s t i c s  o f  i s o l a t e s  ( C o n t )



Physiological and biochem ical characteristics o f  iso lates (C ont)

Iso la te

c o d e .

G r o w th

in

(% N a C l)

G r o w th  at p H G r o w th  a t 0 c

Ca
ta

las
e t

est

Ox
id

as
e t

est

An
ae

ro
bi

c g
ro

wt
h

M
eth

yl 
red

Vo
ge

s-P
ro

sk
au

er

DN
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Ur
ea
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In
do
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pr

od
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n

Ci
tra

te

TS
I

Ni
tra

te 
re

du
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on

As
cu

lin
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ar

gin
in

e

H y d r o ly s is

3 5 5 6 8 9 10 15 2 0 4 5 5 0 55 6 0

Ca
se

in

Ge
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in

St
ar

ch

L-
Ty

ro
sin

e

Tw
ee

n 
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P T 1 -1 - - - + 4 - - 4 4 4 + + - 4- 4 4 - 4 - 4 - - K /N 4 4 - - 4 4 - -

P T 1 -2 4 + 4 + 4 4 - 4 4 4 + + - + - - - 4 - 4 - - A /A - 4 4 - - 4 - -

P T 2 -4 + + + 4 + 4 - 4 + + + - - 4 - - - 4 - 4 - - A /A - 4 4 - - 4 - -

P T 6 -4 + + + 4 4 + - 4 + + + + - 4 4 - - 4 - 4 - - A /A 4 4 4 - - 4 - -

P N 1 6 -5 4 + 4 4 4 4 - + 4 + + - - 4 4 4 - 4 - 4 - - A /A 4 4 4 - 4 - 4 -

N 5 - 1 X 4 4 4 + 4 + - + + + + - - 4 4 4 4 4 4 4 - 4 A /A 4 4 4 - 4 4 - -

N 9 - 2 4 + + 4 + 4 - พ 4 + + พ - 4 4 4 4 4 - 4 4 - A /A 4 - 4 - - - - -

S y m b o l s :  + ,  p o s i t i v e ;  - ,  n e g a t i v e ;  พ ,  w e a k l y  p o s i t i v e ;  N , n e u t r a l ;  K ,  a l k a l i n e ;  A ,  a c i d

O S



A cid production from carbohydrates

I so la te

c o d e .
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L-
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D-
Ce
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bi

os
e

D-
Fr

uc
to

se
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Ga
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to

se

D-
Gl

uc
o.s

e

Gl
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on
at

e

Gl
yc

er
ol

In
os

ito
l

In
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n

La
cto

se

D-
M

alt
os

e

D-
M

an
ni

to
l

D-
M

aim
os

e

D-
M

eli
bi

os
e

D-
M

ele
zit

os
e

CL 
- M

eth
yl 

- D
 

gl
uc

os
id

e

Ra
flï

no
se

L-
Rh

am
no

se

D-
Ri

bo
se

Sa
lic

in

D-
So

rb
ito

l

L-
So

rb
os

e

Su
cr

os
e

D-
Tr

eh
alo

.se

D-
Xy

lo
se

P A 4 -1 - พ 4 - พ พ - - - - 4- - - - - - - - - - - พ - พ - 4

P B S 5 - พ 4 4 - 4 - - - - พ - - 4 - - - - 4 - 4 - - 4 - 4

T 4 -1 - - 4 4 - 4 - 4- - - - - 4 4 - - - - - - 4 - - 4 4 -

T 6 -1 - - + + - 4 - 4- - - - - 4- + - - - - - - 4 - - 4 4 -

T 3 -3 - 4 - 4 4 4 - พ - - พ 4- 4- - พ 4 - 4- - พ - - - 4 4 พ

T 1 0 -2 + 4 - 4 - + - 4 - - 4- 4 4 - 4 4 - + - พ - - - 4 4 -

P B S 4 4 4 - 4 - 4 - 4 - - 4 4 4 - 4- 4- - + - + - - - 4 พ -

P A 3 -3

P A 3 -5 - - - - - - - - - - - - 4 - - - - - - - - - - - - -

P A 4 -3 - + 4 4 4 4 4 4- - - - 4- 4- + - - 4 - - 4 4 4 - 4 4 4

P A 4 -4 - 4 - 4- 4 4 - 4- - - 4 4- 4- - 4- 4 - + - 4 - - - 4 4 4

Sym bols: +, positive; -, negative; พ , w eak ly  positive



Acid production from carbohydrates (Cont)

Isolate
code.

D-
Am

yg
dal

in

L-A
rab

ino
se

D-
Ce

llu
bio

se

D-
Fru

cto
se

D-
Ga

lac
tos

e

D-
Gl

uco
se

Gl
uco

nat
e

Gly
cer

ol

Ino
sito

l

In น
 lin

La
cto

se

D-
Ma

lto
se

D-
Ma

nn
ito

l

D-
Ma

nn
ose

D-
Me

lib
ios

e

D-
Me

lez
ito

se

cX 
- M

eth
yl 

- D
 - 

glu
cos

ide

Ra
ffin

ose

L-R
ham

no
se

D-
Rib

ose

Sa
lici

n

D-
So

rbi
tol

L-S
orb

ose

Su
cro

se

D-
Tre

hal
ose

D-
Xy

los
e

T3-2 - - + + - + - พ - - - + - - - - - - - + + - - + + -
T6-3 + - + + - + พ พ - - - 4- พ + - + - - - - พ - - -1- + -

N14-2 + - + + - + - พ - - - + + + - + - - - - + - - + + -
PF2-1
PD 1-2
T6-4 + - + + - + - - - - - + + + - + - - - - + - - + + -
N3-2 + - + + - + - พ - - - + + + - + - - - - + - - + + -
N12 + - - - - - - + - - + + - - - - + - - + + + + - - +

N16-2
PA1-4 + - + + - + - + - - - + + + - + - - - - + - - + + -
PA2-4 พ - + - - + - - - - - - - + - + - - - - + - - + -b -

Symbols: +, positive; -, negative; พ, weakly positive

oc



Acid production from carbohydrates (Cont)

Isolate
code.

