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M
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T
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E
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P
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F
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G
T
T
G
G
G
G
A
A
C
C
A
A
T
T
G
G
A
A
C
C
G
G
G
G
A
A
G
G
A
A
G
G
G
G
A
A
T
T
A
A
G
G
A
A
G
G
A
A
C
C
G
G
C
C
T
T
G
A

   630MpL3OH-PM2
   630Unigene0052571

A
A
C
C
G
G
T
T
G
G
C
C
T
T
C
C
C
C
A
A
T
T
C
C
A
A
T
T
C
C
T
T
G
G
C
C
A
A
G
G
G
G
G
G
C
C
G
G
G
G
C
C
G
G
T
T
T
T
C
C
G
G
G
G
G
G
A
A
G
G
C
C
G
G
T
T
G
G
A
A
T
T
C
C
A
A
G
G
G
G
G
G
A
A
C
C
A
A
A
A
C
C
G
G
C
C
G
G
G
G
A
A
G
G
C
C
T
T
G
G
G
G
T
T
G
G
G
G
G
G
G
G
C
C
T
T
G
G
G
G
T
T
C
C
A
A
A
A
G
G
G
G
A
A
C
C
G
G
C
C
G
G
C
C
T
T
C
C
A
A
G
G
C
C
A
A
T
T
G
G

   720MpL3OH-PM2
   720Unigene0052571

G
G
C
C
C
C
T
T
C
C
G
G
G
G
G
G
G
G
T
T
T
T
C
C
G
G
A
A
G
G
C
C
T
T
C
C
G
G
C
C
C
C
G
G
A
A
C
C
A
A
T
T
G
G
T
T
T
T
C
C
C
C
C
C
C
C
T
T
C
C
C
C
T
T
C
C
C
C
A
A
A
A
G
G
C
C
T
T
C
C
C
C
T
T
C
C
A
A
A
A
C
C
C
C
T
T
C
C
C
C
T
T
C
C
T
T
G
G
C
C
T
T
G
G
G
G
A
A
A
A
C
C
A
A
A
A
G
G
A
A
G
G
C
C
A
A
A
A
G
G
C
C
T
T
C
C
T
T
G
G
G
G
A
A
G
G
G
G
A
A
T
T
G
G
C
C
G
G
C
C

   810MpL3OH-PM2
   810Unigene0052571

C
G
G
G
C
C
C
C
G
G
C
C
G
G
T
T
C
C
G
G
A
A
C
C
A
A
C
C
C
C
A
A
T
T
C
C
C
C
T
T
C
C
G
G
A
A
G
G
G
G
C
C
C
C
A
A
T
T
C
C
G
G
T
T
C
C
G
G
A
A
C
C
G
G
A
A
G
G
C
C
A
A
C
C
A
A
A
A
G
G
T
C
T
T
C
C
A
A
A
A
G
G
A
A
A
A
G
G
A
A
G
G
C
C
G
G
G
G
C
C
G
G
A
A
G
G
T
T
T
T
C
C
G
G
G
G
C
C
G
G
G
G
C
C
G
G
A
A
G
G
G
G
A
A
C
C
A
A
T
T
C
C
A
A
T
T
C
C
G
G
A
A
C
C
G
G
T
T
C
C

   900MpL3OH-PM2
   900Unigene0052571

C
C
T
T
C
C
T
T
T
T
C
C
A
A
G
G
G
G
A
A
T
T
G
G
C
C
A
A
G
G
A
A
A
A
G
G
G
G
A
A
C
C
A
A
C
T
C
C
C
C
A
A
G
G
A
A
T
T
C
C
A
A
A
A
A
A
G
G
T
T
C
C
C
C
C
C
C
C
A
A
T
T
C
C
A
A
C
C
C
C
A
A
C
C
C
C
A
A
A
A
C
C
T
T
C
C
C
C
A
A
T
T
C
C
A
A
A
A
A
A
G
G
C
C
C
C
T
T
T
T
C
C
A
A
T
T
C
C
T
T
T
T
C
C
G
G
A
A
T
C
A
A
C
C
G
A
T
T
T
T
C
C
T
T
C
C
A
A
G
G
C
C
A
A
G
G
G
G
G
G

   990MpL3OH-PM2
   990Unigene0052571

A
A
C
C
T
T
G
G
A
A
G
G
A
A
C
C
A
A
T
T
C
C
C
C
T
T
C
C
A
A
A
A
C
C
C
C
A
A
C
C
C
C
A
A
C
C
C
C
C
C
T
T
A
A
T
T
G
G
G
G
G
G
T
T
G
G
C
C
T
T
G
G
G
G
C
C
G
G
G
G
A
A
G
G
C
C
T
T
G
G
A
A
T
T
G
G
A
A
G
G
G
G
A
A
A
A
C
C
C
C
C
C
G
G
G
G
C
C
A
A
G
G
T
T
G
G
A
A
T
T
G
G
G
G
C
C
G
G
A
A
A
A
A
A
G
G
C
T
G
G
C
C
A
A
G
G
G
G
C
C
G
G
G
G
A
A
G
G
G
G
T
T
G
G
A
A
G
G
A
A

