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We	
  have	
  assembled	
  a	
  diversity	
   set	
   (DS)	
  of	
  96	
   le?uce	
  and	
  wild	
   species	
  
lines	
  that	
  is	
  amenable	
  to	
  rouBne	
  phenotypic	
  analysis	
  (Figure	
  1).	
  

Figure	
  1.	
  Example	
  of	
  morphological	
  variaFon	
  in	
  the	
  le4uce	
  DS.	
  	
  	
  
Lines	
  a-­‐h	
  represent	
  different	
  L.	
  sa&va	
  crop	
  types.	
  	
  Lines	
  i-­‐k	
  represent	
  
examples	
  of	
  the	
  wild	
  Lactuca	
  species.	
  

Genotype	
  data	
  were	
  used	
  to	
  quanBfy	
  populaBon	
  sub-­‐structure	
  in	
  the	
  diversity	
  set	
  (Figure	
  3).	
  

Figure	
  3.	
  PopulaFon	
  structure	
  in	
  the	
  Le4uce	
  DS.	
  a.	
  ΔK	
  and	
  mean	
  LnP(K)	
  values	
  derived	
  from	
  STRUCTURE	
  output,	
  K	
  =	
  3	
  
was	
  chosen	
  as	
   the	
  opBmal	
  K	
   value;	
   	
  b.	
  Plot	
  of	
   the	
  first	
   two	
  eigenvectors	
   that	
  explained	
   the	
  most	
  genotypic	
  variaBon	
  
during	
  principal	
  components	
  analysis:	
  green	
  =	
  wild	
  species,	
  salmon	
  =	
  disBnct	
  sub-­‐clade,	
  the	
  remaining	
  domesBcates	
  are	
  
divided	
  into	
  yellow	
  =	
  Bu?erhead-­‐like,	
  blue	
  =	
  remaining	
  accessions	
  including	
  predominantly	
  Cos/	
  Romaine	
  types;	
  c.	
  Bar	
  
plot	
  of	
  sub-­‐populaBon	
  membership	
  when	
  K	
  =	
  3	
  (Q1,	
  Q2,	
  Q3).	
  

Genotype	
   data	
  were	
   used	
   to	
   explore	
   phylogeneBc	
   relaBonships	
   in	
   the	
  
le?uce	
  DS	
  (Figure	
  2).	
  

Figure	
  2.	
  GeneFc	
  relaFonships	
  in	
  the	
  
VeGIN	
  le4uce	
  DS	
  collecFon.	
  
	
  	
  	
  
a.	
   Dendrogram	
   of	
   relaBonships	
  
between	
  the	
  96	
  le?uce	
  DS	
  lines.	
  
Cluster-­‐I	
  wild	
  le?uce	
  species,	
  cluster-­‐II	
  
domesBcated	
   species,	
   sub-­‐divided	
  
into	
   cluster-­‐ I Ia,	
   encompassing	
  
Bu?erhead-­‐like	
   types,	
   cluster-­‐IIb	
  
encompassing	
   Romaine/Cos	
   types,	
  
and	
   cluster	
   IIc	
   represenBng	
   an	
  
evoluBonarily	
  disBnct	
  clade.	
  	
  	
  
	
  
b.	
  Neighbour-­‐Net	
  splits	
  graph	
  showing	
  
inferred	
   evoluBonary	
   relaBonships	
  
and	
   likely	
   recombinaBon	
   events	
  
among	
  accessions.	
  	
  

•  The	
   idenFficaFon	
   of	
   SNPs	
   that	
   have	
   a	
   significant	
   associaFon	
   with	
   resistance	
   against	
   aphid	
  morph	
   types	
   presents	
   the	
   opportunity	
   to	
   use	
   these	
   as	
  
markers	
  during	
  selecFon	
  of	
  progeny	
  in	
  the	
  breeding	
  of	
  new	
  culFvars.	
  	
  These	
  new	
  culFvars	
  may	
  offer	
  an	
  addiFonal	
  line	
  of	
  defence	
  when	
  combined	
  in	
  an	
  
integrated	
  pest	
  management	
  system.	
  

	
  

•  We	
  are	
  now	
  a4empFng	
  to	
  create	
  an	
  aphid	
  mapping	
  populaFon,	
  with	
  aphid	
  specific	
  markers	
  to	
  explore	
  plant-­‐insect	
  interacFon	
  networks.	
  

