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SUMMARY

QO Title : Establishment of a molecular breeding system for
development of superior onion cultivars

Onion is the most widely cultivated species of the genus Allium. Although the onion is
one of the important vegetables, the onion has many weaknesses on breeding. First, onion
1s a biennial plant and has high level of heterozygosity. Therefore, identification of major
phenotypes or development of new cultivar takes 2-3 years. To overcome this obstacles
many people study deep into a molecular breeding system of onion.

First, one of the major traits of molecular breeding on onion is male sterility. The
self-pollination of onion is easily happen because the umbel consists of many flower.
However application of cytopalsmic male sterility (CMS) produce F1 hybrid seed and
prevent the contamination of seed production. To use the male sterility for producing F1
hybrid seeds we must use the molecular markers based on CMS-inducing gene and
restorer gene. To date, all CMS-inducing genes are the chimeric structure that consist of
partial sequences of mitochondrial genes and unknown sequences. The candidate gene
inducing the male sterility in onion ,orf725, is reported in our research group (Kim et al.,
2009). orf725 consisting of partial sequences of the cox/ gene and unknown sequences has
been identified in both the CMS-S and CMS-T cytoplasm. The molecular marker based on
the orf725 and coxl sequences can distinguish the three onion mitotypes perfectly. On the
other hand, molecular marker based on restorer gene is not reported. Therefore, we
developed the linkage marker which was in linkage disequilibrium with the restorer gene
using a combination of bulked segregant analysis and RNA-seq. However further study
identifying the restorer gene is needed.

Second trait is the resistant of downy mildew in onion. Downy mildew disease caused by
oomycete Peronospora destructor is most destructive disease in the onion-producing
regions in the world. The resistance of downy mildew was founded in the Allium royler.
Recently, 'Santero’, novel onion cultivar resistant to downy mildew, was released in
Euroup.’Santero’ i1s the product of a onion crossed with Allium roylei. Therefore, we
developed the linkage markers based on Allium roylei and onion sequences in 'Santero’.
After further researches on the MAB (marker assisted backcrossing) system and
identification of the resistance gene are needed to introduce the resistant into the domestic

elite cultivars efficiently.



Third trait is the onion bulb color. Nowadays, people are interested in medicinal and
health-promoting crops for their health. Yellow and red onions contain a lot of
health—-promoting compounds, such as quercetin and anthocyanin. In previously research,
almost all structural genes encoding enzymes in the anthocyanin biosynthesis pathway
were cloned in our research group. Therefore we identified the many mutants which are
cause of difference between the red and yellow bulb colors and developed the molecular
markers based on polymorphism between mutant and structure gene sequences. In addition,
process consisting of PCR amplification and sequencing of the PCR products was developed
to identify the many DFFE and ANS alleles from diverse onion germplasm. Further
research about white color is performing using the transcriptome data and segregating
population.

The last one is haploid culture technology for producing doubled haploid lines. It need
long period to develop the purebred variety because onion is biennial life and has severe
inbreeding depression. However we produced the purebred varieties in a short period of
time using haploid culture technology. Therefore, we reduced the breeding periods and
obtained the diverse genetic resources.

In conclusion, results of this project are very useful information for development of

superior onion cultivars.
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1. 49 FAAAE FA4
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15290Mbe] i &9 A B} 68, B9 f A2l 368, Arabidopsis®] A BT} 107
mjo] BAs 2 HAAE A vt A FHANEE AAeA ZAds A olF Lo u
o Hxo FAAAEE 1998 1471 RAPD A A ¢k 11071¢] RFLP #2432 A& ©]
§38ko] Hastith (King et al. 1998). o] % xt#| o] fFdAA=7F ulo]E w AWk of 47}
A v AEe] fFAAAEd Hetd st A Holxltkal & 4 vk 3 Martin et
al. (2005)2 43 FHAAAEY ESTS vlo 2 9XE vlagt A3 A9 collinearity 7}

gee Hastgnh mebd Pt fAA ATE SYHos F48 Bagol Ak
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Davis 1967). ©] % 1]k Texas A&M thsete] dFeloA gzl o] AolE AAZ =
A7F tEA O AFH AR = DFR 5425 W vzﬂx}
HFAEAE el (Kim et al. 2004). 22} o] g4
DFR =d¥els 7HA A d9a ol ddd + = A4

2009b). StEAlold AT 2ol BHE DFR FAAED olygl ANS A £
vetd gacknt FFOA FAE Ak v @f—ﬂ Fo} (DFR =dWol])¢t Bt gA¢fkat
(ANS =<dde)E  uwujehd AMo] yUas  glstlal  DFRFAASE ANSTH
complementation@ Aol &S F2eAtt (Kim et al. 2005). WA =] ofgsk A4
= Mt A Sl FFY DERTAAG I} ANSTAA gk A7 a8t

A e

Ay

il st uAHE AEges 48 de o e Y dFgSTHo =
Aol ot =Wl Fuke] zAukel] g Hxo A= Fukel FeE AHs {7l e
A 7kl 1?} A= 1984d el BarE Tk (UFafzh, 1984). o] % =97l v,

Al K
o] A ?‘HT@J} = Qxl ‘E’%i tE Zmel A @ol AEstddd ofuifelu AX A GE o4
a3k A7 Ak AREIZE floh sdlel A Ael e 5(1996)°] A7 HExE SR AE F
A=A A Elanke

Z)gol w4 S F 1,0%, AEHE 05%, ML 0.07%5 0 et
o mE WGRAe| A wg vl vl ShelulgFe] 0.17%, MFwhFo] 0,029 W1

iAol da weel 44 gou} AU} 2de AR $5H A4S B
3.5h7 1 A Al wgo] WS FEHI] Wi WA F719 BRS ¥
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3% dtsd g % Za

A1d d7Esy WE 2 A

TAREY A4 IE F

7h $AEY dA EFAA d# EAEAQ jnurf06 marker 7 gt

o] Aol A 0.05cMS H3 BAEA 9} FH ol vy} FoolA Baud EAR
4 7

3]
1l
Aol ek A AT E oAzl i ZElHe ol&ste] EARA S A

N

1 ak

=

=] = O
kol Al E AFEsET FoolA Rad BAEA Y 4 $- dominant marker®Z A1 EA A=
ZZo| oY Ru¥E dA7|AEES vlE O E indel mutations 2ol codominant marker®
A3 o] BAXAE jnurfl2 marker® WGt (2@ 1). ek E A o)A A

A]
¥ recombinantE A3 A3} wFolaA] By EAZAE jnurfl7 markeret jnurf06
sk Z1 o2 HH o] ofF Zhrto] Ao A ¥t} (2™ 2). 1Y

N

jnurfl2 markere] 749 7]Eol 7H 77kl A#d vlAR 4#F jnurf05 marker (0.05¢cM)
Bt} o 7irbo] Aty Ao=m AHHYL (1¥ 2).

A

TAGTTAGCATTE
= - inuriEFE  purfiR

— —
el 3-F JPurfl3-R

Homaleg 1 S— 1 5% Homolog I S T

F2 population

Mshds Msms Msms
1 2 3 4 5 & 7 8 9 10 11 12

S67 b = e jnurf12
Soav b g ST - { nUAA2-F + jnurfi2-R)
Zites G0 0 B0 B 3 BN S ey s oINS

{ inurf13-F + jnurf13-R)
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Breeding lines
Male-fertile Male-sterile

1 2 3 4 5 &6 7 8 9 10

s e L B S a2

[ S

TP S e 55 50 5T e v e e e jNIUIT13

a% 1. MS locus® d#d EA%A /A

Plant number  jnurfl0 OPT Ms jnurf12 jnurf05 jnurfl? ACms.1100  jnurf06 jnurf20 PSAO
B B

12-797
12-801
12-236
11-185
11-511
11-495
12-111
11-246
11-798
12-510
12-069

a s
=]
&
(=]
p-d

T e T I T w o @
T wm| I|T|T| I |m|om|m| oo
O m 00|00 wm|mio mm
T w| T|T|T|T | w|w|w m|lw
m| T L|IT|T|I|(w|m|m o
w| T m|m|m| || ] o
W | I |m|m|olm|T|T|m|lm
[o= N il e =) =T o = e = e el e e
-ARwiE--Ri--R 1. -AE-- AR w] ] ol iw]
W I | ® IT|T|T| I

a9 2. jnurfl0¢} PSAO A FE X Aol 9] 1170 A recombinante] th
EAEAH

ok
=3
r |
ol
o

Y. /I2E jnurfl2 marker$} 3| EF AR} Alo] 9] linkage disequilibrium®3d = 4

jnurfl2 marker®] -5 4,00001 7= o] Fojxl & el A markeret =} Thol] & 3
9] recombinant®= WA ¢kkom g FAe}l Wl I EAFAE AZEd. wgt
A jnurfl2 marker?t A =x}7+9] linkage disequilibrium o5-Z #okalr] 98t vkt &
TASES FAA 28 jnurfl2 markerd] -9 e STAETES tFoR FA5
S u vlA HEo] gsiA el oA g MESo] AAEAY (29 1), wEkA o
Zgt FAE s23s7] YA genome walkingS A A]SFe] ¢F 55kb flanking sequences &
B3FAE genome walking ¥ oA homology7} 95%0]4to] %= t}%3t fragmentEo] U
skt ol 3&E FAA FH ALl F3 FAA el A AR wHE A do] wWol EAE
e A2 HojF1 At Genome walkingS F3dlo] &aw Ao 5% HEoA 12-bp
indels #7313 ©] indelS ©]83}9] codominant markerE 7l#38}%] AL
marker= B3ttt (¥ 1). jnurfl3 marker® 7% F2 Ao Sutolz} thoksl &A%
S ez AEHs FeodxE 45 A marker genotypes T 4 AAJTH (ZF 1).
jnurfl3 markerg ©|&3le] 5719 Gyt SF7|HolA FFE 24A5S &
marker 3 @3 7 marker genotypeo]l & HAl XSttt WHH & I EAEAE
o] 5ol AP H marker genotypeo| UX|sHA| 2ol @A jnurfl3 marker¥t 35 7

Zk¢} linkage disequilibrium @A) ohE A & & AJH (2™ 3)



Breeding lines
910
as1
955
904
911
a1a

jnurfl0 OPT Ms jnurfl3 jnurf05 jourfl? ACms.1100  jnurf06 jourf20 PSAO

Institute A

90360
920375
90377
90003
90005
90143

Institute B

43
45 5
i Institute C
47

3
21
40 .
5 Institute D
27
49

52 | | | | | | | | | |
56 | | | | | | | | | |

39 3. 94T §F A5 Ms locusst d#H ERAFAGALo| S AAEA

I Institute E

ot A E jnurfl3 markerg ©] &% SFAFTY JAE[FAAY dF
jnurfl3 marker®} 3] &d 2k 7F] linkage disequilibrium #HAIS Ht} FH A AL
A 6719 3t FF7] oA F=HHEH FAFHo] FolH 104719 STAES

[¢)
7 A% jnurfl3 markere EE AlE$S HAo®E AgshA IEFHAAY FAAES A5
Foadenh (F 1. 2ed 48 a4 gte] wehe @4 s CMS-T AZAS AH
153719 &FA%5] el %= jnurfld markere] FAAFy} I&EHFHAA TP o] A
grel@olth, ol /1E] muE | ole HRFAA Y Hol oAt ws
Ao A== Aol
1 0%8 4% A%Y AL jnurfl3 BAEAY Fal
Number of Cytoplasm types and male—fertility =~ phenotypes *
Onion
. analyzed
breeding _ CMS-S CMS—T-like
breeding
Institutes .
lines MF MS MF MS
A 38 20 17 1 0
B 40 13 18 5 4
C 60 9 21 5 25
D 6 0 0 1 5
E 48 4 0 4 40
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F 65 0 2 1 62

Total 257 47 o7 17 136

Level of correspondence ° 100% 100% 100% 100%

@, 71¢E jnurfl3 markerE o] &3 CMS-S¢ CMS-T S$AELY dA FEZF A
=z

CMS-T Mxds 717 3A4ELAY Y CMS-S Axd & 7H SA4EL o
A2l ms locus®te] #AE 1 1Al 471 CMS-T AxdS 713 F
SAAY. SAE F2 9o xdF S FAFSEAL ©]E jnurfl3 marekr genotype¥} H
A BE oA BgstA 1 Aot dASAT (F 2). oldg AF}E T]EY o
A= Aol webA oA ghH AlEA BFSlS Felstr] st F2 ] AEds 7
Eo H 4Fe] Axd WEE FAFAE ol &t EAstdth 1 A3 459 F2
R CMS-T Alx24ds 7FAa dATt (L7 4). F2 A 2d8F Fer & #gs 43 4

Ak Fol 370 Jo& 30 1 £HlE EAAR UF Jbe 3l g Hjell A =LAl Blofyt
a9y g8 JdeEE EUAY At 7}0101] Hlj A o %] 1oy A7 sk B
At FEu] d5S fEA F2 JAe JMASFE 1937114 560 A2 524 B48 AA
stk 1 A3 27 Hee 3l e Hlel gHA ‘)r%lfxl?i 270 A2 33Ul B njel A A
Hojutoh BEv 7t g d90S A8 felAl allelic  segregation  distortion<}
zygotic segregation distortion®] -5 213} t}t. 2 A3} allelic segregation distortion®] ¥
ZEd. ol A3s FFa B ool Bud CMS-T %"3%%]4 a5 371 ©]/9
B EF A7 BodtE o] 28 segregation distortiong il O}X] B2 2H=E ddd

A

&

rob

N}
Mr oo

oy, o
T ST U 17
B o Ho

=
f
o
~
e
M oox

WA CMS T CMS-S9 vla7Az 28§42 #7 a4 oaA §4%9
AL BH £ 2 fAA A o] TS WPk ¥ wuAA nae AL
A % BB gel B ATUES APHS FaAAE 5 o4 hass

[e)
A8 ar
AU W ek wel & 5 9l Bo] Fh §27102 AAHoR BHAY A

[o o
oX,
e
0o
2

¥ 2. CMS-T like A 2ZEY S 7IXE F2 2P Dol HE jnurfl3 ERFE A ¢}
LA E9d ¥ Chi-square test

Segregation of male—fertility Segregation of jnurfl3 marker
Population phenotypes * genotypes "
MF  MS i p A H B x p
020501 30 10 0 1.00 11 19 10 0.15 0.93
020502 30 6 1.33 0.25 10 20 6 1.33 0.51
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020301

41 3 7.76 0.0058 10 31 3 9.6 0.0082
020302 33 7 1.2 0.27 7 26 7 3.6 0.17
Total 134 26 6.53 0.011 38 96 26 8.2 0.017
Control Male-sterile F2
N T § 1 2 3 4
833bp == e _— ey ey =
628 bp = Y G e wme s e OIT725
SBE DD m - — e — —
299 bp = —_ Cp-cytotype
852 bp m= -
cob-type2
628 bp m=
503bp == s - . T p— 3tp6
I8 4. 9 AXR EBYSE F+EsE EAEAY
2. Bulked segregant analysis®} RNA-Seq2 o] €3 43 SAEY dA JERFHA &
g
7}. MF&+ MS bulk7tFel]l homozygousd SNPE 713 FAA &4
U FAEY AHIE F 41}3 g s7] skl $AEAY 7] FdPo] Eelvh Ao
Ui F2 faolA 5 127045 Adsta 719 1270215 JAd A9 ol del Aae A%
A= 0]%3}04 homozygousdF 7 A S A wksSic).
SAES T 7kl zhzb 1270A19 28 AAGAE R Egste] bulk®E WHE S RNAZ F

RNAZ o] &

&3] RNA-Seq=

Ilumina HiSeq2000& o]&3dto] <Fu}

trnacriptome data® & EIFT. 7MY 48GhbE &R Y bulk=ZHH 5.3Gb sequence

s snsgr dnd
Eajo] =

assembly &

raw readstT
HotA ok (& 3).
%99 contigE e ® z+zF MF9F MS bulkZ 58 A4 read=

trimmingS A XA 32,674712] contigE de nove

mapping st MF ¢k
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2

stelatlet (29 5).

Z3lth. & 430719 homozygous SNP7}F 1417§ €]
A AT gAE SNP9 homozygosity &

¥ 3. Illumina Hiseq 20007] &€& ©] &34 ©wE°]ZA raw sequenced AFAH

o
n e

Sample
Male-fertile bulk Male-sterile bulk

Read type Paired-end Paired-end
Read length (bp) 101 101
Number of total reads 35,060,464 38,195,132
Total length (bp) 4,853,137,130 5,302,036,059
Number of trimmed reads 20,854,096 22,876,112
Trimmed total length (bp) 2,617,660,631 2,877,318,217
Number of contigs 32,674
Gene length 28,472,055
Largest gene length 12,147
Average gene length 871
GC ratio 41.08%

¥ 4. Ms locus®} linkage disequilibrium= Zt+ contig A% 334

Screening criteria

Number of screened

contigs
De nono assembly of contigs from raw reads produced
RNA-Seq 32,674
Contigs containing homozygous SNPs between MF and MS
141

bulks

_2‘|_



Contigs containing reliable SNPs verified by the IGV  viewer

!

