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Table 1: SectionHypericumand chromosome no and ploidy

Section Section Number of Ploidy
No Name chromosome Level
1 Campylosporus 12 2
2 Psorophytum 12 2
3 Ascyreia 12-9 4,6
4 Takasagoya ? ?
5 Androsaemum 10 4
6 Indora 10 4
6a Umbraculoides ? ?
7 Roscyna 9-8 2
8 Bupleuroides ? ?
9 Hypericum 8-7 2-6

10 Olympia 9 2
11 Camylopus 8 2
12 Originifolia 9-8 2
13 Drosocarpium 8-7 2
14 Oligostema 9-8 2
15 Thasia 8 2
16 Crossphyllum 8 2
17 Hirtella 10 -12(14) 2
18 Taeniocarpium 9 2
19 Coridium 9 2
20 Myriandra 9 2(3-4)
21 Webbia 10 4
22 Arthrophyllum ? ?
23 Triadeniodes 8 2
24 Heterophylla 9 2
25 Adenotrias 10 2
26 Humifusoideum 12,9-8 2
27 Adenosepalum 10-8 2,4
28 Elodes (107)8 2,4
29 Brathys 12 2

30 Trigynobrathys 129-8 2,4
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Figure 2: The life cycle of root knot nematodes
(www.ctahr.hawaii.edu/nelsons/koa/koa.hHtml
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Figure 3: Schematic representation of the structure of th&MBR. Exons are represented by boxes
and intron by lines between boxes. Shaded boxesaitedhighly conserved motifs inside the NBS-
encoding region (Calenge et al., 2005)
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'$(0.84% )$  =&% %.0//$* *-=/ 7-' 10/24 $% &4 ###'1 )$ -4-(-, =&%
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&.$ 4-=%, 7' -/$)-2' - 1-'$ 07 /$$*$* )$ *'0 $* .$,,$4% =$'$ '$%2%.$/*$* 0/ # J, -7
L 7 -+$/05)4 &/* %4-'$* &4 L

5#(0/*/'-

)0% 4$()/0@2$ (-1.'0%$% 4)'$$ *077$'$/4 %ASP4-=306 4)$ *058%40-/ &/* ,05&40-/ -7
5$/-10( > &1.,070(&40-/ -7 %$,$(4$* 7'&51$/4% 8BS, &/&,6%0% -7 &1.,070$* 7'&51$/4
)$ 4$0/0@2$ =&% (-/*2(4$* T-,,-=$* A)$ -4-(-, * $+$,-.$* 86 & *$' OF$/ $4 &, >
# =04) %-1$ -.4010%8&40-/ 4- %204 4)$ %.EHY% 124)$ 0/0408&, %4$.%> 4)$  =&%
*05$%4%$* &/* 05&4%* 4- 4)$ &*&.4%' O -I$ '$S&(A0H  =&% *05$%4$* 2%0/5 4)$
'$964'0(40-/ $/AB1$%< ' <2 =04) & 7-2' 8&%S$ '$(-5/040-/ %04$ &/* ,05&4$1)904)
8,-(3 &*&.4-'% 4- H)$ $/* -7 '$%A'0(40-/ 7'&51$/4% 8,-(3 &*&.4-' (-1%0%4 %$@2$/($
%010,&' 4- 4)$ &*&.4% '01$'% &/* %)-'4 %S@ 2RI 8,-(3$* 86 &/ &10/- 5'-2. &4 4)$
E $/* 0/ -*$' 4- 8,-(3 4)$ $<4$/%0-/ =04) &@ .-p1$'&%$ &8,$ - 7&(0,0484$ ,05&40-/
4- 8,214 $* T'&51$/4%> 4)$ E$I* =&% .)-%.)-'6,84%0/($ 4)$ '$%4'0(40-/ 7'&51$/4 7'-1
DS 42$ %403 $> 4)$ %)-'4 %S@2$/(S =&% $<ABIBRA() ' '$%4'0(40-/ $I*
4-4&, 10<42'$ -7 #J, (-/A&0I0/5 ## /5 -7 58/-1 0( > J, '$%4'0(40-/ $IA61$> J,
-7 '$9%4'0(40-/ ,05&40-/ 8277$'> J, -7 #.1- FO&*&.4$> J, -7 ,058&%$ &/* | =&4$'
=&% 0/(2884%* 0/ & 8,-(3&4 GL 7- 4)$$)-2% )$ '$&(40-/ =&% 4$'10/84%* 86 )$&4
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7> J, *0,24$* *2(4 -7 '$%A'0(40-/ ,05&40> J, -7 %.$(070( *$5$/$'&4$* '01$'

