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SUMMARY

[. Subject

Development of lettuce varieties with good quality, slow-bolting and high-yield in summer season.

II. Objectives and necessities of research

The lettuce production of spring and autumn in Korea is reliably possible without large
problems as cool-like vegetables, but the price of lettuce in summer season was unstable
such as the quality is lowered by high temperature and vyield decreased by bolting.
Therefore, The development of lettuce varieties with high quality, slow-bolting and
high-yield for summer season is certainly necessary in order to raise satisfaction of
consumer and guarantee stable production of farmer.
Moreever, this study is aiming to develop new varieties of leaf lettuce (Lactuca sativa L.)
with good quality, slow bolting and high-yield characteristics, therefore the preceding study
was conducted to obtain basic information on breeding by evaluating and classifying of 251
collected varieties and by genetic analysis on quality and yield-related characters, and to
established efficient selection method for tolerance to high moisture of soil and resistance to

bolting under high temperature.

[II. Research contents and extent

We breed new F1 and F2 populations through artificial crosses after selecting useful
lines agree to the breeding purpose through evaluations and classifications with
pre-breeding lines and 251 colleted lettuce varieties in domestic and overseas collected
during that time. Also, we select good plants and lines from each created F2, F3, F4, F5
generation populations through selection systems established with genetic analyses of main
characteristics by diallel crosses and studies about efficient selection methods for
waterproof and bolting-resistance.

After the selection and through conducting productivity test and region (climate)
adaptation test, the research focuses on developing varieties that are strong in waterproof
and heat-resistance ability, varieties with slow-bolting and high-yielding. Moreover, the
research also emphasizes on developing lettuce varieties that shows excellent red color
even in summer, that have high—quality with thick leaves and high portability by withering

slowly.

IV. Research results and proposals for utilizations
Through analyzation and classification of 251 collected varieties aiming to develop new

varieties, it is now possible to select appropriate parients lines to improve the breeding



efficiency. Moreover, experiments to testify the waterproof ability and bolting-resistance of
varieties helped to establish the most efficient selecting method in breeding populations. As
a result, through this analysis and efficient selection of varieties, five varieties of excellent
breeding lines are selected such as high—quality, late-bolting ability and high yield in
summer season. Ultimately, these selected varieties go through trals for quality and yield
and for region adaptation, and after, these are named ‘Jincheong mat’, ‘Super cheongpung’,
‘Super yulpung’, Homerun wang and Pungmi mat’, and also submitted to Korea seed &
variety service to be protected. These new varieties will be supplied to farmer for summer
season of 2010. The research is predicting that these new varieties are going to play a big

role in the increase of farm income and stable lettuce production.
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Table 2. Rating scale for visual quality of leaf lettuce.

Visual quality description

Excellent, essentially free from defects

Good, minor defects; not objectionable

Fair, slightly to moderately objectionable defects; lower limit of sales appeal

Poor, excessive defects, limit of sale ability

Extremely poor, not usable

Score

cf. Kader et al.(1973)
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251 varieties
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Figure 1. The number of lettuce varieties collected from different nations.
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Figure 2. The number of varieties classified by leaf color and type in experiment.
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Table 3. Horticultural characteristics of 129 green-leaf lettuce varieties used in the study.