Contigs containing perfectly homozygous SNPs  verified by PCR

amplification and sequencing of bulked MF and MS DNAs

3
Contigs containing SNPs showing perfect linkage with the Ms
locus in the large-sized segregating population

i
Contigs containing SNPs showing perfect linkage disequilibrium

with the Ms locus from the analysis of diverse breeding lines

139

132

30

15

aiey . - p——
Fie Genomes View Tracks Remont Took GenomeSpace Help
Acepa fasta - AcepaZTRB v Acepn.2TRREEM0-1.2% 6 Bt <« » @[ ® &
[ L |
Saquancs -
] 1
1 1
1 1
I I
] E
] 1
| 1
|} 1
1 |
] |
[} 1
] |
] 1
1) 1
] [}
I
] 1
1
1 1
1
1
] 1
) |
[} 1
WaF_am i
]
1
] 1
] (|
1 [}
) ! 1
] i
] ! 1
{ B | L 1
i | I 1
! ! i !
. [e) =) 0] = 3} ©
28 5. IGV viewer T2 1382 o]L3l9 AFHA dEe SNPEI
= : o =] o) = [e]
gAlE SNPE A= PCR¥ sequencings &3to] #elataxl ke 139709 f3at
714E9e utgroe 2 PCR primer %3S ZAstdtr. #AAA <l exon-intron juction
orthologousd B §dAE Haste] o ARE 839t

ex |
=
KX
T



AZE primers ©]&38te] MFe MS bulk DNAE template® 3|4 PCRS Fastal F%
¥ PCR product< sequencingdle] SNPE &1&tdth. 1 A3} 7719 contigE Al ¢lshils
5 o2 perfectdr homozygous SNPE H &It}

2383 PCR products sequencing?t 23} introne] A= 75702

= Axp el A 617Kl A
H 9] intron $1X7F %3t intron®] $1A¢F A ko] 81.3%9 YA =

2o intron® < ¢
A= Wb Gyt FAA A dIsE 20 F conservedE S ¢ .

gy g AR A ERAAS wg Thke] AdE 759 FAAES 159
orthologous3d B 9] Fdx}e] A4 A= AA Add AAE HAFA Xt (1€ 6). o
gA] B E 2 G2y A EolARE H e} Ooqu-% intron®] TF+Z+ conserved® A AW 71 A
Yol A A= wEde A4 g2t AL skt mabA qF5 4 FAdA A4E
AsA Bl AEQ v fFHA JHol &S 11]?17‘4%‘ Aoz ke,

Chi Ch2 Ch3 Chd Ch5 Ché
73.0 E Acepa_19293
1520 Acepa_02572 20200 —1— Acepa_26780 3204.0 Acepa_21150
1000 T Aepa 2284 2500 Acep 1670 40800~ Aosga 2200 10670~ oepa 25655
) b 5407 0——— Acepa_00797 56810 l:Z Acepa_15139 4097.0 Acepa 21646
7326.0 ——1— Acepa_30021 6233.0 Acepa_21299

10148 0 ——— Acepa_01878
123410~ L~ Acepa_26471

12479.0 Acepa 21740 13622.0 —— Acepa_25333 13891.0 —|—— Acepa_27463

———Acepa_31529
17757.0 =1 Acepa 24437 L P

18367 0 ——T—Acepa_30641 19347 0 ~|_|- Acepa 25071

20569.0 ~—~ Acepa_23725

21389.0 - |~ Acepa_29520

23815.0 ——— Acepa_26059 23178.0— Acepa_03039 24372.0 Acepa_30791

25061 0~ Acepa 25141 0T~ Acepa 31604
o 26973 0—— Acepa 03160 ZsLe S

29866.0 1~ Acepa_D2678 301820 —-—Acepa_23615

34339.0 Acepa_23881
34347 0 T Acepa_28184

35106.0 —7— Acepa_24938

40147 0——— Acepa 03223
423040~ Acepa 03221

Ch7 Ch8 Ch9 Chto Ch11 Ch12
1562.0 ——— Acepa_22502 28610 Acepa_29431
4098 0]~ Acepa_26573
4376.0 75 Acepa_22691
5853.0 —— Acepa_04354 4626.0 Acega:zwm
7596.0 =1 Acepa_29215 7922 0~-— Acepa_25628

88300 Acepa_18112

11733.0—1— Acepa 32269
13461.0 ~|_{- Acepa_20223
1399701 [ Acepa_22947

17055.0 ——— Acepa_30497
19641.0 —1—— Acepa_00868 19059 0 ——1—Acepa_27343

226060 —— Acepa 22471 ol
N ZUIDT Recen 20 24088.0 - Acepa_28688

27104 0 —{~— Acepa_30326

28894 0 —{— Acepa_D1815

29 6. EFAAS 7MEA ddd F FAAC A B 9 orthologous #AA A%
23

Y. g% BT SZTAES o] &3 perfect linkage disequilibriumol] A& FAA
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A
homozygous SNPE 7}7  contigs <oAA  3&E  FH1A}  perfectstAl  linkage
disequilibriumel] = FHAAE AEstr] YA oF 4200970 = o] Fo 3l & F2 g el
A kst f83 recombinantE AR 7HY WA 3| EFAALE 0.047cM E ol
jnurf05 marker@r 38 FdA Aboldl A crossing-overZF Yol ‘12-510° /HA S BEAE A=
g 132709 FdAs TollA 85707F jnurf05 markersh 22 W &FolA 35 FdAe} ddE
of Aot ARV Ugkoh (29 7). weEbA ol & 857he FHAE 3 & A 2 ¢ (7
wjitoll o] = FA ol A A 9] s Tk
oloj A 3| &EFHAFe} 0.5cM o] OPT marker AFololl A crossing-over’} & 11-248
MAE o]&ste] AT A 45709 FHAE FAA 30709 AR 3 EFHdAbek
perfectstAl Ad¥ o=z i)

ul x4}k screening processOl A= AWE 30719 FHAE digor FAgHow AdtH
2709l &A% (903773 90143)S th o= F3 3} %{XP-J SNP7F d A st=A] &4 315
t} (Fig. 3B). &4 A7 30709 325 FolA 18719 F# A7} SNP genotypeo] ¥ &3

I A A3l

A 18709 Ak A tEe] §EATE £487] i co-dominant CAPS

marker 3 ILP markerE SNPZ 7|wto g 7)u&tqitt (& 5).
7l

AR BAEAE ol §ate] 67] b KE7 To] wHF wAPl Tl BlAY KF
AFS BAE A3 18709 FAAE FoA 1409 FAA A4 HRGA ZAG
marekr genotypee] $¥3H AR FHAT WA olF 1409 FAAE $HEY A

frd Aol k¥ kAl linkage diseqquilibriumell AT 3S & F AAT

A B
cM Marker
0.000 —f— jnurfi0
Recombinants Breeding lines
Marker 12-510 11-248 90377 90143
2.800 —-— OPT jnurflo B H A B
%_%E? = jMﬁsurfus OPT B8 H A A
3417 jnurfi7 i = 5 " -
jnurf05 H B A A
jnurfl? H B A H
jnurf0é H B B B
6.600 jnurfos jnurf20 D B B 8
9.400 ——— jnurf20

IR 7. EFAR dF A= 2AFFH EAEAFY v £4

¥ 5 dAToA /AL primerd B
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Size of InDel for Restriction enzymes

Markers Type of marker ILP markers used for CAPS
markers
jnurf 15334 ILP 186 bp
jnurf 23881 CAPS Pyull
jnurf 24123 CAPS Ndel
jnurf 24501 CAPS Sall
jnurf 24998 CAPS Acil
jnurf 25191 CAPS EcoRI
jonurf 26780 CAPS HindIll
jourf 27463 CAPS Dral
jourf 27528 CAPS Dral
jnurf 28184 ILP 46 bp
jnurf 28314 CAPS Sspl
jonurf 28839 CAPS Hinfl
jnurf 31446 ILP 34 bp
jnurf 31869 CAPS Taql
jnurf 24437 CAPS Taql

ot 9ASE FAR 29 EA linkage disequilibriumel] Y& FAAE 7T 4
A3 Erdatet ShestAl AddE 14709 FA AR tisiA] RT-PCR#F RACE (Rapid
amplification of cDNA ends)E ©] &3} full-length cDNAZS <A 35ttt 248 % cDNA o
NMEE MtE R FHAe] on Al AES FFsEAT rFE oAl MEs MR R
MFE$F MSALe ol A X 2Ql E=dWo] &4 o7& HAstAth 1 23 378 +Hd49 4
G- ot =4k A Foll Aol 7} glol FH FHAM A A L] H AT
A 11788 FdAbell s A= Zh2be] fHAAket s Adol =& tE
50% fFAxke] ofn =it A ES NCBI databasedll A Zro} o]& FAAE<] ofni=il A
alignsto] XM AQl &AWl & HASIAT (19 8).
Ae AAE 10 Aol 22 4789 FdA W] conserved domainell X7 A 21

Wol& 7h4 3 ik metA o Fel 7hy fE% ¥ RS FHAC

an

qgz
|

=]
RUS
=9
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HATPase c 3 DNA mis repair MutL C

Proportion

80 95 143 181 206 264 322 370 393 405 431 442 480 485 514 523 534 563 573 607 667 679 746 815 878 880

Paosition of amino acids

EDR 1
10 —_— 19
31869 RF19 | 27463 RF13
< 08 = 08
S S
5 06 £ 06+
S 04 g 044
o o
0z J_‘ 024
0o . ﬂ I B | N L D 0.0
29 38 137 311 317 340 375 473 499 508 547 582 594 644 646 900 906 146 149 241 262 488 501
Paosition of amino acids Paosition of amino acids
PMI type | Kinesin

Praportion
Proportion

1.0 10

.o 28839 = 15121150 RF2

: RF17 B

0.6+ 0.6

044 04

0.2 02

| - . I i

49 78 112 115 141 172 177 197 326 333 334 354 408 76 257 510 527 551 559 598

Position of amino acids Puosition of amino acids
DUF3755
10 —
1.0
_ 08—25191 RF10 i 28184 RF15
S s
g 084 £ 06
=N (=3
S 0.4+ g 04
= =)
02+ B g2 H
0o04—m NS — " — b
22 25 37 63 102 103 104 116 158 175 202 i 54 44 166 185 202 204 211 230 251 258
Position of amino acids Pasition of amino acids
1.0 = = LRR 8 Pkinase WD40
? 1.0 1.0 T—=—
_ 0523881 _ .a]24123 RF6 oo 24501
=
£ 06 £ o6 5 RF8
g RF4 g g o8
= 0.4 S 04 S 04
=%
02 02 =
0.0 00 00 =
54 68 143 140 181 206 41 137 204 223 234 282 290 461 235 377 391 399
Position of amino acids Position of amino acids Position of amino acids
TPP enzyme N M C
iz —_—— AAR2
1.0 10
27528
- o8 - 075726?80 RF12 &
S S
£ 06 RF14 £ 06
S 04 g 4
S S 04
T oo & o |
0o 0.0 4 1
154 189 194 324 529 13 42 137 147 215 216 297 308 397 4086
Position of amino acids Puosition of amino acids

138 8. %3 AEJgA e 407+ 9 homologous A Al MF, MS ofu =4k £ 4

2. %yt A £8 3 PPR(Pentatricopeptide repeat) gene family ¥4 <& 53 3 EH4

A EFREF

Aw7HA] & AEFAA 2eE IAEYD 4 IAEFdAES A9 4

o] PPR protein°©] 1t} wpEba] uto] 4= PPR proteing coding3tE A 27F A

A 7t5A o]l =t weba] %9} transcriptome S ZH-E Ho| A EEg dA 38
Rfla +dAE query® 314 PPR domaine 7FAx & 483709 %43 FHAAE=

=3

2] ¥ 483709 PPR geneE <ol 2707} MF$}F MS bulkAFe]lel homozygous SNPE 7}

o 3% % of

ME 32 o



I AAJAA W o] 52 B FHAFe} pefert linkageS H.o] A ¢kt

St A 2" 483702 PPR genes Fol 35 FAA FAMEol =2 41712 PPR
geneS 83t ol 7|Ed ThE FolA ¥ & FHAete] ARAAE A8
o (2¥ 9. 28y o5& BF MF$ MS bulk AbellAl SNPE &4 gl wHase
ME7F MS bulkel] H]g|A] 28] o] =2 @& S Hols FdA7F gl wpeja A& o=

Fahol M= ¢ BER

A 2}++= PPR proteing coding 3F+=

FAR7} obd A ol

Acepa 02557
HAcepa 15432

HAcepa 05416

Acepa 16202

SAcepa 26829

MAcepa 21696
Acepa D1797

SAcepa 09961

Awcepa 02130

Acepa 08865

Acepa 11405

Acepa 17397

Acepa 16443

Acepa 31157

Acepa 25558

Acepa 30053

Acepa 27850

Acepa 12732

SAcepa 27718

Acepa 01484

SAcepa 02001

MAcepa 20195

Acepa 09266

Acepa 13785

Petunia RFf (AAMS2339)
Acepa 00460

Acepa 13851

Acepa 14268

SAcepa 03240

MAcepa 13455

MAcepa 08893

21

| Acepa 18752

54

aa l Acepa 18753
AtRFL2 (NP172694)
ArRFL3 (NP563911)
ArRFL4 (NP172730)

94

Radish Rfo (CADG1285)

ArRFLT (MP1721485)

ArRFLS (MP176447)

Acepa 16296
sa—————— Acepa 05693

o

L Acepa2z0344
MAcepa 12032

Acepa 27848

Acepa 00150

HAcepa 30836

Awcepa 01457

Q
o
o
N
o
W
N

aa Rice Rffa (ABC42330)
4'_{—: Rice Rffb (ABCA42331)
a7 Maize Rf3 (NP0O01183938)
53 Acepa 09561

——
a1

a9 9. BER 4BAA FA9 ¥R

3. $4EY 94 3B
%3 1g 34
}oSAEY 94 0B

T A A¢} linkage disequilibrium<

A Ao} 43keo] PPRAA A9 phylogenetic tree

24

289 I3

2E BAEAS

FAZSG MR A ddE BEARAES] dddA Fd
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=8 Heavyd 71w 4= 94 3EFdxe 7HA A% 37FA SNP #4354
(isotig 34671_610, isotig30856_1351, isotig29186_1830)S H. s}t 121} 37FA] SNP® Ak
FA O] AABAY I EFAA g A FAAE Ags BaskA] FdTh

37FA SNPEAEAE AAl AFEE F+ e CAPSEARAZ H3str] 9l sidshe=
contig®] sequenceE 3H3EUTE MFe MSAFelol A polymorphisme HY 3HEo] =&
intron sequenceE ©|83}7] 934 contig®] sequence®} rice®] homologous sequenceE H]
wske]  4ute]  exon¥  intronTrERE FASATE (¥ 10).  isotig  34671_6109}
isotig29186_1830% 3tv+e] intronS FE3ELE primer S HEE 9 Al isotig30856_13512)
A% introns 7FAIA] 2o} intronS ESSHA] @& primer S SR JidE
primer =& 22 PCRE F33lo] MEFF MS/ Aol 393} sequenceE T HEA L Aoz
sequenceE alignmentd} polymorphisme] A& F&2 <183 th polymorphisme] YHE}
U= HE8S enzyme site® &+o] 37FA] CAPSvFA (Jnurf610, Jnurfl351, Jnurfl830)= # %ks}
At (3 6).

TAEYD A stEFAAS A dAdE BARAEY AdBAAE FAsr] A
4237 = ol Fo) 0 di& el F el recombinant 2170 A& #4389 tH(1d 10). Jnurfl1351
I Jnurfl830-2 Jnurf05¢} Jnurfl7AFolol] X33 Jnurf6103 Jnurfl32 A EY AA 3

B G429} co-segregationdhS <1351

n
il

Jnurf6103} Jnurfl3Zol M 4= 94 samdaet o 7 ddd SAgAE AT
ab7] fl8l e §E7|HeRRE dojxl 24AFS o8t EAEAESY dHdAE &<l

stk (29 10). Jnurf6109] A% A=Y A I EFAA ] tal 67§¢] recombinantE
7FA I Jnurfl3e] A-¢ $AEY I 3 E/FAA2} recombinant’F §1¢] co-segregation$hS
gatsitt. o]2A Jnurfl3 EXRIEAT SAHESY 948 IJEFHAY W& linkage
disequilibrium #A 9 JAdE AES & T YA

—

F 6. 7oA /HEd CAPS EAFEA e F7IAEH AFEL AR

Annealing Restriction

. Primer sequence (5 to 3°)

Marker Primer name temperature enzyme

Forward/Reverse

Jnurf610 AIP-F GATAATGGCGAGGGATTCAA 57°C Pvul
AIP-R GTTGCTCCTGCTATGCTTCC

Jnurf1351 PPR-F GTGCACCAACAGTTTCCGTA 57°C Acll
PPR-R TTTCCACACTTTCCCTTTCG

jnurf1830 POL-F GACCTGCATGGGAGGATTTA 57°C Nsil
POL-R TGGTGTGAATGGAGGAACAA
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AIP-F AIPR

ey

[ [ [ > LOC_Os08g44750

y
PPRF PPRR
e i
> LOC_Os04g32870
LOC_0s01g63820
POL-F POLR
o P >
1kb
—_
Plant number  jnurfl0 oPT Ms jnurf13 jnu610 jnurfos jnul3si jnu1830 jnurfl7  ACms.1100  jnurf06 jnurf20 PSAO
12-797 H B B B B B B B B B H D A
12-801 B B B B B B B B B B H D H
12-236 B B B B B B B B B B H D H
11-185 B B B B B B B B B H H D H
11-511 B B B B B B B B B H H D H
11-495 H H D H H H H H H B B B B
12-111 H H D H H H H H B B B B H
11-798 H H D H H H H H B B B B B
11-246 H H D H H H H B B B B B B
12-510 B B B B B H H H H H H D H
12-069 H H D H H B B B B B B B B
11-007 B B D H H H H H H H H D H
11-096 B B D H H H H H H H H D H
11-169 H H B B B B B B B B B B B
11-221 B B D H H H H H H H H D H
11-303 B B D H H H H H H H H D H
11-326 H H B B B B B B B B B B B
11-333 H H B B B B B B B B B B B
11-343 H H B B B B B B B B B B B
11-7271 B B D H H H H H H H H D H
11-213 B B D H H H H H H H H D H
Breeding lines  jnurf10 oPT Ms jnurfl3 jnurf610 jnurfos jnu13sl jnu1830 jnurfl7  ACms.1100  jnurf06 jnurf20 PSAO

