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< SUMMARY >

Purpose &
Contents

This study aims to develop root-knot nematode-resistant carrots with high quality. For
this, it began with 200 Korean carrot lines with high quality, followed by their crossing
and selfing during the following 4 years to produce their progenies, which were
examined for their responses to the infection of the root-knot nematodes {Meloidogyne
incognita (Mi) and M. hapla (Mh)} in a screening system including their
histopathological resistance mechanisms and molecular markers for resistance, for their
productivities, growths and morphologies after cultivations of 2033 carrots in domestic
and foreign (Chinese) carrot fields, for sugar and carotene contents of 1725 carrots.

Results

In inoculation tests, screening of 329 breeding lines with Mi and 119 lines with Mh
revealed nematode-resistance of 92 lines (28.0%) to Mi and 79 lines (66.4%) to Mh,
suggesting the higher rates of the Mh-resistant than the Mi-resistant, more resistant F,
lines from selfing (66.7% to Mi, 100% to Mh) than from crossing (11.7% to Mi, 34.9%
to Mh), of which the internal resistance homogeneity increased during the breeding
processes.

- Through the breeding processes, high quality carrots of one F,; crossing line (15KH-3)

resistant to both Mi and Mh, another F; crossing line (15KH-7) resistant to Mh, and the
other three selfing F, lines (1226-1-2, 1226-2-3, 1234-1-2) resistant to both Mi and Mh
have been bred, of which the F; crossing lines will be applied for the protection of new
carrot cultivars that are to be commercialized.

- The gall and eggmass formations on carrot roots were highest in sandy soil, in which

penetration rates of Mi into and growths of Mh within the roots were highest,
suggesting the screening of the carrots for the nematode resistance in such soil texture
can be applied as a way for the selection of the strong nematode-resistant breeding
carrot lines

- The resistance degrees of carrots to Mi and Mh decreased with the increase of the

inoculum (nematode) density and no genetic marker for resistance specific to nematodes
were detected in the analysis of nematode-resistant genes using 18 resistance-related
primers, suggesting the nematode-resistance of Korean carrots may be governed by
polygenic resistance genes whose expressions are influenced by inoculum, plant-growth
and environmental conditions.

- Through field performance and quality evaluation tests, nematode-resistant carrot lines

with high quality have been bred, including 119 F, crossing lines and 104 selfing lines
resistant to Mi, 51 F; crossing lines and 66 selfing lines resistant to Mh, and 16 F,
crossing lines and 36 selfing lines, 6 male-sterility lines and 11 pollen parental lines,
which suggests the information on the characteristics of Korean carrots for
nematode-resistance, root morphology and growth, and sugar and carotene contents has
been secured for the high quality carrot breeding program in the future.

Expected
Contribution

- The nematode-resistant carrot lines with high quality will be registered for the protection

of new carrot cultivars and commercialized to secure high competitiveness in domestic
and Chinese markets.

- Data on the cultural and biological characteristics of Korean carrots and their nematode

resistance degrees and characters have been secured and that will be applied for breeding
high-quality carrot lines in the future.

- Optimum soil textures for the root-knot nematode infection on carrot have been

determined that can be applied for the selection of carrot lines with strong resistance to
the nematodes.

Keywords

carrot breeding | root-knot nematodes resistance field performance quality
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1.3 92 AES oY £ 9T A% ReZAze @ AP 123 Az

No. Gall index R/S No. Gall index R/S No. Gall index R/S
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406 1.60 £ 1.52 S 651 2.50 £ 0.71 S 427 1.75 £ 0.96 S
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510 2.40 + 0.55 S 273 1.00 = 0.00 S 503 1.60 £ 0.55 S
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434 1.00 + 0.82 S 431 2.50 + 0.58 S 221 3.40 £ 0.55 S
724 0.75 + 0.50 R 636 2.50 £ 1.29 S 415 3.33 £ 0.58 S
418 1.50 + 0.58 S 426 1.33 + 0.58 S 623 1.67 + 1.15 S
608 1.00 £ 0.00 S 419 1.25 £ 0.50 S 436 1.00 £ 0.00 S
631 1.50 £ 0.58 S 426 1.33 + 0.58 S 633A 2.00 £ 141 S
254 3.00 = 0.82 S 274 1.67 £ 0.58 S 633B 1.67 £ 0.58 S
420 1.50 £ 0.58 S 502 2.00 £ 1.00 S 2566A 0.33 £ 0.58 R
227 2.50 = 1.00 S 429 2.50 £ 0.71 S 2566B 1.00 +£ 1.00 S
410 2.00 £ 0.82 S 402 0.50 = 0.71 R 3180C 133 £ 1.15 S
423 3.00 £ 0.82 S 211 1.50 £ 0.71 S 4002MJRB | 0.50 £+ 0.71 R
417 1.25 £ 0.50 S 515 2.00+ 0.00 S 5238A 0.33 £ 0.58 R
719 1.25 £ 0.50 S 228 420 + 045 S 5238B 1.33 £ 1.15 S
413 1.67 + 0.58 S 422 2.00 £ 0.71 S 5280A 0.67 £ 0.55 R
256 1.67 £ 0.58 S 425 2.80 + 0.84 S 6253A 1.00 £ 1.41 S
509 1.50 + 0.58 S 207 1.75 + 0.50 S 6274A 1.00 +£ 1.41 S
409 1.75 £ 0.50 S 263 1.50 £ 0.58 S 6274B 1.67 £ 1.30 S
601 3.00 = 0.00 S 721 3.25 £ 0.96 S 6366A 333 + 1.30 S
617 1.25 + 0.50 S 505 1.50 = 0.58 S 7254A 2.33 £ 0.58 S
628 1.33 £ 0.58 S 504 0.67 £ 0.58 R 7254B 1.67 £ 0.82 S
224 2.67 £ 0.58 S 612 3.67 £ 0.58 S 7262A 1.33 + 1.15 S
260 2.00 £ 1.00 S 652 1.00 = 0.00 S 7262B 1.50 £ 0.71 S
714 2.67 + 0.58 S 210 1.60 £ 0.55 S 7322E 2.00 £ 0.00 S
643 2.00 £ 1.00 S 226 2.80 £ 045 S 9304A 1.00 £ 0.00 S
776 1.33 +£ 0.58 S 622 3.00 = 0.82 S 9304B 1.00 £ 0.82 S

62513B 0.67 £ 0.58 R

= apige oe =

A A%, R resistant, S: susceptible

_13_




E 2. 3 B2 ATHERD ] HeyEAFel W A 22 238 23

No. Gall RS No. all RS No. Gall R/S
1215(4) | 0.2+0.4 446 | 02:04 12105) | 12%13
1215(3) | 0.2£0.4 444 | 0405 12102) | 1.6£0.5
1215(1) | 0.2+0.4 441 | 0405 1209(5) | 14+1.1

1214(2) | 0.2+0.4
1214(4) | 0.8+0.4
1214(1) | 0.840.8
1211(5) | 0.2+0.4
1211(3) | 0.440.5
1211(1) | 0.840.8
1210(4) | 0.8+0.8
1207(3) | 0.8+1.1
1201(5) | 0.2+0.4
1201(4) | 0.4+0.5
267(2) | 0.8+0.8
265(2) | 0.5+0.6
254(4) | 0.6+0.5
252(0) | 0.6+0.5
251(5) | 0.8+0.8
250(5) | 0.4+0.5
249(3) | 0.2+0.4
249(1) | 0.6+0.9

427 | 02404
422(2) | 0.4+0.5
421 0.4+0.5
420 | 03405
413 0.2+0.4
403 0.2+0.4
224(4) | 0.2+0.4
224(2) | 0.4+0.9
453 0.2+0.4
450 | 0.4+0.5
412 0.2+0.4
223(4) | 0.2+0.4
223(1) | 0.2+0.4
456 | 0.2+0.4
454 | 04405
1203(3) | 1.2+1.1
1203(1) | 1.840.4
1202(0) | 1.0+1.0

1211(2) | 1.4+1.1
12133) | 1.2+0.4
1213(1) | 1.0+0.7
1212(1) | 1.2+1.1
269(2) | 1.2+0.8
268(1) | 1.0+0.8
256(1) | 1.0+0.8
251(1) | 1.0+0.8
253(3) | 1.0+0.8
264(1) | 1.0£1.0
267(1) | 1.2+08
266(1) | 2.0+0.0
1206(2) | 1.3+0.5
1206(1) | 2.0+0.7
1204(3) | 2.6+0.5
1204(2) | 1.4+0.9
1204(1) | 1.5+1.0
1203(4) | 1.6+1.1

ANRRAARRRARR R FPRPRRARPRRARPRR AR
N nnnnnnnnlF RRRARAR BRI R AR AR BRI

nNnnnnnfnnnin N nnInn I nnninn I n

248(5) | 0.2+0.4 442 1.0£1.0 2112) | 13425
448 0.4+0.5 422(1) | 1.4+0.5 1205(4) | 1.6+1.9

4102) | 0.4+0.5 409 | 0.8+0.8 1205(2) | 1.8+0.4

402(1) | 0.4+0.9 402 | 0.5+1.0 1205(1) | 1.3+1.0
408 0.2+0.4 228(1) | 1.0+1.0 1204(4) | 1.8+1.1
406 0.4+0.9 224(1) | 0.5+0.6 pot 5 1

- 5 A0 oA AFHOE Yehd AT A AlTET o e A 5o AV|E A4EE] Aot
Weto] 98] o] R0 7] §oks Ao =® A7 (19 2.
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Parents(Crossing) F1
No. | RR-Mi No. RR-Mi | No. | gall index | L2PTO% | RR.Mi
size(cm’)