  1080MpL3OH-PM2
  1080Unigene0052571

G
G
C
C
G
G
G
G
C
C
A
A
C
C
T
T
G
G
A
A
A
A
G
G
G
G
A
G
G
G
A
A
A
A
G
G
A
A
C
C
G
G
A
A
A
A
C
T
T
T
G
G
G
G
G
G
A
A
C
C
G
G
T
T
G
G
G
G
A
A
T
C
G
G
A
A
C
C
G
G
T
T
G
G
C
C
A
A
A
A
G
G
A
A
G
G
C
C
T
T
T
T
A
A
A
A
G
G
T
T
A
A
C
C
A
A
T
T
G
G
A
A
A
A
A
A
T
T
C
C
G
G
G
G
T
T
G
G
G
G
T
T
G
G
A
A
A
A
G
G
G
G
A
A
G
G
A
A
C
C
G
G
A
A
T
T
G
G
A
A
G
G
G
G
A
A
T
T
G
G

  1170MpL3OH-PM2
  1170Unigene0052571

C
C
A
A
C
C
C
C
C
C
T
T
C
C
C
C
G
G
A
A
T
T
C
C
C
C
C
C
G
G
T
T
T
T
G
G
A
A
T
T
C
C
C
C
C
C
G
G
A
A
G
G
A
A
T
T
C
C
A
A
T
T
G
G
C
C
A
A
G
G
A
A
G
G
A
A
A
A
G
G
A
A
A
A
T
T
G
G
C
C
G
G
T
T
G
G
G
G
T
T
T
T
A
A
A
A
C
C
G
G
G
G
G
G
T
T
A
A
T
T
A
A
C
C
G
G
A
A
T
T
T
T
C
C
C
C
G
G
A
A
A
A
C
C
A
A
A
A
G
G
G
G
C
C
C
C
A
A
G
G
A
A
A
A
T
T
C
C
A
A
T
T
G
G
A
A
T
T
C
C

  1260MpL3OH-PM2
  1260Unigene0052571

A
A
A
A
C
C
G
G
T
T
C
C
T
T
G
G
G
G
T
T
C
C
C
C
A
A
T
T
G
G
G
G
G
G
C
C
A
A
G
G
G
G
A
A
A
A
T
T
C
C
C
C
T
T
C
C
T
T
C
C
T
T
A
A
C
C
T
T
G
G
G
G
G
G
A
A
A
A
A
A
A
A
A
A
C
C
C
C
C
C
G
G
A
A
T
G
A
A
C
C
C
C
T
T
T
T
T
T
T
T
G
G
G
G
C
C
C
C
C
C
G
G
A
A
A
A
A
A
G
G
G
G
T
T
T
T
T
T
G
G
A
A
C
C
C
G
A
A
A
T
G
G
T
T
T
T
T
T
C
C
A
A
A
A
A
A
G
G
G
G
A
A
T
T
T
T
T
T
C
C

  1350MpL3OH-PM2
  1350Unigene0052571

A
A
T
T
G
G
G
G
G
G
A
A
A
A
A
A
T
T
G
G
A
A
T
T
T
T
T
T
C
C
G
G
A
A
G
G
T
T
T
T
C
C
G
G
T
T
C
C
C
C
C
C
G
G
T
T
T
T
C
C
G
G
G
G
A
A
G
G
C
C
G
G
G
G
G
G
A
A
A
A
G
G
A
A
A
A
G
G
A
A
A
A
T
T
C
C
T
T
G
G
C
C
C
C
C
C
C
C
G
G
G
G
C
C
T
T
T
T
G
G
A
A
A
A
C
C
T
T
T
T
C
C
G
G
G
G
G
G
T
T
T
T
G
G
G
G
C
C
A
A
A
A
A
A
C
C
G
G
T
T
T
T
G
G
A
A
G
G
G
G
T
T
T
T
C
C
C
C
A
A

  1440MpL3OH-PM2
  1440Unigene0052571

T
T
T
T
G
G
G
G
C
C
G
G
C
C
A
A
G
G
C
C
T
T
T
T
C
C
T
T
T
T
T
T
A
A
C
C
C
C
A
A
C
C
T
T
T
T
C
C
G
G
A
A
C
C
T
T
G
G
G
G
A
A
A
A
G
G
T
T
T
T
G
G
G
G
C
C
G
G
G
G
A
A
A
A
G
G
G
G
A
G
A
A
T
T
G
G
A
A
A
A
A
A
C
C
C
C
T
T
T
T
C
C
T
T
G
G
A
A
T
T
A
A
T
T
G
G
G
G
A
A
C
C
A
A
T
T
G
G
T
T
C
C
T
T
G
G
A
A
G
G
G
G
C
C
G
G
G
G
A
A
A
A
G
G
G
G
C
C
C
C
T
T
T
T
A
A
C
C
C
C