To	
   quanBfy	
   aphid	
   resistance	
   we	
   inoculated	
   lines	
  
from	
  the	
   le?uce	
  DS	
  with	
  N.	
   ribisnigri	
  and	
  recorded	
  
the	
   number	
   of	
   alates	
   (winged),	
   apterae	
   (non-­‐
winged),	
  and	
  the	
  total	
  number	
  of	
  aphids	
  (Figure	
  4).	
  

The	
  currant-­‐le?uce	
  aphid	
  Nasonovia	
  ribisnigri	
  is	
  the	
  most	
  significant	
  pest	
  infesBng	
  le?uce	
  in	
  northern	
  Europe.	
  Its	
  presence	
  at	
  harvest	
  makes	
  heads	
  and	
  salad	
  
packs	
  unmarketable	
  with	
  significant	
  financial	
  losses	
  for	
  growers.	
   	
  UnBl	
  recently,	
  the	
  most	
  effecBve	
  control	
  method	
  for	
  N.	
  ribisnigri	
  was	
  the	
  use	
  of	
  resistant	
  
culBvars	
  of	
  le?uce.	
  These	
  resistant	
  culBvars	
  are	
  grown	
  widely,	
  but	
  the	
  selecBon	
  pressure	
  induced	
  by	
  the	
  reliance	
  on	
  a	
  single	
  resistance	
  gene	
  has	
  inevitably	
  
now	
  resulted	
  in	
  a	
  new	
  currant-­‐le?uce	
  aphid	
  biotype	
  that	
  is	
  able	
  to	
  thrive	
  on	
  ‘resistant’	
  plants	
  possessing	
  the	
  Nr	
  resistance	
  gene.	
   	
  The	
  idenBficaBon	
  of	
  new	
  
mechanisms	
  of	
  resistance	
  is	
  therefore	
  required	
  urgently.	
  

Figure	
  4.	
  Mean	
  numbers	
  of	
  N.	
   ribisnigri	
   recorded	
  
three	
  weeks	
  post-­‐inoculaFon	
  on	
  the	
  96	
  le4uce	
  DS.	
  	
  
Mean	
   numbers	
   of	
   alate	
   (grey	
   bar),	
   and	
   total	
  
number	
   of	
   N.	
   ribisnigri	
   (black	
   needle)	
   are	
  
presented.	
   	
   For	
  clarity,	
   the	
  40	
   lines	
   illustrated	
  are	
  
taken	
   from	
   the	
   extremes	
   of	
   the	
   total	
   distribuBon	
  
(insert).	
  

Figure	
  5.	
  L.	
  sa,va	
  genome	
  wide	
  distribuFon	
  of–log10	
  P-­‐
values	
  of	
  SNP	
  associaFons	
  with	
  N.	
  ribisnigri	
  count	
  data.	
  
Panels’	
   a.,	
   b.,	
   and	
   c.	
   represent	
   SNP	
   associaBons	
   with	
  
mean	
   count	
   data	
   for	
   alates,	
   apterae,	
   and	
   total	
   aphid	
  
count	
  respecBvely.	
  	
  Chromosome	
  10	
  =	
  unmapped	
  SNPs.	
  

!"

#!!"

$!!!"

$#!!"

%!!!"

%#!!"

&'#!!!"

&'%#!!"

&'!!!!"

&%(#!!"

&%#!!!"

&%%#!!"

&%!!!!"

$" %" '" )" #" *" (" +" ," $!"

!
"#
$%
&$
'(
)*
%

+)
%%

)%

-./0"102345" 64"

-15 -10 -5 0 5 10 15

-1
0

-5
0

5
10

15

Pricipal Components plot

PC1

P
C
2

crisp

crisp

iceberg

cutting

stem

butterhead
butterhead

butterhead

butterhead

butterhead butterhead
butterheadbutterhead

butterhead

butterhead latin

latin

butterhead

butterhead

butterhead
stem

wild

butterhead

butterhead

butterhead
butterhead

butterheadbutterhead

butterhead

butterhead

butterhead

cos

cos
crispcrisp

cutting

cutting

cutting

latin

latin

latin

latinoilseed

crispleaf

stalk

wild

wild

wild
wild

wild

wild

wild

wild

wild

wild

wild

wild
wild

wild

wild

batavian

cos

batavian

cos

batavian

cos

cos

batavian

butterhead

butterhead

cos

cos

cos

cos

cos

cos
cos

cos cos

cos

cos

crisp

crisp

crisp

crisp

crisp

cutting
cutting

cutting

cutting

cutting

cuttinglatin

!"
#"
$%
"&
'