910
951
955

4
falu!
[y
o
=<
14/]
5}
(@]
c
[4/]
Lo
re
i
i
g
2L
|
B
lo
re
ri
r o)
)
Mo
>

. &9 SFTHAFANA AZEAEYT A8 FEFAR e EXEA S SL&uet
eyl A &uke] Fy FAE AASH] fEld L ES 9] f3 SAHAELS A
sto}, 43t FFd FAAEYLS ol &t Hsd SAHAELS FUIAIIE MEHEY T A
S| EfdAte digh ExEA 7 ottt o]y e HolA A4 I EFHAe] Wi linkage
disequilibrium #AQ) Jnurfl3 A% A = K834 A2 4 Aok wEbA Jnurfl3 EAF3%
= o)

21 AEHE BYS R
= 47HA &8
A HA ggukol
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stz o= 10041 8-S Jnurfl3E A9 A2 d g & ?%3}{— TAEAE EA A
o 2 A3 89AlE o]l ARl A e Axd B 3 EFHA genotypes 7HA L AU
o} (F 7). 27FA o] A+e] 3] E£-d A homozygous genotypes 7HAE= TAIES &2l3tglal o]
= 2}Fo FAHoR wE7] 93 homozygous recessive Ms genotypes Aubsl=d] o] &
2 4 Ao ®=3%F homozygous dominant Ms genotypes 7FAl+= 47FA] AT A A7) A
s|ERoR AMSE & vk kA FAHNES AT o FA2 o A 89A41F FoAlA 1A
TS At G| gke] FARNS AR & QT
E 7. Ms locus 327 AEZAEQY S FAstes EAEAE o€ FAZ A
Ely
Cytoplasm type Genotype of the Ms locus Number of breeding lines
Normal msms 89
Normal MsMs 3
Normal MsMs + msms 2
Normal MsMs + Msms 1
Normal MsMs + Msms — + msms 4
CMS-T MsMs 1
Total 100
T oA et SAAENTY odddS BHE Qv g SFU|HoEFEYH Tt
Aol Y] Hol= FAEY 4A45S Axd gYEs Fiste 2AEA S Jnurfl3 A%
AE ol&st] MEA B I3 IH5FHAAe genotypes FlEATh (E 8). 1 A
CMS-T Alxd g% 94 3 E5/Fd47F heterozygous genotypes 7HA+= 197MAE &<l
5 ‘Eiﬂ ol SAHAEYS A= AR wE7t gol SAAENI LHAHAS HAoE
JE g & 9" A AS A AExE B dA4 I EFEATE
homozygous recessive genotype2 7FHth ol FAZ9 AEAEYI FJEFAAL
genotype®] YAt o= Hol §AHe TV FAEINA EYHAE Ao= F45
Atk FHe] FlEAs IAELI A 3519 wlE F3iA 5o A7] "o §4E5d%
oA o] AHH F, T4 £k "WolXA Hrh o]¢} o] FAZAE o] &ste] ¢
s BAsta olF HeA F, T4 o2& =Y 5 Atk

%3

e

%8 $4EY AT FAE 47
#ARYT AEIY 29

48 AXE A% H84

A

Number of detected

Male-sterile maternal .
male-fertile

Cytoplasm type and Ms genotype of the
male-fertile plants *

fine contaminants T Msms N msms
750 14 14 0
714 1 0
755 1 0 1
1108 5 4 1
Total 21 19 2

_30_



| gewee fAHe $EE PAT 5+ Ak §Ae) £EI} ol Y S %

A9 R WolAA Ho] $ARAHN Fele] HADS 2= o dFs wARY £F
NpoRE $ARANN WP u AAFI dehtE 443 21ES gdes AEd
e 7T 4+ An EAEAL Jourfl3e ol&dtel AEA BT 4 HABFAe
] | A e e AEa

genotypes Z215tA T (F 9). BA2IAIEL 9870 A Sl A 7770 A wko 3z
52504 genotypeS 7HA I S BABAELS 687WA oA 597) A ko]
FEFY S 7EA L QAT o]9p o] BEAFEAE o]t A el X5l A

__>.i"
(2
o
(i3
ot
4
%0,
9
Jo
By
P
lo
M
k1
et
Ay
e,
4
%0,
v

Genotype of the Ms

Maintainer line Cytoplasm type loous Number of plants Total

Normal msms 77
Normal Msms 6

421 98
CMS-T msms 10
CMS-T Msms 5
Normal msms 59

423 Normal Msms 7 68
Normal MsMs

Y WA Z81eke open pollination #%9 25 HATL F A SFT7|HASCZREH
open pollination #=&col sF3st= 2415 &) Axd 7+ ExEX 9 Jnurfl3 EAEA S
o] &3t Axd ElYY FAAEY A FEFHAAA gk genotypes IRt (& 10).

=4
open pollination #F 2| 45 A== AH&stA &7] wZol AxdEo] 4=
ol

=5 71
FAAE 7HA] = CMS EFgol 1l 35/ d A} genotype®] heterozygousdt 4% A& A5
TE TAF] Fade LAl A, mgA EARAE ol&dte] FEFHA
genotype®| dominant homozygous$t 7HA|7F Adrsltpd Fxpsfo] ZA4sts TAES 312

g 5 gl

¥ 10. Ms locus®ol Wd FAAEH HNEAEgYS FH}E EAZAE o] &3
OP % U3 = #HAA

Genotype of the Ms

Population Cytoplasm type locus Number of plants Total
CMS-S MsMs 29
ARI13 CMS-S Msms 28 96
CMS-S msms 10
CMS-S MsMs 30
BS13 CMS-S Msms 26 59
CMS-S msms 3
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4., ¥99 w7 AIFAPE VAN E Allium roylei R g B EA
7b, 9 =7W AFAFAASS dgdE EAEA AL

oA m=ade sl AgAd S 7HAE ‘Santero’ HELZHE AUl §F AlFo=
Eiy = i AgAde tigk AFLP #4341 9] JHE o] &3 A A7t
dgt A7]e] AFLP #Ax2A & AT stk =a® A FA2AF M= A roylei
GH S chromosome 32 @eto] 91Xk Ao 2 BuHEQdth wala] Fulol W A A
Az ABEAFEAE NEst7] $18] chromosome 39 gt AFAA =] AHE o]&351%
chromosome 3¢ 2ol 8719 locis sttt (29E 11). 279 lociZ4-E 121-bp
sequences & H3M 1 RNA-SegiA oz doJZl  transcriptome database®4-E local
BLASTE A}83to] 443 cDNA sequenceES SH3FATE %439 genomic sequence &
BE= g7 Wil ricee] homologs®t alignmentd}e] exon-intron 7+%E FA3F L 39
introns ¥3Fsl= 2143 exon sequenceES 7|HFO =2 primer 23S st s 87K
o] primer =% FolA 125255 locusel 39t primerz3 Y} A royleirlol ol A
length polymorphism< X 1th. 'Santero’ %52 4 =Z7]7F & PCR product®t 22 PCR
product 5% FZ90th (¥ 12). 2709 PCR producte] ™3l sequences &H & %
ol A royleirtololl = 7709 SNP$} intront&ol 67-bp indelS ettt (¥ 12).
'Santero’ &% A =717} & PCR product™= A. roylei®] sequence$t €9 &}A o3},
2 U4t AEoM A roylei fragmentdl dFs= 2 =719 PCR product’t &4 3=
gelsty] Qs 21709 FI7FRFE ozl 124415 S B9t 2@y ‘Santero’9t A
rovleis A9 st o2 4ut AEoAE 2 A7]9 PCR product’} FZ %A ¢k}, o] el gt
A= A7]7F 2 PCR product?] A% A royleiZ25-F ‘Santero #3522 FU9%Y A royler
o] fragmentE STHFAIZH T s WERH L ‘Santero’ #FF° 74 A A Az ol
&l heterozygousd= YWEFITE 67-bp indels 7%= /WE EAX A= "DMR1I"S.= 9
el

rl

o

Foo
=
rr o
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OH1 X 5225 BYG15-23 X AC43

cM Marker cM Marker
0.0 ~ ., 1135099 _
29[ | e 25.3 SR-Scal-10/5
4.0 1 ia0425 29.0~.] |-di30724]i33783 |
56T ~i29139 299 —H—i28424
- 3097 [™i34929
. . 34.7 ~1—i35216
139498 134929 i
12.7 32712 133783 e 360 132712
Ee : :
7 46.4 129139 40425
ra 481 — 11— i26975
/]
L~
1307 30025 P
]
198.7 i30025
1436 i30453
205.9 ———i43826
207.8 132041
154.0 {37451 30363
163.0 1i33232 35214
174.0 i26005

144192
27361 i32926
i33810
i20406 42089
37574
i33627[i45375]
i33971

185 4 42089 127361 242 5
189 4 [i37574 42169 2430
' 129299 2439
192 .2 33627 .—\\_ﬂz-’iﬁ.?
192 .8 25255 2503
1951 132390 2533
2911 FoelA w@E AFHEL ANE GA4A 39 ABAE
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A. cepa A. roylei
1 2 3 4

505 bp - p—

e - e e ™ DMR1-F1 + DMR1-R1

DMR1-F1
Allium oylei  TGAGGCTCAAGTTGACATGCCTGCTTTTGGGGCAGTAACTCTTTATGCATCACTTCTGACATTTACTCTGCGCATCCTGCCTGACCCTTTAGACTACGTCG 101
Allium cepa TGAGCCTCAACT IGACATGCCTGC T T TGGCCCAATAACT G T TATGCATCACT IO TGACAT T PACTCTGCGCATCCTGCCTICACCOTTTAGACTACCTCS 101
*hkk kkkak ek ko
DMR1-F2
Allum roylei  ATCARGTATTPGGTACGTATGATTCTAGCARARRATTTGCTAGTAT T TTTGCACTARTATACT TCARTARAGGAATGTTATCACACTTARAGGTCCTTGTC 202
Allum cépa  ATCARGTATTGGTACGTATAATTCTAGCAARARATTTGCTAGTATTTTTT ACTAATATACTTCARTARBGGAAT 178
s S S S S S FR
DMR1-R2
E——
Allium roylei  CARCAATTCTTTATGGTAATCTGGTIAAGTTGACTACGGAATGCTGTT GG T T TCTAATACARCAATGATTARATTACAATCGTAATATTCGTGCTATARAT 303
Allium cépa TGTTGGTTTCTAATACRACAATGATTARATTACAATCGTAATAT TTGTGCTATARAT 236
o s
Allium roylei  CTTTTCTGACTGTTCATGCTTCTTATCARTAGGGTGCATGTGT TAAAAAACTTTCTGGCARAGGAARACT TCAGGATAGCAGAGCAACTAAACAAATAGTT 404
Alilum cepa  CTTTTCTGACTGTTCGTGCTTCTTTTT TAGGGTGCATGTCT TAAARAACT TTCTOCCARAGGAARACTICAGEATAGCAGAGCARCTARACAART AGTT 337
s Tk EE g
DMR1-R1
Allium roylei  BCACTTTTGAGTGCACCCTTGGAGAAATATAATGATAT TGATATTGCATTGAATCT TTCAAACTATCCTAAAGTCATGGATCACCTTGATGCTGCTACGAR 505
Allium cepa GCACT T T T GAGTaCACCCT IGGAGAARTATAATGATAT TGATATTGCATTGAATCT TTCGARCTATCCTAARGTCATGGATCACCTIGATOCTGCTACGAR 438
e Fkk ke e e

39 12, ¢ =¥ AZY FHA d#d DMR1 28R A2

U =79 AIA F3x9 d#E recombinant selection EAFE A 7

‘Santero’ %9 =vW A FHAE TEHOZ FU SFTAFA sty s
MAB(Marker-Assisted Backcrossing) system< T=3&oF 3t MABE F33t7] ¢siA
recombinant selection &A% A 7F & @8ty Fule] AAALEE o] &3lo] chromosome 3 &
4] JociE AEeldal 125255 locusE o] &3t WHI FYUSHAl primer 23S WHEATL
primer %2 o] &3] Ut A royleirtol 9 polymorphism= H.ol:E locis A algdar
‘Santero’ &% F oA FZ*%H PCR product?] sequenceE & H3}lo] polymorphic sequence?]
genotypes 43T OHI X 52559 ¥ oA 163.0cM oFelioll $1x] gk 126005, 133232,
135214 loci= 43} A. royleirFel ol A SNP¢} indel©] heterozygous@—% sl o2 4
7FA] loci(i37451m 130363, 130453, i30025)= Y3+l sequence®t & Y3+ homozygousdt H &
ghelstath. BYGI5-23X AC43 A#AA =] 9 207.8cMel 3l ‘%‘8]——‘;— 132041 locust
heterozygousdrs &<Qlstd . 205.9cMoll  af|F3k+= 143826 locuset 198.7cMell 8 &3l
130025 locusoll ™3] <3t sequence®t FHU3 homozygousd AHE A3t (F 12).
133232%} 134214 loci= A. roylei fragmente] Tete] X3S Q15 11 1438267} 130363
loci= A. roylei fragment®} 71 7FAAl A#E locidS &Ql&dtt. 4714 locioll A
recombinant selection &AFEAE At} FE7] oA REEHN O R ALt FFAE
6715 o]l &3le] A5t 1332329} 135214 locie]l A5 43te] 271x] allelee] A. roylei®)
allele?} =8kil sequence polymorphism< 7]|%Z CAPS EAEAE /Mukstdct (£ 13).
133232 locus®l d|Fsl= #AEA = “DMR2Z Wl 135214 locusoll |93t =A%

T
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A= “DMR3”Z WHatAth (29 13). 143826 locuse] 4% 6712 SF A 54 ‘Santero’' %
=] allele?} LAt watbA 271#] 43t alleleol] Eﬂéﬂ monomorphicdt = 2 recombinant
selection +AFEA] FH A A= ATE 130363 locus®e] -5 ‘Santero’# &<l allele?} ThE
stitel alleleo] 271¢] AlgolA A=A 2714 allelerto] ¢ 571 SNPE 7] o 2 CAPS
BEAFAE AEstdct ol#d A EAE “DMR4A’Z Byttt (29 13, % 11). =1
Aed s 2l SEAIEN =dstr] 9114 H69F OB814 AleS W zo=® AME-&
t}d DMR2, DMR3, DMR4+= recombinant selection #*##] 2 &&3F 4= & AHo|t}

£ 11 AdFA Add EARA S F7AEH AFaLo e FH

Marker Primer name Primer sequence (5’ to 3°) Restriction enzyme
DMRI1 DMRI-F1 TGAGGCTCAAGTTGACATGC Simple PCR
DMRI1-R1 TTCGTAGCAGCATCAAGGTG marker
DMR2 DMR2-F GGAAGGTTCGGATGCAGTAA Msp 1
DMR2-R GCATTTCGGCTGCAGCTATTT
DMR3 DMR3-F TTCCAAGAATGAATGCACAGTAG Msp 1
DMR3-R CAGGCGAATCCAAGTACACA
DMR4 DMR4-F TGATGCATTCAGCAACAACTT Aci 1 b
DMR4-R TCGAATTCTGAGCGTTCAATC

¥ 12. =74 AZA A5 ‘Santero’d 3 FAA Zdo] 3 loci ¥4

Polymorphism
Position
Locus Mapping  population between onion and A. Genotype of ‘Santero’
(cM)
roylei

125255 OH X 5225 192.8 7 SNPs and 1  indel Heterozygous for all

SNPs and indel
126005 OH X 5225 174.0 3 SNPs and 1  indel Heterozygous for all

SNPs and indel
133232 OH X 5225 163.0 10 SNPs Heterozygous for 5 SNPs
i35214° OH X 5225 163.0 8 SNPs and 2  indels Heterozygous for  all

SNPs and indels
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137451

130363

130453

130025

132041
143826

130025

OH X 5225

OH X 5225

OH X 5225

OH X 5225

BYG15-23 X AC43
BYG15-23 X AC43

BYGI15-23 X AC43

154.0

154.0

143.6

130.7

207.8
205.9

198.7

54 SNPs and 1  indel
11 SNPs and 1  indel
14 SNPs
3 SNPs
1 SNP
28 SNPs and 1  indel

3 SNPs

Homozygous for

onion alleles
Homozygous for

onion allele
Homozygous for

onion alleles
Homozygous for

onion alleles
Heterozygous
Homozygous for

onion alleles
Homozygous for

onion alleles

the

the

the

the

the

the

¥ 13. MAB A2 H o)A recombinant selection A E XS 7|37 Y3 A=

9 loci AXR
Breeding lines
Locus  Santero H6 OBS867 OBS14 OB251 0B252 OB870
133232 San/Roy H6/H6 San/San Ho6/H6 San/San San/San H6/H6
135214 San/Roy H6/H6 San/San Ho6/H6 San/San San/San Ho6/H6
143826 San/San San/San San/San San/San San/San San/San San/San
130363 San/San H6/H6 San/San H6/H6 San/San San/San San/San
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Breeding lines
A.roylei Santero 1 2 3 4 5 6

304bp e - —
226 bp == ‘ = = “ h
175bp m SN NN SN S DMR2

45bp = - T

524bp — W—- -
ows e Su SES SN SEm e s VRS
B ot - s

512bp = (- PR ————
e —— DMR4

275 bo
237 bp =

162 bp ==

a9 13. MAB Al £ "9 A recombinant selection A} % A]