  1496MpL3OH-PM2
  1496Unigene0052571

G
G
G
G
A
A
A
A
T
T
A
A
C
C
T
G
A
A
A
A
A
A
G
G
A
A
A
A
C
C
A
A
A
A
T
T
C
C
T
T
T
T
C
C
T
T
T
T
C
C
T
T
T
T
G
G
T
T
T
T
C
C
C
C
C
C
A
A
C
C
A
A
C
C
C
C
C
C
T
T
A
A
C
C
G
G
A
A
T
T
C
C
C
C
T
T
T
T
C
C
A
C
T
T
C
T
A
A
T
T
G
G

    90MpL3OH-PM2
    90Unigene0052571

M
M
E
E
L
L
L
L
Q
Q
L
L
W
W
S
S
A
A
L
L
I
I
I
I
L
L
V
V
V
V
T
T
Y
Y
T
A
I
I
S
S
L
L
L
L
I
I
N
N
Q
Q
W
W
R
R
K
K
P
P
K
K
P
P
Q
Q
G
E
K
K
F
F
P
P
P
P
G
G
P
P
P
P
K
K
L
L
P
P
L
L
I
I
G
G
H
H
L
L
H
H
L
L
L
L
W
W
G
G
K
K
L
L
P
P
Q
Q
H
H
A
A
L
L
A
A
S
S
V
V
A
A
K
K
E
E
Y
Y
G
G
P
P
V
V
A
A
H
H
V
V
Q
Q
L
L
G
G
E
E
V
V
F
F
S
S
V
V
V
V
L
L
S
S
S
S
R
R
E
E
A
A
T
T
K
K

   180MpL3OH-PM2
   180Unigene0052571

E
E
A
A
M
M
K
K
L
L
V
V
D
D
P
P
A
A
C
C
A
A
N
N
R
R
F
F
E
E
S
S
I
I
G
G
T
T
R
R
I
I
M
M
W
W
Y
Y
D
D
N
N
E
E
D
D
I
I
I
I
F
F
S
S
P
P
Y
Y
S
S
E
E
H
H
W
W
R
R
Q
Q
M
M
R
R
K
K
I
I
C
C
V
V
S
S
E
E
L
L
L
L
S
S
S
S
R
R
N
N
V
V
R
R
S
S
F
F
G
G
F
F
I
I
R
R
Q
Q
D
D
E
E
V
V
S
S
R
R
L
L
L
L
R
R
H
H
L
L
R
R
S
S
S
S
A
A
G
G
A
A
A
A
V
V
D
D
M
M
T
T
E
E
R
R
I
I
E
E
T
T
L
L

   270MpL3OH-PM2
   270Unigene0052571

T
T
C
C
S
S
I
I
I
I
C
C
R
R
A
A
A
A
F
F
G
G
S
S
V
V
I
I
R
R
D
D
N
N
A
A
E
E
L
L
V
V
G
G
L
L
V
V
K
K
D
D
A
A
L
L
S
S
M
M
A
A
S
S
G
G
F
F
E
E
L
L
A
A
D
D
M
M
F
F
P
P
S
S
S
S
K
K
L
L
L
L
N
N
L
L
L
L
C
C
W
W
N
N
K
K
S
S
K
K
L
L
W
W
R
R
M
M
R
R
R
G
R
R
V
V
D
D
T
T
I
I
L
L
E
E
A
A
I
I
V
V
D
D
E
E
H
H
K
K
F
L
K
K
K
K
S
S
G
G
E
E
F
F
G
G
G
G
E
E
D
D
I
I
I
I
D
D
V
V

   360MpL3OH-PM2
   360Unigene0052571

L
L
F
F
R
R
M
M
Q
Q
K
K
D
D
T
I
Q
Q
I
I
K
K
V
V
P
P
I
I
T
T
T
T
N
N
S
S
I
I
K
K
A
A
F
F
I
I
F
F
D
D
T
T
F
F
S
S
A
A
G
G
T
T
E
E
T
T
S
S
S
S
T
T
T
T
T
T
L
L
W
W
V
V
L
L
A
A
E
E
L
L
M
M
R
R
N
N
P
P
A
A
V
V
M
M
A
A
K
K
A
V
Q
Q
A
A
E
E
V
V
R
R
A
A
A
A
L
L
K
K
E
G
K
K
T
T
N
N
W
W
D
D
V
V
D
D
D
D
V
V
Q
Q
E
E
L
L
K
K
Y
Y
M
M
K
K
S
S
V
V
V
V
K
K
E
E
T
T
M
M
R
R
M
M

   450MpL3OH-PM2
   450Unigene0052571

H
H
P
P
P
P
I
I
P
P
L
L
I
I
P
P
R
R
S
S
C
C
R
R
E
E
E
E
C
C
V
V
V
V
N
N
G
G
Y
Y
T
T
I
I
P
P
N
N
K
K
A
A
R
R
I
I
M
M
I
I
N
N
V
V
W
W
S
S
M
M
G
G
R
R
N
N
P
P
L
L
Y
Y
W
W
E
E
K
K
P
P
D
E
T
T
F
F
W
W
P
P
E
E
R
R
F
F
D
D
Q
D
V
V
S
S
K
K
D
D
F
F
M
M
G
G
N
N
D
D
F
F
E
E
F
F
V
V
P
P
F
F
G
G
A
A
G
G
R
R
R
R
I
I
C
C
P
P
G
G
L
L
N
N
F
F
G
G
L
L
A
A
N
N
V
V
E
E
V
V
P
P