503 S potl4 R 717 0.8+1.5 1.3+£2.2 R
504 R potl2 R 728 0.8+1.1 10.1£3.1 R
11-407® R 11-208(12)® R 744 0.4+0.9 10.3£3.5 R
11-432@ R 11-206(2)D R 749 1.0+1.4 8.8+7.7 R
502 S potl1 R 701 2.8+0.4 2.3+1.1 S
502 S potl2 R 702 2.2+0.8 3.7+3.1 S
502 S potl4 R 704 2.0+0.0 7.1+£5.3 S
502 S potl6 - 706 2.24+0.8 12.1+1.2 S
502 S pot21 S 711 1.6+0.5 9.6+3.4 S
503 S potl2 R 715 2.0+0.0 1.8+1.1 S
503 S potl3 R 716 1.2+0.8 4.4+1.6 S
503 S potl5 R 718 2.6+0.5 43+14 S
503 S potl6 - 719 2.8+1.0 9.3+4.6 S
503 S potl7 - 720 2.8+0.4 5.8£2.3 S
503 S potl8 - 721 2.4+0.5 52423 S
503 S pot19 - 722 2.2+0.4 5.9+1.9 S
503 S pot20 - 723 1.4+0.9 5.8+1.3 S
503 S pot21 S 724 1.2+0.8 7+1.5 S
503 S pot22 - 725 1.6+0.5 5.3+1.4 S
503 S pot23 S 726 1.6+0.5 5.8+3.7 S
504 R potl3 R 729 2.0+0.7 10.4£3.1 S
504 R potl4 R 730 1.2+1.1 8.4+3.0 S
504 R potl5 R 731 1.6+0.5 8.5+1.3 S
504 R potl6 - 732 2.8+0.4 10.9+4.0 S
504 R potl7 - 733 2.4+0.5 7.6x1.5 S
504 R pot18 - 734 2.4+0.5 6.2+4.4 S
504 R pot21 S 737 2.4+0.5 2.842.9 S
504 R pot22 - 738 2.6+0.5 6.6+1.0 S
504 R pot19 - 735 2.0+0.0 2.3+1.7 S
504 R pot20 - 736 1.4+0.9 6.4+4.1 S
504 R pot23 S 739 1.2+0.8 12.6+4.6 S
p11-4070) R p11-205(2)® R 743 2.4+0.5 124429 S
pl11-432@ R pl11-205(1)® R 746 3.0+0.0 9.9+3.7 S
p11-432@ R p11-206(9)@ R 750 2.8+0.4 8.144.7 S
pl11-432@ R p11-206(9)3 R 751 5.0+£0.0 7.8£3.9 S
p11-432@ R p11-206(9)@ R 752 2.6+1.1 8.343.5 S
11-432@ R 11-208(12)@® R 753 1.8+1.3 7.6£2.6 S
11-432® R 11-209(3)® R 754 2.0+£0.0 1.4+1.2 S
11-432@ R 11-209(7)@ R 756 2.0+0.0 4.54+4.1 S
pl11-432@ R pl11-244(4)® R 758 2.7+£0.6 5+4.6 S
p11-432@ R p11-245(0)D R 759 2.2+0.8 10.4+3.8 S
11-432@ R 11-246(2)® R 760 1.8+0.4 7.7£2.2 S
11-432® R 11-1214(5)@® R 761 1.4+0.5 11+8.2 S
11-432@ R 11-1214(5)@® R 762 2.0+0.0 6.8£1.2 S

* S| AnEe o) =9 AlS; RR-Mi: resistance rating to Meloidogyne incognita;

R: resistant, S: susceptible
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F 4 U B2 AT A=Y AT AH(selfing) 23] )o] A 2= 23

Parents (Selfing) F1
Line no. RR-Mi | No. | gall index Taproot RR-Mi
size(cm”)
205(1)-1(sf) R 801 1.0£0.7 38428 R
208(12)-4(sf) - 808 1.0£1.0 5342.1 R
209(8)-2(sf) R 811 1.0£1.3 2.7+0.8 R
1214(5)-1(sf) R 816 1.0£1.0 124101 R
1214(5)-3(sf) R 817 0.4+0.5 3.442.1 R
1214(5)-4(sf) R 818 0.8+1.1 2+0.8 R
KH11-298-3(sf) - 823 0.8+0.8 3.9+1.8 R
KH11-298-4(sf) ; 824 0.6+0.5 1.9+0.9 R
J11-818-1(sf) - 831 0.8+0.8 22408 R
J11-821-1(sf) - 833 0.6+£0.5 2.7+0.8 R
J11-821-1(sf) - 834 0.6+0.9 29428 R
KH11-1202(1)-1(sf) - 841 0.4+0.5 1341.0 R
KH11-1205(3)-1(sf) - 842 0.4+0.5 23412 R
KH11-1209(5)-1(sf) R 843 0.6+0.5 2409 R
KH11-1210(1)-1(sf) - 844 0.8+1.3 2+0.8 R
KHI1-1211(1)-1(sf) R 845 0.4+0.5 2.9+12 R
KH11-1214(3)-1(sf) R 847 0.8+0.8 27414 R
pot2(sf) - 852 0.6+0.5 1.8+1.0 R
pot3(sf) - 853 0.8+1.3 3.6£2.2 R
potd(sf) - 854 0.4+0.5 3.0+0.7 R
pot6(sf) - 856 0.6+0.5 3.5£1.9 R
pot8(sf) - 858 0.8+0.8 6.343.3 R
pot12(sf) R 862 1.0+1.0 2.4+0.6 R
pot14(sf) R 864 0.640.5 4.942.0 R
pot18(sf) - 868 0.640.5 4.842.1 R
pot19(sf) - 869 1.0+0.7 3.642.5 R
pot20(sf) - 870 1.0£1.0 75442 R
pot21(sf) S 871 1.0£0.5 2.940.5 R
pot23(sf) S 873 0.640.5 47436 R
206(9)-3(sf) R 806 2.0+0.7 5.943.1 S
206(9)-4(sf) R 807 2.0£1.2 4423 S
209(3)-5(sf) R 810 1.2£1.1 120.8 S
242(4)-4(sf) R 812 1.6=1.1 5.3+3.5 S
244(4)-5S R 813 2.2+0.8 2.842.2 S
245(0)-1(sf) R 814 1.6+0.9 2.9£1.6 S
KH11-298-1(sf) - 821 2.0+0.7 2.4+1.7 S
KH11-298-2(sf) - 822 1.8+0.8 2.8+1.5 S
J11-818-2(sf) - 832 1.2+1.1 3.1+£1.4 S
KH11-1214(1)-1(sf) R 846 1.2+0.8 2.240.9 S
KHI11-1215(5)-1S R 848 2.2+1.1 3.1+1.6 S
potl(sf) - 851 1.4+1.5 1.7+0.7 S
pot5(sf) - 855 1.2+0.8 2.9+1.4 S
pot9(sf) - 859 1.6+1.1 2.8+1.8 S
pot10(sf) - 860 1.240.8 3.742.0 S
pot11(sf) R 861 1.6£0.5 2.540.8 S
pot13(sf) R 863 1.6£0.5 3.542.4 S
potl5(sf) - 865 1.2+0.8 3.6+3.4 S
pot16(sf) - 866 1.4%0.5 3.6+0.8 S
pot17(sf) - 867 1.8£1.1 52428 S
pot22(sf) - 872 1.2+0.8 1.8+0.7 S

* SlAmlge o)y =9 A%, RR-Mi: resistance rating to Meloidogyne incognita,
R: resistant, S: susceptible
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@ Mhol A& APFH 2389 A4 £ 2FAYHTH 9§

® XY 2389 2
- U HFTETHTATLAA NLE G AT Fo2RE W W AT FoM M incognita
o] i3k A4 screeningS AAE 8 S1AIE el M haplad) thsl A& screeningS AAIZ A x|
(gall index)oll w2t AFAH o2 o] 7hsstd oy MA R £ A7) ZYd4E°] M haplart
ZaE datelv M incognitadl R Wl vl Hes & F UJATHE 6).

- 51 B2ASS M haplao) tidt AGA screeningoll A= 28 Alsc) AGAHLZ Yelgs UmA 23 AL
Hrdo2 AEol M incognitad) @ A/ screeningoll Aot 28 A AT HIEo] ERHE 5.
ol olul= M hapladl o3t BEElS A EO|l M incognitad) 2|3 ARTE HWEF O Z ko A fe] o]
F7F 2 F A& Aoz AgHo A3 HFHOZ M haplaol tiF AFAG AF A FAHA = AgA
HIEE & AFE FFAY ASHE B 5 A5 v WHold Ed AgE Fol Bop JAsta HAAHS A
g4 AT Al s 71E A

- =% M hapla®t M. incognita) 3 FAlOl AARES 7HAE Aol L744, 1808, L816, 1818, 1823, L824,
1831, 1832, 1841, 1845, 1847 T 11A|EC & Yeh} 335 o] F A3 g&] BEFAIAH S z2+= AT §49)
Ve Aoz Ay,
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®5 .92 ASY M hapla) tig A8 232 A

Line no. Gall index Taproot size(cm’) RR-Mh RR-Mi
726 0.3£0.6 14.7+1.2 R S
728 1.3£1.2 22.9+16.2 S R
729 1.0£1.0 15.5+5.2 R S
730 0.4+1.0 25.4+13.3 R S
731 0.7+1.2 28.6+15.7 R S
732 2.0+1.2 15.1+£14.9 S S
733 0.8+0.5 21.9£11.9 R S
734 1.0+0.8 19.9+12.3 R S
735 1.3£1.0 10.8+5.7 S -
736 2.0+0.8 6.9+8.3 S S
737 0.7+0.6 1.8£2.1 R S
738 1.0£1.2 8.3+6.8 R S
739 0.3£0.5 1.9+0.2 R S
743 0.2+0.4 15.1£12.3 R S
744 0.6+0.5 14.1£5.1 R R
746 1.3+1.5 5.745.6 S S
751 2.0+1.2 5.04£3.1 S S
752 1.2+0.8 9.244.1 S S
753 1.4+0.9 9.6+5.1 S S
755 0.6+0.9 5.545.1 R -
756 0.2+0.4 5.4+4.9 R S
760 1.0+1.0 13.5+5.7 R S
761 0.8+1.0 14.34£2.5 R S
762 0.0£0.0 11.5£5.2 HR S
801 1.2+0.8 5.9+3.9 S R
806 1.3+1.5 10.6+4.7 S S
807 1.8+1.3 8.9+2.3 S S
808 0.2+0.4 5.8+5.7 R R
810 1.7+0.6 3.542.2 S S
812 2.0+0.0 10.1+6.4 S S
813 1.3+0.6 5.7+6.1 S S
814 1.4+0.9 8.5+3.3 S S
816 0.5£0.6 4.4+4.7 R R
817 1.2+0.4 21.7+£16.4 S R
818 0.4+0.5 7.8+6.5 R R
821 1.8+£0.4 22.846.8 S S
822 1.0+1.0 11.4+7.9 R S
823 0.8+1.1 12.7+4.0 R R
824 0.2+0.4 10.6+5.2 R R
831 1.0£1.0 10.7+4.7 R R
832 0.6+0.9 15.844.1 R S
833 2.0+£1.0 11.3+6.4 S R
834 1.4+0.9 9.3+4.8 S R
841 1.0+0.7 5.842.6 R R
842 1.4+0.9 11.3£7.3 S R
843 1.2+1.1 11.1£5.4 S R
844 1.6+0.9 12.9£3.6 S R
845 0.4+0.5 16.8+4.8 R R
846 0.44+0.9 17.244.7 R S
847 0.2+0.4 15.5+3.7 R R
848 0.6+1.3 14.6+6.8 R S