!"
#"
$%
"&
'

()
%*+

'
!"
#"
$%
"&
'

()
%*+

'
()
%*+

'
(,
-
&.
'

(,
-
&.
'

(,
-
&.
'

(,
-
&.
'

(/
*'

!"
#"
$%
"&
'

()
%*+

'
(/
*'

(/
*'

(/
*'

(/
*'

0"
1&

'
0"
1&

'
(/
*'

(/
*'

()
%*+

'
(/
*'

(,
-
&.
'

!,
23

)4
3"
5'

(/
*'

(/
*'

(/
*'

(/
*'

(/
*'

(/
*'

(/
*'

(/
*'

()
%*+

'
03
"6
'

/%
0*3

35
'

()
%*+

'
(,
-
&.
'

0"
1&

'
*#
"0
7'

(/
*'

*#
38

'
0"
1&

'
0"
1&

'
(,
-
&.
'

(,
-
&.
'

(,
-
&.
'

()
%*+

'
()
%*+

'
*#
38

'
!,

23
)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

!,
23

)4
3"
5'

0"
1&

'
0"
1&

'
!,

23
)4
3"
5'

%(
3!

3)
.'

(,
-
&.
'

()
%*+

'
9
%05
'

9
%05
'

9
%05
'

9
%05
'

9
%05
'

9
%05
'

9
%05
'

9
%05
'

9
%05
'

9
%05
'

9
%05
'

9
%05
'

9
%05
'

9
%05
'

9
%05
'

9
%05
'

:;::'

:;<:'

:;=:'

:;>:'

:;?:'

:;@:'

:;A:'

:;B:'

:;C:'

:;D:'

<;::'

E"
#"
$%
"'
F3
G%3

)'
H(
3!

3)
.'

I)
"G
"&
'

E"
#"
$%
"'
E0
/&

53
'5
3'
I"
)%*
'

J;
'*"

1$
"'
K&
/'
&"
8
3L
'

M4
0"
54

"'
N8

3)
%7
"&
%*(

43
'E
)"
,&

3)
'

J;
'*"

1$
"'
K&
/'
&"
8
3L
'

O
/&

3#
P'Q

MC
AB
@>
<'

M%
8
+*
/&

'
R"
%*3

)'M
30
!*
#*
(4
0,
**
'

Q3
5'
S)
"&
/!

03
'

N0
6"
(3
'K(
)%*
+L
'

Q/
8
"&
"'
J"
).
"'
T"
#"
0"
&"
'

J/
!U
/%
#*
'S
)3
3&

'T
/*
'

J;
'*"

1$
"'
K&
/'
&"
8
3L
'

J;
'*"

1$
"'
K&
/'
&"
8
3L
'

M,
()
%&
3P
'J
%2
03
'S
38

'
O
%5
.3
#'T

/*
'

Q/
8
"%
&'
53

'E
3&

%(
")
5/

'
Q/

8
"%
&3

'V
3)
#3
'

W)
%*3

3'
53

'E
3"
,)
3.
")
5'

X3
5%
(,
03
'X
".
0%'
O
")
,0
'

J;
'*"

1$
"'
K&
/'
&"
8
3L
'

N5
)%"

1(
"'
='

E0
//

5Y
'Z

")
)%/

)'
M#
/7
3'

J;
'*"

1$
"'
K&
/'
&"
8
3L
'

W0
/)
%(
/*
'C
>'

W/
)3
003
&*
(4
0,
**
'

J;
'*"

1$
"'
K&
/'
&"
8
3L
'

R"
4,

'
I"
00/
&3

P'E
"0
0/
&'

S0
/%
)3
'5
,'
["

,+
4%
&3

'
Z
"0
53

)8
"&
&\
*'[

")
7'
S)
33
&'

E"
0"
5Y
'

Z
3!