5. &3t 271x] N 2 ANS mutant allele &<l

7F. %43kl A premature stop codone 7}A = inactive ANS allele &<l

-3 §F A% 456W)eF A §F A (503Y)el tig F, #FEATHS S 3
A Boxza A HMow FuMe R #Fsgu (1Y 14). F, oA
o] Ben] HAES Esle] S AAAE [ locussE dominant homozygous®l S &-213}
ATt (£ 14). Ea223 AL [ locusE heterozygote® 7FA 12 AAFA ¢l DFR 4 A
¢ ANS 3825 7M=& FatolA vebd Aoz F5snh F2 £l 5243
A o] Ka|n) 7} L}E}M_Ei DFR A A9k ANS 2 2F9] Inactive alleleo] £=A]8 # o

2 A5 DFR-A F4AE &elslE 23 4442 homozygous DFR-AR1S 7}~4]
I A} wE A VTS dA & ANS FHAE V1A Ao w FAHE).

ad 14. 4 FF(436W) e &4 FF(403Y)d] wujE T3 F, BT ZEF
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£ 14 84 FF3 4 FFAol9 F2 2l dE A% &9

Number of bulbs

Phenotype Expected genotype Observed Expected
Red ii RR L- 12 12.37
Yellow ii RR I 6 4.13
White II RR -, Ii RR I 21 24.75
Reddish-white Ili RR L- 27 24.75
Total 66 66

¥ = 1.64, P = 0.65

F, 79 g3 22 okulo] th3k ANS F 4 A sequenceE &<¢1%d ZA 3} Exonlol
4-bp('GTAC’) insertione 7FA&= ANS alleles g21st3ith (29 15). 4-bp insertionS =
olell exon29 5 ko] premature stop codon®] A Ho| Wil exon2 FEHE o] 7|TES
Al @& Aow FAHHJY. 3 RT-PCR 23 A2 ANS alleled] W3t transcript
Fls# ekt (2 16). WA M2 EAWold ANS alleles ANS™E W T,

MZE ANS™ alleles el 7] YsiA] SnaB1 enzymes ©] &3 CAPS EAZAE Azt
stk 4 ® 4-bp sequencet SnaB 19 AAMER ALEE 7] wiEol ANS™ alleled] o
St PCR product= &33] Zd Aoz dAHAT F, EHES ©] 839 genotypes &
olst Ay A A= 25 o] tHfFAAe] homozygoteol™ A M3} EIAESE WA
heterozygote &2 ANSY W HFAA2] homozygote(th (28 16). MFA w5 CAPS
A EA S ANS-PSE W H a9t

PR-1
—

| AcPINK | 6,258 bp .
E. ‘R_111’-L ‘ g F-s—'R HIR
— | [ ANSP
PL-1
: [ 1 >— ANS™
G229R
!
i [ >— ANSC22R
S188L
!
i | >— ANSSTEL
| L] >— ANSt
GTAC
.
| L] >— ANSPS
500 bp

g 15. oA A ANS alleled] T+
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F2 population

Yellow Red
1 2 3 4 5 6 7 8 9 10

TIHEP B N — — — S S S S S S— DFR'A

861 bp m= A NS

SSObpm- T — — — — — — — — — Tubulin

F2 population
Yellow Red

ANSPANSP®  ANS-ANS®® ANS-ANS*
1 2 3 4 5 6 i 8 9

946 bp = - © R S S —
27 bp m= S .

346 bp =

%Y 16. ANS™® allele?] RT-PCR Z 9 ANS™E &Ql3l7] 93 EAEA M

. Critical amino acid change® 7}A & inactive ANS allele &7
= AFAA FHAAE W SF AEdd =ddstEle 5FH e g

‘Santero’ ¢} 47} &4 £F AlTS wwisdth 47H4 Fr AT 9

AS yebY (29 17). ol R L locus9 complementatlon A o]s] A Ao] YElG

Aow FAHAY. ol& A5t A DFR-A +3d2& &4 383t 'Santero’' = 4744

l DFR—A™ alleleg 7MH 3 4714 §F A2 715S A3 DFR— A" alleleg 7HA 1L

AN

2, A3A g
L
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7 'li\

_..{an W : j il Jil e
1145 1146 1147 1148

a9 17. 'Santero’ ¥ 4 AlFAolY Fl1 G EEY

ANS AR e #2493 A3} ‘Santero’ ¥E-2 heterozygousd ANS genotypes 7}A|
AR F 7FA allelee] W3 homozogoteE 7] & A, 'Santero’ 9} A &% A%
(H6)S wHjste] F, wE|des W& F, 8wl 34 MAZFE 2984 exond
SNP (C—>TE 7= MZE ANS alleles &9latdtt (¥ 15). SNPE 7+ AM2d
ANS alleled]l ™3k 3168-bpe] promoter F--2 A<l ANSY alleled} FU3HA 7] wiol
SNPe| ]3] ANS &47)F 7|55 olA £ Aoz FAH3AT. SNPE =212 ANS 49
188 A o} 1] :=2F2] serine®| leucine® % amino acid changeE 7}3 3 3 H-#2] serine©]
ANS &4 Fa3 RAoR FEHIAT ol Y8t A Tk AEo] EAs= 53
7EA1 8] ANS ov| =4t Ads #A% A3 BF sdd Fiol serineo] EATE g1

O (27 18, 29 19). AIEA 2AH alleleS ANSTHIE ek
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61 Prunus salicina (AEN19292)

85 | Prunus domestica (AHZ30597)

Prunus mume (XP008238747)

Prunus avium (ADZ54785)

Prunus persica (XP007210520)

Pyrus pyrifolia (ADP09379)

Malus domestica (XP008356542)

88! Pyrus communis (AGL50919)
Rosa rugose (AKT74337)

(ACMB274T)
Citrus sinensis (NP001275784)
Jatropha curcas (XP012087030)
Paeonia lactiflora (AFIT1900)
Paeonia suffruticosa (AlU98515)
Paeonia rockii (AIL29326)
(BAD34462)
Lyeium ruthenieum (AHH55331)
Nicotiana sylvestris (XP009776119)
Erythranthe guttata (EYU28954)
Erythranthe lewisii (AHJ80980)
Ipomoea nil (BAB71806) Eudicots
100~ jpemeea purpurea (ABW69682)

Populus trit (ABK96002)
Theobroma cacao (XP007040068)

Gossypium arboretum (KHG09458)
100 - Gossypium hirsutum (ABAQ1483)
i (XP003611189)

Tarenaya (f (XP0D10538778)
i Arabidopsis lyrata (XP002857745)
Arabidopsis thaliana (NP194019)

Capsella rubella (XP006283819)
Arabis alpine (KFK39258)

Matthiola incana (AAB82287)
Brassica rapa (XP009136276)
Raphanus sativus (ALH21136)
Eutrema salsugineum (XP006413609)
Brassica napus (XP013737610)

Fagopyrum dibotrys (AHH30830)
2 100 L Fagopyrum esculentum (ADT63066)
Nelumbo nucifera (XP010255605)
25: Viola x wittrockiana (AHZ31754) =
ia sprengeri (AHU88620) = Magnoliids
Lilium (AGC92011) -

Zostera marina (KMZ76142)
A i (ABKT76317)

Phoenix dactylifera (XP008783582)
Elaeis guineensis (XP010909855)
Musa acuminata (XP009399499) Monocots
Strelitzia reginae (AGCT3738)

Di alata (AKQG2703)

Iris x ica (BAF62629)

Lycoris chil is (AGD99672)
Allium cepa (ABR24157) -

a¥ 18 gd FolA FUH 537FA ANS 49 ofn M ES o] &3ty
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Position of serine in the onion ANS
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REA 9

o g Fo FAALY ANS allele &4

F7F4 <1 ANS alleles Q187 fsiA theFet a9 11670A1E 48k
Promotere]l DNA transposon (AcPINK)E 7}A & ANS? alleles 21al7] 9a) transposon
HEo AzE PR-1 primerE o]&3lo] EAsttt (¥ 15). ANS” alleles 7HAA] &=
/WA= H1-LeF HI-R primers ©]&3t4 7]&29 ANS allele] wW3gh variantE <2131t}
(28 15). ANS” alleleol] thall 27}A variant7} 1= =8 ANSY alleled 3° UTRY- %ol
1-bp insertiong 7}Ai ANS 7 allele® introni-io] 270¢] SNPE 71X gt ANS
alleled] W&l 57}A variant7} EelEdE=d ANST alleles 100 A o}n] =2k lysine©]
methionine 2.2, ANS"? allele& 253 A o}n| x4k leucine©] phenylalanine®. 2 v} 2t} &}
ARE 537FA1 ANS &AolA o] 9JA7F WEH A demz o] W= ANS &4 7T
o dg& FA &S Aow FAHJY (Z9Y 20). ANS alleledl] ™3 variantel ANS” /&
170¢] SNPE 7FA| a2 9JRth SNPo| 23] + WHA £ % 2] threonine®] proline® & H}# x| vt
537FA1e] ANS B AoA HEFHZA &
o] prolines 7HABE=Z 7|5 &S

y

2

;O

2

oEIERED
SEEEas

cr

ER IS
225725393
3§EEtalaae

jcof
wstoma exaltatum
Populus trichosarpa

m

a9 20. ANSTE ANS"E ANSH? alleles}t th & A B A Q19 52712 9] ANSE A
3t ofr A E §9l
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T 627 bp + 346 bp

PCR with a primer pair of

428 bp

| Start I

r

PCR with a primer | B33
combination of

L2-1 R2, and R2-1

1,268 bp
¥

PCR with a primer pair of

PS-L and PS-R and
digestion with the Sna BI

l Mo digestion

or

L1 and R1

812 bp

PCR with a primer pair of
H1-L and H1-R

v
Sequencing of PCR products
with a primer H1-R

——m»
G818/CB96
A4
or

C818

I3 23. ANS allele #H T 4= = system
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Y= g2 FEE vlElA F134 gdAdol wlg Fa, AuiEY 71do] HE okAE
o] o} X7} WAL XA kQk7] Wl Allium % 7ve] TRl b fH A2 EAS
M = e Fast FHoR dAFI ) ol olfF=E I SFLA TS
A8l gt FAAEES -5 AL AHo=w v ARS  (Agricultural

Research Service), GRIN (Germplasm Resources Information Network's)E &3 Allium
£ 9F 61HS A st 2% 9F 603 & Wwdoen 1T 563 wHIT Al
Z1g8ATHGE 15). 7R E 4T 2dE =v AZALE 7H Fo2 &l A royler
9 6%, F 218o2 A roylei®t Alllum cepa var. aggregatum= 184 $H3AL
Allium altaicum®) 4&2 A= A Foll Faxza7t de A5 +31 Adel HAA

B s AFE Y EAUATHE 16).

# 16. #34&d =3 H9g

Taxon TR E2dES
Allium roylei 1 1
Allium altaicum 6 6
Allium galanthum 4 4
Allium vavilovii 4 4
Allium schoenoprasum (=1}) 8 7
Allium oschaninii (ZZAAFE) 3 3
Allium cepa var. aggregatum (multipleronions) 1 1
Allium hybr. (17%%) 9 9
Allium cepa var.cepa 25 25

= A 9% 61 9% 604

%16 48 3% 24F 44499 57

Taxon ID Collected in Reference
Allilum roylei P1592999 Russian Federation
Bradeen, James M. and Michael ]J.
P1280549 Former Soviet Union havey. 1995. Amer ] Bot 82(11):
1455-1462.
Bradeen, James M. and Michael J.
P148340 Kazakhstan havey. 1995. Amer ] Bot 82(11):
6 1455-1462.
Allium Pl Ger‘many
altaicum 576873
PI57687 Nei
4 Monggol,China
W6
12751 [srael
. Lupien, S.L., Hellier, B.C., Dugan,
W6 18947 | Mongolia F.M.. 2004. Pl Dis v.88(1):83.
Bradeen, James M. and Michael J.
P1280091 Former Soviet Union havey. 1995. Amer ] Bot 82(11):
Allium 1455-1462.
galanthum PI
512034 Kazakhstan
PI Wisconsin,US
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576905
W6 17644 | California,US
PI 281727 | FormerSovietUnion
PI Bradeen, James M. and Michael ]J.
FormerSovietUnion havey. 1995. Amer ] Bot 82(11):
Allium 406677 1455-1462.
vavilovii PI . .
576959 Wisconsin,US
W6 .
19873 Turkmenistan
PI 261639 Netherlands
PI .
261803 Austria
' PI FormerSovietUn
schfe{ggg;asu 280565 ion
Havey, Michael ].. 1991. Theor Appl
m PI 401719 Denmark Genet 81:752-757.
Russian
PI 576933 .
Federation
PI664902 | United Kingdom
W6 21545 | Mongolia
Allium PI 281722 | FormerSovietUnion
oschaninii W6 12754 Kazakhstan
W6 28048 | Tajikistan
Alllum cepa
var. PI 576896 | US shallot
aggregatum

AL BT 8o m Fupel AR, v, A galanthum 3+ F3¢
PI 546156+ Pink root¥} Yellow Dwarfel]l A 34 o] Qi PI 546339+

sivba stol WEA AR AR o gAY BAL Fu Unt

=2--H

E17. 538 ¥4 FVAF HA4Ae) 53

ID

Collected in

Reference

Pl
452126

Russian
Federation

Allium cepa L. AMARYLLIDACEAE
(onion,shallot), Pedigree: Allium cepa
x A. oschaninii

PI 546156

Allium
hybr.

Maryland, US

Bunching type onioin, amphidiploids of Allium
cepa x Allium fistulosum. Maturity 95 days. Bulbs
mallat full maturity. Mild, vigorous, fine for
summer planting. Pink root and Yellow dwarf
tolerant. Tops fairly tall, gray-green. Shorter and
slightly  thicker stemmed than  Evergreen
Bunching. Produces somewhat less stems per
clump.

PI 546228

California, US

Allilum fistulosum L. AMARYLLIDACEAE
(Welshonion), Bunching onion type, amphidiploids
of Allilum cepa x Allium fistulosum.

PI 546339

United States

Beltsville bunching type. Seedling vigor. Winter
hardiness. Pedigree: A. fistulosum P1223853
'Kujyu-negi' genic male-sterile / A. cepa
(P52-374A = White Sweet Spanish / PI 246322
F3) amphidiploid (colchicine)

PI 546343

Maryland, US

Medium bulbing. Winter hardiness. Bulb scales
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dry, reddish-brown. Flower stalks up to 178cm.
Has shown resistance to natural infection by
downy mildew. Peronospora  destructor at
Beltsville. A. galanthum PI280091 / A. cepa
inbred B2215C (Brigham Yellow Globe)
amphidiploid (colchicine-induced)

Allium cepa L. AMARYLLIDACEAE (onion,
PI 656885 | US shallot), Re-identification 15-Sep-1999 NE9
Allium hybr. Short day onion.

Allium cepa L. AMARYLLIDACEAE (onion,
PI 656892 | US shallot), Re-identification 15-Sep-1999 NE9
Allium hybr. Short day onion.

Allium cepa L. AMARYLLIDACEAE (onion,
PI 662395 | US shallot), Re-identification 15-Sep-1999 NE9
Allium hybr. Short day onion.

Allium cepa L. AMARYLLIDACEAE (onion,
shallot),  Re-identification  15-Sep-1999 NE9
PI 662396 | US Allium hybr. Short day onion. Fruit type: globe,

medium size, yellowish brown, mildy pungent.
Plant type: vigorus, productive. Maturity:

130days.

FHE G FRAAdS B 253w seuete] Asxdd ste ddE s fF 2 74
gom oy WFggde 545 zte dae A5Ye #Aglel =8
T2 F uld@=ol A SAH Rijnsburger(PI662429) = #3 SolA 43 F5 524
2 o9y 8= AoR 783 Adew &&o] VAT V= FAAY AECA HAH
Gyt F-21AYL S Pink root A&AAS XY= AlEo] @S Hola 7S Purple Blotcht &
Aol AFEE Kol AlFe] ANy wdHel AFdAHS Hole i fFAAde F
HekAl sk vH (3 18)

® 18. #3dE ¥ +dAdY 54

Taxon | ID Collected in Reference
PI 546077 | Maryland, US | Bulb globe shaped, brown. Short day type

Maturity 113 days. Low percentage of
peeler sand high yield. Skin color
very good. Percentage of number 1
bulbs very high

Maturity 95 days. Early, slow bolting
which permits fall planting in
southern latitudes where they grow

PI 546083 | Wisconsin, US

PI 546091 | California, US through winter and produce bulbs
Allium inspring. Bulbs slightly flattened,
cepa medium size. Flesh firm, mild. Color
var. very deep purplish-red.
cepa Maturity 80 days. Very early white
PI 546093 | Texas, US variety. Resistant to pink root. Slow
to bolt

Maturity 110 days. Used for storage
and market. Bulb medium size, globe
to high-globe shape. Skin dark red,
well retained during harvesting and
storage. Flesh firm, pinkish-white,
pungent. Good storage onion.

PI 546106 | New York,US Maturity 110 days. Bulb fairly large,

PI 546096 | California, US
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semi-globe with glistening white skin.
Flesh white, rather soft and mild.
Considerably earlier than the Utah
strain and ripens down better. Not a
long keeper

PI

546109

California, US

Short day type. Maturity 97 days.
Market use. Bulb elongated, medium
size, globe. Skin white, mild,
non-bolting. Flesh white

PI

546115

California, US

Maturity 120 days. Bulb very large,
white globular. Flesh firm, white,
mild.

PI

546119

California, US

Short day onion. Maturity 85 days.
Early Crystal Wax type, maturing 7-10
days earlier than Eclipse. Resistant to

pink root. Highly non-bolting. Bulbs

deep-flat, uniform, attractive white.

Flesh crisp, slightly more pungent

than other Bermuda types.

PI

546140

Michigan, US

Short day type. Standard open
pollinated variety. Non-bolting.
Produces good yields of medium to
large size bulbs. Satisfactory shipping
quality. Bulbs top shape. Skin straw
yellow, medium-firm. Flesh white,
mild.