* RR-Mh: resistance rating to Meloidogyne hapla, RR-Mi: resistant rating to M incognita
R: resistant, S: susceptible
* S| wre] AlSS M haplast M. incognita] W sAlol A WS HSl
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(Th 3zt 9= AFH 232 dHet 2APTH w3

@ Mol o A 2389 A =AY vk
® AP éﬂﬂu A3}

- T @RIFIESTATLRAA MdE 2 AlFe 43 wul g 36 A2 B ST g
89 A3 & 694 BE ule; ookt 3x4gall index)E YeRfo] wuj e BaAsE 2.33, A2
o] W AlgE 187, AARFATE 2128 Yeh AR EE T4 BHS BYon wHjRIET A4z
e Aol o gtk ol et wEjERFelAE FEAFAMRIO] 5 ZF A eSS Holqla, A=z
FellMs AFAR) 2 28, TEAFAl 1220l Yelgtt ol 2d Ade} 2 7
g3 AAE Y-S AHe S vty o]& iR o R 23s AAste 2o AEHAHA A FA W
Holg} AEEHY, AT 223 AFTE o83 o AFo thd AFA B Ado] E&FHOE o|Fod
Ao g Agdr

g ZHzo) Uig Ad D 244 ukge] Wol ARES zAE] 948 ZA5e] WolAlgx(coefficient of
variance, CV)& 243 27 w232 0.39+0.15, A2 2T 0374017 2 AAZFTL 038401602 e}
U 298 wolAe] o)zt wlg- Agkty BE WolAr} 100lsteld 23 W BA5e) oA} A oke
= Uit o] FXE E o 7 23] B i EdolAu A 2go] diFeRE B A2
of 27t §lee BT AT FE o] B HLL n|d) A ?ﬂolﬁl#% st ﬂ?qw«l M
incognitad) W3 238 YA JeRE X2 0.68+0.57Ceo et al,, 20149+ HlnE o] HF A2 Zo]EYL
& & Aded ol M incggnitad] WEAE 238d Bl AFHAAY Ex aFE 53 AFA tﬂa;}
T3 FEL o)A Y YR ol Fo] TEA ol Wo|AFTE FAEUSS screening)
AYT 23 U @ HolZ Qs M incognitad) @ AFA 2=§el Ade] aeAd 7ostel A4,

o,

f
[\)
i
Q

B
o

_23_



6. wul B A2 xgo] R ZAFM incognitao] g Wk

OEHs s Hp) Gall index | RR-Mi || I EHS ECHONZS)) Gall index | RR-Mi
1002 716-2 x  831-3 1.6+0.5 S 1203 801-4S 2.0+0.0 S
1003 716-3 x 808-1 2.0+0.8 S 1204 801-5S 3.5+0.6 S
1004 716-3 x 810-5 2.0£1.4 S 1205 808-1S 1.5+0.6 MR
1005 722-1 x  801-5 3.2+0.8 S 1206 810-5S 1.2+0.4 MR
1006 722-1 x 869-5 3.8+1.3 S 1208 816-2S 1.2+0.4 MR
1007 722-3 x 801-1 2.8+0.8 S 1209 817-58 1.2+0.4 MR
1008 722-3 x 810-5 2.8+1.1 S 1210 823-4S 1.8+0.8 S
1009 723-1 x 801-5 3.4+1.1 S 1211 823-58 2.4+0.5 S
1010 723-1 x 808-1 2.2+0.8 S 1212 824-4S 3.2+0.8 S
1011 723-5 x 870-2 3.4+0.9 S 1213 824-58 1.7+0.6 S
1013 724-1 x 871-2 1.8+1.8 S 1215 832-1S 1.8+0.8 S
1014 725-4 x 801-5 2.8+1.1 S 1218 833-3S 2.0+0.7 S
1015 725-4 x 810-5 1.4+0.5 MR 1219 834-1S 1.0+0.0 R
1016 726-3 x 801-5 2.8+0.8 S 1220 834-2S 1.6+0.5 S
1017 726-3 x 810-5 2.8+1.1 S 1221 834-3S 1.4+0.5 MR
1018 726-3 x 811-1 3.2+1.1 S 1222 834-4S 1.2+0.4 MR
1019 726-3 x 873-3 2.2+1.3 S 1223 834-58 1.6+0.9 S
1020 726-5 x 873-1 2.4+0.5 S 1224 841-2S 1.6+0.9
1021 728-1 x 831-4 2.6+0.9 S 1225 841-4S 2.0+0.7
1023 728-3 x 810-5 2.2+0.7 S 1226 841-5S 1.4+0.5 MR
1026 730-5 x 864-1 1.1£0.7 MR 1227 845-2S 1.8+0.8
1027 736-5 x 801-4 1.6+0.9 S 1228 845-3S 2.0£1.2
1029 743-4 x 801-2 2.4+0.9 S 1232 864-1S 1.3+0.5 MR
1031 746-2 x 801-5 2.4+0.9 S 1233 864-2S 1.6+0.5 S
1034 751-1 x 801-5 1.2+£0.4 MR 1234 864-3S 1.0£0.0 R
1037 756-2 x 810-5 2.4+1.1 S 1235 864-4S 1.2+0.4 MR
1038 756-5 x 816-2 2.4+0.5 S 1236 864-5S 1.2+0.8 MR
1039 760-1 x 801-4 1.2+0.4 MR 1237 865-2S 2.4+0.5 S
1040 760-1 x 811-1 2.240.8 S 1238 865-3S 1.4+0.9 MR
1041 760-1 x 816-2 2.0+0.7 S 1239 865-58 1.4+1.1 MR
1042 760-1 x 863-2 2.0+0.7 S 1243 866-5S 2.8+1.3 S
1043 760-5 x 864-4 1.6+0.9 S 1244 867-5S 2.8£1.0 S
1052 852-1 x 867-5 22404 S 1246 868-4S 2.6+0.9 S
1054 853-4 x 863-2 1.4+0.5 MR 1249 869-4S 2.0£1.1 S
1057 856-4 x 866-5 3.6+1.3 S 13-1201 | In KHI12-801-1S 2.0+0.8 S
1059 858-1 x  873-1 2.4+0.5 S 13-1231 In KH12-863-2S 4.4+1.3 S
1060 858-2 x  868-4 2.4+0.9 S Average(selfing) 1.87+0.75
1061 858-3 x 872-5 2.0£1.0 S CV(selfing) 0.37+0.17
1062 859-1 x 872-2 2.8+1.6 S
1063 859-3 x 872-3 2.8£1.3 S Average(total) 2.1240.73

10222 728-2 x  862-1 2.8+0.8 S CV(total) 0.38+0.16

1030-2 7434 x 8014 24411 S CVs (coefficients of variations) are calculated by
1031-2 743-4 x  811-1 1.8+0.5 S . .

Average(crossing) 2342066 standard deviations/averages of gall indices for the
CV(crossing) 0.39+0.15 crossing, selfing and total carrot lines.
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® 2P g

- M incognita®) 743 WS Holv B L ZAIF BAgle] ASel e AEd HezxAds
2% oy 79 d(nucleus, NS 718 At E(giant cell, GO7F & FAEA A3 FZolA Jelus A
A FHol| HAFFo] UERA] ot B ZHpA WS YERATHIE 8). 18y SA|59] Atold w
g} 37 2 P SdAe FHAZY B9 Holg mokaE AlxE o] YAAHCell wall ingrowths, WDz}
AAZ FRH Edo] B FAE SlojA AFd FFEES FaFshe AAE] Wo] T8 YAkl o
o wet A9 Fajrt o] F& & F UAMh = o] FAH Ar]9F #HE ZAE(gall cell, Gax T %o
FAH dE Aoz Yt ol B dAFoAe 23Ed W] 329 AN & AFA I 4T
g ElgAol A5 vERd B9 ol BRIl wE A=¢] 3 E o= Ax JhEsA st ¢ FE9
AP As 2 =27 A #8334 o] &8 F Utk

a8 8. BmlEME AR AwAARA: M incognita, B: M hapla). Ga: gall cell, GC: giant
cell, N: nucleus, WI: cell wall ingrowths, X: xylem vessel

@ Mol thE AFH 2399 Assh 2P w3
® APy 2324 A%

- S RREILREATANA AR F2 AFe 27 R 17 Az RTHE B
z3Ed A3 7oA i ek go| wilEde] B FAFE 091 A4ET] BEFAFE 038, AAY
dATE 07002 Yeht AAHoZE A v BYow, M incognitadl A&} vi7IA =2 wel| 23R ot
A4z Aol B Uk olo] meh wllEFIAE FEAOS)] 52T, FEAFIMR) 123, A4
=GO Vehea A42Fe BT 4GP ehgeh 28440 A5 Adue gl oo} ]
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) uﬂ RER N
o & AoE BUEH FEHOL Y PHd) AMHE £AYZY Fa
HEA M hapled) HF A B2 AL SFsHo] B AOE BAA EX5 WolASE EPERE
Aol7h Zgrort HAMOE FP3 EE ACE Ukt ol hREe EXI} wS Homs Arhao