#.1-F J,> J, &&4% '01$ #.1-FJ, > 35 % 1> J, -4%A4&'4

8277$> ##" FJ, -7 -4%48&'4 -61$'8&%$ O/ B)$&(40-/ +-,21$ -7 J, )$

1581 )&+$ # (6(,$% -THL 7- # %$(> ## %7 &/I$&,0/5 4$1.$842'$ &/* 10/ GL
//$8.,0/5 4$1.$'842'$ -7 $&() .'01$'% 2%$* &'$ *$%('08$* 0f &4%> 4)$

[*2(4% =$'$ ,&8$,,$* 0 4)$ %&1$  (-/040-/ &%4)$ 70'%4 (6(,$ )$ '$&(40-/ =$'$

$7-1$% 0/ #J, &%%&6 (-/A&0/0/5 # J, ,&8%,$%1-F J, G## &*&.4%' '01$> #

J, -7 %.$(070( *$5$/$'&4%* 'O1$># * % 1> J, '$&14&@ 8277$>## F

J, -7 '$&14&@ .-,61$'8&%$

Table 2: List of adapters and their sequences for restridigation step

Adapters Sequences
Blunt adapter long arm 5 ACTCGATTCTCAACCCGAAAGTATBATCCA 3
Blunt adapter short arm 3 NHTTCATATCTAGGGT 5'-P

Mseladapter long arm 5 ACTCGATTCTCAACCCGAAAGTATAGATCCCA 3

Mseladapter short arm 3'NH, TTCATATCTAGGGTAT 5’
Adapter primer 5 ACTCGATTCTCAACCCGAAAGTATAGATCCCA3’

+-+'+#3$"+, 5H#/.+#!

)$ *$55/$'&4%* .'015'% 2%$* =$'$ &,'$&*6 *$%05/$H$%$ *$55/$'&4%* .'01$'% =$'$
*$9%05/$* 8&%$* -/ (-/%3$'+$* '$50-/ -7 .,&/4 *095&%S '$%0%4&/($ 53/$3% &/ *$' 0/*$/
$4 &, > Hit )3 ,0%4 -7 *$55/$'&4%*  '01$% 2%E 4)0% %42*6
&% %)-=% 0/ 4)$

Table 3 List of primers sequences and their optimal terajure used in NBS profiling

Primer Sequences Tm(C)
NBS 5A 5 YYTKRTHGTMITKGATGATGTITGG 3' 55
NBS 6 5 YYTKRTHGTMITKGATGATATITGG 3' 55
NBS GLPL 5 TGYRRAGGAYTRCCWYTAGC 3' 55
NBS 1 5' GCIARWGTWGTYTTICCYRAICC 3' 55
NBS 2 5 GTWGTYTTICCYRAICCISSCAT 3' 60
NBS 3 5 GTWGTYTTICCYRAICCISSCATICC 3 60
1%(#
)$ ,&8%,,$*  -*2(4% =$'$ %$.&'&4%* -/ .-,6&( 6,&10*$ 5$,% 7-' )-2'% 2%0/5 4)$
o(-" &/&,6A% 1&()0/$ # J, ,&8%,$* .-* 2(4% =&% 10<$* =04) # J, ,-&*0/5

8277%' &1.,$% =$'$ *$/&42'$* 7-' 10/24%$% &4 H L11$*0&49$,6 .24 4)$ %&1.,$% -/ O($
&74%' 4)$ *$/1&42'0/5 %4$. .'0-' 4)$ ,-&*0/5 %4$.
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Figure 4: Comparison of three method DNA isolation useéiypericum
( above:Fulton method,middle: CTAB method, beloWA®asy(Qiagen))
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Figure 5: Gel pictures of digestion efficiency between diffietrtype of leaves used ( left: matured
leaves, right: young leaves)
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Table 4: Number of polymorphic bands detected with each @riemzyme combination in eight
hybrids and six parent plants

Primer
Enzyme NBS5A6 NBSGLPL NBS1 NBS 2 Total
Msd 44 44 35 59 182
Alul 17 38 44 35 134
Rsd 24 53 47 21 145
Total 85 135 126 115
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Figure 6: Gel picture after electrophoresis NBS profiling foe parents (in duplo) and three
individuals belonging (1,2,3) from the H. perfonat¢HP) x Elite amber (EA) cross. This pattern was
obtained with Msel enzyme and NBS primer 5A6
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Table 5: Numbers of polymorphic bands amplified with threezygmes (Msel, Alul, Rsal) and
primer NBS 5A6, NBS GLPL6, NBS1 and NBS2