   497MpL3OH-PM2
   497Unigene0052571

L
L
A
A
Q
Q
L
L
L
L
Y
Y
H
H
F
F
D
D
W
W
K
K
L
L
A
A
E
E
G
G
M
M
K
K
P
P
S
S
D
D
M
M
D
D
M
M
S
S
E
E
A
A
E
E
G
G
L
L
T
T
G
G
I
I
L
R
K
K
N
N
N
N
L
L
L
L
L
L
V
V
P
P
T
T
P
P
Y
Y
D
D
P
P
S
S

L3OH nucleotide sequences alignment L3OH amino acid sequences alignment



    90MpiPD
    90Unigene0033747

A
A
T
T
G
G
G
G
C
C
A
A
A
A
G
T
C
C
G
G
T
T
G
G
A
A
A
A
G
G
A
A
A
A
G
G
C
C
T
T
C
C
G
G
C
C
A
A
G
G
G
G
C
C
A
A
A
A
G
G
G
G
T
T
A
A
G
G
C
C
C
C
A
A
T
T
C
C
G
G
T
T
A
A
A
A
C
C
C
C
G
G
G
G
C
C
G
G
G
G
C
C
G
G
C
C
C
C
A
A
G
G
C
C
G
G
G
G
C
C
A
A
T
T
C
C
G
G
G
G
C
C
G
G
A
A
G
G
G
G
T
T
C
C
A
A
C
C
C
C
G
G
C
C
C
C
C
C
G
G
C
C
C
C
T
T
C
C
T
T
T
T
C
C
G
G
C
C
C
C

   180MpiPD
   180Unigene0033747

G
G
A
A
G
G
C
C
G
G
C
C
G
G
G
G
C
C
G
G
C
C
C
C
C
C
G
G
C
C
G
G
C
C
A
G
G
G
T
T
G
G
G
G
T
T
G
G
A
A
T
T
C
C
G
G
C
C
C
C
G
G
A
A
C
C
A
A
T
T
G
G
C
C
A
A
G
G
C
C
C
C
C
C
G
G
A
A
G
G
A
A
A
A
G
G
G
G
G
G
C
C
G
G
G
G
T
T
A
A
C
C
C
C
G
G
T
T
G
G
G
G
C
C
G
G
G
G
A
A
A
A
T
T
C
C
C
C
A
A
T
T
A
C
G
G
G
G
C
T
G
G
G
G
C
C
C
C
G
G
G
G
C
C
G
G
G
G
T
T
G
G
C
C
A
A
G
G
C
C

   270MpiPD
   270Unigene0033747

T
T
A
A
C
C
G
G
T
T
C
C
C
C
A
A
C
C
T
T
G
G
C
C
G
G
A
A
C
C
A
A
T
T
C
C
A
A
C
C
C
C
G
G
A
A
C
C
G
G
A
A
G
G
C
G
A
A
A
A
C
C
A
A
G
G
G
G
T
T
C
C
A
A
G
G
G
G
T
T
C
C
C
C
G
G
T
T
C
C
G
G
T
T
G
G
G
G
A
A
T
T
T
T
G
G
G
G
A
A
C
C
C
C
G
G
C
C
C
C
G
G
C
C
C
C
A
A
C
C
C
C
T
T
A
A
C
C
G
G
G
G
C
C
G
G
G
G
C
C
G
G
T
T
C
C
G
G
A
A
C
C
G
G
T
T
G
G
A
A
T
T
G
G
T
T
T
T
C
C

   360MpiPD
   360Unigene0033747

T
T
G
G
C
C
A
A
A
A
C
C
G
G
C
C
C
G
G
G
G
G
C
C
A
A
C
C
C
C
G
G
C
C
C
C
A
A
G
G
C
C
G
G
C
C
C
C
A
A
C
C
C
C
G
G
C
C
T
T
C
C
A
A
G
G
A
A
C
C
C
C
G
G
T
T
C
C
C
C
T
T
G
G
G
G
A
A
C
C
C
C
T
T
G
G
G
G
A
A
C
C
C
C
T
T
G
G
G
G
C
C
G
G
C
C
A
A
G
G
T
T
T
T
C
C
G
G
A
A
C
C
C
C
G
G
C
C
G
G
T
T
G
C
A
A
T
T
G
G
C
C
G
G
T
C
G
G
T
T
C
C
A
A
A
A
C
C
G
G
C
C
C
C
C
C
G
G
T
T

   450MpiPD
   450Unigene0033747

G
G
G
G
C
C
A
A
C
C
G
G
G
G
C
C
G
G
G
G
C
C
G
G
T
T
G
G
C
C
G
G
T
T
G
G
A
A
A
A
G
G
C
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   449Unigene0030907

