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Sl BE dolxdd AEE 7= w32 el FI sk glv.

A g7hA wj S A el dist 7 o] TR {FHAN(CRa, Crrl) 2 9709 A QTLs(Crr2, Crr3, Crrd,
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< Hug Aol e Al A= Ao RIHJTE. o] AR 9] QILoll= A #A FHAAE 4 &

1 H

[e)
Aste 2 i, oo slwkel WelSy AP wlE EES AT 5 ot Zeol AEES Atgos
1513
=

B2 E e

47 HAE HAs] AN, B ovge A9 29] S IFZAQEE Tefolu] AEE TP B
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A Az, wbA 4 09CR-500, A

A

T 32 SNP m}A(GSP_228, 237, 235, 230, 227, 117)E o] &3l 443
A 48 09CR-501S < ghr}.

% 4% B ourgol A A 2Fe vl S (Brassica rapa)el A3 X Lo|t},

% 5% WS (B. rapa)d] 4# aFolA BESH AIA QIlsE HoTr).

T 62 HIFE(B. rapa)d AT LF A04 E A0SOlA BEEW A EA QILsE HoJFEU).

T 78 WF(B. rapa)d) ¥ 2F A0SolA HEW A3 QILsE HolFt).

= 88 M (B. rapa)d AT 1F A08oA HElEH AdA QILse $9AE eI,

T 9% AEA gl ¥elEw Ak QTLAA] 419 1 FAAE BoFo, AdA Wk 22X = Crrl A3
uAL] XE YERH, I3 S s A2 X vAE yERdth. BolAl WA ukas
Serine/threonine-protein kinase geneZ, ZEM ¥t~ F-hox family protein-related geneS ¢)m]3ich.
gy e Al et FAF L Y&
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3. DNA &

A DNAE H5 A&EA 2 82 DH A2 433 Qo 2HE CTAB(Cetyl trimethylammonium bromide) HHS
28] F=39r. 39 SFee-TFH A EE tissue-lyserE o] &8sl aE}eldd & 500109 CTAB H{HE £
delar & 1.6m FEO HAHAT. A7l FEE 65T F24Fd 2083 wEA §, 5 FRIAEF 9
Zold & (chloroform:isoamyl alcohol=24:1)& H7lata £33s & 13,000rpmlE 5%7F 9A &89},
%, ] 98% o] AZEES Yo] DNAZ IAAZ]a, 13,000rpmoE 10%7F ARk, DNA LS

7068 A7 olRER Ay, ARAN F, 1000 FHFE ol &ste] =3,
4. PR B4 ¥ u FHPEA

DNA =% 4ng®] Alx=% DNA, 10X =¥, 0.25mM dNTPs, 2 pmol® Z} Z&to]w | 0.1 unite Taq TTEL
(Intron Bio, ¥=)2 o]Fojxd ZFER FIHUY;. ¥ Dol Mi= Brassica rapa Ea-FAA (reference
genome) chiifu-401-42 2 kenshin Aol Z5-E 72¥ SNP(single-nucleotide polymorphism) W}, SSR(simple
sequence repeat) "} 2 InDel(insertion/deletion) PFAE A LA AL-83F3th. SNP 42 HRM(high-
resolution melting) % Fluidign ¥4& AFESISIY. SNP wlAE o] &3t FAPIEAS 93 PR W =72
vk 2ok 95T 2% — [95T 15%, 55C 20%, 72T 20%1(453] wHE) — 72C 7%. SSR % InDel WHAZ
o] 43 FHAFEAMS 9% PR AL 379 @b 95T 5% — [95C 45%, 55T 45%, 72°C 45%1(353]
W) 727 7E. PR AMES 6% Zejopa o= A i 2. 5% ofrtRs Ao =Yk I oglo]E-AgiY
(Idaho technology, W= )& &3 &3t AP A Ad= 2F AF ol gk FH(locus) Ao whah
4 433lTt.