PI

546150

Maryland, US

Early maturing, long day storage type.
Bulb high globe. Flesh moderately
firm. Scales dark brown. Combined

well with unreleased Spanish inbreds

in Utah. Spanish type hybrids
involving this line are generally
improved in storage quality.

PI

546164

California, US

Maturity 90 days. Bulb top shape,
medium size, early market type. Not
long-keeping variety. Skin color light
yellow. Flesh firm and mild flavored.
Adapted for fall planting in Texas and

the Pacific Southwest. Highly
recommended as early market type.

PI

546174

California, US

Maturity 100 days. Sets and storage
use. Bulb medium size, oblate. Skin
yellow. Flesh white

PI

546180

Louisiana, US

Short day variety. Resistant to Purple
Blotch. Vigorous growth under
semi-tropical, humid conditions.

Fleshfirm, very pungent. Good keeper.

Bulbssmall, thick-flatshape. Mature
few days later than standard Yellow
Bermuda

PI

546201

Utah, US

Standard variety ,long-day. Maturity
115days. Foliage light green and
somewhat resistant to thrips. Bulbs
large, deep-globes haped, small, fairly
heavy neck. Skin straw-yellow and

_48_



adhear fairly well in handling and
storage. Heavy yielder. Resistant to
the Oregon strain pink-root.

PI 546212 | Maryland, US
PI 546213 | Maryland, US

Letter "B" preceding 5546 indicates
Beltsville inbred. Letter "B" following
5546 indicates fertile companion line

or maintenance line N ms ms

Bunching type. Stalks long, clear
white. Mild, vigorous, matures flat

Short day onion. Yellow, high yield,
excellent bolting resistance. Bulbs are
New Mexi intermediate between a high top and
PI 639251 | ;g% MeICo a flat top. The necks are small ,and
when fully mature and field cured,
the bulbs develop an attractive, thin
yellow scale.

Short day onion. It is highly resistant
to pink root disease, and produces
high yields on pink root infested soils.
Pedigree: Maternal parents thought to

New Mexi be in N cytoplasm included in NuMex
PI 639252 | " MO Fernandex are Ben Shermen,
Peckham YSS, and Tucker YSS.
NuMex BR1, Buffalo, and El Capitan
contributed S cytoplasm. Several
parents contributed genes for male
sterility (ms).
A fall-planted, short day type onion,
in normal (N) cytoplasm .Excellent

PI 546222 | Maryland, US

PI 546331 | California, US

Pl 639257 ﬂ%‘” Mexico, bolting resistance and moderate to
high resistance to pink root (Phoma
terrestris).

A fall-planted, short day type onion,
in normal (N) cytoplasm. Excellent

P1639258 ﬁ%w Mexico, bolting resistance and moderate to
high resistance to pink root (Phoma
terrestris).
PI 662394 | US
P166242 | Netherland Allium cepa L. AMARYLLIDACEAE (onion,shallot),
BulbNotes: Thin scale for Rijnsburger, yellow, pear
9 S shaped, firm.

. AdaAzd 43 (2015)

ATFAAYL-S AVRDC, U 2@= FH3AHEnza Zaden), =2 =32 %3] Red creole 5
2785 -89 . AVRDCOlA +=H3¢ &3 F129S 19899 Long day type(LD)e] 3
%% Short day type(SD) 133%%, Inter-mediate type(ID) 3% F 07 olE FAAYLE Hol=
g7t T oA FHEJND FFEE S AHFS 7HAL Qo] FI SFTAARE o) &
7VsAd o] =t} 53] Pakistan, India, Thailand SolA4 =8 ¥ A2 7] ZWH 3o t5-3F= W

A, WA SR 7EFTeR o840l =5 ALE AT 19).
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¥ 19. AVRDC 3 #4449 Y

) ) Country of
No. VI No. Pedigree / Cultivar Name ] Ecotype
Collection
1 V1036223 - Italy LD
2 V1037354 RED CREOLE South Africa ID
3 V1037359 WANGDIFODRANG Bhutan LD
4 VI037365 PHULKARA Pakistan SD
5 V1037375 POONA RED India SD
6 V1037379 LOCAL Thailand SD
7 V1037391 BOLA PRECOCE Brazil SD
8 VI038522 AGRIFOUND LIGHT India SD
9 VI038553 ARAD (H) Israel ID
10 V1041439 VIOLET DE GALMI France LD
1 VI041551 H-226 [H] Israel ID
12 VI041561 PHULKARA Pakistan SD
13 V1043477 PUSA MADHVI India SD
14 V1043666 COMPOSTO IRA-6 Brazil SD
15 V1043668 MUTUALI IPA-8 Brazil SD
16 V1043678 PERA IPA-4 Brazil SD
17 V1045170 ROSE ONION India SD
18 V1045524 BELEM IPA-9 Brazil SD
19 V1045525 COMPOSTO IPA-6 Brazil SD

#2002 vEs, 35, Y Sl AT A dYgelth " FdAd
< 235o% 53 35 FTHIMNE T AT 40185 4741F 3 UE2&=9] Shinto 5 4
AT WA 7H EA7F Ha v =dHATAAS(DoR FAHAHL o TE
of =83 =¥ ALd Santero7t FLE FFAH Wt} o5 AEH FIFES
Fom FUggol ASA ol w3 AR FAsAL Jom = AFHATFA &8
dol ¥ s Aoz oA

E 20. = A2 Y

No Pedigree/Cultivar Name Source Remarks
1 4018 FRAAMEF)  =PEAIH?, 9L
2 4058(1) ” ”
3 4058(2) ” ”
4 4060 » ”
5 Shinto FREAULDUE) = FYALY? TAY
6 Red spur ” n o (KA
7 Lousia ” r (RPA)
8 Sorebeno ” e S
9 Barletta ygdzt= ul AH oF o}
10 The Kelsal HEse A}o] o E oFu}
11 Rijnsburger [Ell=i e shAokm), Zuty
12 Rijnsburger B = e FREYNEE 54 7I2A=
13 Zittauergelbe =i =, shAloFn}, &1



14 ramatadimilono Eli=i= = Zaty S0
15  Walla Walla [E[j=kon=, A o}
16 TondaMusona Ell== WRokn} RAY, Euty
17 Noordhollandsebloedrode ygdo O AHARQFm}
18 Noordhollandsebloedrode E= = ApA, FobgEnkoknt, X7gd
19 Brunswijker [E/l=1=0u= APk}, Eoby, A3
20 White Lisbon B =i e o gt
21 Primo Zajd AP}
22 Red Pinoy da|d R AF}, A7
23 Batanes jumbo o]y AFE (RHA)
9. #ARAY T4 2 FH2A
A P 29E FAGASL 502009 S BG wkom, olF 0-8072
o wholg 3 ASES ZASE Ay Abd oz A&o] Axsdon AS F AIdTUt
ATt 1 = Allium vavilovii®} Allium cepa var. aggregatum< 2727} HA 59 o
EARAR 49T e F4 245 DREes A8a7] A9 AAFAHE
£ 2l 99 33 293 #4499 4%
g
Al SR Al
Taxon ID Plant name f:]- A °c SR
S A THAle
%
Allium roylei P1592999 G 30722 27 18
Allium altaicum P1280549 2 2
P1483406 VIR 3138 3 11

_51_



PI 576873 W6 9967 16 1
PI1576874 1667/92 3 3
W6 12751 W6 12751 17 18
W6 18947 96S-64 5 5
Allium galanthum P1280091 6 5
PI 512034 771150 12 12
PI 576905 GA-C-76 40 25
W6
Allium vavilovii PI 281727 207 5 2
PI 406677 1 1
PI 576959 60124 3 0
W6
19873 W6 19873 2 0
Allium schoenoprasum PI 261639 0 0
PI 261803 20 19
PI 280565 5 5
PI 401719 R-2121 27 21
PI 576933 W6 4265 7 3
P1664902 Nira 50 38
W6 98HV-17 0 0
21545 0
Allium oschaninii PI 281722 279 9 7
W6 12754 N 105 2 1
W6 TJK2006:3 )
28048 44
Allium cepa var.
PI 576896 W6 9982 18 8 y

aggregatum

F3to} FRHE FAGASS WF 509 HFS B pol 74 4AWE 15309 HE
slo] ol &y A8 A A PI656835 T 4719 AUS AlQlstal dubH oz A& o]
doolF o FHET FHAAY T PI 546228, PI546339, PI5463432> R1+5 A s#| K35}
0 AEA U fAHT A (F 2). 2 FAAAES T4 FH3 auroz g
st7] 918 BAskaAtt (L™ 25)

E 22 99 F08F 2 ¥} HA4A) S

o
Ned A
Taxon ID Plant name f:{ A B ]
B A 7iAle 2
’d
Allium hybr.  PI 452126 7 6 y
PI 546156 Beltsville Bunching 13 10 U
PI 546228 Improved Beltsville Bunching 10 10
PI 546339 F-C 8492 9 7
PI 546343 GA-C 76 7 4
PI 656885 Saturn 0 0
PI 656892 Brown Beauty 8 8 y
Pl 662395 Pacesetter 7 7 y
PI Golden Beauty 10 5 y

_52_



662396

Allium cepa
var. cepa

Allium cepa
L.

PI 546077 B 12115 C 6 5 y
PI 546083 Indian Queen 12 10 y
PI 546091 Calred 10 5 yr
PI 546093 Early Crystal 15 13 w
PI 546096 Southport Red Globe 8 8 r
White Sweet Spanish
PI 546106 . . 20 4 w
California
PI 546109 Early Texas White Grano 5 5 w
PI 546115 WhiteSweetSpanishjumbo 14 7 w
PI 546119 Eclipse L 303 12 11 w
PI 546140 San Joaquin 9 5 y
PI 546150 U 16-3-10-2B 8 3 y
PI 546164 Yellow Grano 15 11 y
PI 546174 Yellow Ebenezer 12 9 y
PI 546180 Red Creole C-5 15 8 y
PI 546201 Yellow Sweet Spanish Utah 4 1 y
PI 546212 B 02147 A 12 8 y
PI 546213 B 02147 B 10 6 y
PI 546222 B 05546 B 5 3 y
PI 546331 White Lisbon 12 7 w
PI 639251 NuMex BR1 15 8 y
PI 639252 NuMex Jose FernandezPI 4 1 y
PI 639257 NM162 10 7 y
PI 639258 M172 9 8 y
PI 662394 Pacesetter 18 13 y
66541129 Rijnsburger H.S. 65 4 1 y
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19 25 9 #AAY AFERT A4

% #4449 34 2 S49%7H2015)
201372014 ol F73 &AL Allium vavilovii 5 6% 4149 AERTES
A 35220 AFSATHE 23). THE 1AL F

AA s 2015 o] =
PI281727 (A. vavilovii ) & 1482 TA23o] S5 ooy

@

2014

TAEe] TEF

A

=

¥ 23 %% FAA4

ofX

2l
D or Seed Seed
No Taxon . harvest no Taxon ID or variety harvest
variety
(8) e (8)
1 Allium vavilovii PI281727 27 22 Allilum cepa le. wee 15
Spanish ]
2 Allium vavilovii Pl 406677 1 23 Allium cepa Early Texas White 52
3 Allium vavilovii Pl 576959 1 24 Allium cepa M€ Sweet 31
Spanish
4  Allium altaicum Pl 280549 3 25 Allium cepa Eclipse L 303 84
5 Allium altaicum Pl 576874 2 26 Allium cepa San Joaquin 5
6 Allium altaicum W6 12751 53 27 Allium cepa U 16-3-10-2B 20
7 Allium altaicum W6 18947 1 28 Allium cepa Yellow Ebenezer 16
8 Allium schoeno. Pl 261639 1 29 Allium cepa Red Creole C-5 89
9 Allium galanthumPl 576905 3 30 Allium cepa B 02147 A 15
10 Allium hybr. PI1452126 17 31 Allium cepa White Lisbon 93
11 Allium hybr.  Detsvile g, 32 Allium cepa NuMex BRI 10
Bunching
. , NuMex Jose
12 Allium hybr. Brown Beauty20 33 Allilum cepa Fernandez 1
13 Allium hybr. Pacesetter 3 34 Allium cepa NM162 13
14 Allium hybr.  O0den 61 35  Allium cepa M172 13
Beauty
. Improved .
15 Allium hybr. Belts Bun 88 36 Allium cepa Pacesetter 13
16 Allium hybr. F-C 8492 51 37 Allium cepa Belami 18
17 Allium hybr. GA-C 76 21 38 Allium cepa Galmi 17
18 Allium cepa Indian Queen 41 39 Allium cepa Safari 21
19 Allium cepa Early Crystal 95 40 Allium cepa 1dol 91
. Southport .
20 Allium cepa Red Glo 35 41 Allium cepa TexasGrano 49
21 Allium cepa Whlte. Sweet 15
Spanis
7. TuZAZY EAHAA
7t F3(A. cepa)St v Z2H¥|(A. vavilloviD?t £tn 3 AF
Fsbe] oRPFE ob WARA %m Jov, AFAREAN A vavilovirt Fte] 7+

e odFoR deld gov KFRAD o g F8F FA g AP
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W shgte] meke Fute] wlE]

BN
il
Hir
flo
_EL
o
97
H <

) 2 T REe T3 wrHe
s ool WEaslt ARWME 120419 T 120425 ¥} Jugd ABsZ A
227k ojubn FAE AAPOIUT (£ 24, 19 26). FF o] AEEL I o wgs)
of A% R FYEHS AEFT WA, £33, 5P Fol B ATt Bas

S ; 2% 923 924 E¥7 $F PY FA ¥E
AemE aEg em) (m)  (mm) (29) (g A+ (Brix)
120418 A, vavilovii 7 57 13 189 67 195 9% A 9.8
120419  CF 236 8 47 12 160 6.1 88 8 Y.R 104
120420  CF 242 8 57 12 20 61 142 8 R 89
120421  CF 246 4 42 9 117 526 18 8 YW 107
120422 CF 247 9 42 13 116 65 203 78 YR 6.9

- | ..\_ e o

L

a9 26. FI(A. cepa)st v 28| (A. vavillovii)
A %(2013d) - BC1F1

~
ot
ra_}l_l
El
)

& 267 71 §F T St nplEr] 3k wFATERE BCIF1Z BCIF2H & ]
2 27N E FAe] AA way s ghA %

o] Zdte] 50%7HA FulE= S Hola gtk BCIF1S] 1305067415 A9 gh o
ASEY E87|= T4 54S welon BCIF29 130501 & 47158 Zio] HX

okt FFL Un|EES vlE v 7EE #HF o P e ABE T 130508,
130510 So] T+5& zZtzt 235g, 216go. & AAFA el okubel H-AEATE. 9Fubel wpdl 2wk
THUIATELS Z7IANRE FFA, FA4, T

(Y 27).

¥ 25. %3 x A. vavilovii E7DAZAE AS 2 FSFHEA (20149)
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_ _d4e 2% Jxd 924 FUe =24 PE
Mz ATdE ﬁ/;—) (cm) ?mm? O(émm;’ Tﬁ){r (21.9) Tgf TRAT T4 =
1 130501 9 57.0 12.2 184 30 - 40.0 97.0 =7 BC1F2
2 130502 7.8 59.4 13 17.1 20 - 69.6 88.4 g “
3 130503 7.8 57.8 13.2 145 10 - 85.6 86.6 =1 “
4 130504 8.2 53.8 14 16.6 50 - 40.4 100.7 e “
5 130505 8.6 68.4 15.2 185 40 5.26 175.0 83.1 L= “
6 130506 8.6 75.6 16 21.8 40 5.26 1944 82.4 =7 “
7 130507 7.6 61.2 164 20.8 50 5.26 129.6 118.8 7 “
8 130508 8.6 75.4 15 20.2 40 5.26 235.2 87.7 =7 “
9 130509 8.6 70.0 16.8 18.8 30 5.24 214.8 88.6 = “
10 130510 9.8 69.8 14.2 22.6 20 5.26 216.6 82.4 g “
11 130511 8.2 66.0 15.6 169 50 5.28 95.2 87.8 =1 “
12 130512 8 64.0 154 15.0 40 5.23 156.0 87.0 L= “
13 130513 8.6 71.6 15 21.5 30 5.24 177.2 88.6 =7 “
14 130561 6 52.6 13.2 13.7 10 55 142.4 65.6 &= BC1F1
15 130562 8.4 58.4 15.8 13.8 2 5.24 194.8 80.3 =7 “
16 130563 8.2 67.4 18.2 175 10 5.17 206.8 93.6 = “
2 3}-9] 8.6 83.6 21 22.9 512 253.0 104.6 Y v
2 5 62.0 16.2 13.3 4.28 312.0 93.5 Y ]
+4 8.4 76.8 19.2 21.5 5.22 231.6 92.2 R v

"

Al&(2014d) - BC1F1
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a9 27. ¥ (A. cepa)st v+ 28 (A. vavilloviD?y £7hn %



. %9 (A. cepa)® FH(A. fistulosum)Tt 7 A

Ftel 3 FHAFALS HE RECR FTE REom o] md F Flol ¥s
sEo R o wulE sho] $ASATH T 262 201390 AR FHF 54 2AG
gHoltt, $4% A% BCIBCAANE A3t S ERE DE I B