!*
'Z

/&
53

)6
,0
'

Z
4%
#3
'J
32

,(
3'

[3
3)
'F
/&

.,
3'

J;
'*"

1$
"'
K&
/'
&"
8
3L
'

R"
7%
(4
%*4

"'
Z
4%
#3
'

T4
%&
3*
3'
M#
38

'J
32

,(
3'

N0
6"
(3
'Q
3+

/0
4/

'
E%
!!

'
J;
'*"

1$
"'
K&
/'
&"
8
3L
'

]/
40
!0
"2

)%&
.3
)'E

,2
3)
'

^
"7
'J
3"
6'

J;
'*"

1$
"'
K&
/'
&"
8
3L
'

S)
3"
#'J
"7
3*
'

_
39

'T
4%
(7
3&

'
N0
6"
(3
'K!

,2
3)
43

"5
L'

N8
!"
**
"5
/)
'

O
3)
$%
003
'5
3'
`
,"
#)
3'
M"
%*/

&*
'

F3
0%'
V"

U63
U'

M8
")
".
5'

R/
)5
""
#'

T"
.)
"&
3)
'M
/8

8
3)
'

I)
/a

,%
&*
'E
0"
(7
+/

/0
'

O
/*
7/
$*
7%
U'I
")
&%
7/
$Y
%'

S)
/*
*3
'E
),
&3

'F
3#
,3

b'F
)/
#*
7/
+'

E)
/&

/9
%(
7"
'

Q,
5/

06*
'J
%3
!0
%&
.'

F"
)5
%*%
c'

^
,#
5/

/)
'03
2,

(3
'

Z
,&

53
)'$

/&
'M
#,
2.

")
#'

R)
"0
'O

"U
3'
H'

E,
23

)7
%&
.'

T"
+%
#"
&P
'@
?<
'

d/
Y'
/6
'#4

3'
V%
00"
.3
'

Z
"Y
"4
3"
5'

V3
)#
3'
53

'T
/!

4"
8
P'T

/!
4"
8
'S
)3
3&

'
V3

)5
"#
)3
'

^
7"
Y"
8
"'
M"
0"
5'

O
3*
#&
Y%
'

]%
05
3'

M"
0"
5%
&'

R)
",
*3
)'S

30
!3

)'
N*
+3

&P
'Q
MC
==
@A
:'

J;
'$
%)/

*"
'

J;
'$
%)/

*"
'

J;
'*3

))
%/
0"
'

J;
'*"

0%.
&"
'

J;
'*"

0%.
&"
'

J;
'*3

))
%/
0"
'

J;
'*3

))
%/
0"
'

J;
'*3

))
%/
0"
'

J;
'*3

))
%/
0"
'I
='

J;
'*3

))
%/
0"
'

J;
'*3

))
%/
0"
'

J;
'*3

))
%/
0"
'

J;
'*3

))
%/
0"
'

J;
'*3

))
%/
0"
'

J;
'*3

))
%/
0"
'

J;
'*3

))
%/
0"
'

!"
#$

%&
'"

()
*
+*

,+
-).
/0
#)
12
)3
)4
5)

`>'

`='

`<'

a.	
   b.	
  

c.	
  

Genebanks	
  holding	
  diverse	
  le?uce	
  germplasm	
  offer	
  a	
  potenBal	
  source	
  of	
  	
  beneficial	
  alleles	
  that	
  may	
  confer	
  resistance.	
  

SNPs	
   with	
   P-­‐values	
   above	
   the	
  
horizontal	
  dashed	
  red	
  line	
  were	
  
deemed	
  significant.	
  	
  	
  
	
  
The	
  sequence	
  around	
  each	
  SNP	
  
were	
   used	
   in	
   a l ignment	
  
searches	
   against	
   Arabidopsis	
  
gene	
   models	
   to	
   exp lore	
  
putaBve	
  funcBon.	
  

Transcriptome	
   sequence	
   reads	
   from	
   two	
   le?uce	
   culBvars	
  were	
   aligned	
  
with	
   le?uce	
   ESTs	
   to	
   idenBfy	
   SNPs.	
   SNPs	
   were	
   converted	
   into	
   KASPar	
  
assays,	
  and	
  used	
  to	
  genotype	
  the	
  diversity	
  set.	
  