T e FA YERY] wEes Az

E 7w 9 A2z BISHF(M haplaXl oF §ES

g‘ﬂ X EHaHY) Gall 1 RR-Mh “g' Gl FEHAHA) Sall -1 Rr-Mh
1102 730-2x818-5 3.2+1.1 S 1263 817-2S 0.2+0.4 R
1104 730-4x816-3 3.4+1.1 S 1264 817-4S 0.2+0.4 R
1105 730-4%x817-2 3.2+1.1 S 1273 831-3S 0.6£0.9 R
1106 731-3%817-2 1.2+0.4 MR 1274 831-4S 1.0£0.0 R
1107 732-2x817-2 0.4+0.9 R 1276 841-2S 0.6+£0.9 R
1108 732-2x866-2 0.6+0.5 R 1277 841-3S 0.0+0.0 R
1109 732-5%818-4 0.6£1.3 R 1278 845-1S 0.8+£0.8 R
1110 732-5%824-2 0.4+0.5 R 1279 845-3S 0.6+0.9 R
1112 739-5x817-2 0.4+0.5 R 1280 846-1S 0.0+0.0 R
1113 744-5x817-2 0.2+0.4 R 1281 846-2S 0.4+0.5 R
1114 744-5%818-3 0.4+0.9 R 1282 846-4S 0.0£0.0 R
1115 T44-5%845-1 0.4+0.9 R 1284 847-2S 0.2+0.4 R
1116 In KH12-751-2x808-1 0.0+0.0 R 1285 847-3S 0.4+0.5 R
1117 Ha KH12-751-2x817-2 0.2+0.4 R 1286 847-5S 0.4+0.5 R
1118 751-3%816-3 0.4+0.5 R 1287 848-3S 0.4+0.9 R
1119 751-5%816-3 0.6+0.9 R 1288 848-4S 0.6£0.9 R
1120 751-5x817-2 0.2+0.4 R 1283-1 846-5S 0.0+0.0 R
1122 759-3x818-3 0.4+0.5 R Average(selfing) 0.38+0.30
1123 In KH12-759-5%x808-1 0.6£0.9 R CV(selfing) 1.12+0.81
1124 Ha KH12-761-4x816-3 1.0+0.7 R
1125 761-4x818-3 0.6+0.5 R Average(total) 0.70+0.84
1126 762-3x816-3 0.8+0.8 R CV(total) 1.17+£0.76
1127 762-4x817-2 0.44+0.5 R
1128 762-4x818-2 04405 R CVs (coefficients of variations) are
1129 In KH12-762-5%x801-1 0.2+0.4 R
11032 730-2x824-2 22104 S calculated by standard deviations/averages of
13-1101 KHPIIE-%IE)I-I 22;15;1137_4 2.040.4 S gall indices for the crossing, selfing and
Average(crossing) 0.91+1.00 total carrot lines.
CV(crossing) 1.12+0.74
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of A&l Ao e
Ze ol A FAHERE 4F PO R A& & Fole A

1S 4 Stk wEkA B A 32 ATY A% AR 23 ZFAA & A

Ei1 A dolgt AGEo0] AF A&HHOE o] W &I M haplad] AT

AE 2aEdo] Fuettial AzbE

¥ 8. M haplad) 7EE

v EnpEe Aol AgAzel Ao wE FY4LCDI FHIA

(EMD H] a2
Root galling Egg mass formation
=g Carrot Tomato Carrot Tomato
GI* CE"(%) GI CE(%) EMI* CE(%) EMI CE(%)
7He | 20002 0 | 2.00.0a 0 1.0+0.0a 0 | 4.0+0.0a 0
Hj 2] 1.6+1.1a 20 2.0+0.0a 0 0.6+0.5a 40 3.2+0.4b 20
AgA+ | 0.2+0.4b 90 0.0+0.0b 100 0.0+0.0b 100 0.0+0.7¢ 75

’Gall index = severity of root galling on M. hapla assessed on a 0-5 rating scale according to the
percentage of galled tissue in which 0 = 0-10% of galled roots, 1 = 11-20%, 2 = 21-50%, 3 = 51-80%,
4 = 81-90%, and 5 = 91-100% (Barker, 1985).

°CE = control effect.

‘Egg mass index was assigned to each count using a rating of 0 = no egg mass, 1 = 1-3 egg masses, 2
= 4-10 egg masses, 3 =
1990).

dAverages + standard deviations of five replications followed by the same letters are not significantly

different at P = 0.05 by the least significance difference (LSD) test.

11-30 egg masses, 4 = 31-100 egg masses, and 5 = >100 egg masses per root

system (Roberts et al.,

- zAYSHoRE go) Age] Reaks A%E A, 13 914 mi ueh o] HEL HEAA
5 FEA EREEe] BAge] ANAZ A8 G4HA ¢
Y WA AF FEE, O BREE, QelAE 2 B

| AUAET FHEYT AHEels FHME} Bdo) mako] Bube] Yoo vehhe AEHolI4%
(cell wall ingrowths, WD B2e 1% 4 Ak T AGAZE Aeld AEA ) Ry Fe

B AAEe] o] mEEo] Aol Aol FolA e AoE Kol AtAl

= 27k Heee ¢ 4 9
M%) Bz ARl 2AHUSE

olel whe} ATAHRIWA §5Y 5 e v EvpEdAE At
A @4 glol weake Aol wagel ek AhALe] B W] Hzo] IFS P WS X 9
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213 9. M. hapla 7ri%-9le] @mAAR(F: A, B, C, E,

T HEFB, B, A% HEH WA AHE(EC, 6, AF HEFHA ZI3AHF Hg O, H. Ga: gall cell(EA=), Gt
giant cell(Ath Al ), FP: feeding plug(Al &4 2] 5-9)), Cr: cortex(3 %), WI: cell wall ingrowths(A| 323 o] 4 A4,

St: stele(3415), N: nucleus(®), Ne: nematode(A ). Bars = 10 «~m.
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@D 42 A= AYY 238Y AHet 2P dks
O A4 .’:ﬂﬂl‘a‘ A3

- @ THFAT LA E G2 AE9 A line x B line wujZ% 8 A%, A line x C line 2
Hj =% 16 74]E % C line A4 %% 33A1E & & STATY Fesdsoel td 232y 23 & 9-114 B
= vk Zo] HAHer AFHdor FEHE ATTUE dEFHOE Bob STAT T Mol taiA= 364%
(63.2%), Mholl thallA= 41A15(71.9%)°] AP o2 AHEHST wuzFE=Z vud o C line A2A 5] 33
A% = Mioll tisliAe 274 581.8%), Mhol| thaljA& 284 584.8%)0] A3dos Hxo] whjzge] A3
AT HERT =4 e

- T3 M9} Mhol] tist AgAd-2r4d whe vl Ad 22 Whg-& Kol AFT7 33A45(57.9%), Mol
O Ads Uehlie AleT TA5(012.3%), Mhol o #3442l AlFo] 17A1%5(29.8% % AA 202 Mol gt

O

ATV O 2kt ol g¥tz oz MhEo Mol BHYAo] i #3k Aoz Bl

- oleld ATE 3 AAAETE) AR st B A% MRt Muol AgAo] 48 SHL 2, 334 Ak
e A3E welom o] AFelN Yeit Avte] A4S Hain o2 vigor Fae S40 sy o)
AFol o ARy G Awo] BEHOE oRojd Aow ARAT. 53 o AFA Mieh Mho] FA]
A =Rl

g h
FHoE WEE 9AFS W By 20 Deshn YR WEE sl 2R A Bl
3t

IHENo 201437 X3t t_‘lﬁg—l‘.j 1& Cj”wg”’;“/ < AA\;[GhaplaR/S
T4KI1-184 In13-10393xIn13-12033 | A<B | 34+l S 15:17 | MR
T4KH-185 In13-10343xIn13-1204-1 | A<B | 38<L1 S 2521 | S
14KH-186 In13-1015-5xIn13-1206-1 AxB 1.2+1.1 MR 0.5+0.6 R
14KH-187 In13-1024-4xIn13-1209-1 AXB 1.6+1.1 S 0.5+£1.0 R
T4KIL-188 In13-12542<In13-12312 | A<B | 1.0:1.0 R 05506 | R
14KH-190 Hal3-11293xIn13-12052 | A<B | 02:04 R 00:00 | R
T4KH-191 Hal3-1123-1xIn13-12053 | A<B | 0409 R 03505 | R
14KH-192 Hal3-1108-3xJ13-1243-3 AxB 1.2+0.8 MR 0.3+0.5 R
TAKIL] R12xIn13-1205-1 AC | 17106 5 T5:13 | MR
T4KH-2 7T 1x = 2 AC | 1L0£1.0 R 13110 | MR
14KH-24 77-1xIn13-1226-2 AXxC 0.2+0.4 R 0.3+£0.5 R
14KH-25 81-2x AxC 1.0+£0.7 R 1.5+1.3 MR
14KH1-26 255 1% - AC | 18208 S 05506 | R
14KH-27 77 1xIn13-12322 AC | 14509 | MR | 0st0 | R
14KH-28 81-3x .3 AxC 2.8+0.8 S 1.5+1.3 MR
14KH-3 89-2x < .2 AxC 1.6+1.1 S 3.5£2.4 S
14KH-30 255-3x  « AxC 1.4+1.3 MR 0.5+1.0 R
14KI14 T654% =« 3 AC | 18508 S 1813 | S
14KH-49 93-1xIn13-1238-4 AxC 2.0+1.2 S 1.8+1.3 S
T4KH-5 2553% 3 AC | 06100 R 0305 | R
14KH-51 93-5xIn13-1239-1 AC | 08208 R 03505 | R
14KH-52 96-2x ¢ AxC 2.0+0.0 S 1.3+1.0 MR
14KH-53 99-3x AxC 0.8+1.1 R 1.3£1.0 MR
14KH-54 105-2x < -5 AxC 2.4+0.5 S 1.0£1.4 R
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10, G2AITY A2 el sdFol gk vk
OH&No 20143 7HZ LI t_ﬁg‘—ﬂ. /K}émgm}tf/s AA\thaplaR/s
14KHHa-1263-4 Hal3-1263-4S C 0.6£0.9 R 0.3+0.5 R
14KHHa-1273-2 “ 127328 C 0.2+0.4 R 15£1.3 | MR
14KHHa-1274-1 “ 1274-1S C 0.4+0.5 R 1.0+0.8 R
14KHHa-1274-2 “ 127428 C 1.6£0.9 S 13+1.0 | MR
14KHHa-1274-3 “ 1274-38 C 0.8+0.8 R 1.8+1.7 S
14KHHa-1276-2 “ 1276-2S C 0.0+0.0 R 0.3+0.5 R
14KHHa-1276-3 “ 127638 C 0.0+0.0 R 0.3%0.5 R
14KHHa-1277-3 “ 127738 C 0.0+0.0 R 0.50.6 R
14KHHa-1277-4 “ 1277-4S C 0.0+0.0 R 1.0£0.8 R
14KHHa-1277-5 “ 1277-58 C 0.0+0.0 R 0.0+0.0 R
14KHHa-1278-2 “ 1278-28 C 1.0£1.0 R 0.00.0 R
14KHHa-1278-3 “ 127838 C 0.0+0.0 R 0.0£0.0 R
14KHHa-1279-5 “1279-58 C 1.2+0.8 MR 0.0+0.0 R
14KHHa-1281-4 “1281-4S C 1.40.9 MR 0.0+0.0 R
14KHHa-1281-5 “ 1281-58 C 0.2+0.4 R 0.3%0.5 R
14KHHa-1285-1 “ 1285-1S C 2.0+0.7 S 0.0+0.0 R
14KHHa-1287-1 “ 1287-1S C 0.3+0.5 R 0.0+0.0 R
14KHHa-1287-2 “ 1287-2S C 0.0+0.0 R 0.540.6 R
14KHHa-1288-1 “ 1288-1S C 0.0+0.0 R 0.3%0.5 R
14KHIn-1205-2 In13-1205-2S C 0.5+0.7 R 0.8+0.5 R
14KHIn-1205-3 “1205-3S C 1.2+1.3 MR 0.5+0.6 R
14KHIn-1205-4 “1205-4S C 0.2+0.4 R 13405 | MR
14KHIn-1206-1 “1206-18 C 1.0£1.0 R 13£1.0 | MR
14KHIn-1209-1 “1209-18 C 0.2+0.4 R 0.5+1.0 R
14KHIn-1219-1 “ 1219-1S C 0.0+0.0 R 1.0£0.8 R
14KHIn-1226-1 “1226-1S C 0.0+0.0 R 0.0+0.0 R
14KHIn-1226-2 “ 122628 C 0.0+0.0 R 0.00.0 R
14KHIn-1231-1 “ 1231-1S C 0.0+0.0 R 0.0£0.0 R
14KHIn-1231-2 “ 1231-28 C 0.4+0.5 R 0.0+0.0 R
14KHIn-1234-1 “ 1234-1S C 0.0+0.0 R 0.3+0.5 R
14KHIn-1235-1 “ 1235-1S C 0.0+0.0 R 0.00.0 R
14KHIn-1239-2 “ 123928 C 0.2+0.4 R 0.0£0.0 R
14KHIn-1248-5 “ 1248-58 C 1.8+1.3 S 1.0+1.4 R
® 1L F F9 BgSAdFol g I AGA-24A bkg vl
==
AdE-Aed W M__incognita M. ha;}]ao—r Hl a7
AxB 3 6 Mhol| thet A PA =4
AFE®) o % %
7] 36 41
AxB 2 T
FEAFHMR) —RC < b
Zl 7 11
AxB 3 T . —
H45=4(S) AéC § ? Mioll tist - E=
7 14 5
S 2 A e e 2 3 T
st AT M. _incognita M. _hapla ° T
R R 29
7o ug MR MR 0 33
S S 4
R S 1
Mioll o & &4 ¥kg R MR 6 7
MR S 0
S R 5
Mhol| B 2 A& Hkg MR R 5 17
S MR 7
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- 3% 12 2 9 10914 He= upe} o] Migk Mhe] HFol o] ZE AlTolA A5 Fo IAIQo] =&
WIS BAEE eI S 202 Ueh} 5 4oz SuHSIow AF 2 thesl Ao