Ko H

120401 CF17A/CF53B 6 62 13 16.7 6.3 207 102 Y 10.3
120402 CF53A/CF53F 6 62 15 17.8 6.3 217 90 Y 8.8
120403 CFF0610 7 56 13 18.3 6.3 183 96 Y 9.7
120404 CFF0615 6 58 12 14.5 5.28 200 109 Y 6.7
120405 GF5/CF60A 6 55 11 15.9 6.3 161 98 Y 11.0
120406 CFF28A 6 54 12 15.3 5.26 154 85 Y 8.8
120407 CF53A 6 57 12 17.2 6.8 162 98 Y 8.3
120408 CF70B 6 53 12 16.0 6.3 173 95 R 9.0
120409 CF71A 6 53 12 15.6 5.28 162 91 R 8.9
120410 CF73A 7 64 17 20.7 6.4 177 90 Y 9.2
120411 CFF0646 7 65 14 16.3 6.3 142 100 Y 6.5
120412 H93/CF28A 9 77 18 21.7 6.11 147 80 Y 10.3
120413 H93/CF29A 8 57 15 15.9 6.1 135 87 Y.R 10.6
120414 H93/CF29A 7 62 15 15.1 5.28 124 87 R 11.5
120423 CF109 6 63 14 14.6 5.26 171 91 R 8.2
120424 CF164B 6 72 13 18.5 5.28 230 98 Y 11.4
120425 CF168 8 69 13 15.3 5.28 205 93 Y 7.1
120426 CF168ms 7 63 15 16.0 5.28 200 93 Y 8.1
120436 CF56A 8 72 14 18.2 5.29 222 98 Y 7.9
120437 CFF0616 7 53 11 12.3 6.1 146 99 Y 8.3
120438 CFF0610 7 60 10 16.7 6.1 172 92 Y 9.9
120439 CFF0646 6 60 12 15.5 6.5 143 93 Y 10.9
] Akl 6 53 12 15.3 6.3 260 88 Y 8.7

AR (AHA) 7 50 13 16.3 6.11 168 83 R 7.2
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¥ 27 49t 3t S uFRAAlEEBCIFI)ZE 2002 WHEH L4433
WHjE gt 338 oAunE S JIe] FAS =Y F 34 Ot B A
Adkal 2128 Fa) S 2ASE T 130514, 130515, 130523, 130524 52 <+
AL R EFF (A T])F v S vtk B85 2T =57 4
2 28U H-E 59 28Y 7HA] g EXE HPow FU&E FAH AR S R
St TEL w2 A7der ENoR FUY 5A4E Hilon 7Ae] &
AN YEYA] Ut =5 AgseES AL yYuAdy AE&4S &3 Fl
FAgate sHERoR Fgsnst gk
¥ 27. 49 x ¥ FHaAFAF AES EL FHFEA (20149)
_ . 9 2% dx% dxRAFdE =57 .
HE AEHS . &= A H] a1
NS 2 em) mm) mm) (%) (R.9) (g | eaT A ma
1 130514 5.8 60.4 11 13.9 2 51  256.0 92.7 Y BC3F3
2 130515 6.6 61.8 11.6 13.5 5.1 277.8  97.5 Y “
3 130516 6.4 66 16.8 14.8 2 52 2166 110.6 Y “
4 130517 10.6 85 16 30 53 2782 101.1 R “
5 130523 8 81.2  19.2 20 5.17  250.4 104.1 Y
6 130524 8.4 842 196 216 524 2546 114.9 Y
7 130525 8.6 81.2 18.6 19.8 517 224.0 104.8 Y “
8 130526 8.6 79 6.4  17.7 517 211.8 104.3 Y
9 130527 8.6 84.4 18 19.3 519  224.0 117.7 Y “
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10 130528 9 83.6 18 20.2 525 2362 113.2 Y
11 130529 6.8 70.8 192 156 428 186.4 1185 Y “
12 130547 8.2 74.4 172 209 526  230.2 116.3 Y “
13 130548 7.6 74 182 223 53 2278 116.8 Y “
14 130549 7.6 68.8 16.8  19.3 5.19 2382 116.8 Y “
15 130550 7.8 73.8 18 17.8 524  239.6 121.1 Y “
16 130551 8 76 18.4 198 525 211.6 135.3 Y
17 130552 7.2 78 20 145 10 525 1432 142.9 Y “
18 130553 9.6 82.8 178 16.7 10 525 142.2 1459 R “
19 130554 7.6 778 184 165 15 5.17 137.4 120.6 Y “
20 130555  10.2 74 126 18.3 53  139.0 86.5 Ha) “
XMt 8.6 83.6 21 22.9 5.12 253.0 104.6 Y y]
29 5 62.0 162 133 428 3120 935 Y bl
SETS 8.4 76.8  19.2 215 5.22 2316 92.2 R fu]

stol FAdstATh AFERS Fubel] HlE] SR
AdE TR} T8 ETF
120436 A7)

TRAFE 001l ar A

St ThE 28).

Lo
-
DO
N
%
B
rlr
=
I
ll
ofN
re
=
N
L
<
)
o
N
ol
=)
-
oflt
o,

AReE e G e G @w o 4 o
120427 CF 251B 8 57 12 16.2 6.11 137 94 R 8.6
120428  CF265B/CF266B 7 68 17 18.4 6.8 214 93 Y 9.2
120429 CF 267B 8 45 12 15.6 6.11 161 115 RY 10.0
120430  CF269B/CF270B 8 55 11 18.2 6.5 167 89 Y 79
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120431 CF 269B 8 55 12 16.7 6.5 188 91 Y 8.6
120432 CF273B/CF274B 7 64 12 18.3 6.3 190 130 RY 10.9
120433 CF 273B 7 65 13 15.1 6.3 148 117 Y 125
120434 AHO08004 8 64 18 21.0 6.5 223 &6 R 99
120435 AC26 7 66 18 16.2 6.5 180 104 R 9.7
120436 CF56A 8 72 14 18.2 5.29 222 98 Y 79
120437 CFF0616 7 53 11 12.3 6.1 146 99 Y 8.3
120438 CFF0610 7 60 10 16.7 6.1 172 92 Y 99
120439 CFF0646 6 60 12 155 6.5 143 93 Y 10.9
H] 2 519 6 53 12 15.3 6.3 260 88 Y 8.7
] T2 (AA) 7 50 13 16.3 6.11 168 &3 R 7.2
29 30, A4ExGT E22aFAE (20134) - BC2~ BC4
¥ 299 19 312 Aol AR 1 AlEEolth. BC3F3A W AlgE= &
Ho| AESo] obgHel EARS LbehlT 9ok 1305213 130502 T o] el E
B2 wolx YAW gREY AEZE FHAL nAY Ao AAAH BRI 5
A2 B E 59 289 71X HEHUY. TEE YuEZSo] ue] tha wgrol) T
o myaAFel WA B3 130542 FEAS 128 ATl £ 5
o]gt EAS HIAY. 55 o Fe EXo] £ AFES AWty 2 EHS A
st @t
¥ 29. A ExYY FNuFAT AS 2 FHEA (20149)
] Qs 24 Az4 dzdFue w¥s TE
HS ASHS — 3 =) 2= A Hl 77
BRE ) em) mm) mm) 08 (29 (g AT T 1
1 130518 6.2 66.8 23.4 15.8 5.28 223.6 140.4 Y BC3F3
2 130519 8.2 75.8 21.0 18.1 4 5.2 230.0 102.9 Y “
5 130520 84 778 196 209 517 2130 1275 R “
4 130521 74 74.4 194 16.1 7 5.15 199.4 114.2 =2y “
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5 130522 86 792 204 211 5 515 2142 1082 =g “
6 130530 72 770 192 180 58 1984 1098 Y “
7 130531 8.0 868 198 206 524 2150 1184 R “
8 130532 7.8 77 200 188 5.23 282.0 109.9 Y ¢
9 130533 7.8 688 176 16.2 526 2134 919 R ¢
10 130534 8.2 730 164 201 528 2170 956 R “
11 130535 8.2 712 196 188 59 2010  134.3 Y “
12 130536 8.4 566 142 208 53 1612 1491 R “
13 130537 8.2 756 168 200 524 2000 1293 Y “
14 130538 78 736 162 199 53 2106 1174 Y “
15 130539 78 698 178 213 523 2948 1131 Y “
16 130540 86 664 164 184 524 293.0 1065 Y ¢
17 130541 82 714 168 196 5 525 2208 1877 Y ¢
18 130542 8.2 638 148 196 524 2396 1724 Y “
19 130543 8.4 824 214 214 10 524 2218 1257 R “
20 130544 84 750 170 195 523 3234 98 Y “
21 130545 82 72.8 182 18.8 516 2602  153.1 Y “
22 130546 80 730 180 192 526 2370 1341 Y “
23 130558 9.2 514 124 168 5 53 1272 825 22
24 130559 104 518 138 169 10 53 1184 1096 2 “
25 130560 72 670 176 176 20 53 1424 123 R “
291 86 836 210 229 512 2530 1046 Y o 1]
2 5.0 620 162 133 428 3120 935 Y o 1]
A 8.4 76.8 19.2 215 522 2316 922 R A
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2 3le] 10183/10389 5 5%
of wet 11 ~ 72% 7+A =f



o2 HYom  10183/10400 FIL T2%E =o FEAAEAE Ho EZRLAAES Fl
FAA] Spdon B8 s nelFan)
® 30. ¥ MSASTY 23agAE 2+ 285944 (2013)
_ _ _ _ B *Het
A4 g 2% 9z9 Az4 m=us 3 gy gz CH o
- e =% - . N rosis )
HE wW/5  (cm) (cm) (mm) (4.4 M 2| 4= (g) (%) brix
IH1 10183/10389 7 61 13 16.0 5.24 Y 102 229 30 7.1
IH2 10183/10400 7 61 14 156 5.19 Y 84 243 72 7.2
TH3 10057/10389 7 60 12 16.1 5.26 Y 90 253 17 75
1H4 10103/10389 7 74 19 20.4 5.26 Y 83 252 11 99
IH5 10103/10400 7 61 15 16.1 5.28 Y 89 252 31 9.6
T 3le SHEAEY 20 SUASS srAow so] 2PSAL 74T Ao
o} 23=Ho| o]8H SHEAAEL vlo] YA ZEAE A SA3 94 Eo|Qom 3}
212 110484 5 4A1Fltt. thF-E9 AEEo] gH|EFdd vl =2 FHAHS YE
on] B3] 1304289 TFEL 4830 E VY & S woln
¥ 3l. 439 MSAEHY 27 AE 7+ 285844 (2014)
g - > x% 927 924 v% 73 T
AEHNT ol v & H] 11
s % s @E em em m @ A om0
1 130438 110195410434 82 802 208  19.0 3160' 1035- Y
2 130441 110197/110484 76 782 22.6 19.1 255.6 106.1 Y
3 130446 110201/110484 8.2 85.6 21.6 195 331.8 102.9 Y
4 130451 110223/110484 7.6 90.2 25.4 224 275.8 108.9 Y
5 130455 110239/110484 7.8 78.6 22.2 18.3 323.6 119.0 Y
6 130428 110187/110493 8.2 67.6 14.4 19.6 483.0 94.6 Y
7 130447 110201/110501 7.2 776 164 14.9 303.2 104.6 Y
8 130429 110187110509 7.6 694 142 178 3%2- 972 Y
9 130442 110197/110509 8.0 80.2 176 18.2 299.4 102 Y
187. 102,
2} - 68 634 144 163 Y =4
9 8 4
H] A 1} 9] - 94 79.0 18.0 21.6 234.3 99.3 Y ZHAy
HAFEH 7.8 80.0 16.2 22.2 2316 922 R 2
Al 9%}
o [EE2R3529, 96430012]
EFTHZEY %OL 30012+ Fo] AFAS =ol7] ¢ ¥ E sheko] Wi ol
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¢

Aol okutel 7 ZATA A 30012 43 AR (Allium ascalonicum
L) ERo= 3t 1FF0P) FFoly AFAol £& HFN(A cepa L)E FHo=E

sto] Fralnjsie] FlolA A=< 2070A1& A2st
S R=!

i
K
ofY
P
2
X
Bl
&

Abstdth FlsolA E357F 2o 34
NAE st BEoR i AFuis FEoz ounjsta A8y whjfd S
slo Ax a3 20066 of AE3A H(BC3FD oA A A%S< SHI4-10-7-2-1& A
she] 200811720014 7bA] AMdiEel B HuAlgog FAS FAA71a 20013
of @do] nAY FAEIASY e AN dsol Frste]l  He30012'® FF
H3E9 3tk 19 84 9300129 SAAAS =28 19 329 % 29%H i
e A4 BFEAL 58 At

(LoZ o5 2

- AlEAd A
‘Aef30012'9) 2H > AHPol FAL FA e gadoln FRGS W
Folt} =877} 59 16Y = STREAAAI S &3k

rlo
Ku)
o

F 32. LFHEA (113 7 14, A F L vpo] LAl H)

A% B T8 A m=R(R) o s4RAA
6130012 AdE =4 a8 g4 516 SE
gul(dste)  A¥E w4 dednd g 512 SE R

2 T3em 2 F0Folw FIAFE oF sulE Be Wom 4EYu 4xge 7z

18.9mm, 18c T2 260g o2 g ol

3
of\
)
X
Il
o
B:)
—H

¥ 33. 7PREA (113 ~ ‘14, A ZYQ wlol S AE)

A& %% (cm) FIAT Fx24d(mm) HFx(em) T35 (g)
130012 73 8.2 18.8 18 260
o | (A 2} 9]) 34 8.6 22.9 21 253

1300124 TEe Uehs FEAFE 1042 9] &3)
I PES gEE 47 260g, 105BrixE | EFe]
EH H|E2(89Brix) R} =t} E3 @7} =o} Fl %

g AT 3

a
-
ofi
rlo
N
&
lo
g it
() o
et
lo

o

_

o oft
o M1 ox ﬁO

ol rlr

¥ 34 ETEA ("13 7~ ‘14, A FQ vlo] L AY)

A& Ti(mm) 77 (mm) T AT T (g) g 5= (“Brix)
¥ <30012 86.2+2.3 82.912.5 104£3.1 260+16.7 10.5
tB] (A1 2+-9]) 84.5£3.0 80.8+3.1 98+6.8 253+19.9 8.9
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“21430012'E 0*4%%1741% 110195 & 5A1%<] oz sto] wujd Fl1o F%2 57
B giuEZEol vlE) 9738% SE A A& 110195/9 1300123 5 3A1E o] iy
%U

3 Ik
53 MESAY B A28 FERA AR

# 3. =¥ eHAA

W PIER SIS EES) kg/w;% = R
1 110195/ «130012 311 105 7,989 133 83.6
2 110197/ 130012 256 106 6,575 109 94.6
3 110201/<1 130012 332 103 8,535 142 775
4 110223/ «130012 276 109 7,094 118 76.0
5 110239/ «130012 324 119 8,324 138 86.5
hH] A9 234 99 6019 100 83.5

< ¢)1300122] iﬂ%‘l—gu‘}‘éo Ma7 = 5929 el = BEF5= 67, dAEd & 100%
A A Fr+AE 27 155em, 132mm & thR]EZo H)s] it

E 36. AMFTEA (13 7 14, A F Y vio] 2 AH)

A= 7] 7N &} 7] g 317 4 3174 % 3}-7

°° (4.¢9) (4.¢9) N/5) /5 (cm) (mm)

214130012 4.20 5.29 6 6 155 132

u] (A 39 4.23 5.30 6 6 161 123
et I A &Ado] Eotor wiHolE TUHAE AEAS B

# 37 =dHAYAY, HEA, AFAY (713 7 14, A FD o] 4 H)

A& =t gk #1774
2 o30012 % % 2
o B (A1 9 9]) o 7 7
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030012

T

030012 CHE|(HTHR) 030012 =} (chH])
a9 32. 4430012 BE R FHEA

8 UWHAd FAEYLE AT STAAME H
7b, el 3 1Y FaPE FI WY
Fateo] FuF AmE VPG Wol ol &HIL dv T bl dul FHA fstulosum)=

3| pink root, U PFEH ) AW OYDV(onion yellow dwarf virus) 5o #A3dA4E& 714

Ent 8

AL Al Futel mla WA, AEE, A SE s Aol Bol du A FT:5A4
AENE 2ad FE&FES AL Aok Fukst g AAAIFTE 2a(2n=2x=16) W27
HFde 7HAAL o) 1930t =5H A9 el Hal vk (Khrustaleva and Kik 2000)
w AT M= 2004958 vE Gy FAMNES A wiAsE ot ey F
Ao 542 WA ddE]de] okl deddd AFAHS =l skl wekA
Wd dAEdes SR Mg Addstr] flstol Fukel g AguwE Fa 2o
F1 3 FF1 AAEe] agh o5 2lstr] 98t

=]
“ wl
S AFALICI2E o] §3te] shsh Fute] wzt ol -8 FHstsivh 19 3004
of st x 3t W F 1367 4 A A7t %z
T grgor vehl A4 EE FAed

]o ofy
0o
wW
N
Lo
=
b
~

(¥ 33A, 3# 38). Wb 9} x gy waj 2 Wopgo] vopx Fl AEAE Beol A=
38). o] AsE2 WA HAA o8&

XPAT B agydow AdHdY (19 33B, &
: g Aol AFEE A

ok
oy
\]
of\
Y
o
4
o
Ao
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AF AC HY LA 1 2

AFATOSEDS

AFA11CI2

B AF AC HY LA 5

AFATOSEQS

AFA11CI12

¥ 38. DNA markerE 9]

6 7 8 9 10

I3 33. DNA markerE o] £39 &¢3e 1 7o F7hw

6 7 B 9

11 12 13

ll}

14

S5t Fdd S99 9 e FRuFE

&

11 12 13 14 15 16 17 18 19 20 21 22

Q]

e mfd

WHjRSF primer SFifE e L 7hA WFE(%)
gt/ m AFATO9E05 136 . .
AFA11C12 23 6 107 136 83.1
o} / oo} AFATO9EOS . 14 14 100
(110093 / 110390) AFA11C12 14 .
u} / ofu} AFATO9EO5 . 9 9 100
(110186 / 110390) AFA11C12 9
Y. FHuFE ol &3 SFA2A AE(2015)
=3 5 F2 WEF AL SEAA AMEE e 2014d0] AFETE AT
AAske] 2015\ QlF v s e A hvbrid/A. cepa 5 4833l A J.L;g'*é“xl'g
ek, S e & 395k 2o
¥ 39, FUHaF ATHG
e RS NSRS v]al
A.hybr. X A.cepa 11 Pink root?
A. alticum / A.cepa 2 1} oAU E?
A. galanthum/ A.cepa 8 SHELAUAE S
A. vavilovii / A.cepa 9 U} oY E?
A. schoenoprasum,/ A.cepa 2 B=3g] ?
A.cepa / A.cepa 16 Pink root, Wstyd, AA+A
A 48
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¥ 40. Allium hyb. x A.cepa o] 2 A=Y F
He, wWHjxRF AsZ (8) 1