D-
Am

yg
dal

in

L-A
rab

ino
se

D-
Ce

llu
bio

se

D-
Fru

cto
se

D-
Ga

lac
tos

e

D-
Gl

uco
se

Gl
uco

nat
e

Gly
cer

ol

Ino
sito

l

Inu
lin

La
cto

se

D-
Ma

lto
se

D-
Ma

nni
tol

D-
Ma

nn
ose

D-
Me

lib
ios

e

D-
Me

lez
ito

.se

0L
 - 

Me
thy

l -
 D 

- g
luc

osi
de

Ra
flïn

ose

L-R
ham

no
se

D-
Rib

ose

Sal
ic i

n

D-
So

rbi
tol

L-S
orb

o.s
e

Su
cro

se

D-
Tre

hal
ose

D-
Xy

los
e

PA4-2 4 - 4 + - 4 - 4 - - - 4 + 4 - 4 - - - - 4 - - 4 4 -
PB11 - - 4 - - - - 4 - - - - - - - - 4 - - 4 4 - - - - 4
PBH2 - - - - 4 พ - - - - - - - 4- - - - - - - - - - - - -
PBH4 4 - - - - - - 4 - - + - - - - - 4 - - 4 - - - - - 4
PBS3 4 - - - - - - 4 พ - 4 4 - - - - + - - 4 4 4 4 - - 4
PT4-2 4 + + 4 4 4 - 4 - - 4 4 + 4 4- - พ 4 4 4 พ - 4 4 4 4
PN8-3 4 4 4 4 4 4 - - - - 4- 4 + 4 + 4 4 + 4- 4 4 - - 4 4 4

PN12-2 + 4 + 4 + 4 - 4 - - 4 4- 4 4- + - - พ 4 4 - - - 4 4 -
PN12-3 พ พ 4- พ พ พ - 4 - - 4 + 4 พ 4 - - พ - 4 4 - - 4 4 4
PT6-2 4 4 4 4 4 4 - พ - - 4 4- 4 4 4- 4 4 4 4 4 4 - พ 4 4 4
PT6-3 + + 4 4 4 4 - พ - - 4 4- 4 + + + 4 + 4 4 4 - พ 4 4 4

Symbols: +, positive; -, negative; พ, weakly positive

VO



Acid production from carbohydrates (Cont)

Isolate
code.

D-
Am

yg
dal

in

L-A
rab

ino
se

D-
Ce

llu
bio

se

D-
Fru

cto
se

D-
Ga

lac
tos

e

D-
Gl

uco
se

Gl
uco

nat
e

Gl
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Ino
sito

l

Inu
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cto

se

D-
Ma

lto
se
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nn
ito

l
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Ma

nn
ose

D-
Me
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e

D-
Me

lez
ito

se

01 
- M
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yl 

- D
 - 

glu
cos

ide

Ra
tïin
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ham
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D-
iRi

bo
se

Sal
icin

D-
So

rbi
tol

L-S
orb

ose

Su
cro

se

D-
Tre

hal
ose

D-
Xy

los
e

PN13-1 4 4 4 พ 4 4 + พ พ พ 4 4 + + + 4- พ + พ พ พ + - 4 พ +
N5-3

T3-2X 4 4 - พ + - - 4 - + + 4 + + + - พ พ - + พ - - 4 พ 4
PT2-3 - พ พ พ พ - - - - - + + + พ + พ - พ พ พ - - - - + -
PN8-2
PN1-2

TT2-2X
T8-1X
PN8-1 พ - พ พ - - - 4 - - พ พ 4 - พ พ - - พ พ - - - - พ -
PN9-3 - - - - + - - - - - - - - 4 - - - - - - - - - - - -

PN20-1 - - - - + - - - - - - - - + - - พ - - - - - - - - -
Symbols: +, positive; -, negative; พ, weakly positive

too



Acid production from carbohydrates (Cont)

Isolate no.
D-

Am
yg

dal
in

L-A
rab

ino
se

D-
Ce

llu
bio
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ose

Sal
icin

D-
So

rbi
tol

L-S
orb

ose

Su
cro

se

D-
Tre

hal
ose

D-
Xy

los
e

PT1-1 - - 4 - 4 4 - - - + + + + + + พ - + + พ - - - - 4 พ
PT1-2 4 - + 4 4 4 - 4 + + + + + + + + - + + - - 4 4 4 - -
PT2-4 + - + 4 + + - 4 + + + + + + + + - + + - 4 4 - 4 - -
PT6-4 - 4 + 4- - - - - - 4

PN16-5 4
N5-1X 4 - 4 4 4 4 - 4 + + + + + + + + - + + - - 4 4 4 - -
N9-2 - 4 - 4 4 4 + 4 - - + + + + + - - - + 4 4 4 - - 4 4

Symbols: +, positive; -, negative; พ, weakly positive
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1. Primers for 16S rRNA gene amplification and sequencing

9F 5’-GAGTTTGATCCTGGCTCAG-3’
357R 5’-CTGCTGCCTCCCGTAG-3’
802R 5’-TACC AGGGTATCT AATCCC-3’
1115 R 5’-AGGGTTGCGCTCGTTG-’3
1 5 4 1 R 5’-AAGGAGGTGATCCAGCC-3’

2. 16S rRNA gene sequences

2.1 Strain PA4-1 (1080 bp)

TTTTAGTTTAAGTCCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGATCTTCAAGGGAGCTTGCTTCCrGAGAAG
GTTTAGCGGCGGGACGGGGTGAGTAACACGTAGGCAACCrGCCCTCAAGACCGGGATAACATTCGGAAACGAATGCTAAGACCGGATACGCCAA
GGAGGAGGCATCTTCTTCTTGGGAAACACGGCGCAAGCrGTGGCTTGAGGATGGGCCTGCGGCGCATTAGCrAGrrGGCGGGGTAACGGCCCACC
AAGGCGACGATGCGTAGCCGACCTGAGAGGGTGAACGGCCACACCTGGGGATTGAGACACGGCCCAGACrCCrACGGGAGGCAGCAGTAGGGA
ATCTTCCACAATGGGCGCCAAGCCTGATGGAGCAACGCCGCGTGAGTGAGGAAGCCCrTCGGGTCGTAAAGCTCTGTrGCCAGGGAAGAATAAG
AGCCAGTTAACrGCTGGTTCGATGACGGTACCTGAGAAGAAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATAOGTAGGGGGCAAGCGTT
GTCCGGAATrATTGGGOGTAAAGCGCGCGCAGGCGGTrrCTrAAGTCTGGTGTrTAAGTGCGGGGCTCAACCCCGTGACGCACTGGAAACTGGGA
GACTTGAGTGCAGAAGAGGAGAGCGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGOGAAGGCGGCTCTCTGG
ACTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAOGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAGGTGTTGG
GGGGGTCCACCCCrCGGTGCCGAAGTTAACACATTAAGCACrCCGCCTGGGGAGTACXjGTCGCAAGACTGAAACTCAAAGGAATIGACGGGGAC
CCGCACAAGCAGTGGAGTATGTGGTrTAATTCGAAGCAACGCGAAGAACCTrACCAGGTCTTGACATCCCTCTGAATCGTTAGAGATAGGCCGGC
CTTCGGGACAGAGGAGACAGGTGGTGCATGGTACGTCAGCCC
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2.2 Strain PBS5 (1493 bp)