Species
Enzyme Primer PA EA RW P C H B Total
NBS 5A6 15 15 17 24 19 3 17 110
NBS GLPL 20 28 21 14 20 20 11 134

NBS 1 12 13 14 6 14 16 18 93
Msel NBS 2 15 17 17 12 14 6 16 97
Total 62 73 69 56 67 45 62
NBS5A6 9 7 3 10 2 4 11 46
NBS GLPL 17 23 25 13 10 16 11 115
NBS 1 15 20 15 15 26 26 13 130
Alul NBS 2 15 17 17 12 14 6 16 97
Total 118 140 129 106 119 97 113
NBS 5A6 12 10 5 16 5 9 12 69
NBS GLPL 27 26 25 25 25 24 15 167
NBS 1 18 17 15 15 28 16 26 135
Rsa NBS 2 2 3 1 9 0 9 12 36
Total 177 196 175 171 177 155 178
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Table 6: Pairwise comparison of seven genotypebkiyericum

Species PA EA RW P C H B
Pink attraction(PA) -
Elite Amber(EA) 0.764
Red Wave(RW) 0.739 0.845

Hypericum perforatui(i) 0.185 0.165 0.153

Hypericum calycinuniC) 0.168 0.208 0.198 0.209 -

Hypericum hidcot@H) 0.156 0.173 0.173 0.195 0.359 -
Hypericum bucklei{B) 0.225 0.237 0.212 0.437 0.195 0.155

8%$* -/ 5$/$40( %010,8'046 +&,2$%> & (,294B8/EEB6 .$'7-'1$* 4- 5$/$'&4$ & 4'$S$ 4)&4
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Figure 7: Relationship tree of seven different genotypelkiygfericum
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Table 7: Number of polymorphic marker over four intraspiecifopulations

! , , 4, # Total
; 8& ;- ; 2 1 ;
2 1 9 8 1 21 9 1 8 8 8 9
1 9 1 9 ¢ 8 9
8 9 2 1 22 2 21
1 9 1 8 1 8 8 2
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%$5'$5840/5 1&'3$% 0/ .-5$/0$% -7 .-.2,&40-/ -=$+$> = .-61-.)0%1 (& 8$
-8%$'+$* 0/ 4)0% .-.2,&40-/ )$ )05)$%4 .-,61-.)q 1&'3$'% 5$/$'&4$* 7'-1 '$%4'0(40-/
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Table 8: Number of polymorphic marker of F1 population witinee restriction enzymeMéd, Alul
andRsd) and five degenerated NBS primers (NBS 5A6, GLRBS 1, NBS 2. NBS 3)

Primers
Enzyme NBS 5A6 NBS GLPL6 NBS1 NBS2 NBS3 Total
Msel 3 7 14 12 8 44
Alul 7 11 5 6 20 49
Rsal 19 12 11 11 13 66




)$ %$5'$5840/5 1&'3$ -84&0/$* =$'$ *0+0*$* 0/4=-446.$% -7 1&'3$'%? 2/0:.8'$/48,
1&'38% 1<, F /I </ &* 80:.&'$/4&, 1&'3$% )3<)3 &% %)-=/ 0/ &8,$ <)

<1-/5 4=- 46.$% -7 1&'3$'%> 4)$ )05)$%4 46.$% -BLE =$'$ -84&0/$* 7'-1 80:.&'$/4&,
1&'3$'% =04) H# 1&'3$'% %(-'$* &'3$'% %$5'$5840/5 1-4)$' .,&/4% &/* 78&4)$' =$'$
%W(-'$*  &/* "'$%.$(40+$,6

Table 9: Types of markers obtained froRL population with three restriction enzyméssé, Alul
andRsd) and five degenerated NBS primers (NBS 5A6, GLRBS 1, NBS 2. NBS 3)

Uni-parental markers Bi-parental markers
Enzyme Im x Il nn x np hk x hk
Msel 9 12 22
Alul 11 9 29
Rsal 11 17 39
Total 31 38 90

['&$-+ $'$*41/!

» H -,61-)0( 1&'3%'% -84&0/$* =$'$ 2%3$* 0/ ( -/%4'2(40/5 .'$,010/&'6 ,0/3&5$ 1&.
29%0/5 -%&180E% 1&..0/5 72/(40-/ 86 C-0/ & # &-0;$/ ## )$ 0/3&5$ 5'-2.