P
P
F
F
A
P
I
S
L
L
L
L
P
P
R
R
E
E
L
L
T
T
Q
Q
D
D
A
A
N
N
M
M
L
L
G
G
Y
Y
D
D
I
V
P
P
R
R
G
G
T
T
V
L
V
V
L
L
V
V
N
N
N
N
W
W
A
A
I
I
S
S
R
R
D
D
P
P
S
S
L
L
W
W
E
E
N
N
P
P
E
E
E
E
F
F
R
R
P
P
E
E
R
R
F
F
L
L
E
E
T
T
S
S
I
I
D
D
Y
Y
K
K
G
G
L
M
H
H
F
F
E
E
M
M
L
L
P
P
F
F
G
G
S
S
G
G
R
R
R
R
G
G
C
C
P
P
G
G
S
I
T
T
F
F
A
A
M
M
A
S
L
L
Y
Y
E
E
L
L
A
A
L
L

   492MpMFS
   470Unigene0030907

S
S
K
K
L
L
V
V
N
N
E
E
F
F
D
D
F
L
R
R
L
L
G
A
N
N
G
G
D
D
R
R
A
V
E
E
D
D
L
L
D
D
M
.
T
.
E
.
A
.
P
.
G
.
F
.
V
.
V
.
H
.
K
.
K
.
S
.
P
.
L
.
L
.
V
.
L
.
A
.
T
.
P
.
R
.
Q
.

MFS nucleotide sequences alignment MFS amino acid sequences alignment



    90MpPR
    90Unigene0047772

A
A
T
T
G
G
G
G
T
T
G
G
A
A
T
T
G
G
A
A
A
A
C
C
A
A
A
A
G
G
C
C
A
A
A
A
A
A
T
T
T
T
G
G
T
T
A
A
C
C
T
T
C
C
A
A
A
A
C
C
A
A
A
A
C
C
T
T
A
A
C
C
A
G
T
T
T
C
A
A
A
A
T
C
G
G
G
G
T
T
T
T
C
C
T
T
C
T
T
T
A
A
A
A
A
A
A
A
C
G
A
A
A
A
T
T
C
C
C
C
G
G
A
A
C
C
T
T
T
T
G
G
G
T
C
C
G
G
T
T
T
T
G
G
A
A
G
G
A
A
A
A
C
C
T
T
T
T
C
C
C
C
A
A
C
C
G
G
A
A
T
T
C
C
T
T
G
G
C
C

   180MpPR
   180Unigene0047772

A
A
T
T
G
G
G
G
A
A
G
G
A
A
T
T
C
C
C
C
C
C
A
A
G
C
A
A
T
T
G
G
G
G
C
C
T
T
G
G
C
C
A
A
A
A
C
C
G
G
G
G
T
T
G
G
C
C
C
C
A
G
T
T
T
T
T
T
T
T
G
G
G
G
T
T
C
C
A
A
A
A
G
G
A
A
A
A
C
C
T
T
T
T
G
G
T
T
A
A
C
C
T
T
T
T
G
G
T
T
C
C
C
C
G
G
T
T
C
C
A
A
A
A
T
T
C
C
C
C
T
T
T
T
A
A
T
T
C
C
T
T
C
C
A
A
T
T
T
T
C
C
T
T
T
T
C
C
G
G
C
C
A
A
T
T
G
G
G
G
G
G
A
A
A
A
A
A
A
A

   270MpPR
   270Unigene0047772

C
C
T
T
C
C
G
G
A
A
T
T
A
A
T
T
C
C
C
C
C
C
A
A
C
C
A
A
G
G
T
T
T
T
T
T
G
G
A
A
T
T
T
T
C
C
C
C
A
A
T
T
C
C
C
C
T
T
T
T
C
C
C
C
T
T
G
G
G
G
C
C
T
T
C
C
T
T
A
A
C
C
T
T
A
A
T
T
T
T
G
G
T
T
T
T
A
A
G
G
C
C
T
T
A
A
T
T
G
G
G
G
A
A
G
G
T
T
G
G
T
T
C
C
A
A
A
A
A
A
A
A
G
G
T
T
A
A
T
T
T
T
G
G
G
G
A
A
T
T
T
T
C
C
G
G
A
A
C
C
G
G
C
C
A
A
T
T
C
C
C
C
G
G
A
A
G
G
T
T

   360MpPR
   360Unigene0047772

T
T
A
A
C
C
G
G
A
A
G
G
A
A
A
A
A
A
G
G
G
G
C
C
G
G
A
A
A
A
C
C
T
T
G
G
A
A
T
T
T
T
T
T
G
G
G
G
G
G
G
G
G
G
T
T
C
C
A
A
C
C
A
A
A
A
G
G
C
C
T
T
G
G
G
G
A
A
T
T
G
G
G
G
G
G
A
A
G
G
G
G
A
A
A
A
T
T
A
A
T
T
A
A
C
C
C
C
C
C
T
T
T
T
A
A
T
T
C
C
C
C
A
A
A
A
A
A
A
A
T
T
C
C
C
C
A
A
T
T
A
A
T
T
A
A
A
A
T
T
T
T
T
T
G
G
T
T
T
T
T
T
A
A
A
A
A
A
A
A
T
T
C
C
C
C
A
A
A
A