1 PI452126ms/130072 6 uiehd, sroldAax gy, eaty MY

2 P1452126ms/130174 2 ”

3 P1546156/130174 8 ”

4 P1546156/130174 1 ”

5 P1656892ms/130174 1 ”

6 P1662395/130072 4 ”

7 130701-7ms/P1452126 1 ”

8 130701-5ms/P1452126 2 ”

9 130708-10ms/PI546156 2 ”

10 PI656892ms/PI656892 5 ”

11 130701-7ms/PI1546077 1 ”

% 40 Allium hyb.9} Acepas w3 Ay AFUdoltt, wgAEES A hbY
g wiold s =W ARALAILS Gutol| =tz AU Allium hybride
2 520 A (n=32)24 A<= 7HAL o Fuet wigo]l §olg Aow LA
tF 329 Ahyb. ¥FE52 Acepast A. fistulosumite 3FF S 2 pink root, yellow
dwarf virusoll A&Ao]l dow Acepa x AgalanthumS =W AIALS 7HA 1L Y&
Ro g dHA Avt PI 452126+ A.cepa x A. oschaninii®] 13502 oA 7R 1 F-&
Aol Bisl A A gk WA o] AlFES 5% ATE T8l =vH s Wl AgAd Y g

dWdes HEsaA g

¥ 41. Allium galanthum x A.cepa 8] Z WY
Hs. wHiRg AMELE) vl
A140209/120140 1
A140210/130323 1
A140210/130324 1
A140210/130760 1
130011-10ms/PI 576905mf 1 ”
1
1
1

A, 8= =Y
V4
V4

V4

PI 576905ms/130012-10mf
PI 576905/130062-10
PI 576905/130040

OOQCDUT»#QJN»—-I_O[,

% 412 A galanthum? A.cepa 7+ S3tuzt Ayjolty, A un) Az 8x3tol| A A F 3}
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a9 34. A. galanthum 2 EY3¢} 7143

A. alticume 39 ok T o= dHA Jow I FH o sty 2 Ief vl fFAFSH
oA oA 22%S wujEte] AEFATHE 42). nFgF] EAL o7 HwE FHol glo]
AHS Foto] AESH 54T WHA, FEAEA 59 5SS AES A Sk

¥ 42. A. alticum / A.cepa ¥ 2 AFUWY

S A: By AMEH(g) H|1l
1 A140203/120140 1 1H(A. fistulosum) OoFE?
2 A140206/120140 2
¥ 43. A. vavilovii x A.cepa i8] L fEY4d
HS BA:l By A 5-Hg) H| 1l
guto] ofE?, =T, HIHES
1 130655-4ms/P1406677 4 ;]%}BUB]—E—OE%} ©
2 A140212/130323 6
3 A140212/130324 4
4  Al140212/130760 3
5 A140213/130132 2
6 A140213/130323 2
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7 A140213/130323 3
8 Al140214/130742
9 Al140215/130323 4

Allium vaviloivii = F39] opAF oz A dom Sy} ARG vl &
7FA 3L 9low ¢kutol HE A E S (soluble solide content) 7} il #3EEAFEo] B
Ao odelA vk Fuket wHsgo] w1 JF FAAL FEl g opAFolth A A7t
A agFEe] tgtE IR cytologywokell R zlo] rxEnt lovt 1 A ESA 5 AR
SA4 digtRie vfjg =Eth 2 Ao e 9x2FES AMFete] FEE 2 3z

gastlon 2k did

I

¥ 36. A. vavilovii 9 379 A3

® 4. 9 FF2 o R AF Y

Lilea wHj R AEHe) )1l
1 P1546083-1/130072 6 Indian Queen

2 PI546083-2/130072 6 Indian Queen

3 P1546083-1/130132 6 Indian Queen

4 130708-4ms/PI54610 4 White Sweet Spanish California
5 130708-4ms/PI546164 3 Yellow Grano

6 130011-5ms/PI1546212 6 B 02148 A

7 PI546212ms/130072 9 B 02150 A

8 P1546212/130102 3 B 02152 A

9 P1546212ms/130132 10 B 02154 A

10 P1546212ms/P1546213 4 B 02156 A

11 130702-5ms/P1546222 1 B 05546 B

12 PI546213/P1546212 5 B 02147 B

13 PI546213ms/130102 1 B 02147 B

14 1303655-4ms/P1639252 5 NuMex Jose Fernandez
15 P1639258ms/130102 8 M175

16 130701-6MS/Santero 2 Santero
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A. roylei®l] A

AL
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ki3

At}
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S

, =293 Indian Queen

4 2045 %

274

18%%, Sl FaAMES v =310

201613 9

Ex
==

Allium

2071, <43 Fl1 187F,

5%

FAth 201590 )&,

S

A

ol
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p=2
[}

ANAA=

3

A

Q) =vx AZAE AAAST A

HE 46. TUNALF F1AF : 20A% (‘16 AF- 4F- 1654%H7)

Source

|

Alliumhybr.

452126ms/130072
452126ms/130174

546156/130174

Allium hybr.

Beltsville Bunching
Beltsville Bunching

Brown Beauty

546156/130174

656892ms/130174
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p
p
p
P
P
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6 P1662395/130072 Pacesetter

7 130701-7ms/P1452126 Alliumhybr.

8 130701-5ms/PI452126 Alliumhybr.

9 130708-10ms/PI1546156 Beltsville Bunching
10 P1656892ms/P1656892 Brown Beauty

11 A140206/120140 Alliumaltaicum

12 PI 576905/130012-10mf Allium galanthum
13 A140212/130323 Alliumvavilovii

14 A140212/130760 Alliumvavilovii

15 A140213/130323 Alliumvavilovii

16 A140213/130323 Alliumvavilovii

17 A140214/130742 Alliumvavilovii

18 130701-7ms/P1546077 Alliumcepa

19 P1546083-1/130072 Alliumcepa

20 P1546083-2/130072 Alliumcepa

E 47 FF 1 nF FIATF @ 184AF (15 AF- #4F- ‘1654987

Hs wHiES Ll

21 P1546083-1/130132 Alliumcepa Indian Queen

22 130708-4ms/PI54610 Alliumcepa White Sweet Spanish California

23 130708-4ms/P1546164 Alliumcepa Yellow Grano

24 130011-5ms/P1546212 Alliumcepa B 01247A

25 P1546212ms/130072 Alliumcepa B 01248A

26 P1546212/130102 Alliumcepa B 01249A

27 P1546212ms/130132 Alliumcepa B 01250A

28 PI546212ms/P1546213 Alliumcepa B 12115 C

29 130702-5ms/P1546222 Alliumcepa B 05546 B

30 P1546213/P1546212 Alliumcepa B 02147 B

31 P1546213ms/130102 Alliumcepa B 02147 B

32 1303655-4ms/P1639252 Alliumcepa NuMex Jose Fernandez

33 P1639258ms/130102 Alliumcepa M172

34 130701-6ms/Santero Alliumcepa BC1F1

35 ON1144/130011-5ms Alliumcepa AHE| 2 BC2F 1(Yaofit2})

36 ON1145ms/130012-10 Alliumcepa A 2BC2F1 (¥ottat)

37 ON1145ms®130012-10 Alliumcepa AE|2BC2F1 (Ymttat)

38 ON1145ms/130040 Alliumcepa AFE|2BC2F1 (Ymtutal)
F 48. Allium & FAAYL HA : 214% & FF

Hes 8% Ll

39 P1452126-1® Alliumhybr.

40 PI546156® Alliumhybr. Beltsville Bunching

41 PI546156-1® Alliumhybr. Beltsville Bunching

42 PI546156-2® Alliumhybr. Beltsville Bunching

43 P1662396-1® Alliumhybr. Golden Beauty

44 P1662396-2® Alliumhybr. Golden Beauty
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45 P1546228-3 Allilumhybr. Improved Beltsville Bunching
46 PI 546339-6 Alliumhybr. F-C 8492
47 PI 546339-7 Alliumhybr. F-C 8492
48 PI 546343-5 Alliumhybr. GA-C 76
49 PI 546343-6 Alliumhybr. GA-C 76
50 A140205 OP Alliumaltaicum PI 576874
51 A140206 OP Alliumaltaicum W6 12751
52 A140207 OP Alliumaltaicum W6 18947
53 PI 280549 OP Alliumaltaicum PI 280549
54 PI 483406 OP Alliumaltaicum PI 483406
55 W6 12751 OP Alliumaltaicum W6 12751
56 A140212®SIB-1 Alliumvavilovii PI 281727
57 A140212®SIB-2 Alliumvavilovii PI 281727
58 PI281727-1® Allilumvavilovii 207
59 PI281727-2® Alliumvavilovii 207
60 Allium altaicum Alliumaltaicum
T AAFEFT = AL AA YT 18FF, THAIA0EFT

# 50. 3 FoLANMETF :

® 49. F943F EFF : Indian Queen 5 18FF

i 25 % Ae8 8]

61 P1546083-2® Indian Queen

62 PI546093®SIB-1 Early Crystal

63 P1546096-1® Southport Red Globe
64 PI1546106® White Sweet Spanish
65 P1546109-1® Early Texas White
66 P1546119-2® Eclipse L 304

67 P1546119®SIB-1 Eclipse L 305

68 P1546140® San Joaquin

69 PI546150®SIB U 16-3-10-2B

70 P1546164-1® Yellow Grano
105 4018 EnzaZaden(AU)
106 4058(1) Enza Zaden(AU)
107 4058(2) Enza Zaden(AU)
108 4060 EnzaZaden(AU)
109 Shinto EnzaZaden(NL)
110 Red spur Enza seeds(NL)
111 Lousia Enza seeds(NL)
112 Sorebeno Enza seeds(NL)

30E%

L =59 ] A

1 02 A)1x=310 Ea)

2 BE

3 2] =300
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7}. GSP #d 74 ¥ 2234 SHAT WA fo A 44 2 2
A S AE A W Rk olFE

9 g T A vhol el ME (A FAANSAH e Ao FEATA) I
14 7% 2004, (F)EFFeEoRE 5 AT 10044, SRERAHEE 21T 507)
FohbelRE 3 AE 604 5 F A% 43549 ¥ FTE A% VL(E 5D

# 51 A (=) 2 1, AT 2 AA F
AT E )P % A e

0C01 20

0C02 20

SHHRTFEE) 0C03 20
0C04 20

0C05 20

Y ERAE oot 25
553 25

422 20

Fapiiet 1321 20
1322 20
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130001 B 15

¥ 30002 A 15

<¢130002 B 15

430003 A 15

< ¢130003 B 15

¥e30004 A 15

B 130004 B 15
o] 2 o L #] 4l Ef 30005 A 15
< ¢130005 B 15

130006 A 15

4 <30006 B 15

¥ <30008 A 15

< ¢130008 B 15

Y-3 15

Y. %3 25 A
GSP #Ho] A4 2 Z2A3ALRZEE Q43 24415 435 A9 =42 20139 119 4¢
FEH 697h4] PP EZ A Aay vLE2o] A2 F AdEAguES A SHHE

39)

3 It 7
0 L AAE 4% F LA 20149 39 &4 B

=
W Aol TE3] L8 F HAS AAs e olF A= d9 wdvIe 2
o]
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el 422 =¥ EHAE 551
a9 40, 9 g gL A €F F AS

o
i)Y

o &9 v g

Fuke] Fo A7l H SE LAV = A wet @storn 5d TEFE A Fete] 69 3
T7HA AEE AT 5 T o FFH vsstE kel A @A vsstEE 23 skl
kRl ke At e & 24AF o2 HY 404175709 S 16,16771 9] petri-dish
of A7detdem petri-dish & Bt 25709 n=3tE S A4eAd (28" 41).

AA S M 1290 Sxol 1587 AN F WIS 35 G2 BDS wlAe] A
Aakgom o F 1/2 BDS Aol Aviigd F FARAT 1/2 MS WAl 2 gste] 2
DA F BEOE 7 2R/ 5T O OE §ANE LA EaARS(1Y 42)
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HITHEH 1/2M8)

A w3 404175702 skE T 66770 ] RbF
AL 0.17%0190 o ASdl we 2 Aol =

v ksl 2 =7k Add ATS A9t
AAE & 1A Yakste] Atgo] 001%2 71 weke

4300058 Al F

e AT Aaks o] whae
9%%(3 52)

°] 11,1257 ¢] ¥ <
1 914130008Be] A4 &

H2 Hd

a9 42. 49 WS E SAE =4 A

a7

T
=

o] 3tE F 9O WAl frel AMAE At ALbEo] 061%E 7MY Ede(E 52)
E 52, 49 vssIe G Hg 2 weA F8 A BAE
i ) Hh A el Al e A
w(7) % ™ E e AT
0OC01 22,525 7 0.03
R e 0OC02 1,000 - 0.00
0C03 16,525 36 0.22
0OC04 3,300 2 0.06
OC05 525 - 0.00
FTHETHAH 551 19,050 4 0.02
553 28,700 106 0.37
— 422 17,325 3 0.02
Ok3 )
Sher 1321 27,525 7 0.03
1322 39,350 195 0.50
<]30001 B 11,675 22 0.19
9130002 A 11,225 20 0.18
Al 30002 B 12,950 - 0.00
o] @ of| L ] Al 24130003 A 15,400 6 0.04
- - € 130003 B 11,125 1 0.01
3 o o _}]\_ ’
(& ol A2 o) 30004 A 19,750 21 0.11
€ o130004 B 10,075 5 0.05
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A 4l30005 A 18,075 4 0.02
30005 B 17,950 1 0.01

A 430006 A 14,675 54 0.37

¥ ¢30006 B 24,100 47 0.20

€ ¢30008 A 10,875 31 0.29
430008 B 14,950 91 0.61

Y-3 18,400 4 0.02

A 404,175 667 0.17

O %3 §tA Fal AA £F

Furpetol A EYF oFWre SPDBDA4-3-1, SPBDAI1-2-4, SPBDAI11-2-6,
SPBDA13-1-1, MBB423-5-2-2, GM101-2-2-1, 090P2-2 2 TB204-4-4-2-2 % 8A1%¢] n
ot gs Fall At wkeA 8 AT S (19 43, AA7-608, 2014. 4. 4)

i

- - " Fifs
K- F Y
e L

OY 43 &4 453 weA 7 AT A

2014 7S 2 AL AAHol £yt d5E 24A% 6679 S §AEAES ses)
A = ez @A AeAgstgon 20159 2¥€ o F 3 3| Apol] Bk

10. %3 8 leading FF &3 2 EA H7}

b @9 Fo B FEARE A FF +F

$)e FRRT AT FANFONA AYT FLLHE (FNFE) 5
% 4

=]
1 O R4 [e} = =
FAE w4 L 9s 54 A4S ANS F A aaAQade e
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T 7 AT W=7 g R AT S B
8 7415% Fo =AY ik o F ol m st ujde dAlElen 7
ks JJr Za Vs o R *3 kA 5

A

=9 EFF

[e]
ahe g

# 53. %9 FF 7AW F A 7 AT 54

A& 8 E I ! =71 T4 AEA H] 3L
SPBDA4-3-1 Q4 Ax 93 69% A g ABATEAC T2
FHE
Aol =0 FA
SPBDALI-2-4 44 A% 9% 69 = = = iﬂﬁ | F& 4
[e)
AL, g, Al
SPBDA11-2-6 P xR el edTe A & Al 2 S
A
SPBDAI3-1-1 44 A% 273 98 6dF5« & d A ol
_ H o &z A o
MBB423-5-2-2  Wig = 9% 593+ A z 2993 Wl
GM101-2-2-1  ®wo§g dAxs HATE 49 % = 3 =zA
090P2-2 A4 Am Ay 6u= A I, %;301 T, gel 7t
%77} w2 A%
TB204-4-4-2-2 44 = 399 93 4z = A Aol =3, AL,
REDER:
AERZ %77 ) 709744 Zol2 HYEd AT F GMI0I-2-2-1% %77 49 %

2 Fx2AFo|R 1 SPBDA1I-2-67 SPBDA13-1-12 6¥ T2 TWHATo|len 7|E
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AsE 542 & 539 2+

LS Ayl 4 RHEA AHYS2A B4 2 ALY A& 3
}. % v e A 4 24 g7
Fub vl st whopAl mABA AE AN BEGe] WEA Fa AA A& 01
e Ao FE JuAAE BolX kS 54)

rr

3

F 54. A s g) 8F 71H, AT R AA F

o gmaqu ® asqw  wA e AA
AT AT PEST A= £ (%) A2 £ (%)
0OCO01 20 19 95.0 0.03
0Co02 20 1 5.0 0.00
0C03 20 16 80.0 0.22
0Co4 20 2 10.0 0.06
0OC05 20 1 5.0 0.00

551 25 20 80.0 0.02
553 25 25 100.0 0.37
422 20 17 85.0 0.02
1321 20 20 100.0 0.03
1322 20 20 100.0 0.50