Leaf Leaf Leaf Days to
No  Variety Origin Type Leaf color length width Leaf Le(af V)Vt' thickness ﬂovx)lering Quality*
(cm) (cm) M9 or. (mm) (days
1 KN950007 KOREA LEAF DARK GREEN 22 21 31 270 0.26 68 3
2 KN950014 KOREA LEAF DARK GREEN 27 22 22 189 0.31 85 3
3 KN950026 KOREA LEAF DARK GREEN 21 9 23 205 0.31 68 2
4 KN950027 KOREA LEAF DARK GREEN 24 10 28 270 0.38 66 2
5 KN950035 KOREA LEAF DARK GREEN 33 " 24 215 0.21 68 3
6  KN950039 KOREA LEAF DARK GREEN 20 16 25 265 0.21 80 5
7 KN950040 KOREA LEAF DARK GREEN 21 18 30 300 0.25 85 4
8 KN950046 KOREA LEAF DARK GREEN 18 13 27 216 0.21 76 4
9  KN950053 KOREA LEAF DARK GREEN 24 22 21 190 0.25 72 3
10 KN950063 KOREA LEAF DARK GREEN 21 13 28 235 0.22 45 3
11 KN950070 KOREA LEAF DARK GREEN 18 15 22 215 0.21 90 5
12 KN960005 KOREA LEAF DARK GREEN 24 22 21 215 0.23 68 3
13 KN960008 KOREA LEAF DARK GREEN 15 1 25 230 0.25 62 3
14 KN970001 KOREA LEAF DARK GREEN 16 10 23 270 0.23 68 5
15 KN980003 HOLLAND ROMAINE DARK GREEN 22 11 39 215 0.36 85 2
16  KN980018 USA ROMAINE DARK GREEN 23 14 20 305 0.38 85 2
17  KN980029 CHINA STEM DARK GREEN 38 14 32 190 0.3 68 1
18 KN980038 JAPAN LEAF DARK GREEN 24 19 24 235 0.22 85 2
19 KN980040 JAPAN LEAF DARK GREEN 18 11 21 240 0.27 45 5
20 KN980053 ENGLAND BATAVIA DARK GREEN 22 18 21 198 0.4 66 2
21 KN980059 ENGLAND LEAF DARK GREEN 26 17 39 140 0.25 83 3
22 KN980069 ITALY ROMAINE DARK GREEN 23 15 30 270 0.38 82 3
23 KN980073 ITALY ROMAINE DARK GREEN 20 11 32 250 0.34 66 3
24  KN980079 ITALY LEAF DARK GREEN 23 18 19 265 0.35 71 4
25 KN980080 ITALY LEAF DARK GREEN 23 20 29 300 0.38 79 2
26 KN980091 ITALY BATAVIA DARK GREEN 24 21 25 190 0.35 82 4
27 KN980102 RUSSIA LEAF DARK GREEN 27 22 17 235 0.3 62 3
28 KN980107 RUSSIA LEAF DARK GREEN 26 17 32 220 0.25 76 1
29 KN980102 GREECE BATAVIA DARK GREEN 19 15 28 230 0.35 68 5
30 KN990002 TURKEY BATAVIA DARK GREEN 19 16 17 215 0.38 82 5
31  KN990005 GERMANY LEAF DARK GREEN 23 21 30 140 0.3 72 4
32 KN990006 GERMANY LEAF DARK GREEN 24 22 32 208 0.3 62 3
33 KN990021 TAIWAN LEAF DARK GREEN 25 23 25 215 0.29 74 1
34 KN990029 FRANCE BATAVIA DARK GREEN 22 16 27 230 0.29 62 2
35 KN950001 KOREA LEAF GREEN 25 13 32 230 0.35 70 3
36 KN950005 KOREA LEAF GREEN 23 13 28 235 0.25 64 1
37 KN950009 KOREA LEAF GREEN 21 19 19 198 0.3 71 3
38 KN950010 KOREA LEAF GREEN 19 15 29 265 0.28 79 4
39 KN950011 KOREA LEAF GREEN 22 13 20 190 0.28 83 2
40 KN950013 KOREA LEAF GREEN 26 23 24 215 0.3 80 3
41 KN950015 KOREA LEAF GREEN 28 9 31 265 0.21 100 2
42  KN950016 KOREA LEAF GREEN 20 10 17 140 0.25 45 2
43  KN950017 KOREA LEAF GREEN 21 13 25 208 0.3 67 1
44 KN950018 KOREA LEAF GREEN 24 12 30 288 0.32 74 3
45 KN950019 KOREA LEAF GREEN 18 14 32 320 0.33 70 2
46 KN950021 KOREA LEAF GREEN 28 26 36 315 0.3 76 4
47  KN950022 KOREA LEAF GREEN 15 11 39 350 0.35 90 4
48 KN950023 KOREA LEAF GREEN 16 11 41 320 0.37 82 3
49 KN950024 KOREA LEAF GREEN 33 12 32 285 0.33 90 4
50 KN950025 KOREA LEAF GREEN 20 11 25 215 0.34 85 2
51  KN950028 KOREA LEAF GREEN 18 13 27 295 0.4 72 5
52 KN950029 KOREA LEAF GREEN 28 12 31 280 0.35 65 5
53 KN950030 KOREA LEAF GREEN 15 14 19 200 0.31 72 3
54 KN950033 KOREA LEAF GREEN 16 16 29 250 0.34 64 4
55 KN950047 KOREA LEAF GREEN 28 12 31 258 0.25 69 2
56 KN950049 KOREA LEAF GREEN 16 16 29 280 0.25 90 3
57 KN950052 KOREA LEAF GREEN 21 12 22 240 0.21 66 3
58 KN950054 KOREA LEAF GREEN 18 11 17 140 0.23 62 4
59 KN950055 KOREA LEAF GREEN 28 15 25 205 0.26 68 3
60 KN950059 KOREA LEAF GREEN 33 15 36 280 0.19 83 4




Table 3. Contiued.