7} oAl 7HE = GlE MJ 11-8 ()l A veEba, 7F3 we GIE MJ 11-8 (&)l A YEbES. 22

T AlFolA Mol ok GI7F Mhell 93t GlEt #23(P< 0.05)2.2 Fof 919 A7A%8} v/ & Mid

TV s ¢ T UNe B BE 22 ABdA Ml og Heso] MhET @43 A

dEE F2e 1 A7 MhEn 23 S5 A2 wde] #As] wol Bl 7)o &40l ¢

AeE & F St oy B BEe e B ddFEdA Mhe F2 Z& F4she v Mie & S5
A

sy} o228 Al AR} 93 D A ES F4S et Hal(Sardanelli et al., 1983)¢F & x5}

)

= Adoltt. WA olF T ATE oY tE g ABEE Mol 5ol o 33 Mol o3l o &
A& AL 7FeAol & 202 Asdth fEvete] A9 Mie Hldshes AEAA Bkl 2 BX
StoE A it TAY w32 AR EXE JHeAol Atk wEbA] Al 72 AR oA = B
S5 B o & BAlE 71eolof & Aotk old Mi 9 Mho| A} dsfof ztol= Ywkiow
Az AR FAE AFE oflz & i I AFH Fs A& JtesiEE A5 B ATelA
MEE AZAFE FF] A= ol& F=xsto XHHHOH AR A FF 9T BAEES S}
=8 71934 2 Aoz Alsdnt

E 12, Y8 3F2 FTARISHLLE;, SHOS EA1d9A F2AE M 11-8 (F1)F 2 o] XM
11-8 (%) and MJ 11-8 (%)) Mie} Mhel HFo w2 S A&(gall index; GDI W] &3
Hk-S-(Pathological response, PR)

. : M. ncognita M. hapla
Cultivar  (line) GF PR Gl PR
SHC 3.8+0.8abx"® S 3.0+0.7abx S
MJ 11-8 (3) 3.0+0.7bx S 2.440.5bx S
MJ 11-8 (9) 4.4+0.9ax S 3.6+1.1ax S
MJ 11-8 (F)) 3.6+0.9abx S 2.440.5by S

*Figures are averages and standard deviations of five replications

*Gall index (GI) scored by the percentages of roots galled as 0 = 0-10%, 1 = 11-20%, 2 = 21-50%, 3 =
51-80%, 4 = 81-90%, and 5 = 91-100% (Baker, 1985)

®Pathological response (PR) based on GI: highly resistance (HR) when GI< 1.0; resistant (R) when GI <
1.0; moderately resistant (MR) when GI = 1.0~2.0, and susceptible (S) when GI > 2.0 (modified from
Sasser et al., 1984).

“The same first (a, b, ¢) and last (x, y) letters denote no significant differences at P < 0.05 in a column

and row, respectively, by least significant difference (LSD) test.
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M. incognita

M. hapla

a9 10, e 3T FF
{MJ 11-8 (%) and MJ 11-8

e BEF qUER3Ae
Mhol| & AtMZRT ¢

7F Y ATES & F At AAE

g B} olyyz}l (Shepherd and Huck, 1989; Hussey, 1985), S415F W HF@&=x3
FLEY TEE ATGToZN AE9 LSS At wpA M

& Aol o3 &3 dFEe FF Asfet tE F5T B FEEY °
= TH oz gt o] S S YT Aoz ARHL ol HS AtstA
oA AFg vkep 2ol Mig] #Eol H& FYE 7ok & Aolh

2
o

MJ

a9 11 A 9" F2ASM 11-8 FD 2 o] FMI 11-8 (+) and MJ 11-8 (8)iell A Migt
Mhol] 9|3t HF 75 Fo 42 #eFHE9 A9 =49 dvBZA. ARAZG7E e AlS9
B Easdd d4d5o S, AAE FHd (X0l v #xska vk Miol &3 JAE A
A2 SAFE B G "asta =de 3371 Akt Bars = 50 um.

O
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- AAEA Y] AP 238YdS 3 AydE E 13904 BE npel Zo] dASH 2% 5 BT
galed Miol thsi e 3297415, Mholl thsi A= 119415 ol AL 242 92415(28.0%) 79415
(66.49)0]1 oM TS Z+2E 216741 5(65.7%)3 3241 5(26.9%)= Mhell tigt A 34 vl&o] =9ko
H wWHl 2T A2 2] A A vlEo] 7k S tiall 11.7%<F 34.9%, 66.7%<F 100%= 242 =
ol A Hlgol F AF BT sl 4SS & 5 vk A tvls =3AFTY A
A HE&S 2 o Mo taids tha Pobi oy Mholl thai s @A3] ol AAZ R FA
g AFAuES et oy AS W SA WolE At o 2AAFY HYZHFTol g
Aol w2 d(homogeneity)e] Folxl A2 AMZHT. dAFo el ZAFSHA AT

f23a A2 23delA + S BFo did AFAdo] 24z 64157 2341522 Yehg HAZA]

3

9 54 BN FAATA ulgo]l 2L Aow 4w,

E

ot
S

E(=z3hHZ=
R AZEE =
h Bl e | FA AR | B
1Ad = HA =T Mi 132 49 83
A AT 44 4 40
PR A} 2 %3 Mi 50 29 21
. Al 94 33 61
AAF Mh 51 28 23
AT 43 0 5 38
Z}2] %5} Mi 36 1 12 23
3ahd = Al 79 1 17 61
= H) Z35 27 21 1 5
A} 2 %3t Mh 17 17 0 0
A 44 38 1 5
L Hf Z3HAXB) 8 3(6) 2(1) 3(1) 3
a2 8f Z3FHAXC) 16 6(7) 2(6) 8(3)
AAEE | A | MiMhy |24 | O3) | AN @S
AR OSSO 20 N 27(28) | oo 3E) o 3 23
A 57 36(39) 7(11) 14(5) 29
. Mi 132 | 49(37.1%) - 83(62.9%)
A=
_____________________________________ Mh | SLL28GAS%) | T 2SI
w23 Mi 111 | 13(11.7%) 9(8.1%) | 89(80.2%)
I O Mh | SL|.34(66.7%) | 8(15.7%) | 9U7.6%) | ...
7 2421 23 Mi 86 | 30(34.9%) | 12(14.0%) | 44(51.2%)
Mh 17 | 17(100%) 0(0.0%) 0(0.0%)
""""""" 74 ] COMi | 329 92(28.0%) | 21(6.4%) | 216(65.7%) |
Mh 119 | 79(66.4%) 8(6.7%) | 32(26.9%)

- not examined
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- 5&F A} ALole AF7HAS ~F2dE Tl
A2 2629 REA e A F T AT AHE I FF AEHE G2 )88t Migk Mh
o g AH AEE Hrtetds. AdAE 23gdSs f8 3 ATEE A AES S2t2E X E(
10 x height 9 cm)9] EK =Y 1. 4 E Do 42 &
A% Migt Mhe] &¥(egg mass)S Eolafuo] @Uﬁﬂ H
25 e Tl AF 89E FUANA HESAS. olF 25C Al 2404 =L 71 AF HE 75

m
o2 & w285 32E HE AT 1000

ml

F 23489 2ARYE & g4ES BB By dind me} gt 2 A% o8] zAET
{0= 0-10% of galled roots, 1= 11-20%, 2= 21-50%, 3= 51-80%, 4= 81-90%, and 5= 90-100% of roots
galled (K. R. Barker), & A7} 0.1 o]3}o] 1 =A3A(HR), 1.0 o]stol® A3AR), 1.0~2.001%

ZE=AFAHMR), 20520 Eow TFEAG)oZ FATE3HYS(Modified from Sasser et al., 1984). =
S g2 2 HUkE 93 99} carotene $F B48 FEAACA AAEA T, G2 e e =