24130001 B 15 11 73.3 0.19

24130002 A 15 11 73.3 0.18

24430002 B 15 12 80.0 0.00

24130003 A 15 14 93.3 0.04

24130003 B 15 11 73.3 0.01

24130004 A 15 15 100.0 0.11

24130004 B 15 10 66.7 0.05

24130005 A 15 15 100.0 0.02

244130005 B 15 15 100.0 0.01

24130006 A 15 13 86.7 0.37

A 430006 B 15 15 100.0 0.20

24130008 A 15 9 60.0 0.29

24430008 B 15 13 86.7 0.61
Y-3 15 15 100.0 0.02

w3 44 v%sE AANNE FEAY] gstel ABW AANNE ARG o ABY
2 F0 2 A 2 et QAF AL 27 oS

1. Flow cytometryE o] &3+ OJ:-TJ_:I' gtaA 2 wlgA AAE g9

- ¥y wrA] fd AlEe vl HAHE $5ke] flow cytometry S ©]-83F Yyl wigA
AAARNS gyt CyStain ultraviolet Precise P Nuclei Extraction Buffer(Partec,
Miinster, Germany)”} & petri-dishell o1& ¢ lem’E 98 & "WLEd=® 30% B9 24 =
2} nuclei® Y=39th. U4EE nuclei® 373 £9S 30um nylon mesh (Partec GmbH,
Gorlitz, Germany)oll o33t 3dto] A EH 2875 AAG T o]3dS DAPI staining
buffer(CyStain ultraviolet Precise P Staining Buffer; Partec, Miinster, Germany)Z ©|-& 3}
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o] A&t} Partec CyFlow SL(Partec GmbH, Mu nster, Germany) 7]7]& o]-&3lo] Al
Z3 300070 ool AAMHE nucleiE 43 T peake] A AE SAHD
o

Ae AN ey 45)
| Q=2tH) || | HE R | 2HH I
I |
| |
EH W '“"
Pl o4 1| . e | I S O . ,..ﬂ|_l 5
3K LKA SHR R

I
|

I Il . { |
1 W.J‘--r‘-{-'_-_ NPT i, NI | L PN L. S o e o PR, gnyvs Y S WP S | |

1Y 45. Flowcytometry S o] &3 %3 vj$Ao AA

, MsstE s Skl ke RvE

Flow cytometryE ©|-&3% w4 HAHS gyt & 3t
e (3 55) vEAl fE AlE] WA S Z2ASE A
7 s o

FA fel AT WA 2AAE AAE
oAl fol AE F Aol vige] A ok 2 vheol 2 AR e 3 A, 464
Sl A= WA= AR vhehdE(E 55)

® 55 &3 AR F(=sAEF) FA AA we=d A

A s s UeAls 29iFe 3uiAle 4siAlS SRS SRR +261A]
835 82 62 20 0 0 0 0
837 5 5 0 0 0 0 0
845 63 42 19 2 0 0 0
851 1 1 0 0 0 0 0
852 32 18 14 0 0 0 0
854 16 9 6 0 0 0 1
856 3 3 0 0 0 0 0
868 10 4 6 0 0 0 0
890 1,415 1.121 234 1 22 2 35
912 12 4 8 0 0 0 0
891 53 40 13 0 0 0 0
895 2 2 0 0 0 0 0
968 330 216 104 2 4 0 4
A 2,024 1,527 424 5 26 2 40
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< 8-l g 4 7(201472015)
WA

Fub WA WFE 5@ DH ASS S92 98] $RAUAS, SR AAZE) 87
52 AYARE MSHHNLE ST 20159 58 SHRAAE Fe 785630744
g Fgstgdon BRAg F 9ol Sol wAse] 6TAAE AFeerel JASAT
A6 WEAE UASRUIAE Soen AAS AEsezol AASAHE 56, %
57).

% 56. "3 d A SHEIAT ZFAL

30001 30002 30003 30004 30005 30006 30008
A B A B A B A B A B A B A B

o As% 5 7 4 0 5 0 7 4 70 9 12 7 11 78
T N2 10 44 27 0 5 0 40 38 13 0 131 129 61 132 630
A 7 33 19 0 2 0 12 7 8 0 58 39 35 47 267

£ 57. U3 gud 7 SFEIAT 2T

RS Y-3 120217 120219 120283 120284 120286 1322 o] Al
Azs 1 2 5 1 3 10 1 1 24
s
=
A 8 0 24 2 7 71 1 4 121
RA) 1 0 2 0 0 27 1 3 34
500

400

300

200

100
a8 10 10 -

0

100> 80~100 60-~79 40-~59 20-~39

19 46. V=3 A AR TFFEXE

T

a9 462 visstEG FAAAEe] 7 EEolH AFol Jhed 75l 40750g
7EA JRAl= 83/AAI AL thE-E 40g oIttt o] ATE2 wiAl AAE

o
=
4o BT 5 DHAGS APeto] A4S AF54S HEstaA ok



19 48 "= A AFET A4

_85_



tol E54)

A

3 EZ/ (33

2EE0(02 7|0 =

~o % -
- g : : :
P S = =
! —
- _
En_ =K o © 17_A|
= _w 5 5 -
T < a
75 . 2 g C)
iy & o N X X -
oo I S EIES © &
g = SO T .
= A= w8 2 oF
z s R 2
B y m N3 o= E n 2 "
- w B £ i 2 Z. W il
_IT 2 — Q o = A ZO
L2 E § oz =
i g &5 = E TN
M Mm M = m o Qi
N~ o Ll
S o T o S I
e N R )
« 5 % g = X
< 52 = %m o} N
2N S = g i
, = = =
, &
L _
~
_ZT|
A
T 5 -
= 2 &
=)
My o= o :
vy S -
%o o g
2| . T i
= —_— o] B
Tl ow i 5 |y
ol Gt i
) 2 7 T
o o s
W y 2 E X X
T %oy B Mo
X £ m S
O ® s & vy
ok Z = T Al
' K )
O

LI A2A F 34 -

S o
S R R S
—

7K =
NI
i -
= T
Hﬁ_m H_Al o) %
: S 5T
o W or 3 o i
iy i 0 < oF
ﬂour B - W Mo

< " o o HR 3
% S g X w >
W 3 § °F T
F T 3 S M S
T SRS o T I N
R S o 8
‘WH | |
A o1 = z
o M i .
—_ ~ B
i S
A B = 2
o - O =
- - %
= = i
o = T
—
HL _ﬂﬂ ﬂor
i o do O
v Y el >
BN x @ %

o XA ~ =°
Mo i =
o 5k

], 7 Lo
My Bk Mo N
O 0

_86_




ME

M5 & GRNL Ha % Mugsg A
A1d A=FZH A

1. 49 5%
53] NEF g
= = Sy = 72 2
2| ex |EZ2u| ®F3Ins |TEF /et
24 | 5% | yuf. | FYE s | scr | wscl
co= Al 3 =49 =
1A d = 1
22 A = 1 10 2
A = 1 2
423 &= 1 1 10 2
Al 1 1 2 20 7
2. A7 43}
= A EFF =
= = Lz = 72 2
7 | se | FEAy| FEus |TEY 7)e}
=4 = Ug;—g%_; TY I — © SCI H|SCI
o Alal =4 =
143 = 1 1 1
2 = 2 1 2
A = 4
42 = 4
Al 3 1 11
3. JAE A=
R PECRES PR PR
A 3 B oo
%3 phE g 9 9 9 o
At least nine independent natural
o mutations of the DFR-A gene PPN
L <S>
(SCD) are responsible for appearance of ; o 2014. 01 it
yellow onions (Allium cepa L.) nes
from red progenitors
A codominant molecular marker
in linkage disequilibrium with a
=i restorer—of—fertility gene (Ms)
. e . 2472 2014. 10 s
(SCI) and its application in reevaluation
of inheritance of fertility
restoration in onions

_87_



-

A high-resolution linkage map of
the Rfdl, a restorer—of-fertility

locus for cytoplasmic male

i sterility in radish (Raphanus °IBE 2014. 10 ol
(SCD . 82
sativus L.) produced by a
combination of bulked segregant
analysis and RNA-Seq.
Characterization of three active
transposable elements recently
inserted in three independent
=i DFR-A alleles and one
. 84 2015. 06 =<
(SCD high-copy DNA transposon
isolated from the Pink allele of
the ANS gene in onion (Allium
cepa L.)
Application of the Molecular
o Marker in Linkage Disequilibrium e
with Ms, a Restorer-of-fertility 2015. 07 =
(SCD . 7147
Locus, for Improvement of Onion
Breeding Efficiency
Comparative analysis of complete
chloroplast genome sequences of
e a normal male—fertile cytoplasm
(SCD) and two different cytoplasms 44 2015. 08 =
conferring cytoplasmic male
sterility in onion (Allium cepa
L.)
Identification of candidate genes
associated with fertility
wm restoration of cytoplasmic
(SCD) male-sterility in onion (Allium 144 2015. 11 il
cepa L.) using a combination of
bulked segregant analysis and
RNA-seq
Development of a simple PCR
marker tagging the Allium roylei
=5 fragment h?rborlng resistance to A+ 2016, 03 o)
(SCD downy mildew (Peronospora nAa4

destructor) in onion (Allium cepa
L)

_88_




Development of a system for S

locus haplotyping based on the

=i polymorphism SLL2 gene tightly A4
. - " 2016. 05 %9
(SCI) linked to the locus determining A4
self-incompatibility in radish
(Raphanus sativus L.)
Completion of the mitochondrial
genome sequence of onion
. (Allium cepa L.) containing the Qu=
CMS-S male-sterile cytoplasm 2016. 11 =
(SCD . . Eape Al
and identification of an
independent event of the ccmFN
gene split
Identification of two novel ANS
alleles responsible for inactivation
. 7e9
of anthocyanidin synthase and 2016. 12 =2
(SCD . ) . Eape Al
failure of anthocyanin production
in onion (Allium cepa L.)
oFml LA o] Mg WA
5‘6‘1%% o-’q' ST TE mw U %6 X]‘ 71:1}‘6]%_]' 2013, 11 %?l
jnurfl3
Fobe] A4H R BA B3 v
5559 | ¥ 347 EE $4-BY 144 2015. 07 %9
A
5= ey AEd e AEE nbA 84 2016. 04 el
2ol 2rlEsletd AR §A 23
eqzq | O fj; ;;ﬂ;v e 242 2016. 03 ol
o =2 0 —_—
s35= Frre] S4B TGP w1 247 2013. 12 %9l
5558 | gute] T Awg LAEA 1442 2014, 05 %
oFml L AJE o] N SR
gegg | oo CARY EEEAEEA g 2015. 01 el
jnurfl3
=T=d € 130012 TENSTAHFY 2015. 03 =

_89_




h=]
=

A&k o] Aol A

3

A

[}
S

Al el

o

=

dl

o] F1x

LA

=

o] 7] uj

Iy

=

B2AxA

Mol B¢ (umbel)oll A 10007 ©] 4]

1

0]
yal

Al 24 4A%EE AF
o

Sl Gk FFIARAA A

A

—

BH
<]

BN

A

g %

2. A3 AHH ANS A9 allele types HH

of o] Aol

=
i

TARA A

s 917]
il

O]
y 8

|

gl

to]l MAB Alxglo= ) st 7

[<]

°o]-&

=

e Ao=

S

A]

Allium roylei &%l o

A oan wa

2

A

DFR3} ANS A A7} #o]

-

T

Qs

Z 2}

MEE DFR allele ¥+ Al 2~8l3} o]H Ao A 7ldsEl ANS FA 2] allele T Al X~
NEE 47FA] =t

°

e

ol

R

+
ol
o

o

o

el

ofx QA7) wnl

o

o
o
el
E|

N

No

|

R

oV

Mo

)

ol

o

o
o
el
[

B
o
£l
e
&+

o

Nfo

st

[e)

2 A% (Double haploid)<

[e)

-

&l 667712 whA|

5 ©

A e 5

P
T

I8

=]
gl

& ofl A

=

=

=

A

5. t¥d wtrA AT AT
B

I
G

ol
HH

B
o
&+

%

Nlo
A

ox

+

o

_90_

A AH&E Aol

S

g -8

T

1

3

<]

ks

[e)

3L =Z
o=

¢ F1



H 6 & ARNEIPINA Rt sieutstr|=8
w A I Aw
Dokt A B9l S 19254 Dr. Jones”}t Italian Red#ls EZFo|A CMS-SE H2 & H I8

31 19654 Berninger©ll 2] &l /\Hio SAEYS CMS-T7F Ha1¥ At (Jones and Emsweller
1936; Berninger 1965). CMS-S A4 &d2 3 79 3 HEFHA ] 93] sH5E Hoz FH5
[e}

93 CMS-TE 374l %449l A s I2d oz FY5Urt (Schweisguth
1973). ek 2wl A CMS-S $4 %99 A A8 BAEA} CMS-T $4%9
2 b A EAY 1000 DAFS AT wpeb] 2 ABfAAe] ofa) 38w
At VA e g4 o8 HRAtE LS HAT £ Ak BF HA4 7]

o<

%9l Next generation sequencing®] RNA-Seq”]< 3 BSA(Bulked segregant analysis)’|& <
g3l 3 EBFAAFo| theF perfect linkage disequilibriums 7FA &= A EAFAE /L

AN

+ o

_9"_



7% XHiIzd

Bang H, Cho D, Yoo K, Yoon M, Patil BS, Kim S (2011) Development of simple
PCR-based markers linked to the Ms locus, a restorer-of-fertility gene in onion
(Allium cepa L.). Euphytica 179:439-449

Berninger E (1965) Contribution a l'étude de la sterilité male de l'oignon (Allilum cepa
L.). Ann Amélior Plant 15:183-199

El-Shafie MW, Davis GN (1967) Inheritance of bulb color in the onion (A/ium cepa L.).
Hilgardia 38(17):607-622

Gokce AF, Havey M]J (2002) Linkage Equilibrium among Tightly Linked RFLPs and the
Ms Locus in Open-pollinated Onion Populations. J. AMER. SOC. HORT. SCIL 127(6):
944-946

Jones HA, Emsweller SL (1936) A male-sterile onion. Proc Am Soc Hort Sci 34:582-585

Kim S, Binzel M, Yoo K, Park S, Pike LM (2004) Inactivation of DFR (dihydroXavonol
4-reductase) gene transcription results in blockage of anthocyanin production in yellow
onions (Allium cepa). Mol Breed 14:253 - 263

Kim S, Jones R, Yoo K, Pike LM (2005) The L locus, one of complementary genes
required for anthocyanin production in onions (Allium cepa), encodes anthocyanidin
synthase. Theor Appl Genet 111:120 - 127

Kim S, Lee E, Cho DY, Han T, Bang H, Patil BS, Ahn YK, Yoon M (2009a)
Identification of a novel chimeric gene, orf725, and its use in development of a
molecular marker for distinguishing three cytoplasm types in onion (Allium cepa L.).
Theor Appl Genet 118:433-441

Kim S, Baek D, Cho D, Yoon M (2009b) Identification of two novel inactive DFR-A
alleles responsible for failure to produce anthocyanin and development of a simple
PCR-based molecular marker for bulb color selection in onion (Alium cepa L.) Theor
Appl Genet 118:1391-1399

King JJ, Bradeen JM, Bark O, McCallum JA, Havey MJ (1998) A low-density genetic
map of onion reveals a role for tandem duplication in the evolution of an extremely
large diploid genome. Theor Appl Genet 96:52 - 62

Martin W]J, McCallum J, Shigyo M, Jakse J, Kuhl JC, Yammane N, Pither-Joyce M,
Gokce AF, Sink KC, Town CD, Havey M]J (2005) Genetic mapping of expressed
sequences in onion and in silico comparisons with rice show scant colinearity. Mol
Genet Genomics 274:197-207

Song S, Kim C, Moon J, Kim S (2014) At leat nine independent natural mutations of the
DFR-A gene are responsible for appearance of yellow onions (Allium cepa 1L.) from
red progenitors. Mol Breed 33:173-186

Schweisguth B (1973) Etude d'un nouveau type de stérilité male chez loignon, Allium
cepa L. Ann Amélior Plant 23:221-233

_92_



F 9

Col BIAE BYFHAFRAN ABT CPUNTANYS] AFRIAY

Ytk

- w7HEE TRl 8% WES oo IR Ee stdMs

olu Ut

_93_




	종간 내병성 양파 품종육성을 위한 분자 육종기술 확립

	요약문
	목차
	제 1 장 연구개발과제의 개요 및 성과목표
	제 1절 연구개발의 개발 목적
	제 2절 연구개발의 필요성
	제 3절 연구성과 목표 대비 실적

	제 2 장 국내외 기술개발 현황
	제 1절 국내외 기술개발 현황

	제 3 장 연구개발수행 내용 및 결과
	제 1절 연구개발수행 내용 및 결과
	1. 웅성불임 임성 회복 유전자 연관 분자표지 개발
	2. Bulked segregant analysis와 RNA-Seq을 이용한 양파 웅성불임 임성 회복유전자 분리
	3. 웅성불임 임성 회복유전자와 linkage disequilibrium을 갖는 분자표지를 활용한 양파육종 효율 향상
	4. 양파의 노균병 저항성을 가지는 Allium roylei 단편에 대한 분자표지 개발
	5. 양파의 2가지 새로운 ANS mutant allele 확인
	6. 근연종 및 다양한 유전자원과 특성 분석
	7. 종간교잡계통의 특성검정
	8. 내병성 형질도입을 위한 육종소재개발 및 노균병 저항성 계통 선발
	9. 양파 반수체 배양을 통한 다양한 계통 개발
	10. 양파 주요 leading 품종 수집 및 특성 평가
	11. 양파 자방배양에 적합한 모식물체 최적생육조건 탐색 및 자방배양 기술 정립


	제 4 장 목표달성도 및 관련분야에의 기여도
	제 5 장 연구개발 성과 및 성과활용 계획
	제 1절 정량적 성과
	제 2절 성과활용 계획

	제 6 장 연구개발과정에서 수집한 해외과학기술정보
	제 7 장 참고문헌