   450MpPR
   450Unigene0047772

G
G
A
A
C
C
A
A
A
A
A
A
G
G
A
A
T
T
G
G
T
T
G
G
C
C
C
C
T
T
T
T
T
T
A
A
T
T
C
C
C
C
T
T
A
A
C
C
T
T
A
A
T
T
G
G
T
T
T
T
G
G
G
G
G
G
A
A
T
T
T
T
C
C
T
T
A
A
G
G
G
G
A
A
A
A
T
T
G
G
C
C
C
C
T
T
G
G
G
G
G
G
A
A
T
T
G
G
A
A
C
C
A
A
G
G
C
C
A
A
T
T
A
A
T
T
G
G
C
C
A
A
G
G
G
G
A
A
T
T
T
T
T
T
T
T
T
T
T
T
G
G
A
A
G
G
A
A
T
T
T
T
T
T
G
G
C
C
T
T
C
C
T
T
C
C
C
C
G
G

   540MpPR
   540Unigene0047772

A
A
A
A
A
A
A
A
A
A
A
A
G
G
G
G
C
C
G
G
A
A
A
A
A
A
C
C
T
T
G
G
T
T
G
G
T
T
T
T
T
T
G
G
T
T
A
A
A
A
C
C
G
G
G
G
C
C
T
T
G
G
C
C
A
A
G
G
C
C
A
A
G
G
G
G
A
A
T
T
C
C
T
T
G
G
T
T
G
G
G
G
G
G
C
C
C
C
A
A
G
G
C
C
T
T
T
T
G
G
T
T
T
T
G
G
G
G
T
T
C
C
A
A
G
G
T
T
T
T
T
T
G
G
C
C
A
A
A
A
A
A
G
G
A
A
T
T
G
G
T
T
T
T
T
T
G
G
G
G
G
G
T
T
G
G
C
C
T
T
A
A
T
T
G
G
T
T
T
T

   630MpPR
   630Unigene0047772

G
G
T
T
T
T
G
G
G
G
A
A
A
A
G
G
T
T
G
G
C
C
A
A
G
G
G
G
G
G
A
A
G
G
C
C
A
A
A
A
A
A
G
G
A
A
G
G
A
A
A
A
G
G
G
G
T
T
T
T
G
G
A
A
T
T
C
C
T
T
T
T
T
T
T
T
G
G
A
A
A
A
G
G
A
A
A
A
C
C
A
A
A
A
A
A
T
T
T
T
T
T
G
G
G
G
G
G
T
T
T
T
C
C
G
G
A
A
T
T
G
G
A
A
T
T
G
G
C
C
A
A
T
T
T
T
T
T
A
A
A
A
T
T
T
T
A
A
T
T
A
A
A
A
A
A
G
G
A
A
A
A
G
G
A
A
G
G
A
A
G
G
T
T
G
G
A
A
T
T

   720MpPR
   720Unigene0047772

T
T
A
A
T
T
G
G
A
A
T
T
A
A
C
C
T
T
G
G
C
C
T
T
T
T
T
T
G
G
A
A
A
A
G
G
A
A
G
G
G
G
C
C
A
A
C
C
T
T
T
T
C
C
C
C
C
C
C
C
G
G
A
A
A
A
G
G
G
G
A
A
A
A
T
T
T
T
G
G
A
A
T
T
A
A
T
T
A
A
T
T
A
A
C
C
T
T
T
T
C
C
G
G
A
A
T
T
A
A
A
A
T
T
G
G
T
T
T
T
G
G
G
G
A
A
G
G
G
G
G
G
A
A
A
A
G
G
A
A
T
T
G
G
C
C
T
T
T
T
G
G
A
A
A
A
G
G
C
C
T
T
G
G
T
T
G
G
A
A
T
T
C
C
A
A
A
A
C
C

   810MpPR
   810Unigene0047772

A
A
A
A
C
C
A
A
T
T
G
G
A
A
G
G
A
A
G
G
T
T
C
C
C
C
A
A
C
C
G
G
G
G
C
C
C
C
G
G
C
C
A
A
T
T
C
C
G
G
C
C
G
G
G
G
T
T
A
A
T
T
G
G
T
T
G
G
G
G
G
G
A
A
T
T
G
G
G
G
T
T
C
C
T
T
C
C
C
C
C
C
A
A
G
G
T
T
A
A
C
T
A
A
G
G
C
C
C
C
T
T
G
G
A
A
A
A
G
G
C
C
A
A
G
G
C
C
C
C
T
C
G
G
A
A
A
A
G
G
G
G
C
C
G
G
T
T
C
C
C
C
A
A
C
C
A
A
A
A
C
C
T
T
T
T
G
G
C
C
T
T
T
T
A
A
A
A
G
G