Leaf Leaf
No  Variety Origin Type Leaf color length width

Leaf Days to

Leaf Leaf Wt'thickness flowering QualityZ

(cm) (cm) "° (mm) (days)
61 KN950066 KOREA LEAF GREEN 28 20 19 185 0.26 70 3
62 KN950068 KOREA LEAF GREEN 16 13 20 220 0.23 69 1
63 KN950075 KOREA LEAF GREEN 18 10 32 220 0.21 71 3
64 KN950076 KOREA LEAF GREEN 28 25 36 270 0.21 79 4
65 KN950077 KOREA LEAF GREEN 15 12 39 280 0.25 83 2
66 KN950078 KOREA LEAF GREEN 16 14 41 285 0.23 80 1
67 KN950080 KOREA LEAF GREEN 20 11 25 210 0.3 62 2
68 KN950085 KOREA LEAF GREEN 15 15 19 195 0.25 76 2
69 KN970002 KOREA LEAF GREEN 33 13 28 198 0.25 71 3
70 KN970004 KOREA LEAF GREEN 21 20 31 190 0.21 83 2
71 KN970005 KOREA LEAF GREEN 24 22 19 215 0.21 80 4
72 KN970006 KOREA LEAF GREEN 18 15 29 189 0.25 85 1
73 KN970007 KOREA LEAF GREEN 28 21 20 165 0.23 62 1
74 KN980001 HOLLAND ROMAINE GREEN 24 15 32 320 0.35 82 3
75 KN980002 HOLLAND ROMAINE GREEN 25 10 36 285 0.34 90 3
76 KN980007 HOLLAND LEAF GREEN 22 18 22 280 0.25 69 3
77 KN980011 USA ROMAINE GREEN 21 14 25 215 0.26 68 4
78 KN980012 USA ROMAINE GREEN 21 12 23 220 0.35 62 3
79 KN980013 USA ROMAINE GREEN 26 12 28 200 0.34 68 2
80 KN980017 USA ROMAINE GREEN 24 13 29 295 0.26 80 3
81 KN980021 CHINA LEAF GREEN 24 15 21 245 0.27 67 3
82 KN980022 CHINA LEAF GREEN 23 13 17 216 0.19 74 3
83 KN980023 CHINA LEAF GREEN 29 12 29 258 0.22 70 4
84 KN980024 CHINA LEAF GREEN 25 1 20 170 0.26 76 2
85 KN980027 CHINA LEAF GREEN 25 22 21 190 0.25 90 4
86 KN980036 JAPAN LEAF GREEN 27 18 29 220 0.22 83 2
87 KN980042 JAPAN LEAF GREEN 22 20 32 260 0.22 74 4
88 KN980048 ENGLAND ROMAINE GREEN 22 19 19 215 0.37 85 2
89 KN980049 ENGLAND BATAVIA GREEN 24 22 29 200 0.39 68 4
90 KN980050 ENGLAND BATAVIA GREEN 23 9 20 235 0.35 66 1
91 KN980051 ENGLAND BATAVIA GREEN 23 20 24 230 0.38 72 1
92 KN980055 ENGLAND BATAVIA GREEN 23 16 25 190 0.32 62 4
93 KN980058 ENGLAND LEAF GREEN 27 18 36 165 0.22 79 3
94 KN980064 ENGLAND LEAF GREEN 27 21 24 250 0.22 67 3
95 KN980065 ENGLAND LEAF GREEN 27 22 22 320 0.26 74 5
96 KN980067 ITALY ROMAINE GREEN 25 12 17 215 0.39 76 4
97 KN980068 ITALY ROMAINE GREEN 29 11 25 205 0.35 69 4
98 KN980070 ITALY ROMAINE GREEN 21 11 32 295 0.38 90 2
99 KN980075 ITALY LEAF GREEN 25 20 23 215 0.22 66 1
100 KN980085 ITALY LEAF GREEN 29 18 17 245 0.41 45 1
101 KN980089 ITALY LEAF GREEN 31 20 36 280 0.25 76 4
102 KN980090 ITALY BATAVIA GREEN 22 21 20 200 0.39 69 3
103 KN980092 ITALY BATAVIA GREEN 21 16 23 240 0.38 68 2
104 KN980093 EGYPT ROMAINE GREEN 26 13 28 190 0.38 66 2
105 KN980094 EGYPT ROMAINE GREEN 21 15 27 140 0.19 72 2
106 KN980098 EGYPT ROMAINE GREEN 23 9 20 280 0.29 79 4
107 KN980100 EGYPT LEAF GREEN 29 13 22 220 0.2 80 3
108 KN980103 RUSSIA LEAF GREEN 24 20 25 230 0.3 45 3
109 KN980105 RUSSIA LEAF GREEN 22 21 25 185 0.25 74 4
110 KN980106 RUSSIA LEAF GREEN 25 18 30 260 0.29 70 1
111 KN980109 GREECE ROMAINE GREEN 24 18 20 215 0.4 82 2
112 KN980111 GREECE ROMAINE GREEN 23 12 25 200 0.45 90 5
113 KN980103 GREECE BATAVIA GREEN 19 20 27 215 0.43 66 3
114 KN980106 GREECE LEAF GREEN 21 17 29 230 0.3 67 2
115 KN980107 GREECE LEAF GREEN 24 21 20 270 0.3 74 3
116 KN980108 TURKEY LEAF GREEN 20 20 24 198 0.26 70 3
117 KN990007 GERMANY LEAF GREEN 25 21 36 288 0.26 68 2
118 KN990008 GERMANY LEAF GREEN 22 18 20 320 0.25 71 3
119 KN990010 GERMANY BATAVIA GREEN 23 21 33 350 0.4 83 2
120 KN990015 INDIA ROMAINE GREEN 22 18 29 270 0.2 67 4
121 KN990017 HONGKONG LEAF GREEN 28 22 24 280 0.3 70 3
122 KN990019 TAIWAN LEAF GREEN 30 22 21 250 0.26 45 4
123 KN990020 TAIWAN LEAF GREEN 26 21 17 175 0.25 67 2
124 KN990022 TAIWAN LEAF GREEN 26 21 30 220 0.38 70 3
125 KN990023 FRANCE ROMAINE GREEN 20 21 32 200 0.29 76 2
126 KN990024 FRANCE ROMAINE GREEN 21 19 36 140 0.4 69 4
127 KN990026 FRANCE BATAVIA GREEN 23 15 25 300 0.39 68 3
128 KN990031 FRANCE BATAVIA GREEN 25 16 19 245 0.35 71 5
129 KN990033 FRANCE BATAVIA GREEN 21 17 20 258 0.35 83 3
Mean 23.1 16.1 26.2 234.6 0.30 72.6 2.88
LSD 0.01 4.27 4.21 5.96 47 .2 0.06 10.1 1.08

. The scores indicate degrees of quality as shown in table 2 (1: Extremely poor, 2: Poor, 3: Fair, 4: Good, 5: Excellent).
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Table 4. Horticultural characteristics of 122 red-leaf lettuce varieties used in the study.