GGACGGGTGAGTAACACGTGGGCAACCTGCCTGTAAGACrGGGATAACACCGGGAAACCGGTGCrAATACCGGATAATTCnTCCCTCTCATGAG
GGAAAATTGAAAGTCGGTnTCGGCrGACACrTAACAGATGGGCCCGCGGCGCATrAAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACOGA
TGCXjTTAGCCGACCTGAGAGGAAATCGGCCCCACTGGGATTGAGACCCGGCCCATTCCTAOGGGAGGCAGCAGTAGGAATrTCCCATGGGACGAA
ATCrGATGGAGCAACGCCGCGTGAGCGAGAAGCCTTTCGGGTCXJTAAACTCrGTTGTTAGGGAAGAACAAGTACCXJGAGTAACrGCCGGTACCrT
GACXiGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAA
GCGCGCGCAGGCGTCCTTTAAGTCTGATGTGAAAGCCCACGGCTGAACCCGTGGAGGGTCATTGGAAACTGGGGGACrTGAGTGCAGAAGAGGA
AAGCGGAATTCCACGTGAACCGGTGAAATGCGGAGAGATGTGGAGGAACACCAGGGGCGAAGGCGGCTTTTCTGGTCTGTAAACTGAOGCrGAG
GCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTTAG
TGCTGCAGCTAACGCATTAAGCACrCCGCCTGGGGAGTACGGCCGCAAGGCrGAAACrCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAG
CATGTGGTTTAATTCGAAGCAAACGCGAAGAACCTrACCAGGTCTTGACATCCrCrGACACrCCrAGAGATAGGACGTTCCCCTrCGGGGGACAG
AGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTrAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATT
CAGTTGGGCACrCrAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGAOGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACG
TGCTACAATGGATGGTACAAAGGGCrGCAAAACCGCAAGGTCTAGCCAATCCCAXAAAACCATrcrCAGTTCGGATTGTAGGCrGCAACrœCCT
ACATGAAGCCGGAATCGCTAGTAATCGCGGATCAGCATGCOGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTT
TGTAACACCCGAAGTCGGTGGGGTAACCGTAAGGAGCCAGCCGCCTAAGGTGGGACAGATGAGGGTGAAGT

ATTAGTTTGTCCrGGCrCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGAATCAATAGGAGCTTGCTCCTGTTGGTTAGCGGC

2.3 Strain T3-3 (1204 hp)

TCCGGGGTTCGAAAAACCTTCTGTTmTTAGGGGAAAGAAACCAAGTTCCGGGAGGAAACXXjCCrCCTAACCCTTTGACGGTCCCCAACCCAAG
AAAAAGCCCCCGGGCCTAAACTAACCGTGGCCCAAGCACCCGCXjGTTAATCCGTAAGGGTGGCAAGCCGTTAATTCCCGGAAATTTATTTGGGCC
GTAAAACCGCGCGCCAGGCXjGTTTTrTAAGTrTGATGTTGAAAAGCCCCCACGGCrCAACCGTGGAGGTrCATTGGAAACTGGGGAACTTGAGTG
CAGAAGAGAAAAGCGGAATTCCCACGTGTAAGCGGTGAAATGCGTAGAGATGTGGAOGAACACCAGTGCGAAGGCGGCTTTTTGGTCCrGTAAC
TGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACCXrGATTAGATCCCTGGTAGTCCCACGCCCGTAAACGATGAGTGCTAAGTGTrAGAGGGTTTC
CGCCCTTTTAGTGCCCGCCAGCCTAACCGCCAATrAAAGCCCrCCCCCCCrGGGGGAGAACCGGTrCCCCAAAGACCTGAAAACCTCCAAAAAGG
AATrTGAACGGGGGGCCCCGCACAAAGCCGGGTGGAGCATTGTGGTTrAAATTTCGAAAGCCAACCGCGAAGAACCCTrATCCCAGGTTCTTGGA
ACCATCCTCTGGACAACrCrAAAAGATAAGAGCGTnTCCCCCCTTCGGGGGACAGAGTGACAGGGTGGGTGCATGGTTTGTCCGTCCACCTCGTG
TCGTGAAGATTGGTTGGGlTAAAGTCCCCGCAAAŒAGCCGCAACCCrTGATCITAGTTGCCCAGCATTTAGTTGGGCACTCTAAGGTGCTGCCCG
GTGACAAACCGGAGGAAGGTGGGGATGACGTCAAAATCATCATGCCCCTTATGACCTGGGCTAAACACGTGCTACAATGGATGGIACAAAGGGC
TGCAAGACœœAGGTCAACCAATCCCATAAACCATTCTCAGTTCGGATTGTAGGCTGCAACTCGCCrACATGAAGCTGGAATCGCTAGTAATCG
CGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCAOGAGAGTTTGTAACACCCGAAGTCGGTGGAGTAAC
CGTAAGGAGCTAGCCGCCTAAGGTGGGACAGATGATTGGGGTGAAGACGTAACAAGGGAACCGC
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2.4 Strain T3-2 (1167 bp)

TTTCCGOGGTCCGGAAAAACTTCTTTnTTTAAGQGAAAGACCAGTCCTAAOTTAOAAAAGCCTGGGCCCTTTGAACCTrCCCTAAACCCAGAAAA
AGCCGCGGCTAAACTACGGCCAAGCAGCCCGCGTTAATACGTAGGTGGGCAAGCGTTATCCCGGAATTATTGGGCGTAAAGCGGCGCGCAGGTG
GTTTCTTAAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCCATTGGAACTGGGAGACrTGAGTGCAGAAGAGGAAAGTGGAATTCCA
TGTGTAGCGGTGAAATGCGTAGAGATATGGAGGAACCCCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAGGOGOGAAAGCGTGGG
GAGCAAACAGGATTAGATACCCTGGTAGTCCAœCCGTAAACGATGAGTGCTAAGTGTTAGAGGTTTCCCCCCCrrTAAGGTGCCrGGAAAGGTT
AACCCGCATTAAGCACTCCCCCCCTTGGGGGAGTTACCGCCCCCAAAGGCCTTGAAACCCTCCAAAGGAATTTGACCGGGGGGCCCCGCACAAGC
GGTGGGAGCATGGTGGTTTTAATTCCGGAAAGCAACCGCGAAAGAACCCrTACCCAGGTCTrrGACATCCCTCCTGAAAAACCCCAAGAGATAGG
GCTTCCTCCTTTCCGGGGAGCAGAAGTTGACCAGGGTGGGTGCATTGGTITGTOCGTCCAGCCTCCTTGTCGTGAGATGTTTGGGGTTAAATCCCC
GCAAACGAGCGCAACCCrTGATTCTTAAGTTGCCATCAATTAATGGGGCCTCTAAGGGACTGCCCGGTGAAAAACCGAGGAAGGTGGGGATGCTC
AAATCrCATGCCCCTTATGACCrGGGCTACACACGTGCTACAATGGACGTACAAAGAGCTGCAAGACCCGAGGTGGAGCTATTCTCATAAAACCG
TTCTCAGTTCGGATTGTAGGCTGCAACTCGCCAATGAAAGCGGAATOGCAGTAATCœCGGATCACAGCCGCGGTGAATACXîTTCCCGGGCrrGT
ACACACCGCCCGTCACACACGAGAGTTTGTAACACCCGAAGTCGGTGGGGTAACCCTTnTGGAGCCAGCOGCCTAAGGTGGGACAGATGATTGG
GGTGAAAACGTAACCCTGGGACCCCCC