Poll A 38 3 A& 2RCNA A F2ES 710 AEste] A=

ON

@ 4+ 2 9 1

O B2 =% A% FIEAF AYAY 23849

- & 06 I AT AT HF T F & I 2AIA A ATolA gall index 44 E2] FFA 0] o] F
AL A ATolA = gall index 1.0 m|wke] Aol o] FolH HdFo| HFo] FZaHA o FoA Bl 3
7 §lls AR AzE fFa% ~38d ARE AFH(OE 12). F 56 A5 T Mol disiAs 104150
AA, 184150 TEAZAY, 8A1F0] oz yepgton Mhol i 242 21, 15, 204|522 ek
I S 2o gk A3 AIGelA UERES(E 14). ol o]d e ~3d A} vV E M B
O Mholl thet A4 AT 7F g, =3 Miol tis) 3ol Wol7t glo] T4 A& Yehlle
zo] 73 Wk, Mholl thel M= 5 230l =9 AFE0l LT A i< Uit ol =4k
g AlEE0] Mhol| thit AgAo] driFlo s 1 PFAR] Aow AdHM I Au] Ao B IZAFY
PAE AT #8400l ¥ F Aoz Agdn.

a9 12, HF 2adgdels ARAY F2W)F Fad 2B F348 A& Rl
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® 14 GRABY A42Ge) PYTHZ O S

M. incognita M. hapla

Lines Gall Index RT? Gall Index RT
L1209 93 0.5+0.6 R 0.2+0.4 R
L1209-1 1.7+0.6 MR 1.0£0.8 R
L121973 1.0£0.0 R 1.0+0.0 R
L1219-1 0.6+0.5 R 1.0£0.0 R
L122693 1.240.8 MR 1.0+£0.0 R
L1226-1 3.240.4 S 1.0£0.0 R
L1226-2 1.8+£0.4 MR 1.0£0.0 R
L123193 1.6+0.6 MR 1.0£0.0 R
L1231-1 2.440.5 S 1.4+0.5 MR
L1231-2 2.440.5 S 2.6+0.9 S
L123593 1.0£0.0 R 1.0+£0.0 R
L1235-1 0.8+0.4 R 0.8+0.4 R
L1239793 1.6+0.5 MR 1.4+0.5 MR
L1239-2 1.4+0.5 MR 1.2+0.4 MR
L1274 7% 1.2+0.4 MR 1.0+0.7 R
L1274-1 1.4+0.5 MR 2.0+0.0 S
11288793 3.0+1.0 S 2.0+0.0 S
L1288-1 4.0+£0.7 S 2.0+0.0 S
L1278 3 3.6+0.5 S 3.6+0.5 S
L1278-2 2.2+0.8 S 1.0£0.0 R
L1278-3 3.0+0.0 S 1.0£0.0 R
L1277-3 2.440.5 S 1.0£0.0 R
L1277-4 2.440.5 S 1.6+0.5 MR
L1277-5 2.4+0.5 S 0.8+0.4 R
L1287-1 3.240.4 S 1.6£0.5 MR
L1287-2 3.6+0.5 S 1.4£0.5 MR
L1281-4 1.8+0.8 MR 1.2+0.4 MR
L1281-5 3.4+0.5 S 1.6+0.5 MR
L14KH-191 4.0+0.0 S 3.8+0.4 S
L14KH-24 3.0+0.0 S 3.0+0.7 S
L14KH-188 3.0+0.0 S 2.8+0.4 S
L14KH-51 2.4+0.5 S 3.0£0.7 S
L1054 % 3.6+0.5 S 2.8+0.8 S
L13-93% 3.0+0.0 S 3.6:0.5 S
L13-77% 4.0+0.7 S 3.0+1.0 S
L1123 % 3.0+£0.7 S 4.2+0.4 S
L1209-1-5 2.6+1.1 S 2.2+0.4 S
L1226-1-3 1.2+0.8 MR 0.6+0.5 R
L1226-2-3 0.8+0.4 R 0.4+0.5 R
L1234-1-2 0.4+0.5 R 1.0+0.7 R
L1234-1-4 1.4+0.5 MR 2.4+0.5 S
L15KH-1 1.0£0.8 R 0.8+0.5 R
L15KH-193 1.8+1.0 MR 1.4+0.5 MR
L15KH-1% 1.6+0.9 MR 1.840.4 MR
L15KH-2 2.2+0.4 S 2.6+0.5 S
L15KH-2% 1.6+0.9 MR 2.6:0.5 S
L15KH-3 1.0+0.7 R 0.8+0.4 R
LI5KH-3% 2.4+0.9 S 2.2+0.8 S
L15KH-4 1.0£0.7 R 1.6£1.1 MR
L15KH-4 % 1.4+0.5 MR 1.4+0.5 MR
L15KH-5 1.2+0.4 MR 1.8+0.4 MR
L15KH-5% 1.8+0.8 MR 1.4£0.5 MR
L15KH-6 2.0£0.7 S 1.8+0.8 MR
L15KH-7 2.0£1.0 S 1.0£0.0 R
L15KH-7 8 1.8+0.4 MR 2.0+0.7 S
L15KH-7% 2.240.8 S 2.4+0.9 S
SHC 2.4+1.1 S 1.2+0.4 MR

*RT: response type; R-resistnat, MR-moderately resistant, S-susceptible
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A& ﬁl%—’Fﬂ 242y 63} 164150 ATHE 15). ’éxﬂi ZFATo] FFOE 7H%}%

AT (EHT
A= | ABEDRY | By E . =
A | AP a3
#] 8} A 2 814
A 11 3(6) 6(2) 2(3) 2
2 10 0(0) 4(3) 6(7) 0
SAd = Mi(Mh)
=% 35 6(16) 8(10) 21(9) 6
A 56 9(22) | 18(15) | 29(19) 8

s A 757 5 & F4 =AM Mgk Mh T st tis) == & 25 A
A

g A Aol Fe] ok A7) 2 FE9

iy
I
o
do
ot
l:l

carotene ¥ EAJoA FPE I ASH5ECHOF =H7(0ream 7, D-73 vl A d)&stAY 53 8
ATS AFAITY 4 G2 ATS=E 4

o
2 AESE 16, 19 13) oS AA3 AvEd AdE 32 ASE
o B% ouAAY Nantes B9Je) MY FFAL vuede FA% A% Wael FHcoro)s] Fol

M 5 AE@012197, L1219-1, L1226¢, L1226-1 2 11234-1-2)& @ =7} 9.5~11.302 AP L F2H
o} Jo 2 =9tom uUwmA A AE(I5KH-3, ] 15KH-4 ZL15KH-7)-& carotene o= =}
o] =

ol A =
7F flloyd B R AYE RS 4 =3t 34 AFEAdA 7P Hol A e dE
Y B FFY EH7EGE Add g2 AT d =9 carotene o] BEE Eob ¥4 W
e R AddEn olE AFAIAL I A F T AGAATNA AL
3 I A% LMH-33 LMH-7& 4ol dAe g

Aol A MEETF Fof B AFdA= o &

o <
ofN dor
H o

4
o
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% 16 AAE I AT HeSdF: A A=t FA(E =S} carotene $H)

Line of ov. Gall. index(Response type) Sugar Carotene
Mi Mh content (%) content (Ug/g)

L12198 1.0£0.0(R) 1.0£0.0(R) 9.5 322.1
L1219-1 0.6+0.5(R) 1.0£0.0(R) 9.9 307.5
L12268 1.2+0.8(MR) 1.0£0.0(R) 11.3 296.0
L1226-1 3.0£0.4(S) 1.040.0(R) 10.8 310.4
L1234-1-2 0.4+0.5(R) 1.0£0.7(R) 10.3 270.9
LISKH-3  1.080.7(R) 0.8+0.4(R) 10.9 148.6
LISKH-4  1.0£0.7(R) 1.6£1.1(MR) 11.0 163.3
L15KH-7 2.0+1.0(S) 1.0£0.0(R) 12.1 140.0
SHC 2.4+1.1(S) 1.2+0.4(MR) 9.0 210.6
D-7 2.4+0.6(S) nt 8.6 88.2

* not tested

SRR YT

h_. o B8 L B

a9 13 Add GEATEY Be 24 A L1219%, B L1219-1, C: L1226%, D: L1226-1, E:
L1234-1-2, F: L15KH-3, G: L15KH-4, H: L15KH-7, . A1&%5&, J: =47
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o BEEHE AGH 2Fgdel 9P FE &
D F8 a7HE 2 B
Oh EAR wE BeE 43 & W3
- Mio} Mhe] ZHo] e By o] did B4 &S Hriet] sl & 9 £ A5 F
= BFsTAA MEF aFAT] BAG-779)E AHEste] AT AMEE ESS HEC RIHE
& B&(10:0, 7:3, 55 37, 0:100= A 5 121C 1583 d#43 &
>x8em<¥zol>)o] Wil XE G 3 AZAE ASHE 40 THEOE A5}
o} EU}EOM AHSE B EAF Mok Mhe] di(egg mass)S wel3ulo] 27
H4Z02<S A& /AAD 1000 122 #e) FHo NS AFsS

[-40
BN
_‘>~_,

I 7o Ao o] FAFSFE 0= 0-10% of galled roots, 1= 11-20%, 2= 21-50%, 3= 51-80%, 4=

81-90%, and 5= 90-100% of roots galled (K. R. Barker)}, €3 34 A=+ ¥y o &9 7+

At HIbek =

(Wb FF 2= & BYSIFAHE w3
H

- YA G AR HE AFHA AA

N

< T 4AEH OE A ATE AR 9
ATHZ 5/jA 2 2 B& 828 ZE(¢ 10 x height 9 cm)9] B 1 4E Dol A1 45 5% A2
g &, 139 EntRoA A B ZAHE Mgk Mhe] &3i(egg mass)e Eelsivio] Zufr] ¥ o
SAA 23 7F02e AE AT FE WSS 500 J2, 1000 J2, 2000 22 ejste] We) Fulo] MEFS HE
3. o]F 25C Al 244 A= 719on AF HF 75 T SIHES AR = 48 E
219 By dgod wet g 22 Ao o ARG a0= 0-10% of galled roots, 1= 11-20%, 2=
21-50%, 3= 51-80%, 4= 81-90%, and 5= 90-100% of roots galled (K. R. Barker)}, & A4=7} 0.1 ©]&}
ol WE=AFAHMHR), 1.0 ol3le]d HFAHR), 1.0~2.0018 F=AFAHMR), 2.05c} Eom F=4(S)
o2 sl -2-(Modified from Sasser et al., 1984).