Leaf Leaf Leaf Days to
No  Variety Origin Type Leaf color length width Leaf Leaf wt. thickness rov{ering QualityZ
(cm) (cm) "° (mm) (days)
1 KN950037 KOREA LEAF DARK RED 21 18 21 200 0.23 75 5
2  KN950043 KOREA LEAF DARK RED 20 11 25 230 0.25 67 3
3 KN950064 KOREA LEAF DARK RED 24 23 27 230 0.25 67 1
4 KN950071 KOREA LEAF DARK RED 28 13 21 200 0.25 85 3
5 KN960004 KOREA LEAF DARK RED 21 21 22 230 0.25 85 5
6 KN960006 KOREA LEAF DARK RED 28 il 17 200 0.21 66 3
7 KN960007 KOREA LEAF DARK RED 28 13 32 235 0.21 72 2
8 KN970012 KOREA LEAF DARK RED 28 25 25 315 0.22 76 2
9  KN970013 KOREA LEAF DARK RED 15 12 30 350 0.26 69 3
10 KN980009 HOLLAND LEAF DARK RED 20 20 33 290 0.21 97 3
11 KN980019 USA ROMAINE DARK RED 28 13 24 230 0.36 62 1
12 KN980030  JAPAN LEAF DARK RED 26 16 25 240 0.3 76 3
13  KN980031 JAPAN LEAF DARK RED 27 23 23 205 0.27 72 2
14  KN980032 JAPAN LEAF DARK RED 25 22 28 260 0.19 62 4
15  KN980033 JAPAN LEAF DARK RED 22 18 27 255 0.22 68 4
16 KN980034 JAPAN LEAF DARK RED 25 17 31 280 0.26 71 3
17 KN980046 ENGLAND ROMAINE DARK RED 26 15 27 200 0.38 82 3
18 KN980060 ENGLAND LEAF DARK RED 26 15 43 208 0.22 80 2
19 KN980061 ENGLAND LEAF DARK RED 27 18 19 288 0.3 85 3
20 KN980072 ITALY ROMAINE DARK RED 24 12 17 200 0.35 68 3
21 KN980078 ITALY LEAF DARK RED 25 21 31 255 0.39 72 3
22 KN980095 EGYPT ROMAINE DARK RED 22 13 21 205 0.22 62 5
23 KN980111 GREECE BATAVIA DARK RED 20 19 23 170 0.39 85 4
24 KN980109 TURKEY LEAF DARK RED 24 18 22 265 0.25 76 4
25 KN990004 GERMANY LEAF DARK RED 25 21 25 165 0.28 66 4
26  KN990011 GERMANY BATAVIA DARK RED 24 17 28 320 0.45 80 1
27 KN990016 INDIA LEAF DARK RED 26 15 20 295 0.28 74 2
28 KN990028 FRANCE BATAVIA DARK RED 21 20 28 305 0.33 72 2
29 KN950002 KOREA LEAF RED 17 1M 25 215 0.21 65 3
30 KN950004 KOREA LEAF RED 29 10 23 200 0.21 72 2
31  KN950006 KOREA LEAF RED 25 19 27 230 0.23 62 5
32 KN950034 KOREA LEAF RED 33 11 20 175 0.21 62 2
33 KN950036 KOREA LEAF RED 20 18 22 220 0.25 71 5
34 KN950038 KOREA LEAF RED 23 14 17 140 0.21 83 4
35 KN950041 KOREA LEAF RED 21 17 32 295 0.23 62 1
36 KN950042 KOREA LEAF RED 33 12 32 305 0.26 45 1
37 KN950044 KOREA LEAF RED 21 9 23 195 0.23 74 2
38 KN950045 KOREA LEAF RED 24 22 28 245 0.21 70 5
39 KN950048 KOREA LEAF RED 15 14 19 170 0.23 82 3
40 KN950050 KOREA LEAF RED 33 11 20 200 0.23 85 3
41 KN950051 KOREA LEAF RED 20 18 24 190 0.20 68 2
42  KN950056 KOREA LEAF RED 15 13 30 260 0.3 71 5
43 KN950058 KOREA LEAF RED 16 12 32 255 0.27 79 3
44  KN950060 KOREA LEAF RED 24 21 32 240 0.22 80 4
45 KN950061 KOREA LEAF RED 33 12 25 220 0.26 85 3
46  KN950062 KOREA LEAF RED 20 12 23 210 0.25 62 2
47  KN950065 KOREA LEAF RED 18 10 31 240 0.23 74 3
48 KN950067 KOREA LEAF RED 15 14 29 260 0.25 76 2
49  KN950069 KOREA LEAF RED 20 12 24 200 0.21 82 3
50 KN950072 KOREA LEAF RED 15 12 17 170 0.23 68 4
51  KN950073 KOREA LEAF RED 21 18 25 205 0.25 62 2
52 KN950074  KOREA LEAF RED 24 19 30 280 0.23 68 3
53 KN950079 KOREA LEAF RED 33 16 32 250 0.26 85 3
54  KN950081 KOREA LEAF RED 21 11 23 210 0.27 45 4
55 KN950082 KOREA LEAF RED 24 21 28 230 0.19 67 4
56 KN950083 KOREA LEAF RED 18 11 27 225 0.22 74 3
57 KN950084 KOREA LEAF RED 28 il 31 260 0.26 70 4
58 KN960001 KOREA LEAF RED 16 13 29 280 0.25 69 2
59 KN960002 KOREA LEAF RED 33 27 20 200 0.23 82 2
60 KN960003 KOREA LEAF RED 20 15 24 210 0.26 90 5
61 KN970003 KOREA LEAF RED 20 20 27 265 0.23 79 3
62 KN970008 KOREA LEAF RED 15 12 24 280 0.26 85 3
63 KN970009 KOREA LEAF RED 16 11 22 208 0.3 67 2
64 KN970010 KOREA LEAF RED 33 9 21 288 0.27 74 5
65 KN970011 KOREA LEAF RED 18 10 17 320 0.19 70 4
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Table 4. Contiued.