2.5 Strain N14-2 (803 bp)

ATCCTTAGTTTGATCCrGGCrCAGATTGACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGATGAAGAGGCrTGCTCTCrGATTTAGCTGGC
GGACGGGGGAGTAATGCCCCTAGGGAAATrCTGCCTGGTTAGGTGGGGGGATAACCGTCCCCGGAAAACGGGGGCOGCCTAATACCGCATACGT
CCCTACCCGGGGAAAAAAGCAGGGGGGACCTTOGGGGCCTTGCGTCTTATCCAGATGAAGCCCTAAGGTCGGATTTAGCCCrAGTTTGGTGAGGT
AAAATGGGCTCACCCAAGGCGACGATCCCGTAACTGGTCTGAGAGGATGATCCAGTCCACCACrGGGAACTTGAAACACGGTCCAACTCCTAGGG
AGGCAGCGTGGGGGAAATATGGCAATGGGGAAAGCCrGATCCAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAAGCACnTAAGTT
CX3GAGGAAGGGCAAGTAAGTrAATCCCrTGCTGTTTTGACGTTTCCGACAGAATAAAGCACCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACG
AAGGGTGCAAGCGTTAATCCGGAATTACTGGGCGTAAAGCGCGCGTAGGTGGTTCGTTAAGTTGGATGTGAAAGCCCCGGGCTCAACCTGGGAAC
TGCATCCAAAACTGGCGAGCTAGAGTACGGTAGAGGGTGGTGGAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGG
CGAAGGœACCACCTGGACrGATACTGAATGAGTCAAGACTCœ

2.6 Strain T6-4 (800 bp)

TCCCCCCTAGTTTGTCCTGGCTCAGATTGAACGCTGGOGGCAGGCCTAACACATGCAAGTCGAGOGGATGAAGGGAGCrTGCTCTCTGATTCAGOG
gcgggacgggtgaagtaatgcccttaggaaatctggcccccggtaaatggggggggataacgttcccgaaagggaaccxjCtaaataccxxjGcat
ACGTCCCTACŒKKjGAGAAAGCGGGGGATCTTCGGACCTCGCGTTTATCGGATGACGCCrAAGGTCCGGATTTAGCCAAGTTTGGTGGGGTAAAA
GGCCTACCCAAAGGCGACOGATCCCGTAACCTGGTCTGAGAGGGATGATCAGTCCACACTGGAACrGGAGACCCCGGTCCAGACrCCCTACGGGA
GGCAGCAGTGGGGAATATTTGACATGGGTAAGCCTGATCCCAGCCATCCCGCGTGTGTGAAGAAGGTCCrTCGGATTGTAAAGCCrTTAAGTTGG
GGAGGGAAGGGCAGTAAGTTAATCCCCTTGCTGTTTGACGTTACCCAACAGAATAAGCACCGGGCAACTTCGTCCAGCAGCCGCGGTAATACGAA
AGGGTGCAAGCGTAATCGGAATTACCTGGGCGTAAAGCGCGCTAGGTGGTTTGGTAAGATGGATGTGAAATCCCCCGGGCTCAACCTGGGACGCA
TCCATAACTGCCTGACTAGAGTACGGTAGAGGGTGGTGGAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAA
GGOGACCACCTGGACTGATACTGGAATGAGTCGGACCCCCC
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2.7 Strain PT4-2 (1510 hp)

GGTTAGOGGCGGACGGGTGAGTAACACGTAGGCAACCTGCCCATAAGACCGGGATAACATTCGGAAACGAATGCrAAGACCGGATACGCAGAGT
GGGGCATCTTCACrTTGGGAAACACGGTGCAAGCTGTGGCTTATGGATGGCCTGACGCCCCATTAGCrAGTTGGCGGGGAAACGGCCTACCAAGG
CGACGATGCGTAGCCGACCTGAGAGGGTGAACGGCCACCACTGGGACTGAGACACGGCCCAGACrCCTACGGGAGGCAGCAGTAGGGAATCTTC
CACAATGGGœCAAaCCTGATGGAGCAAœCCGCGTGAGTGAGGAAGGCTrTCGGGTCGTAAAGCTCTGTTGCCAGGGAAGAATAAGGGCGAGG
TCACTACTCGTCCGATGACGGTACCTGAGAAGAAAGœCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGGGCCAAACGTTGTCCGG
AATTATTGGGCCTAAAAGœœCCCAGGœGTTTCTTAAGTCTGGTGTTTAAGTGœGGGCTCAACCCCGTGTCGCATCGGAAACTGGGAGACrT
GAGTGCAGAAGAGGAGAGCGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGATCTCTGGACTGT
AACrGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCrGGTAGTCCACGCCGTAAACGATGAGTGCTAGGTGTrGGGGGGG
TCCACCCCTCGGTGCCGAAGTTAACACATTTAAGCACrCTCGCCrGGGGAGTACGGTCGCAAGACTGAAACrCAAAGGAATTGACGGGGACCCGC
ACAACCAGGGGAGTATGTGGTrTAATTCGAAGCAACGCGGAAAAAACCTTACCCAGGTCrGGACATCCCrCTGACCGTCCAAGAAAAAGGGCrTC
CCTrCGGGGCAGAGGAGACAGGTGATGCATGGTrGTCGTCGAACrCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCrTGAAT
TTAGTrGCCAGCACGTAAGGGTGGGCACTCTAGATrGACTGCCGGTGACAAACCGGAGGAAGGCGGGGATGACGTCAAATCATCATGCCCCTTAT
GACCTGGGCTACACACGTACTACAATGGCCGGTACAACGGGCTGCOAAGGAGCGATCCGGAGCTAATCCTATAAAGCOGGTCTCAGTTCGGATTG
CAGGCTGCAACTCGCCTGCATGAAGTCHGAArroCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCC
GTCACACCACGAGAGTTTACAACACCCGAAGCOGGTGGGGTAACCGCAAGGAGCCAGCCGTOGAAGGTGGGAAGATGATTCTAGAGAGT

AATCCTTAGTTTGGTCCTGGCTCAGGACGAACCCGGGCGGCGTGCCTAATACATGCAAGTCGAGCGGATCTTCTCAAGTAGCTTGCTACTTGAGAA

2 . 8  S t r a i n  P N 8 - 3  ( 1 4 9 1  h p )