Phenotype	
   and	
   genotype	
   data	
   were	
   used	
   in	
  
combinaBon	
   with	
   ‘q’	
   and	
   kinship	
   matrices	
  
during	
  associaBon	
  analyses	
  (Figure	
  5).	
  

Large	
   genebank	
   collecBons	
   can	
   be	
   difficult	
   and	
   costly	
   to	
   screen	
   for	
  
many	
  agronomically	
  important	
  traits.	
  	
  

●

●

●● ●
●

●

●
●

●

●
●

●● ●●●
●● ●● ●●● ●● ●●● ●● ●● ●● ●● ●

●● ●● ● ●● ●● ●● ● ●● ●●● ●● ● ● ●●● ● ●●●● ●●● ● ●● ●● ● ●● ●●● ●● ●●●● ● ●●●● ●●●●●● ●● ● ●● ●● ●● ● ●● ●●● ●●●● ●● ●● ●● ● ●● ● ●●●●● ●● ●● ● ●●●● ●● ● ●● ●●● ●● ● ● ●●● ●●● ● ●● ● ●●● ●● ●● ● ●●● ● ●● ● ●●●● ● ●●● ● ●●●●● ● ●● ● ● ●●●● ●● ●● ●● ●●● ● ●● ●● ●● ●● ●● ●●● ●● ●●●● ● ●● ●● ● ●● ● ● ●● ● ●●●●● ●● ● ● ●●● ●● ● ● ●●●● ● ●● ● ●● ● ● ●●● ●●● ●● ●● ●● ● ● ●● ● ●●● ●●●●●● ●● ●●● ● ● ●●● ● ●●● ●●●● ●● ● ●●● ●● ●● ● ●● ●● ●● ● ● ●● ● ●● ●●● ● ● ●● ●●● ● ●● ●● ●● ● ●● ● ●● ● ●● ● ●● ● ●●● ●● ● ●● ●● ●● ● ●● ●●●●● ●●● ●● ●●●●● ●● ● ● ●●●● ● ●●● ●●●● ● ●●●● ●●● ● ●● ● ● ●● ●●●● ●● ●● ●● ●● ● ●● ●● ●● ●●●● ● ●● ● ●● ●●● ●● ● ●● ●●● ● ●● ●●● ●●● ● ●●● ● ●●● ● ●● ●● ●●● ●● ● ●●● ●● ●●● ●●● ●● ● ●● ●●● ●● ●● ● ●● ●● ●● ●●● ●● ●● ●● ●● ●● ●● ●● ●● ● ●● ●● ●●● ●●● ● ●●●● ● ●● ●● ● ●● ●● ● ●●● ● ●●● ●●● ●●● ● ●● ●● ●● ● ●●● ●●● ●●● ●●● ●● ●●● ● ● ●●● ●● ●● ●●● ●● ●● ●● ●●● ●●● ●●●● ●●● ●● ●● ●● ●● ● ●● ●● ●● ● ● ● ● ● ●●● ● ●● ●● ● ● ● ●● ● ● ● ● ● ●

Total

Chromosome

−
lo
g 1

0(
p)