No Variety Origin Type Leaf color Ié_r?gatfh Vb%aﬂf’] Leaf Le(af wt. thiléﬁr?;ss f|I:c)>?/vyesritnog Quality”
(cm) (cm) N9 ar. (mm) (days
66 KN980004 HOLLAND ROMAINE RED 29 12 29 205 0.35 68 3
67 KN980005 HOLLAND LEAF RED 23 21 20 270 0.25 66 3
68 KN980006 HOLLAND LEAF RED 29 20 24 295 0.26 76 4
69 KN980008 HOLLAND LEAF RED 21 17 21 200 0.23 72 5
70 KN980010 HOLLAND LEAF RED 24 21 32 175 0.21 85 4
71 KN980014 USA ROMAINE RED 23 13 27 240 0.36 71 5
72 KN980015 USA ROMAINE RED 22 11 31 265 0.35 79 1
73 KN980016 USA ROMAINE RED 21 10 19 300 0.25 83 3
74 KN980020 CHINA LEAF RED 29 12 22 195 0.3 45 5
75 KN980025 CHINA LEAF RED 24 21 24 280 0.25 69 3
76 KN980026 CHINA LEAF RED 27 10 22 200 0.22 82 3
77 KN980028 CHINA LEAF RED 23 12 17 240 0.22 85 2
78 KN980035 JAPAN LEAF RED 23 15 19 240 0.25 79 4
79 KN980037 JAPAN LEAF RED 22 20 20 210 0.25 80 2
80 KN980039 JAPAN LEAF RED 20 22 22 230 0.3 62 5
81 KN980041 JAPAN LEAF RED 27 20 17 185 0.19 67 3
82 KN980043 JAPAN LEAF RED 22 18 25 220 0.26 70 2
83 KN980044 JAPAN LEAF RED 24 16 23 200 0.25 76 3
84 KN980045 JAPAN ROMAINE RED 25 1 28 215 0.35 69 5
85 KN980047 ENGLAND ROMAINE RED 23 17 31 230 0.33 90 3
86 KN980052 ENGLAND BATAVIA RED 20 20 22 270 0.38 68 3
87 KN980054 ENGLAND BATAVIA RED 21 16 17 265 0.35 72 5
88 KN980056 ENGLAND BATAVIA RED 22 18 30 215 0.37 68 2
89 KN980057 ENGLAND LEAF RED 24 17 32 189 0.25 71 3
90 KN980062 ENGLAND LEAF RED 25 22 29 320 0.27 62 3
91 KN980063 ENGLAND LEAF RED 24 19 20 315 0.19 45 4
92 KN980066 ENGLAND LEAF RED 28 20 21 285 0.25 70 3
93 KN980071 ITALY ROMAINE RED 21 11 36 280 0.4 85 3
94 KN980074 ITALY ROMAINE RED 19 9 25 175 0.19 68 2
95 KN980076 ITALY LEAF RED 28 20 28 220 0.26 72 5
96 KN980077 ITALY LEAF RED 24 21 27 200 0.25 62 3
97 KN980081 ITALY LEAF RED 25 17 20 295 0.38 83 3
98 KN980082 ITALY LEAF RED 29 18 24 305 0.4 80 3
99 KN980083 ITALY LEAF RED 28 17 22 230 0.35 85 4
100 KN980084 ITALY LEAF RED 27 15 21 195 0.34 62 2
101 KN980086 ITALY LEAF RED 30 19 25 216 0.19 67 3
102 KN980087 ITALY LEAF RED 24 19 30 258 0.22 74 2
103 KN980088 ITALY LEAF RED 34 15 32 170 0.26 70 4
104 KN980096 IGYPT ROMAINE RED 21 12 19 260 0.26 68 5
105 KN980097 IGYPT ROMAINE RED 18 11 29 255 0.25 71 3
106 KN980099 IGYPT LEAF RED 28 10 24 240 0.25 83 2
107 KN980101 RUSSIA LEAF RED 26 21 21 210 0.28 85 5
108 KN980104 RUSSIA LEAF RED 23 21 30 240 0.26 67 2
109 KN980108 RUSSIA LEAF RED 27 21 36 200 0.2 69 3
110 KN980104 GREECE LEAF RED 21 16 21 200 0.2 72 3
111 KN980110 GREECE LEAF RED 28 16 19 255 0.33 85 2
112 KN990001 TURCKY BATAVIA RED 18 14 21 190 0.29 69 3
113 KN990003 GERMANY LEAF RED 27 20 25 189 0.2 68 3
114 KN990009 GERMANY BATAVIA RED 23 21 25 315 0.29 79 3
115 KN990012 GERMANY BATAVIA RED 21 15 27 285 0.39 85 5
116 KN990013 GERMANY BATAVIA RED 18 18 21 215 0.35 62 4
117 KN990014 INDIA LEAF RED 28 20 19 205 0.33 45 3
118 KN990018 HONGKONG LEAF RED 31 21 22 200 0.3 76 3
119 KN990025 FRANCE ROMAINE RED 21 16 20 265 0.45 82 4
120 KN990027 FRANCE BATAVIA RED 22 21 23 295 0.35 66 4
121 KN990030 FRANCE BATAVIA RED 22 11 21 195 0.4 68 2
122 KN990032 FRANCE BATAVIA RED 23 18 29 216 0.39 79 5
Mean 23.7 16.1 24.8 231.8 0.27 71.9 3.16
LSD 0.01 4.6 4.2 4.9 45.5 0.06 10.1 1.09