AG'nTGAGTTCCTGGCTCAGGACGAACGCGGCGGGTGCCTAAACATGCAAGTCGAGCGGTTTCAAGGGAGTTTGCCTCCCGAGAAGGTTAACGGC
GGACGGGTGTACCAGTAGGCAACCTGCCCCTCAAGCCGGGATAACArrrGGGAAACGAATnTAAGACCCGGATACCCAAGGAAGGAGGCrCm
TTTCTTGGAAACCAGGGGCCAACTTGTGGCTrTGAAGAAAGGCCCrGAOGGCCCCTTTAACATATTGGCCGGGGTAAGGCCCCCAGGCGACGATG
CGTAGCCGACCTGAGAGGGGGAACGCCCACACTGGGACTGAGACACGGCCCCAGACrCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGG
GCGCAAGCCrGATGGAGCAACGCCGCGTGAGTGAGGAAGGCCrrœGGTCGTAAAAGCrCrGTTCCCAGGGAAGAATAAGAGCCAGTTAACTGC
TGTTCGATGACXXjTACCTGAGAAGAAAGCCCCGGCrAACrACGTGCCAGCAGCCGCGGTAAAACGTAGGGGCCAAGCGTTGTCCGGAATTATTGG
GGGTAAAGœœCGCAGCGGTTTTCTTAAGTCTGGTGTTTAAGTGCGGGGCTCAACCCCGTGACGCACTGGAAACrGGGAGACrrGAGTGCAGAA
GAGGAGAGœGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCrcrCTGGACTGTAAACTGACGC
TGAGGCGCGAAAGC'GTGGGGGAGCAAACAGGATTAGATACCCTGGTAAGTCCACCCCGTAAACAATGAGTGCTAGGTGTTGGGGGGGTCCCACC
CCCrCGGTGCCGAAGTTAACACATTAACCACTCCCCCTGGGGAGTACGGTCGCAAGACTGAAAGTCAAAGGAATrGGACGGGGACCCGCACAAG
CAGTGGAGTAATGGGGTTTAATTCGAAGCAAAGCGAAGAACCCrTACCAGGGTCTTGACATCCCTCTCGAATACAGTTAGAGAAAGOGTAGGCCT
TCGGGACAGAGGAGACAGGTAGTGCATGGTCCTGTCGTCAGACTTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATC
TTAGTrGCCAGCACTTCGGGTGGGCACrCTAAGGTGACTGCCGGTGACAAACOTGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATG
ACCTGGGCTACACACGTACTACAATGGCCGGTACAACGGGCAGCGAAGGAGOGATCrGGAGCCAATCCTATAAAGCCGGTCTCAGTTCGGATTGC
AGGCTGCAACTCGCCTGCATGAAGTCGGAATTGCTAGTAATCGCGGAACAGCATGCCGCGGTGAATACGTTCCCGGGTCrrTGTACACACCGCCCG
TCACACCACGAGAGTTTACAACACCCGAAGCCGGTGGGGTAACCGCAAGGACCACCTCCCATTTGGAAGAT
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2.9 Strain PN12-3 (1505 bp)

GGGGGGGGAATrTTTGTTTTTTCCCTGCCCGACCACCCATTœCrAAAACATAAATrCAAAGATTTrTTTAAAAAACCTTTCTCCTAAAAAGTTAAC
CCCCCACCTTAATTAACCTTTAGGCAACGGTCCCCATAAACCGGGGAAACCTTGGGAAAGGAATGCTAAAGACCGGATACGCAAAATGGGGGCA
T C T C A T T T T T G G A A A A C A C G G G G C C A A G C T G T G G C T T A T G G A T G G C C r G G G G C G C A T A A G C r A G T T G G T G G G G T A A C G G C C r A C C A A G G C G A C G A

TGGTAGCCGACCTGAGAGGGTGAACGGCCACACTGGGACTGAGACACGGCCCAGACTCCTAOGGGAGGCAGCAGTAGGGAATCTTrCCACAATG
GGCGCAAGCCTGATGGAGCAACGCOGCGTGAGTGAGGAAGGCITTCGGGTCGTAAAGCrCTGTTCCCAGGGAAGAATAAGGGCGAGGTAACTAC
TCGTCCGATGACGGTACCTGAGAAGAAAGCCCCGGCTAACTACGTGCCAGCAGCCGOGGTAATAAGTTAGGGGCCAAACGTTGTTCOGGAATTAT
TTGGGCGTAAAAGCGCGCGCAGGCGGTrTCTrAATTCrGGTGTTTAAGTGCGGGGCTCAACCCCGTGTCGCATCGGAAACTGGGAGACTTGAGTG
CAGAAGAGGAGAGCGGAATTCCACGTGTAGOGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCrCTCTGGACTGTAACTG
ACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCAœœGTAAACGATGAGTGCTAGGTGTTGGGGGGGTCCAC
CCCTCGGTGCCGAAGTTAACACATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGACCCCCACAAGC
AGTGGAGTAAATGGTTTAATTCGAAGCAACGCGAAAAACCTTACCAGGGTCTTGGACATCCCTCTGACCGTCCAAGAGATAGGGCTTCCCTrCGG
GGCAGAGGAGACAGGTAGTGCATGGTCTGTCGTCAGCTOGTGTCGTGAGATGTTGGGTTAAGTCCCGCAAOGAGCGCAACCCTTGAATTTAGTrG
CCAGCACGTAAGGGTGGGCACrCTAGATTGACTGCCGGTGACAAACOGGAGGAAGGCGGGGATGAOGTCAAATCATCATGCCCCTTATGACCrGG
GCTACACACGTACTACAATGGCCGGTACAAQjGGCTGCGAAGGAGCGATCCGGAGCCAATCCrATAAAGCCGGTCTCAGTTCGGATTGGAGGCrG
CAACTCGCCTCCATGAAGTCGGAATTGCTAGTAATCGCGGATCAGCATGCœœGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACC
ACGAGAGTTTACAACACCCGAAGCCGGTGGGGTAACCGCAAGGAGCCAGCCGTCGAAGTGGGAAGATGATTCCTTGGAGAGTA

2 . 1 0  S t r a i n  P T 6 - 2  ( 1 5 0 8  b p )