   900MpPR
   900Unigene0047772

C
C
T
T
A
C
A
G
T
T
C
C
C
C
C
C
A
A
A
A
A
A
G
A
C
C
A
A
A
A
A
A
T
T
T
T
C
C
G
G
T
T
A
A
T
T
G
G
C
C
A
A
A
A
G
G
G
G
G
G
T
T
T
T
T
T
G
G
T
T
T
C
G
G
T
T
T
T
G
G
T
T
T
T
G
G
A
A
T
T
T
T
A
A
C
C
T
T
A
A
T
T
C
C
A
A
T
T
C
C
T
T
C
C
T
T
A
A
C
C
C
C
C
C
A
A
A
A
A
A
G
G
T
T
T
T
C
C
C
C
T
T
T
T
G
G
A
A
G
A
A
A
T
T
G
G
G
G
T
T
T
T
C
C
T
T
G
G
C
C
C
C
G
T
C
T
G
G
C
C

   990MpPR
   990Unigene0047772

A
A
T
T
C
C
A
A
A
A
G
G
G
G
A
A
A
A
G
G
G
G
A
A
A
A
A
A
A
A
G
G
T
T
G
G
A
A
C
T
A
A
T
T
A
A
C
C
G
G
T
T
C
C
G
G
A
A
A
A
G
G
A
A
C
C
A
A
T
T
A
A
T
T
C
C
T
T
G
G
A
A
A
A
G
G
G
G
C
C
C
C
T
T
T
T
G
G
A
A
G
G
A
A
G
G
C
T
G
G
C
C
G
G
C
C
C
C
T
T
A
A
G
G
C
T
G
G
C
C
T
T
C
C
T
T
C
C
T
T
T
T
G
G
G
G
G
G
G
G
G
G
T
T
G
G
T
T
A
A
C
T
G
G
T
T
C
C
G
G
G
G
T
T
C
C
G
G
T
T

  1028MpPR
  1028Unigene0047772

A
A
A
A
C
C
G
A
T
T
T
T
G
G
G
G
C
C
A
A
A
A
T
T
C
C
A
A
A
G
G
G
T
T
T
T
G
G
T
T
T
T
G
G
C
C
C
C
G
G
T
T
T
T
T
T
C
C
T
T
C
C
G
G
C
C
G
G
A
A
G
G
T
T
A
A

    90MpPR
    90Unigene0047772

M
M
V
V
M
M
N
N
K
K
Q
Q
I
I
V
V
L
L
N
N
N
N
Y
Y
I
V
N
N
G
G
S
S
L
L
K
K
Q
E
S
S
D
D
L
L
A
S
L
L
R
R
T
T
S
S
T
T
I
I
C
C
M
M
E
E
I
I
P
P
D
H
G
G
C
C
N
N
G
G
A
A
I
V
L
L
V
V
K
K
N
N
L
L
Y
Y
L
L
S
S
V
V
N
N
P
P
Y
Y
L
L
I
I
L
L
R
R
M
M
G
G
K
K
L
L
D
D
I
I
P
P
Q
Q
F
F
D
D
S
S
I
I
L
L
P
P
G
G
S
S
T
T
I
I
V
V
S
S
Y
Y
G
G
V
V
S
S
K
K
V
V
L
L
D
D
S
S
T
T
H
H
P
P
S
S

   180MpPR
   180Unigene0047772

Y
Y
E
E
K
K
G
G
E
E
L
L
I
I
W
W
G
G
S
S
Q
Q
A
A
G
G
W
W
E
E
E
E
Y
Y
T
T
L
L
I
I
Q
Q
N
N
P
P
Y
Y
N
N
L
L
F
F
K
K
I
I
Q
Q
D
D
K
K
D
D
V
V
P
P
L
L
S
S
Y
Y
Y
Y
V
V
G
G
I
I
L
L
G
G
M
M
P
P
G
G
M
M
T
T
A
A
Y
Y
A
A
G
G
F
F
F
F
E
E
I
I
C
C
S
S
P
P
K
K
K
K
G
G
E
E
T
T
V
V
F
F
V
V
T
T
A
A
A
A
A
A
G
G
S
S
V
V
G
G
Q
Q
L
L
V
V
G
G
Q
Q
F
F
A
A
K
K
M
M
F
F
G
G
C
C
Y
Y
V
V

   270MpPR
   270Unigene0047772

V
V
G
G
S
S
A
A
G
G
S
S
K
K
E
E
K
K
V
V
D
D
L
L
L
L
K
K
N
N
K
K
F
F
G
G
F
F
D
D
D
D
A
A
F
F
N
N
Y
Y
K
K
E
E
E
E
S
S
D
D
Y
Y
D
D
T
T
A
A
L
L
K
K
R
R
H
H
F
F
P
P
E
E
G
G
I
I
D
D
I
I
Y
Y
F
F
D
D
N
N
V
V
G
G
G
G
K
K
M
M
L
L
E
E
A
A
V
V
I
I
N
N
N
N
M
M
R
R
V
V
H
H
G
G
R
R
I
I
A
A
V
V
C
C
G
G
M
M
V
V
S
S
Q
Q
Y
Y
S
S
L
L
K
K
Q
Q
P
P
E
E
G
G
V
V
H
H
N
N
L
L
L
L
K
K