2 The scores indicate degrees of quality as shown in table2 (1: Extremely poor, 2: Poor, 3: Fair, 4: Good, 5: Excellent).
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Table 5. Eigen value obtained from principal component analysis of 7 X 7 correlation matrix in
green-leaf lettuce.

Principal
X4 Xs X3 X4 X5 X X7

component

1.4815 1.2559 1.0580 0.9375 0.8696 0.7745 0.6231
21.16 17.94 15.11 13.39 12.42 11.06 8.90
21.16 39.11 54.22 67.61 80.04 91.10 100.00

Eigen value
Contribution(%)

Cumulative
contribution(%)

Table 6. Correlation coefficient between character and principal component, and cumulative
contribution of character to the first three principal components in green-leaf lettuce.

Principal component Cumulative

Character X, Xy Xs contribution(%)
Leaf length -0.2415 0.714 8 0.0415 56.95
Leaf width -0.2773 0.6866%:x 0.1434 56.89
Leaf no. 0.6650xx 0.2295 -0.4110 66.39
Leaf wt. 0.7070xx 0.1507 0.2002 56.26
Leaf thickness 0.3201 -0.2597 0.5299% 45.07
Days to flowering 0.5056% 0.2661 -0.2801 40.48
Quality 0.2147 0.2446 0.684 8xx 57.49

*, " Significant at the 0.05 and 0.01 levels, respectively.
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Table 7. Principal component score of green-leaf lettuce varieties.