1 2 3 4 5 6 7 8 9 10

1
2

3
4

●

●

● ●
●

●

●
●

● ●

●
●

● ●●

● ● ●●●
● ●● ●● ●● ● ●● ● ●●●● ●●●●● ● ●● ●● ●●● ● ●●● ● ●● ●● ● ● ●● ● ●●● ●● ● ●●●●● ● ●●● ● ●● ●●● ●● ● ●●● ●● ●● ●●● ●●● ●●● ● ●● ● ●●● ●●● ● ●● ● ●● ●● ●●● ●● ●●● ●● ●● ●● ●●●● ● ● ●● ●●●● ● ●● ●●●● ● ●● ●●●● ●● ●● ● ●●● ●● ● ●● ● ●●● ●● ●● ●● ●●● ●● ●●● ●● ● ●● ● ●●● ●● ●● ●●● ● ● ●● ● ●●●● ●● ●●● ●● ●● ●● ●● ●●● ●● ● ● ●●● ●●● ● ● ●●● ● ●●● ●● ●● ●● ●● ●● ●●● ● ● ● ●● ● ●● ●● ●●● ●● ● ●● ●●● ●● ●● ●● ●● ● ●● ●● ●●●● ● ●●● ● ●●● ●●● ●● ●● ●●● ●●● ●●●●●●● ●● ● ● ●●●● ●●● ●●● ● ●● ●● ● ●● ● ●● ●● ●●●● ●● ●● ● ●●●● ● ●●●● ● ● ●● ●●●● ● ●● ●● ●● ●●● ●● ● ●●●● ● ●● ●●● ●●●●● ●● ●●●● ●●● ● ● ●● ●●● ● ●●●● ●● ● ● ●● ●●● ●● ●● ●●● ●● ● ●●● ●●● ●● ● ● ● ●● ●● ●● ● ●●● ●●● ●● ●●● ●●● ● ●●●●● ● ●●● ●●● ● ● ●●● ●● ●●●● ● ●● ● ●●●●● ●● ● ●● ●●● ●● ● ●●● ● ●●●● ●●●● ●● ●● ● ●● ●● ●●● ●● ● ●● ●●●● ●● ●● ● ●● ● ●●● ●●● ●● ● ●● ●● ●●● ●● ●●● ●●● ●●● ●● ● ●● ● ●● ● ●●● ●● ●● ● ●● ●● ●●● ●●● ●●●● ●● ●●● ●● ● ●●●●●● ● ●●● ●●● ●● ●● ● ●● ●● ●● ● ● ● ● ● ●●● ● ●● ●● ● ● ● ●● ● ● ● ● ● ●

Non_winged

Chromosome

−
lo
g 1

0(
p)

1 2 3 4 5 6 7 8 9 10

1
2

3

●●

●

●

● ●
● ●

● ●
●

●●
●

●

●
●

●● ●
● ●●

●
●

● ●● ●
●● ● ● ●●● ●● ●●● ●● ●● ●●● ●● ●●● ● ●● ● ●●● ●●

●● ●● ● ●● ●● ●●●
●● ●● ● ●● ●●●● ●●●● ● ● ● ●● ● ●● ● ●●●● ●● ●●●●●● ● ●● ●● ●●● ● ● ●● ● ●● ●● ●●● ● ●●●● ● ●●●● ● ●● ● ● ●● ●●● ●● ●● ●● ●●● ● ●● ● ●●● ● ●● ●●● ● ●●● ● ●● ●●● ● ● ●● ●●● ● ●●● ●● ●●● ●● ●●● ● ●● ● ●●● ●● ● ●● ●● ●● ●●●●●● ● ●● ●● ●● ● ●● ● ●● ●● ● ●● ●●●●● ● ● ●● ●●●● ●●● ●● ● ●●● ● ●● ●● ●● ●● ●● ●● ●●● ●● ●● ● ●● ●● ●● ●● ●● ●●● ●● ●● ●● ●● ● ● ●● ●● ●●●●● ● ● ●●● ●● ● ● ● ● ●● ●● ●● ●● ● ● ●●● ● ●● ●●● ● ●● ●● ●●●●● ● ●● ● ● ●● ●● ●● ●● ●● ●●● ● ●● ●● ●●● ●● ● ●●● ●●● ● ●● ●●●● ● ●●● ●●● ●●● ●●● ● ●●● ●● ●● ●●● ● ●● ● ●● ●● ●●●●● ●● ●●●● ●● ● ●● ●● ● ●● ● ●● ●● ●●● ●● ● ●● ●● ●● ●● ●● ●●● ● ●● ●●● ● ●●● ●● ● ●● ●●● ●● ●●● ●● ● ●●● ●● ●● ● ●● ●●● ●● ●● ●● ● ●●● ● ●●● ● ●● ●● ●●●● ●●● ● ●●●● ●● ● ●● ●● ● ●●●●●● ● ●●● ●● ●●●● ●●● ● ● ● ●● ●●● ●● ● ●● ●●● ● ●●● ●● ●●● ●● ● ● ●●● ●● ●●●● ●● ● ● ●● ● ● ●● ● ● ● ●●● ●● ●●●● ●●●● ●●● ● ●●●●● ●● ●● ● ●● ●● ●● ● ● ● ● ● ●●● ● ●● ●● ● ● ● ●● ● ● ● ● ● ●

Winged

Chromosome

−
lo
g 1

0(
p)

1 2 3 4 5 6 7 8 9 10

1
2

3

a. 

b. 

c. 