@ 2T+ 2% 4 uF
Oh EAC ©E 5 &F 34& ¥
O d=9 Ml W
- Mi¢} Mhe] A5 HF F 2,5 10¢ & BEAERE A5 Adee AR 23K e 17, 18 4160 Hd+=3
2o AT 29 F A AdLe F= #y DiFoA o] Fo|R|AL 5 Fol= HerF Aol wet JYFL
7b By ggte 9%l EAlstet 2 Folle Ao Befolu A7t A3 MekA Al = B3k AtiA
Zo] FAo] muste] HFo] Aol 79 o] FoAA 4ee & F Y2HIE 14) 5Y Foll= AFe ¥
e 719 W3t floy 3 AAlErt 2 FeiAunt o dAdo] ol R s szt Az

a

fr

o
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2

< 4 F AU 15). 1Y HF 10¥ Fole thFEY {%01 aAA Bgo s wef 9lal
FHol AtiAl 7}t Wil AR £9T Zo| d4 T AATHLE 16). o]ol w2t d52] A
3 A A Aol At A= vt ARERMESe & ¢ AT BAAE A Adeol °‘°W“ Mi
HE 2,5, 10¢ Foll =2 100%142] Hd&o] Zef-FE EFolut 100% FEANAET 10
5&S AR B AF A Foldor 2 AR UBHIEHEY Af HF 102 F 100%
Befoh A7 oE EAY 5ol e Aolrt yEhA ?%8) Mhe} 7= Xdi 29 & AZHALE %*ELOH
ARE 100% Eefolld AdEol FolAos w3 HF 29 F 13-77% 34 HF F 5, 10€ Fol= Id&
o] B4 I oAl AolE LAY F AHE 14).
Hor A5 dsis AEANAN AE Mo - ofd gl o= AHENAM A5
AA3 wobA 7] wWEolet A4dn. o= /\}?J_ENW—‘E EFe F=(soil pore)e]l A A4
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a9 150 Mi AFA~E)3 Mh AFE-H HF 5¢ = B(AIEA5E: A B E, F 13-77%: C, D, G, H) Fg
N, *d%l?_ﬁ(ﬁ}%ﬁ) 7“?4 ‘1“1’17]' EH ”“‘/}TQ} oA 9;101*1 A F HEEY AAo] o] FoHeS

Fol ojn] ANAHYSE X F UL

N >

A Z(A~B)3} Mh AZE-H AZE 109 T FHA3HA53: A B E, F 13-779: C, D, G, H) B

13 16. Mi
AU AFEFEHEE). A5 2AARYGeZ i T, EH BeS(dn)7 AgAZ@)7F 24
Ho| AFo] AR AFol o A& I&7) oln] AFEHeS & T U
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3 17. A8H5EEHOF 13-77% B9 EAEY =) HT & A71Q2Y, 54, 10¢)¥E Migt Mh AZF<] AYE&*
Sand Penetration rate  (%o)
Nematode  Content 2 DAI 5 DAI 10 DAI
(%) SHC 13-779 SHC 13-779 SHC 13-779
Mi 0 0.33+0.58X* 1.67+2.89X 3.00+1.73X 4.67+4.51X 28.67+23.54XY 9.33+5.03X
30 0.33+0.58X 0.67+0.58X 6.33+9.24X 10.67+10.79X 15.67+6.81X 13.00+£11.36X
50 1.33+£2.08X 3.33+£5.77X 18.67+29.74X 9.67+£14.22X 29.00+£22.34XY 35.67+£15.95X
70 7.00+£10.82X 3.00+4.36X 0.67+0.58X 6.67+£9.07X 12.67+£10.50X 25.334+24.13X
100 65.00+£12.73Y 122.33+156.17Y 108.00+73.54Y 155.00+118.70Y 67.67+£33.50Y 131.33457.57Y
Average 14.80+£5.36A 26.20+33.95A 27.33£22.96A 37.33+£31.46A 30.73+19.34A 4293422 81A
All avg. 20.50+19.66 32.33+£27.21 36.83+£21.08
Mh 0 20.67+27.32X 23.67+29.74X 28.67+16.26X 46.67+13.58X 17.67+15.31X 63.00+£3.61X
30 38.33+£52.00XY 45.67£56.61XY 35.67+13.43X 47.33+17.21X 44.67£16.80XY 45.67+£18.34X
50 31.33+30.45X 49.00+£66.16XY 45.33+10.21X 54.67+£8.50X 40.33+14.15X 46.33+£10.97X
70 29.33+36.23X 79.00+£105.67Y 51.00+26.00X 56.67+26.54X 71.00+£24.00Y 53.00+9.54X
100 121.50+84.85Y 25.33+£29.14X 62.33+41.97X 65.00+£19.47X 31.00+ 7.00X 38.67+27.47X
Average 48.23+46.17A 44.53+57.46A 44.60+21.57A 54.07+17.06A 40.93+15.45A 49.33+£13.98A
All avg. 46.38+51.83 49.34+19.82 45.13+£14.72
Significance (LSD) P<0.01(**) P<0.01(**) NS

* AHF AS(1000 J2) thief FejolA A2E ASF(HEE, %)

The averages with the same letters in a column of the same nematode denote no significant difference at P<0.05 by the least significant difference (LSD)

test.
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3 18. Misk Mhe] #HF 65%F ASHSECHO 13-7799] Felo] vehd 53 de] A&

Gall formation Eggmass formation
Nematode % Sand (gall index) (No. of egg masses/root)
SHC 13-779 SHC 13-779
Mi 0 2.25+0.50X? 1.00+0.00X 3.254+3.20X 0.75+0.50X
30 2.50+0.58X 2.00+0.00Y 4.25+3.10X 1.75+0.50X
50 2.25+0.50X 1.334£0.58XY 3.25+1.89X 0.67+0.58X
70 2.25+0.50X 2.00+0.82Y 4.50+£3.11X 1.75+£3.50X
100 4.25+0.50Y 4.25+0.967Z 8.50+7.68X 11.75+£8.96Y
Average 2.70+0.52A 2.12+0.47A 4.75+3.80A 3.33£2.81A
All avg. 2.41+0.50 4.04+3.31
Mh 0 1.75+£0.50X 1.00£0.00X 1.2540.96X 0.33+0.58X
30 2.00+0.00X 2.25+0.50Y 0.75+0.96X 2.50+1.91X
50 1.75+0.50X 1.50+0.58XY 3.00+1.83X 0.25+0.50X
70 2.75+£0.50Y 1.00£0.00X 3.00+£1.41X 0.00+0.00X
100 4.25+0.50Z 4.00+£0.00Z  25.25+11.18Y 18.25+10.01Y
Average 2.50+0.40A 1.95+0.22A 6.65+3.27A 4.27+2.60A
All avg. 2.23+0.31 5.46+2.94
Significance (LSD) NS NS

¥ SYPE(ZA ) BEEe By Hizel mE A4H0= 0-10% of galled roots, 1= 11-20%, 2=
3= 51-80%, 4= 81-90%, and 5= 90-100% of roots galled (K. R. Barker)}, & &A &

geg IAE &3 A

“The averages with the same letters in a column of the same nematode denote no significant difference

at P<0.05 by the least significant difference (LSD) test.
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W) A= i By3s A& s
- Mist Mhe] A% HE 6% Fol H4E e Wmwz g AFWE ekt BeE) oo g48
g 24 A%e et 2HE 19). OREe] 4% 4% 4% s} Sold4 2 7480 Z7lele]
JFARNA FEAFAMROZ FEAFHMRAA 25402 M. ol2A Waks Arols
AZF Apolo] & Alol= QIO 12263 oF 1226-10A4+= HELES} #AIGlo] BF Ao
o B3 1226-1¢] A= HEFUE 2,000 J29] Mie] FEAFA w2
FurdA HET WAl AFAL Yol AR AE F s AFAol
ety e @A FEUwel wak A= A wge] Aol
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F 19 AT 2=E 2ste] Mgk MhE HFAe W HF 6575 A58 Sd4&3% HEIRD

Inoculum M. incognita M. hapla
Lines
(No. of J2) Gall Index RT* Gall Index RT*
500 1.4+0.9 MR 2.0+0.0 S
SHC 1,000 2.4+0.5 S 2.4+0.5
2,000 3.0+0.7 S 3.4+0.5 S
500 1.4+0.5 MR 1.8£0.4 MR
12098 1,000 1.4+0.5 MR 1.6+£0.9 MR
2,000 1.6+0.5 MR 2.2+0.8 S
500 0.6+0.5 R 1.0+0.7 R
12198 1,000 1.0£0.0 R 1.8+0.4 MR
2,000 1.2+0.4 MR 3.0+0.7 S
500 0.8+0.4 R 1.4+0.5 MR
1219-1 1,000 0.8+0.4 R 2.0£0.7 S
2,000 1.6+£0.9 MR 2.84£0.4 S
500 0.8+0.4 R 1.0£0.0 R
12268 1,000 1.2+0.4 MR 1.0+0.7 R
2,000 1.6+0.5 MR 1.0£0.0 R
500 0.6+0.5 R 0.6£0.5 R
1226-1 1,000 1.0£0.0 R 0.8+£0.4 R
2,000 1.2+0.8 MR 1.0£0.0 R
500 1.4+0.5 MR 1.8£0.4 MR
191 1,000 1.2+0.4 MR 3.0+0.7 S
2,000 3.4+1.5 S 3.2+0.4 S

*Response type(RT): R; resistant, MR: moderately resistant, S: susceptible
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g g WYTHF Y BAEA AL

D F8 d7UE 2 I

h AEAE
- AR E HIFTIITFTAT LA AT AEAEE IAPdRd g 13459 FEAE, 22hd =0
= 13932 w) M incognita®) gk A A screeningS AAISH AFANA MdHE B2zl ot
14 A& R (crossing) == A2l(selfing)ol]l ol&] SA4H 63 F1 22 Al 5 wtE¢ 23 3
2149 A Mg, AR = 2 XM] Agst F2 A2 A5 121 line(M incognita-89 i
hapla-39 lines)2 ¥ ¥hE 23 F 588719 9 AlE, 4AAtd=de 39 BeSAHF Xi%“é
E—ZHJI NS i e 22 ATT(FRS} AXA A Als 2ol E83 A3
ofof st g 157} Al F 3645 ST e AdY 2324

o
% fr‘é Hhgo]l wHe Ase AEA Ao AHEEA, Sdatdds iR AdE 22 ARE ARESE
p

=
oSt
o
i
+
ox
S
1z
N
X

rka
jﬂ

() Genomic DNA %

- 2o od §E o x2S AFHs 6well typee] 1.4ml collection microtubeol tungsten carbide
beadBmm) 271 4 LI Tissue lyseE o|-&3td S 2L vpaldls. vhldt 3 Ao 2 FRE(Kim
5, 2008)9] hexadecyltrimethyl-ammonium bromide(CTAB) %S o]&3}e] genomic DNAS F&3F &
NanoDrop®ND-1000 (Nanodrop technologies, USA)JE ©]-83te] 260nmellA] A3ty HE w57} 10ng
W7t HE= 54398,

(th Zz}o|w(primer) A2

- 1, 22 Rol= B AE A BEAFEAE JNEsh] k] (Aamir 5, 2008)oA HaE H7]A

A& o] &3t SNPE A3 7153 SCAR EAFAZRE Zglo|ME 1okt al, 3-53d o= SNPE
A% 7153 SCAR EA#A 9} 37 AFLPERE dolX M primeret EvlEC A &z Bz
AZF AeA - 2HMi gene) (Kaloshian 5 1998)2 1 Z primerE 19+stith.