No Variety X1 X9 X3 NO Variety X1 X9 X3

1 KN950007 -0.3547 0.8509 0.0956 66 KN950078 -2.1592 -0.6918 2.7585
2 KN950014 0.8474 1.4256 -0.1617 67 KN950080 0.5494 -1.7677 0.4154
3 KN950026 0.4438 -1.8861 0.4475 68 KN950085 0.8928 -1.6717 0.7379
4 KN950027 -0.8239 -1.2341 -0.1417 69 KN970002 0.8025 1.1302 0.5810
5 KN950035 1.1387 0.8233 0.5470 70 KN970004 0.2775 0.6592 1.8870
6 KN950039 -0.2348 -0.1351 1.2296 71 KN970005 1.1131 1.3924 -0.4162
7 KN950040 -1.6673 0.9571 -0.0713 72 KN970006 -0.0184 -0.8871 2.2863
8 KN950046 -0.2327 -0.6297 0.3250 73 KN970007 2.9239 0.6304 1.0869
9 KN950053 1.5694 0.8541 -0.0961 74 KN980001 -2.2392 0.4618 -0.1912
10 KN950063 0.9863 -0.0644 0.0029 75 KN980002 -2.6888 0.1469 0.6802
11 KN950070 -0.0688 -0.3857 0.9264 76 KN980007 0.1843 0.1936  -0.3428
12 KN960005 1.5085 0.9027 -0.1480 77 KN980011 0.2835 -0.4763 -0.4640
13 KN960008 0.1105 -2.0753 0.1295 78 KN980012 0.3423 -1.4897 -0.8148
14 KN970001 -0.7010 -1.4063 -1.0558 79 KN980013 0.3195 -0.6529 0.4480
15 KN980003 -1.8979 -0.6455 1.4708 80 KN980017 -1.3150 0.2728 0.4416
16 KN980018 -1.1375 -0.5280 -0.4365 81 KN980021 0.6389 -0.1970 -0.3868
17 KN980029 1.0692 1.4809 1.5903 82 KN980022 1.2446 -0.4044 0.3628
18 KN980038 0.3269 0.8613 1.2296 83 KN980023 -0.2684 0.8795 0.0401
19 KN980040 0.7868 -1.8035 -2.0486 84 KN980024 1.3169 -0.8316 0.9276
20 KN980053 0.9623 -0.8874 -0.7316 85 KN980027 0.7076 1.6319 -0.2307
21 KN980059 -0.0969 1.1619 1.7738 86 KN980036 0.2215 1.2460 1.5957
22 KN980069 -1.6090 -0.0067 -0.3552 87 KN980042 -0.6263 1.1999 0.0998
23 KN980073 -1.0772 -1.2594 -0.1106 88 KN980048 0.3270 -0.2054 -0.2144
24 KN980079 0.0361 0.0881 -1.8489 89 KN980049 0.1436 0.7629 -1.4467
25 KN980080 -1.3283 0.4976 -0.1736 90 KN980050 0.5261 -1.9988 0.3615
26 KN980091 0.1635 0.9261 -0.9417 91 KN980051 0.4454 -0.2422 0.2095
27 KN980102 1.7311 0.8773 -1.2302 92 KN980055 0.7959 -0.3152 -1.0754
28 KN980107 0.1771 0.5780 2.0230 93 KN980058 0.2585 1.4382 1.5643
29 KN980102 -0.2539 -1.2133 0.1682 94 KN980064 -0.2613 1.7058 -0.4279
30 KN990002 -0.2003 -0.6565 -2.2580 95 KN980065 -0.4351 2.1247 -1.8393
31 KN990005 0.8917 0.7493 -0.2686 96 KN980067 0.2338 -0.7221 -1.7688
32 KN990006 0.5492 0.8673 -0.1033 97 KN980068 0.2081 -0.0451 -1.0416
33 KN990021 1.0778 0.8552 1.0055 98 KN980070 -2.5762 -0.7611 0.6506
34 KN990029 0.5240 -0.5801 0.3748 99 KN980075 1.7151 0.4127 1.3129
35 KN950001 -0.6965 -0.2197 -0.0822 100 KN980085 2.0672 -0.5799 -1.2467
36 KN950005 0.4995 -0.8303 1.5099 101 KN980089 -1.0258 2.6789 0.0704
37 KN950009 1.1900 -0.2797 -0.5805 102 KN980090 0.9442 -0.1700 -1.3641
38 KN950010 -1.2741 -0.1617 -0.2903 103 KN980092 0.1060 -1.0201 -0.4875
39 KN950011 0.6683 -0.8396 0.8188 104 KN980093 0.4163 -0.7270 0.0826
40 KN950013 0.5990 1.4821 -0.2203 105 KN980094 1.5258 -0.5358 1.8522
41 KN950015 -0.1246 0.2115 0.2441 106 KN980098 -0.8131 -0.7387 -0.8501
42 KN950016 2.9973 -2.6096 0.1395 107 KN980100 0.7272 0.7813 0.7445
43 KN950017 0.6860 -1.4179 1.1088 108 KN980103 1.5147 -0.0031 -1.0580
44 KN950018 -1.3710 -0.2156 -0.0712 109 KN980105 0.8705 0.7832 -0.3326
45 KN950019 -1.8305 -0.9951 0.3153 110 KN980106 -0.0395 0.3337 1.2120
46 KN950021 -1.4756 3.0230 -0.6619 111 KN980109 0.2760 -0.1962 -0.4418
47 KN950022 -3.7153 -1.4228 -1.0545 112 KN980110 -1.3953 -0.4706 -1.8829
48 KN950023 -3.7339 -1.0781 0.4111 113 KN980103 -0.1147 -0.6951 -1.3145
49 KN950024 -1.9653 1.7348 -0.2198 114 KN980106 0.1007 -0.4332 0.5347
50 KN950025 -0.6262 -1.3536 0.6986 115 KN980107 0.3354 0.7700 -0.8053
51 KN950028 -1.9786 -0.9788 -2.2459 116 KN980108 0.9437 0.0082 0.0173
52 KN950029 -1.2564 0.4792 -1.7062 117 KN990007 -0.7311 1.3194 0.9657
53 KN950030 0.5340 -1.9100 -0.4563 118 KN990008 -0.2076 0.2861 -0.5878
54 KN950033 -0.7992 -1.0775 -1.1373 119 KN990010 -1.5869 0.6020 -0.8665
55 KN950047 -0.2511 0.2614 1.1491 120 KN990015 -0.2117 0.7409 -0.1064
56 KN950049 -1.7127 -0.2571 0.7815 121 KN990017 0.2511 1.5846 -0.7331
57 KN950052 0.5930 -0.8695 0.2621 122 KN990019 2.0212 1.4507 -1.7943
58 KN950054 2.0089 -1.8835 -0.5048 123 KN990020 2.5304 0.5062 0.2077
59 KN950055 0.9502 0.4838 0.1402 124 KN990022 -0.0333 0.8879 -0.6825
60 KN950059 -1.2480 2.6318 0.8981 125 KN990023 0.0336 0.2651 1.0544
61 KN950066 1.9341 0.9949 -0.2907 126 KN990024 -0.1430 -0.0645 -0.6735
62 KN950068 0.9667 -2.0040 1.3538 127 KN990026 -0.9820 -0.4598 -1.2735
63 KN950075 -0.5316 -1.2039 1.2266 128 KN990031 0.1031 0.2422 -2.3260
64 KN950076 -0.7327 3.1436 0.3569 129 KN990033 -0.4486 -0.2611 -0.7690
65 KN950077 -2.4386 -1.0130 2.0169
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Figure 4. Dendrogram of green-leaf lettuce varieties classified by characteristic distance based on principal
component analysis.
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Table 8. Varieties belonging to a group classified by characteristic distance among varieties in
green-leaf lettuce.