GTGAGTTTGAACCCTGGCTCAGGAOGAACGCCGGOGGCGTGCCTAATACATrGCAAGTCGAGCGGATCTTCAAGGGAGCITGCTCCCGAGAAGGT
TAGCGGCGGACGGGTGAGTAACACGTrAGGCAACCTGCCCTCAAGACCGGGATAACATTCGGAAACGAATGCTAAGACCGGATACGCAAGGAGG
AGGCATCTTCTTCTTGGGAAACACGGCGCAACTGTGGCTTGAGGATGGGCCTGCGGCCCrTAATTAGTGGGCGGGTAACGGCCCACCAAGGCGAC
GATGTOTAGCCGACCnGAGAGGGTGAACGGCCACCACTGGGACTGAGACACGGCCCAGACrCCTAOGGGAGGCAGCAGTAGGGAATCTTCCACA
ATGGGCGCAAGCCTGATGGAGCAACGCCGCGTGAGTGAGGAAGCCTTTCGGGTCGTAAAGCTCTGTTCCCAGGGAAGAATAAGAGCCAGTrAAC
TGCTGGTTCGATGACGGTACCrGAGAAGAAAGCCCCGGCTAACrACGTGCCAGCAGCCGCGGTAAAACGTAGGGGGCAAGCGTTGTTCCGAAATT
ATTGGGGTAAAGœœœCAGGœGTrrCTTAAGTCTGGTGrn'AAGTGCGGGGCrCAACCCCGTGACGCACTGGAAACTGGGAGACTTGAGTGC
AGAAGAGGAGAGOGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTCTCrGGACTGTAACTGA
CGCTGAGGOGOGAAAGCGTGGGGAGCAAACAGGATTAGATACCCrGGTAGTCCACGCCGTAAACGATGAGTGCTAGGTGTTGGGGGGGTCCACC
CCTCGGTGCCGAAGTTAAACACATTAAGCACTCCGCCTGGGGAGTACGGTCCGCAAGACTrGAAACTCAAAGGAATTGACGGGGACCCGCACCA
AGCAGGGGAGTATGTGGGTTTAATTTCGAAGCAAOGOGGAAGAACCTTACCAGGTrCrGGACATCCCTTCTGAATACGTAAGAGATAGCGTAGGC
CTTCGGGACAGAGGAGACAGGTGATGCATGGTTGTCGTCAGACTCGTGTCGTGAGATGTrGGGTTAAGTCCCGCAAOGAGCGCAACCCTTGATCT
TAGTTGCCAGCACrrCGGGTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGA
CCTGGGCTACACACGTACTACAATGGCCGGTACAACGGGCAGOGAAGGAGCGATCTGGAGCCAATCCTATAAAGCCXtGTCTCAGTTCXjGATTGCA
GGCTGCAACTCGCCTGCATGAAGTCGGAATTGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATAOGTTCCCGGGTCTTGTACACACOGCCCGTC
ACACCACGAGAGTTTACAACACCCGAAGCCGGTGGGGTAACCGCAAGGAGCCAGCOGTCGAAGGTGGGAAGATGATTCTTAGAGAGTT
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2.11 Strain PN13-1 (1468 bp)

GCGGACGGGTGAGTAACACGTGGGTAACCCTGCCCCATAAGACTTGGGATAACATTCGGAAAOGAATGCTAATACCGGATACGCGAATCGGTCG
CATGATOTAATCGGGAAAGGœOAGCATTTGCCCTTTATGGAGGGACCCGOGGCGCATAACrTAGTTGGGTGGGTAACGGCTCACCAAGGCGAOG
ATGCGTAGCCGACCTGAGAGGGTGATCGTCCACACTGGGACrGAGACAOGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAAT
GGACGAAAGTCTGAœGAGCAAOTCCCCCTGAGTGATAAAGGITTTCGGATCGTAAAAGCrTCrGTTGCCAGGGAAGAACGCrTGCGAGAGTAAC
TGCrCGCAAGGTGAOGGTACCTGAAGAAGAAAGCCCCGGCTAAATrACGTGCCAGCAGCCCCGGGTAAAACGTTAGGGGCCAAACGTTGTCTCG
GAATTTATrGGGCGTAAAAGCGCCCCCCAGGCGCCTTGTAAGTCTGTCGTTTAAACTOGGAGCTCAACTTCGAGTCGCGATGGAAACTGCAAAGC
TTGAGTGCAGAAGAGGAAAGTGGAATTCCAOGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGCTTTCTOGGCrG
TAACTGACGCTGAGGCGCGAAAGCGTGGGGAACAAACAGGATTAGATACCCTGGTAGTCCACCCCGTAAACGATGAATGCTAGGTGTTAGGGGT
TTCGATACCCTTGGTGCCGAAGTTAACACATTAAGCATTCCCCCrGGGGAGTACGGTCCGCAAGACTGAAACTCAAAGGAATTGACGGGGACCCG
CACCAAGCCAGTGGAGTATGTGGTTTAATTOGGAAGCAACCCGGAAAAACCrTACCCAGGTCTTGACATCCCTCTTGACCGCCCAAGAGAAAGGG
CTTTCCTTCGGGACAGAGGAGATCAGGTGGAAGCATGGTTGTCGTCAGACTCGTaTCGTGAGATGTrGGGTTAAGTCCCGCAACGAGCGCAACCC
TTGATCTTAGTKjCCAGCACrTTGGGTGGGCACTCTAGGATGACTGCOGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCC
CTTATGACCTGGGCTACACAOTTACTACAATGGCCGATACAACGGGAAGCGAAACCGCGAGGTGGAGCCTTGAGTTCGATCTGGTCTACAGTTAA
TCGACTCAACTCAGTACCAATCGCAATTGTAGGAATCATAGCACGATGGGTAATCGTTCCCGGCCGAGTCAGGCGGGCACCACAGGTGTrCCTGT
CCTGGGGTACGAAAGCCCœcCAGGTGGAAGATGATCCGTTTGGAGAT

rrTAGGTTTGAAAACCTGGCTCAGGACGAACCGCTGGCGGCGTGCCTAATACATGGCAAGTCGAAGCGGACrn'AACTTTCGGGCAAAGTTAGCG

2 . 1 2  S t r a i n  T 3 - 2 X  ( 1 5 0 9  b p )

GATTTAGTTAATGTCCCTGGCTCAGGACGAACGCCGGCGGOGTGCCTrAATACATGCAAGTCGAGCCGGACTTTGCCrTTCGGGTAAAGTAAGCG
GCGGACGGGTGAGTAACAOGTGGGTAACCCTCCCCCATAAGACrGGGATAACATTCGGAAACGAATGCTAATACCGGATACGCGAAGOGGTCGC
ATGATCGAATOGGGAAAGGCGGAGCAATTTACCACTTATGGATGGACCCGCGGCCCATTAGTTAGTTGGTGGGGTAACGGCTCACCAAGGOGACG
ATGCGTAGCCGACCTGAGAGGATGATOGGCCACCACTGGGATGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGATCTTCCCGCAAT
GGACGAAAGTCTGACGGAGCAACGCCGCCTAAGAGATAAAGGTTTTCGGATCGTAAAAGCrCrGTTGCCAGGGAAGAACGCTrGCGAGAOTAAC
TGCTCGCAAGGTGACGGTACCTGAGAAGAAAGCCCCGGCl'AACTACGTGCCAGCAGCCGCGGTAATACGTAGGGGGCAAGCGTTGTCCGGAATT
ATTGGGOGTAAAGCGCGCGCAGGCGGCCTrGTAAGTCTGTOGTrTAAACrOGGAGCTCAACrTCGAGTCGCGATGGAAACTGCAAAGCTTGAGTG
CAGAAGAGGAAAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACrTTCTGGGCTGTAACTG
ACGCGTGAGGCCGCGAAAAGCGTGGGGACCAAACAGGATAAAGATACCCTGGTAGTCCACCCCGGTAAAœATGAATGCTAGGTGTTAGGGGTT
TCGATACCCTTGGGTGCCGAAGTTAACACATTAAAGCATTCCGCCTGGGGAGTACGGTOGCAAGACTGAAACTCAAAGGAATTGACGGGGACCCG
CACAAGCAGTGGAGTATGTGGTTrAATTTGAAGCAACGOGAAGAACCrTACCAGGTCTTGACATCCCrCTGACCGTCCCTAGAGATAGGGCnTCC
rrCGGGACAGAGGAGACAGGTGGTGCATGGTTGTACGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAAœAGCGCAACCCrTGATCrr
AGTTGCCAGCACTTGGGGTGGCCACTCTAGGATGACTGCCGGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGA
CCTGGGCrACACACGTACTACAATGGœGAXACAACGGGAAGœAAACOGCGAGGTGGAGCCAATCCTATCAAAGTCGGTCTCAGTTCGGArrGC
AGGCTGCAACTCGCCTGCATGAAGTCGGAATTGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCG
TCACACCACGAGAGTrrACAACACCCGAAGCCGGTOGGGTAACCGCAAGGAGCCAGCCGTCGAAGGTGGGGTAGATGATGGGTGAAGTC
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2.13 Strain PT2-3 (1331 bp)