5. XA A= FA4

7 S (Kim et al., 2009, BMC Genomics 10:432)¢] 2J3f 7]<% 09CR FHAHEAN ZIZ= JoinMap V.4.0 A3
E o] (https://www.kyazma.nl/index.php/JoinMap/)Z ]oé}oq A AxE ZFAFHT. dH g
LOD(limit of detection) 13573 A W 4.0~8.02 ERlskglt}. Kosambl.oq W s g2 g A&
& AR Adsted AFgsiglen, v A5 gyl g AR WxEs 0450 ZAl, LDE 1.0ET
A AARERT. AT 2FS ol Hiolx ®WAIG HE 7|FoR o] 3 33}74] AOloll A A10 A= f
Eyas

6. GIL ¥4 0 WASH APHS FEA A=

QTL(quantitative trait loci) RUEES WinQTL cartographer 2.5 AZE Y]
(https://brewebportal . cos.ncsu.edu/qtlcart/WQILCart.htm)E AF&3le] 333, QILS  CIM(composite
interval mapping) WO =, 2cM 7+4 31 10cM Wl Faete] glsiint. QILe] A5 A7l fsto],
genome wide GXZH(p=<0.05)S RE 47 71148 E35) 2+ g4 239 1,000 =4 (permutation) EHE FA

ST

A A4 1. Disease scoring

'Er EEE A L 82 DH JfAMA AW AR HAEE Ay wuo] tokst Ho ZAst g5kt
2 AZoA AW ZAL of$ thdeiA BEEHJTHE 1 D Z 2). T E(disease index, D)& 719 &
/%% ol galo] AT,

On,+ 1Tn,+- - - +6n,) X 100
6 X N;

Nr: total number of plants tested.

No: number of plants with no symptom.

Ni: number of plants with very slight swelling usually confined to lateral roots.

N: number of plants with a few small, separate globular clubs on the lateral roots.
Ns: number of plants with moderate clubbing on lateral roots.

N4 number of plants with large clubs on lateral roots slight swelling of main roots.
Ns: number of plants with lager clubs in main roots.

Ns: number of plants with severe clubbing all over roots.



SS90l 10-2116428

[0046] sy o)l W= (DI) "4 (20119)
DI A< 10 20 30 40 50 60 70 80 90 100 | Total
Number of line 11 16 4 3 3 1 3 9 5 23 82
* 2
[0047] el=ye] Wel e (D) H4 (20129)
DI A 10 20 30 40 50 60 70 80 90 100 | Total
Number of line 32 4 3 2 0 0 0 0 2 39 32
[0048] AA A 2. AR Az A7
[0049] = 227709 A wiAE BES A3 (09CR-500) 2 o] (09CR-501) F-RAIE Atelo] thdA Ao AME
sl B4 A%, 32.26 (220719 BATANA mREIY b o] KUk,
¥ 3
[0050] Ao AHE vhA 2of
ulA F5F No. of total primer No. of No. of percent of
assayed polymorphism non—polymorphsim polymorphism
SNP 628 198 430 31.5%
SSR/InDel 75 29 46 38.6%
Total 703 227 476 32.2%
¥ 4
[0051] FAYEAS A3} o9
ulA FH No. of total marker No. of genotyping with No. of markers mapped
population
SNP 198 142 125
SSR/InDel 29 29 25
Total 227 171 150
[0052] JoinMap 4 Z213& ARESH A A= AZL 150719 vAR F 10719 A AxE vEAL, A4 A
== & o] 678.4cME, 7 Ao AP 5.20ME HojFQrt. A a2F 9 Zol: 27.15%F 129.9cM HYE g
AR, 7+ AT 2F W9 vlAY F 53R EIFHATH(E 5 ¢ = 4).
F5
[0053] B oo A A Z3e vl 3= (Brassica rapa)d A3 A& QoF
Linkage No. of marker Genetic length (clM) Average distance (clM)
A01 5 27.134 4.321
A02 12 38.222 3.426
A03 18 67.565 4.065
A04 10 29.874 3.412
A0S 13 109.417 9.471
A06 16 96.391 6.425
A07 13 69.592 6.326
A0S 31 44.002 1.457
A09 19 129.935 7.487
Al10 13 66.356 6.021
Total 150 678.488
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oF FH¥EA AAE Hlaste] QIL HEE ’“335}033}. I Az, A¥ IF A4, A0S Z A0S
| e A #AE oz o FHJTHE 5). A WA QIL-S A04el $1A8HH, 4.909]
LOD #tS 7AW F3E % WHolx 18.203 e, A7 2 (1 OCLIS)T: GSP_0567} GSP_238 u}#] Alole] $1x]
3, 0.00~10.38cM Alelold ¥=Z wWATh. F WA QILS A0Sl 9XeH, 56.57¢] LOD #HS 71AH,
44.89%°] ®TAHAZ WHolZ YEATt. o] = F05_13% GSP_080 wFA Abololl X3l | 48.56~63.99cM H$
N IS WA, Al WA QILS A0S $1x8hH | 5.199] LOD #S 7AW, 45.71%2] EFH A Wol= e
il 7] = GSP_080F F05_09 whA Akolell $1x]8lH, 63.99~68.58cM F-9lolAl 3|aF HITE., v WA
QTL-> A08el ¥ Xak™, 73.05¢] LOD %k, 96.19%9] FAHZ wWolZ woFAul. A7) FHe= (Ks_br030964<}
(Ks_br034531 w}# Alolol| £x|8}H, 1.73~17.42cMollA H=E Btk tA HAl QILS A08el ¢x]38)H,
59.062] LOD #k, 50%9] ZEAAZ WolZ HoJFon | (Ks_br0345313 F08_06 whAH Alolo] $x]&}aL,
17.42~22.87cM H-9ol A 935 Bk, A7) 5709 QILs & & LOD #S HolF 3709 QILsS A9)3k, A08
ol A3 270] QTLsS Aol o] &3},