   341MpPR
   341Unigene0047772

L
L
I
V
P
P
K
K
Q
Q
I
I
R
R
M
M
Q
Q
G
G
F
F
V
V
V
V
V
V
D
D
Y
Y
Y
Y
H
H
L
L
Y
Y
P
P
K
K
F
F
L
L
E
E
M
M
V
V
L
L
P
P
R
C
I
I
K
K
E
E
G
G
K
K
V
V
T
I
Y
Y
V
V
E
E
D
D
I
I
S
S
E
E
G
G
L
L
E
E
S
S
A
A
P
P
S
S
A
A
L
L
L
L
G
G
V
V
Y
Y
V
V
G
G
R
R
N
N
V
I
G
G
N
N
Q
Q
V
V
V
V
A
A
V
V
S
S
R
R

PR nucleotide sequences alignment PR amino acid sequences alignment



 90MpMR
 90Unigene0041050

A
A
T
T
G
G
G
G
C
C
A
A
G
G
A
A
T
T
A
A
C
C
G
T
T
T
T
T
T
T
A
A
C
C
C
A
C
C
A
A
A
G
A
A
G
G
G
G
T
T
A
A
T
T
G
G
C
C
T
T
T
T
T
T
G
G
G
A
T
T
T
T
A
A
C
C
T
C
G
G
G
G
T
T
G
G
C
C
A
A
A
A
A
A
C
C
A
A
A
A
A
A
G
G
G
G
A
A
A
A
T
T
C
C
G
G
G
G
G
G
T
T
T
T
C
C
G
G
A
A
G
G
A
A
T
T
A
A
T
T
G
G
C
C
A
A
G
G
G
G
C
C
A
A
G
G
T
T
T
T
A
A
G
G
C
C
T
T
T
T
C
C
G
G
A
A
A
A
A
A

   180MpMR
   180Unigene0041050

G
G
G
G
A
A
A
A
T
T
G
G
A
A
A
A
G
G
G
G
T
T
G
G
A
A
T
T
T
T
T
T
T
T
A
A
G
G
C
C
T
T
T
T
C
C
A
A
A
A
G
G
A
A
A
A
A
A
C
C
G
G
A
A
G
G
A
A
A
A
G
G
A
A
G
G
A
A
G
G
G
G
C
C
A
A
T
T
C
C
G
G
A
A
A
A
G
G
C
C
T
T
C
C
G
G
A
A
G
G
A
A
A
A
A
A
G
G
G
G
C
C
T
T
A
A
C
C
T
T
T
T
A
A
A
A
G
G
G
G
A
A
G
A
T
T
C
C
G
G
A
A
G
G
A
A
T
T
C
C
A
A
A
A
T
T
T
T
T
T
C
C
T
T
G
G
A
A
T
T

   270MpMR
   270Unigene0041050

G
G
A
A
C
C
G
G
A
A
T
T
G
G
T
T
T
T
G
G
T
T
T
T
T
T
T
T
T
T
C
C
A
A
T
T
C
C
A
A
A
A
C
C
T
T
C
T
G
G
A
A
T
T
G
G
T
T
T
T
G
G
C
T
T
T
G
G
A
A
C
C
C
C
C
C
T
T
G
G
C
C
T
T
A
A
G
G
C
C
G
G
C
C
T
T
G
G
T
T
T
T
G
G
C
C
T
T
G
G
T
T
T
T
G
G
C
C
T
T
C
C
A
A
C
C
T
T
T
T
C
C
A
A
T
T
C
C
G
G
A
A
A
A
A
A
C
C
C
C
A
A
A
A
A
A
T
T
T
T
C
C
G
G
G
G
G
G
A
A
G
G
G
G
C
C
T
T
T
T

   360MpMR
   360Unigene0041050

G
G
A
A
T
T
A
A
T
T
T
T
C
C
T
T
G
G
G
G
T
T
G
G
A
A
A
A
T
T
A
A
A
A
T
T
G
G
C
C
G
G
G
G
G
G
A
A
T
T
T
T
T
T
A
A
C
C
T
T
G
G
G
G
A
A
G
G
T
T
A
A
G
G
C
C
G
G
A
A
T
T
A
A
G
G
A
A
G
G
G
G
G
G
A
A
G
G
A
A
T
T
A
A
T
T
T
T
T
T
C
C
A
A
G
G
T
T
G
G
T
T
A
A
T
T
C
C
A
A
A
A
G
G
A
A
G
G
T
T
G
G
T
T
C
A
T
T
T
T
G
G
A
A
G
G
G
G
C
C
A
A
A
A
A
A
C
C
A
A
T
T
T
T
A
A
T
T
T
T

   450MpMR
   450Unigene0041050

G
G
C
C
A
A
G
G
C
C
T
T
C
C
A
A
G
G
G
A
G
G
T
T
G
G
G
G
A
A
C
C
A
A
G
G
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Supplementary Figure 6 Alignment of nucleotide and amino acid sequences of 9 menthol biosynthetic genes from M. piperita 

and M. canadensis.