AGGTTGGGAAAGGGGAGCAATTTTTrCCTrATGGAAGGGACCTrGCGGCCGCTTAAGTATTTGGGGAGGAAACGGCTTCCCCCAAGGCGAOGATG
GCGTAACCCGCTAGAGGGTGATTCGCCCCCCrGGGGATTGAGACACGGCCCCAGATCTTAOGGGAGCAGCAGTrAGGGAATTrCCCCCAATGGAC
GAAAGTCTGACGGAAGCAACGCOTCGTGAGTGATGAAAGTTTTCGGGTOGTAAAGTCTGTTGCCAGGGAAGAACGCTAGAGAGAGTAACTGCrC
TTTAGGTGACGGTACCTGAGAAGAAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATAOGTAGGGGGCAAGCGTTGTCCGGAATTATTGGG
CGTAAAGCGCGCGCAGGCGGTTGATrAAGTCrGGTGTTTAAGGCTATGGCrCAACCATAGTTOGCCACTGGAAACTGGTTGACrTGAGTGCAAAA
GAGGAAAAGTGGAATTCCACGGGTAAGCGGGGAAATGCCGAAGAGATGGGGAGGAACCACCAGTGGGCGAAGGCGACCTTTCTGGGCrGTAAA
CCTGACGCTGAAGGCGCXîAAAAGCGTGGGGGAGCAAACAGGATAAAATACCCTGGTAGTCCACGCOGTAAAACGATGAATGCrAGGTGTTAGGG
GGTTTCGAATACCCTTGGGTGCCGAAAGTTAACACATTTAAGCATTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGG
GACCCGCACAAGCCAGTGGAGTATGTGGTTTAATTCGAAGCAAœœAAGAAœiTACCAGGTCTTGACATGCCTCTGACCBCrCTAGAGATAGA
GCTTCTCTTCGGAGCAGGGGACACAGGTGGTGCATGGTTGTAACGTCAGCCCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCC
CTAAATGTTAGTTGCCAGCAGGTAAAGCTGGGCACrCTTAACGTGACrGCCGGTGACAACCCGGAGGAAGGTGGGGATGACGTCAAATCATCATG
CCCCTTATGACCTGGGCTACACACGTACTACAATGGCCAGTACAACGGGAAGOGAAGTCGOTAGATGGAGCCAATCCTCAAAAGCTGGTCTCAGT
TCGGATTGCAGGCrGCAACTCGCCTGCATGAAGTœGAATTGCTAGTAATOGœGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTrGTACAC
ACœCCCGTCACACCACGAGAGTTTACAACACCCGAAGCCGGTGGGGTAACCCGCAAGGGAGCCAGCOGTCGAAGGTGGGGTAGTGAGGAAAGT
GAAGT

2.14 Strain PN8-2 (1524 bp)

TTAGTTTGTCCTGGCTCAGGAOGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGACAGATGGGAGCrTGCTCCCTGATGTTAGCGGCG
GAOTGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACrCCGGGAAACCGGGGCTAATACCGGATGGTTGTTTGAACCGCATGGTT
CAAACCAAAAAAGGTGGCTTOGGCTACCACTrACAGATAGGACCCGCGGCGCATTAAGCTTAGTTGGTGAGGTAACGGCTTCACCAAGGCAACGA
TGœTAGCCOTACCTTGAGAGGGTGATCGGœcCACTGGGArrGAGACACGGCCCCAGATCCTTACGGAGGCAGCAGTAGGGAATTTTCCCCAAT
GGACGAAAGTCrTGACGGAGCAACœCGOGTGAGTGATGAAGGTTTTCGGATœTAAAAGCTCrGTTGTTAGGGAAGAACAAGTACCCGTTCGAA
TAGGGCGTACCTTGACGGTACCTAACCCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTœGGAAT
TArrGGGCGTAAAGGGCrCGCAGGCGGTTTCrTAAGTCTGATGTGAAAGCCCCCGGCrCAACCGGGGAGGGTCATTGGAAACTTGGGGAACTTGA
GTGCAGAAGAGGAGAGTGGAATTCCACCGTGTAGœGTGAAATTGCGTAGAGArrGTGGAGGAACACCAGTGGGCGAAGGCGACTCTCTTGGTC
TGTAACTGACCGCrGAGGAGOGAAAGCGTGGGGAGCGAACCAGGATrAAGATACCCTGGTAGTCCACCCCGTAAACGATGAGTGCTAAGTGTTA
GGGGGTTITCCCCCCCTTAAGTGCrGCAGCTAACCGCATTAAGCACTTCCGCCTGGGGAGTACGGTCGCCAAGACrGAAACrCAAAGGAATrGAC
CGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAAGCAAACXrCGAAGAACCTrACCAGGTCTTGACATCCTCCrGACAATCCTAGAG
ATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGGTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTrAAGTCCCCGCAACGAGCGC
AACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTATAAGGTGACrGCCGGTGACAAACOGGAGGAAGGTGGGGATGACGTCAAATCATCAT
GCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACAGAACAAAGGGCAGCGAAACCGCGAGGTTAAGCCAATCCCACAAATCTGTTCrCAG
TTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCrGGAATCGCTAGTAATCGCGGATCAGCATGCœœGTGAATACGTTCCCGGGCCrTGTAC
ACACCGCCCGTCACACCAOGAGAGTTTGTAACACCCGAAGTCGGTGAGGTAACCTTTTAGGAGCCAGCCGCCGAAGGTGGGACAGATGAGGAGG
TGAAGTC
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2.15 Strain PN1-2 (1083 bp)