=$'$ *$4$'10/$* 2960/5  4)'$%)-* -7 )$ %05/0 70(&/($ -7 %$5'$5840-/ '&40- =&%
$+8&,284%* 86 )0:%@2&'S 4$%4 =04) . +&,2$ -F AF5'E -7 7'$$*-1  ((-*0/5 4-
&1*$,08/ 78%)0-/> 4)$ $<.$(4$* '&40- 7-' *-10/&M&'3$'% =8&% D &'3$' 46.$% 2%$* 7-'
1&..0/5 &'$ 2/0.&'$/4&, I<I.F,1<, 46.$ &* 80.& '$/4& )3<)3 46.$ = 1&'3$'%

=$'$ '$1-+$* *2$ 4- %010,&'046 -(0 (&,(2,&4%* BB W-74=&'S -=$+$> )05),6 %3$=$*
%$5'$5840-/ &/* 1$&/ )0:%@2&'$ '&/5$ 4- -70/3&5$ 5'-2. (&/ 8% -8%$+$* )0%
0%6255$%4 2% 4- '$ ()$(3$* 4)$ %(-0/5 *&4& )$FBEBO-/% =$'$ )05),6 %3$=$* 1&0/,6
85(&2%% 4)$ 10%%0/5 +&,23% =$'$ $/4$'$* &V+&B8O&MS="-/5 0/4$'.'$4&40-/% -7 7&0/4
8&/*06 1&*$ 86 0/$<.$'08/($* %(-'$ .$%-/ -1%4'2(D-/ 5$/$40( 1&. =&% '$.$&4$* 2%0/5
$ '$+0%$* *&4& -1 A)$ )0:%@28&'$ +&,2%% 3B %)-=$* %05/070(&/4,6 704 =04)
$<.$(4$* '&40- 1$&/=)0,$ # 1&3$% | '$%2,4$* %$5'$5840-/ *0%4-'40-/ B$ &,%-
-8%$'+$* 4)&4 1-%4 -7 1&'3$% 7'-1 )3<)3 46.$ %)*=$<4'$1$ %$5'$58&40-/ *0%4-'40-/
*$4$'10/$* 86 4)$ )0:%@28&'S +&2% &* 1-'$ 1&'3STS /$$*$* 4- $<4$i 4)$ 1&.
8$(&2%$ %- 1&/6 1&'3$'% &'$ -7 4)$ ,-= 0/7-'1&40H&0/0/5 )3<)3 46.$

18



NoHLI(

1 4)0% ()&.4%"> &,, '$%2,4% -7 &/&,6%$% 180%RH%S* 0%(2%%0-1% %4&'4 7'-1 4)$ %$4 2.
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D% %&1.,$%
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(-/A&10/&40-1 0% (-11-/ =)$/ 1&42'S %&1.$% =$'$ 296 )$ (-/4&10/&40-/ -7
-,6%&((&'0*$% 0% | #  =0,,'$*2($ 4)$ $770(0$/(6 -7 *-=/%4'$&1 '$&(40-/ O/
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-,6%&(()&'0*$% (8&2%$* -+$'9$%401840-/ -7 4)$ -/($/4'&40-/ &% 04 (& (-/($/4'&4$
%8&1.,$% 86 7-'10/5 &/ $<4'$1$,6 +0(0-2% .$, ,$4% $1$3$ *&1> HH

$+$'4)$,$%%> =)/ ($&  =&% 0%-,&4%* 7-1 6-B 7'$%) ,$&+$%> 4)$'$ 0% /- 1&:-'
'-8,$1 -7 .-70,0/5 8$0/5 &..,08* O/ % ! # [ & [218% -7 (&%$% =)$/ 6-2/5