AP AE] A8 A QTLsE #HE Ad9 B84 Az v Ay, A WA QLS 3,629,009~12,113,951

bpe] fAAlell, F WAl QILL 13,013,367~13,373,695 bp $1Aol th-&HATH(= 8). A= QILOIA 58 A

S A 4o AR FOEJATHE 9). TR FAA 5 370= Serine/Threonine-protein kinase ¥z
Z| & 3

¢ FAFoR AHEHYE Ao R FelEd+=], Serine/Threonine-protein kinasex o2 2] & A B FHAA =
= [e)
=

A 4. BEPEH AJA B4 QL 7|9 EA0A A 2 AR wds 4

71 AAe 3dM Ml WA QILS S ARY JRA e A vE AREs] s (vrolE

GSP_CR2), Zefolm] AE(MIAME 1 9 IS 2)& AlFstaL, 7] Zejolm AES o]&3to] 82 DH 5 ol

A RS B4ska, g d3E 82 DH fde] W AZA E?‘S%‘Oﬂ ek Ao mlad A, 7] EAt
[e3]

ol wjFe] sy APES AT F dFS & 5 AT

=
=
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X6
GSP_CR2 OIHE 0|88t ¥y N&4 g 20 L Ty 20 Hn
ZEKEY) £200184)
09CR-500 | 09CR-501 | 09CR-502 | 09CR-503 | 09CR-504 | 09CR-505
GSP_CR2 O} £A 71} R S S S S S
g XMel 2 2t R S S S S S
09CR-506 | 09CR-507 | 09CR-508 | 09CR-509 | 09CR-510 | 09CR-511
GSP_CR2 O} £A ZA1} R R R S S S
8 M2l = 20 R R R R S S
09CR-512 | 09CR-513 | 09CR-514 | 09CR-515 | 09CR-516 | 09CR-517
GSP_CR2 O} £ A ZAD} R S R S R S
g N2l = 20 R S R S R S
09CR-518 | 09CR-519 | 09CR-520 | 09CR-521 | 09CR-522 | 09CR-523
GSP_CR2 O}7{2M Zm} S R R R R S
g M2l 2 At S R R R R S
09CR-524 | 09CR-525 | 09CR-526 | 09CR-527 | 09CR-528 | 09CR-529
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