GTGCTAGTTAAGAAAAGCACCCAACrTAGTTrGTCCTGGCTCAGATrGAACGCrGGOGGCAGGCCrAACACATGCAAGTCGAGCGGATGAAGGGA
GCTTGCTCCTGGATTCAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTGGGGGATAACGTCCGGAAACGGGCGCTAATACCGCA
TACGTCCrGAGGGAGAAAGTGGGGGATCTrCGGACCTCCACGCrATTCAGATGAGCCrAGGTœGATTAGCTAGTrGGTGGGGTAAAGGCCrACC
AAGGGACGATCCGTAAACTGGTCCCrGAGAGGAAAATCAGTCCCACCrGGAACTGAACACGTTCCAATrCCTCCGGGGCACATTGGGGATnTGA
CCAAAGGTTAAAATGAATCCCAGCCATCCCCCGTGTGTGAAAGAAGGTTrTCOGGrrrGTAAAGCCCrTTTAATTGGGAGGAAGGGCAGTAAGTT
AATACCITGCTGTTTTTGACGTTACCAACAGAATAAGCACCGGCTAACrTCGTGCCAGCAGCCGCGTAATACGAAGGGTGCAAGCGTrAATCGGA
ATTACTGGGCGTAAACCGCGCGTAGGTGGTTCCAGCAAGTTGGATGTGAAATCCCCGGGCTCCAACCTGGGAACTGCATCCAAAACTACrGAGCT
AGAGTACGGTAGAGGGTGGTGGAATTrCCTGTGTAGCGGTGAAATGCGTAGATATAGOAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTG
ATACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACXjCCGTAAACGATGTCGACTAGCCGTTGGGATCC
TTGAGATCTTAGTGGCGCAGCTAACGCGATAAGTOGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCA
CAAGCGGTGGAGCATGTGGTTrAATTCGAAGCAACGCGAAGAACCrTACCTGGCCrTGACATGCTGAGAACrTTCCAGAGATGGATTGGTGCCTT
CGGGAACTCAGACACAGGTGCTGCATGGGAAACTCAGCCC

2 . 1 6  s t r a i n  P N 9 - 3  ( 1 5 6 3  b p )

TGAGAGGTGATTTGAGTTATGTCCTGGCTCAGATTGAACGCrGGCGGCAGGCTTAACACATGCAAGTCGAGCGGGGGAAGGTAGCATTGCTACTG
GACCTAGGCGGGCGGGACGGGGTGAGTAAATGCTTAAGGAATCTCCCCTATrAGGTGGGGGGACAAACATrCrCCGAAAGGGATGCTAATTACC
GCATACGTCCCrACGGGAGAAAGCAGGGGGATCTTCGGACCCTTGCGCTAATAGATGAGCCrAAAGTCGGGATAAGCTAGTTGGGTGGGGTAAA
GGCCTACCAAGGCGACGATCTGGAGCGGGTACTGAGAGGATGATCTCGCCAAAACTCGGAGACOGAGACACGGCCCAGACTCCTACGGGAGGCA
GCAGTGGGGAATATTGGACAATGGaGaGAACCCrGATCCAGCCATGCCGCGTGTTGTGAAGAAGGCCTTAATGGGTTrGTAAAAGCACrnTAAG
CGAGGAGGAGGCTACTCTAGTTTAATACCTAGGGATAGTGGAœTTACTCGCAGAATAAGCACCGGCTAACTCrGTGCCAGCAGCCGCGGTAATA
CAGAGG GTGC GAGCGTTAATCGG AnTACTGGGCGTAAAGCGTGCGTAGGCGGCTTATrAAGTCGGATGTGAAATCCCCGAGCrTAACTTGGGAA

TTGCATTCaATACTGGTGAGCTAGAGTATGGGAGAGGATaGTAGAATrCCAGGTGTAGOGGTGAAATGCGTAGAGATCTGGAGGAATACOGATG

GCGAAGGCAGCCATCTGGCCTAATACTTCGGAATTCGCTTGAGGTACGAAAGCATGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCATGCCG
TAAATOATGTCTAACTAGCCGTTGGGGCCCTTTGGAGGGCTTTAGTGGCCGCAAGCTAACGCGATAAAGTAGACCGCCTTGGGGGAGTACGGTTC
GCAAGACTAAAATCTCAAATGAATTGACGGGGGGCCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGC
CTTGACATACTAGAAACTTTCCAGAGATGGATTGGTGCCTTCGGGAATCTAGATACAGGTGCTGCATGGCTGTCGTCAGCTAGTGTCCrGAGATGG
TTGGGTTAAGTCCCGCAACGAGOGCAACCXnTTTCCrTAdTGCCAGCATTrCGGATGGGAACTTTAAGGATACTGCCAGTGACAAACrGGAGGAA
GGœGGGACGACGTCAAGTCATCATGGCCCTTACGGCCAGGGCTACACACGTGCTACAATGGTCGGTACAAAGGGTTGCTACACAGCGATGTGAT
GCTAATCTCAAAAAGCCGATCGTAGTCCGGATTGGAGTCrGCAACrCGACTCCATGAAGTCGGAATCGCTAGTAATCGCXiGATCAGAATGCCGCG
GTGAATACGTTCCCGGGCCTTGTACACAœGCCCGTCACACCATGGGAGnTGTTGCACCAGAAGTAGCTAGCCTAACTGCAAAGAGGGCGGTrA
CCACGGTGTGGCOGATGACTGGGGGAAGAAATTTGAGTTGACCGG
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TCCTCTACXïCrTACCGTAAGTCITCGTCCAGGGGGCCGCCrTCGCCACCGGTATTCCTCCAGTATCrcrACGCATTTCACCGCrACACCrGGAATTC
TACCCCCCTCTACGAGACTCAAGCTTGCCAGTATCAGATGCAGTTCCCAGGTTGAGCCCGGGGATTTCACATCTGACTTAACAAACCGCCrGCGTG
CGCTrrACGCCCAGTAATTCCGATTAAOGCTTGCACCCrCCGTATTACCGCGGCrGCTGGCACGGAGTTAGCCGGTGCrTCTrCrGCGGGTAACGTC
AATGAGCAAAGGTATTAACTTrACTCCCTTCCrCCCCGCTGAAAGTACTTTACAACCCGAAGGCCTTdTCATACACGCGGCATGGCTGCATCAGG
CrTGCGCCCATTGTGCAATATTCCCCACrGCTGCCTCCCGTAGGAGTCTGGACOGTGTCTCAGTrCCAGTGTGGCTGGTCATCCTCTCAGACCAGCT

AGGGATCXjTCGCCrAGGTGAGCCXjTTACCCCACCTACrAGCTAATCCCATCTGGGCACATCCGATGGCAAGAGGCCCXjAAGGTCCCCCTCnTGGT
CrTGCGACGTTATGCGGTATTAGCTACCGTTTCCAGTATTATCCCCCCTCCCATCAGGGAGTTTCCCCAGAAATTTTACTCACCOGTCCGCCAATrC
CGTCAGCAAAAAAAA



A P P E N D I X  E
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