7'$%) ,$8+$% =$'$ /-4 &+&0,88,$ &/* 1-'$ 1&42BYB&L. $% )&* 4- 8% 206$* +$'&,, .&44$'/%
7 70,05 =$'$ ,$%% (,$& &/* -74%/ 4)$ 155 T'&51$/4% 5-4 ,$%% 0/4$/%$ &/*
'$52,&',6 /-4 %(-'&8,$ /4)$ .-70,0/54$()/0 @2%> =$ 2%$ 7-2' 88%$ (244$' -7 '$%4'0(40-/
$/A61$ =)0() 13&/% 04 (24 4)$  $+$'6  8&%S$ .&0% )$'$7-'$> .-70,0/5 0% &8,$
4- '*2($ 12,40,-(2% .-70,0/5 )0% 1$4)-* =&% &8 4- .-*2($ )05) .-,61-.)0%1
&1-5 H$ % ! #  %.$0$% -=$+$>  .-70,05 %)-=$* =% &1-2/ 4 -7
~,61-)0%1 =)$/ 04 0% $1.-6%* =04)0/ 4)$ % ! # (2,40+&% )0% %255%$%4% 4)$
(&.8&(046 -7 .-70,0/5 4- 5$/$'&4$ -61-)0( 1 &'3$'% =04)0/ 4)$ /&"-= 5$/$40(
*0%4&/($% 0% *$.,$4%* )$'$7-'$> -/$ %)-2,* (-B6R%0/5 -4)$' 1&'3$' %66%4$1 4)&4 )&%
)05) &80,046 4- 5$/$'&4$ .-,61-')0%1 $+$/ =04)08/"-= 5$/$40( *0%4&/($% %2() &%
1&'3$' %6%4$1 | 4)$ %$(-/* &1.,070(8&40-/ -7 $&(40-/> =$ 4'0$* 4- 2% >
-, 615'8%$ 0/%4$&* -7 >  .-,61$'8%$ =)0() 0% ()$&.$' -1$ &**040-/&, B&/*%2,* 8%
%(-'$* =)$/ 2%0/5/1 # >  .-61$8&%S$ | (-4'&%4> 1-%4 -7 4)$ 8&/*% .'SYIIO/5 4)$

1> =$'$8,%- $%$/4=)$/ # > =8&% 2%S$* .$%-/&, (-112/0(&40-/> -$/

19



"+#15+%/0/% #(!!+!

HHOI%S"I( (O SH(-+1+! ("$I'+, O#(. ["+H5+%/0 /% Yot(11+!

)0% $<.$'01$/4 =&% (&"0$* -24 4- +&,0*84$ 4)B$0$% *$'0+$* 7'-1 4)$ 0/4%$'%.$(070(
(-%%$% 0/($ 7'-1 1-')-,-50(&, &%.$(4% -7 4)$UEI0$% *-$% /-4 )&% 12() *077$'$/($
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3$" 1 $5(./;+!<
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Figure 8: Comparison of sexual life cycle of flowering plamd apomictic reproduction by seed
(Vielle-Calzada et al. ,1995)
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Figure 9: Mechanism of different types of apomixis compare to sexual life cycle of angioperms
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6H307MO06

Esm HO31

6H304M003-1

6H308M004

6H303M009

Green Condor

Red Wave

Red Baron

H. Buckleii

H.Calycinum Bariloche

H. Perforatum

"+#15+%/0/% %#(11+!

Crossing Number Mother Father

1 Pink Attraction H Perforatum
2 Pink Attraction H calycinum Bariloche
3 Pink Attraction Hidcote
4 Elite Amber H Perforatum
5 Elite Amber H calycinum Bariloche
16 H Perforatum Pink Attraction
17 H Perforatum Elite Amber
23 H calycinum Bariloche Red Wave
41 Elite Amber H Bukleii




"HBI5+96/0/% Yott(11+]

R Seeolio®  Moter e
45 45-35 Pink Attraction HO16
45 45-102 Pink Attraction HO16
45 45-135 Pink Attraction HO016
45 45-160 Pink Attraction HO016
45 45-173 Pink Attraction HO016
45 45-207 Pink Attraction HO016
45 45-244 Pink Attraction HO16
45 45-246 Pink Attraction HO16
46 46-7 Elite Amber HO16
46 46-28 Elite Amber HO16
46 46-101 Elite Amber HO16
46 46-131 Elite Amber HO16
46 46-147 Elite Amber HO16
46 46-148 Elite Amber HO16
46 46-164 Elite Amber HO16
46 46-216 Elite Amber HO16
51 51-10 Red Wave H021
51 51-17 Red Wave H021
51 51-19 Red Wave H021
51 51-33 Red Wave HO021
51 51-65 Red Wave HO021
51 51-102 Red Wave HO021
51 51-139 Red Wave HO021
51 51-190 Red Wave HO021
52 52-7 HO16 HO021
52 52-10 HO16 H021
52 52-16 HO16 HO021
52 52-99 HO16 HO021
52 52-111 HO16 HO021
52 52-119 HO16 HO021
52 52-158 HO16 HO021
52 52-200 HO16 HO021
PA Pink Attraction Parental lines
EA Elite Amber Parental lines
RW Red Wave Parental lines

HO16 HO16 Parental lines
H021 HO021 Parental lines
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