(Zh PCR 53

- PCRS 3 ¥hgole] £ Ryl 25012 819om genomic DNA 50ng, 10X PCR -£9(10mM
Tris-HCI(pH8.3), 50mM KCI, 1.5mM MgCly), ImM dNTPs, 0.5uM¢] primer(Bioneer, Korea) 1 ul®} unit 7aq
polymeraseE #715l92. PCR W2 [-cycler(Bio-Rad, USA) RE-S o] g3l 95CoA 58 F<F 13
HAskAL, 95T oA 30%, 58T olA 0%, 72ColA 602 WA, 23, A% 3GAE v g &
T A AR 72CoAA 1083 WA F s 5FE DNA 4= ethidium bromide(EtBn=E HAsk 1%
agarose geldllA 27195 ¢ & g3 M FJ4 AFEE Rl

(vP) HRM(High Resolution Melt) ¥4

- 1Abd R gete] G2 AlE 1 B3 ARE RSk fs Park 520099 WS st
HRM £2{0] ﬁﬁﬂﬂMn PCR& F3J3}7] 98] A EF 20ulolA] 50nge] genomic DNA$} 10X PCR

£-H(10mM Tris-HCI(pH8.3), 50mM KCI, 1.5mM MgCly), ImM dNTPs, 0.5uM<] primer(Bioneer, Korea)

lul, 1.25uM SYTO 9 dye(Invitrogen, USA)%} 0.2unit home-made 7ag polymeraseE %7153 5. PCR

BTCAA 12 HA FAFE AH BTAA 15%, 58CAA 15%, 72CAA 30x2] WA, A3, A% 3o

O{N'

rlo

ol
do
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AE 458 HHESEYS. HRM 48 PCR o] v & =283 5 Ax 2% 70T A 90T 7}
Az 01CH Z7}ste] mlA 9k AlZKextention) FA S vlHS. @2 AEE Melt curveE 241317)

23l Rotor-Gene 60002] software version 1.7S o] &35S

@ a7 A% ¥ 1%
Oh 1A= a7An
O 92 4% A%Y BATA ASE JF G2 AT DY 24

- YT AF AR BAEAES ARS) 918 BA (Aamir 5, 200904 28 7)o SCAR B4
EA ARE o §3jel & APl ol§H YT ATAZ TR ¥ A2 W HRM BHE SN

2AEA AFo] WA oL Hs] 93 PRE SN2,
- PCR 43 A3} AA 7719 xZetolm =3 5 3719 =Zgto|r X34 PCR 4AH&E0] SZEA] &9
3, el 4709) efolm =G4l oF 200 ~ 600bp S| PCR AHEo] FEHAUL(E 20, 1 5)

l

- ollA PCR 4ol SFH 4709 zZtolm Zgol| tiaf T Alsol SCAR 4% A 28 o732
stelatr] 98l PCR AHES 2% agarose gelS o] 83t A7|9% 3190S. 1 Ax 4o BxgEA =
G 13A1FCl tisl A8 g3 Aol flas SAstA=(1H 6).

- JHEE 1] BAFEA ] thd I AlF kel SNP #A1S 98 HRM(High Resolution Melting)

—n

TS AASRS. O3 AR Ul BARAE AE MY BEAFANA B ATEE FX 7ol
AE OE OIS HolAY, dF AT A5 ¢ Ttol Aol IIEA FUTHE 21, 19 3I).
T3 AR g ATY A4S FE (o] g gDNA A&7 AlFEo] b3 #5F5 QlskA Xat
PG 2D, AR oE B APS T3 F MY EAEAIE g2 AT el g3 Aol s
SRl 7)o o B ThFd FF A% Wl tid EAEAE N D AIA I AT
Ak 4 7k o] 8" A
% 20. Primer 234 PCR 4HE 5= ofF 9 PCR 4HE 27]]
Primer PCR Number of PCR SCAR marker?]
name amplification | product size (bp) AL oy
Q1_800 O 600 X
SCAR 9A - -
SCAR 13A - -
SCAR 17A @) 300
SCAR 17B - -
SCAR 20A O 200 X
SCAR 21A O 400 X
404(F) 404(M) 407 (F) 407(M)427(F) 427 (M) 429(F)429(M)432(F) 432(M) 211M) 244(M)

—

404(F) 404(M) 407(F) 407 (M)427(F) 427 (M) 429(F)428(M)432(F) 432(M) 211 M) 244(M)
300bp —> ————— . ———— —

<% 5. Ztolw 23 PCR 429 W=
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404(F) 404(M) 407(F) 407(M) 427(F) 427(M) 429(F) 429(M) 432(F) 432(M)

400bp ——> --_-—--‘--—

1% 6. SCAR E#4&EA A& § B ATE PCR th=9] Wi

F 21 HRM= ] 83 #A4%A 484 AeE= g 77 &<l

Marker

Mj-Q1800

Mj-SCAR-17A A A
Mj-SCAR-21A A A
g A
Marker | o112)9r | 2a20)m | 24401 | 2050) + | 24620-m | 2502)M | 27701) 121;(1)‘
Mj-Q1800 C C G C E F A D
Mj-SCAR-17A A [ G F F H A E
Mj-SCAR21A | D ] H G F I G E
“AFW FARD FHY A7
*ATE G F, AR ¥R AA
* [F = female. M = male], * = A% 4Eo] 7& < #

Mj SCAR-21A/Z A S: 404, 407, 429 (CHHE/E 0) Mj SCAR-21A/ZZHIS: 427, 4329 OR|(CHEE X)

% 7. HRM 245 ] 83 SNP #443%2) 9] AlFd t3d4d gl
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E /syl 98 WA (Aamirs, 2008)olA Hi® 7719 SCAR

JEE o838ty & Aol o]8&d T ATHEE TIA oF &< % HRM £4<&
3 SNP EAEA] MEo] 7hedA ARE FUs] -?4‘311 et O AAANT FEeE 2
S o2 PCRE FZH AHES 1% agarose gels o] &3te] #7] 4

o] gk
=

kol oA <k 750 ~ 1,000 bp BE2] PCR AHEo] ZZF A
AR} 23 zepolw oA T Aol YEMYA 3k (IF 8)

- M9 Zetolw %F F RRAE 6HGSCAR IANZF ZolHE A F 6719 Zeto|d
Z3hol dialAl, A Adiel s A 7719 Zetolw 23 & 59 (SCAR 130ZF Zelo|HE A9
6712 xejolm Zghol dis] FEHOE PCR 4HE¢] SFH & IAT & AAHE 23). I gall
indexoll W& APAF Axo we} So]Ho g Uehe PR & 4= AT  gleE= oE

tlo
ot
4

SCAR ZA4EA] HHZ o] &3 primerz+ A5l that Ay EAFAZAE o] 87Fso] W
Ao Werg,

- 2% HRM (High Resolution Melting) #41& A3t MEE AT EAFZAE T ¢

I FIW AZE o8& b3S HolAY dF F & 3o g 34

EA ANE L A G2 AT Al sfEel o] 83FAL, EnfEo|A

3 A FAAHME Z=ZS Y3 primersS o] &3t T ASH
_]

el Ay BAEA AL AT ) H9.

0=
T=
A" M incognita®l
A o455 &<l

¥ 22. 9 DNA BEE T FE A2 MEZE 2= line

23 =23l F1 Gall index DI
11-206(9) S 11-432 S 752 260t1.1 S
11-206(9) S 11-432 S 751 5.0£.00 S
Pot21 S 503 S 724 1.2+0.8 S
11-209(7) S 11-432 S 756 2.0£0.0 S
11-246(2) S 11-432 S 760 1.8+0.4 S
11-208(12) S 11-407 S 744 0.4+0.9 R
pot23 S 503 S 726 1.62+0.5 S

g 2
Od?, Olz'i?J [o)

N K K
<I1% 8. SCAR #AEA primerg ©]&3 @9 F(M-), E(F-)2 A M)} A5 Genomice] DNA
o] PCR TF 2HE9 A7V|9E 23 tygAo] YA &+
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# 23 B2, 240 Z+ A%4E SCAR marker primerE ©]83F DNAS PCR ZZ 429 79 % We
4 e

Line no. Gall Primers Line no. Gall Primers
no. 1] 2 3] 4 5 6 7 no. 1| 2 3 4 5/ 6 7
744-3 0 - 0 - 0 - - - | 208(12)-2 10 o o o o ) - o
744-4 0 - 0 0 0 - - 0 | 208(12)-3 11 o o o o ) - o
744-5 0 - - - 0 - - - 751-1 11 - - - - - - -
724-1 0 - - - - - - - 209(7)-5 12 = o o = 0 - o
209(7)-2 0 = o o o 0 = o 752-4 12 0 - 0 - - - 0
744-2 0 - - 0 - - - - pot23-1 12 o o 0 0 0 = o
724-3 1 - - 0 0 - - - 209(7)-3 12 = ) o ) o - o
724-2 1 - - - - - - - | 246(2)-5 13 o = o ) o - o
206(9)-3 1 o = = o 0 = o 503-4 14 o o o o o -
726-5 1 - 0 0 - - - 0 246(2)-4 15 = = o o o -
760-3 1 0 - - 0 - - - 752-1 16 - - - - - - -
752-3 2 - - - - - - - 407-3 19 o - o o - -
209(7)-4 2 = = o 0 0 - o 432-3 19 o = 0 0 0 -
726-1 2 - 0 0 0 - - 0 246(2)-3 20 = = o o ) -
756-2 3 - - - - - - 0 407-5 21 o = o o ) - o
760-4