Group Vligét?efs, Varieties Origin
Korea(16)
Asia( 4)
. 35 14,6,7,14,16,22,24,25,38,44,49.51,52,55,56,60,64,65,66,75,76.8 1, 1
0,83,87,98,101,106,110,115,117,120,121,127,129 op
Africa( 1)
North America( 2)
I O 4546.47.48,74,94.95,118,119 Korea(4)
Europe( 5)
Korea(23)
2,3,5,8,9,11,12,15,17,20,26,28,30,32,33,37,39,40,43,50,53,59,61, Asia( 6)
I 53 62,63,67,68,69,70,71,72,77,78,79,82,85,86,88,89,92,96,97,99,10 Europe(19)
2,104,107,109,111,112,113,116,124,125, Africa( 2)
North America( 3)
10,13.18.19.23,27.29.34.35.36.54.57.81.90.91,100,103,108,1 14,1 oreal ©6)
v 21 27128 Asia( 4)
’ Europe(11)
Korea( 4)
Y% 11 21,31,41,42,58,73,84,93,105,123,126 Asia( 2)
Europe( 4)
Africa( 1)

Table 9. Mean of characteristics of lineal groups classified by characteristic distance among varieties
in green—leaf lettuce.

Characters ~ Groups I II 11 v v
Leaf length 23.5 23.9 23.3 22.3 22.4
Leaf width 15.4 15.7 16.6 17.4 15.3
Leaf no. 29.4 25.5 24.5 28.7 243
Leaf total weight 2753 152.7 205.3 320.8 236.8
Leaf thickness 0.283 0.261 0.295 0.329 0.306
Days to flowering 76.1 71.5 74.4 76.2 62.1
Leaf quality 3.19 2.82 2.73 3.08 2.68
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Table 10. Eigen value obtained from principal component analysis of 7 x 7 correlation matrix in
red-leaf lettuce.

Principal component X Xz X3 X4 Xs X6 X5
Eigen value 1.2821 1.1830 1.1378 1.0037 0.8767 0.8072 0.7095
Contribution(%) 18.32 16.90 16.25 14.34 12.52 11.53 10.14
Cumulative 18.32 35.22 51.47 65.81 78.33 89.86 100.00
contribution(%)
EIAA RmelFE el o] ARl el FAut Ao} AR d5e AFol
B Qe SRS UehlE FARols & & Qx o FHRA oJd trd EEN 453

Table 11. Correlation coefficient between character and principal component, and cumulative
contribution of character to the first three principal components in red-leaf lettuce.

Principal component Cumulative

Character N

X1 Xo X3 Xy contribution(%)
Leaf length 0.1666 0.6163%*x* -0.4482 -0.3624 73.98
Leaf width 0.3611 0.5919= -0.1512 0.5065% 76.02
Leaf no. 0.6232xx -0.2204 -0.3149 -0.0378 53.76
Leaf wt. 0.6184xx -0.1482 0.2854 0.4342 67.44
Leaf thickness 0.3703 -0.1141 0.5459x* -0.3052 54.13
Days to flowering 0.3055 0.3882 0.4147 -0.4963* 66.23
Quality -0.3502 0.4675 0.5133%* 0.2938 69.09

* ™! Significant at the 0.05 and 0.01 levels, respectively.

7V OWRE A KNI50037'(3h=)7  ‘KN9S00OS' (UL A=) =24 o= =l FHF
KN950037'> FF 7kl o3 =YdF< KNI980S = # Aol Hetar 7fshrh vha =& JHAE
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Table 12. Principal component score of red-leaf lettuce varieties.
No Varieties X Xa Xs X4 NO  Varieties X X X3 X4
1 KN950037 -0.5694 -0.6835  0.0156 0.2115 62 KN970008  -2.5081 2.2897 -0.7702 0.6421
2 KN950043 -0.6963 1.3244  0.0497 -0.0516 63 KN970009  -0.8724  2.1026  0.4328 -0.4446
3 KN950064  1,1385 0.1491 -1.7242 0.5337 64 KN970010  -0.4640 -0.9940 0.8479 -0.6236
4 KN950071 -0.6152 -0.8030  0.0191 -1.5734] 65 KN970011  -1.1709  1.0343  1.3344 1.3205
5  KN960004 -0.3235 -1.6531  1.3822 0.7565 66 KN980004 0.3679  0.3231 -0.3151 -1.4419
6  KN960006 -2.4610 0.5903  0.5718 0.5169 67 KN980005 0.0563 -0.3929 -0.0639 1.3937
7 KN960007  0.7581 0.5436 -1.7118 -0.7560 68 KN980006 0.9535 -1.4872  0.2486 0.7422
8  KN970012  2.0127 -1.1918 -0.9909 1.2651] 69 KN980008  -1.2873 ~-1.1909  1.1194 0.2409
9  KN970013  1.3286 2.3141  1.0337 1.4153 70 KN980010 0.3007 -1.4439 -0.5863 -0.1499
10 KN980009 -0.2582 -1.0009  0.8991 0.3533 71 KN980014  -0.6161  0.5565  0.1289 -1.6563
11 KN980019  0.6158 1.2053 -0.8472 -1.2606 72 KN980015 1.8792  1.9683  0.1230 -1.5445
12 KN980030 -0.9681 -0.2060 -0.8148 -0.9685 73 KN980016  -0.1413  0.7279  1.3835 -0.3254
13 KN980031  0.4416 -0.9947 -1.1001 0.0179 74 KN980020  -1.9860 -0.0550 -0.3724 0.4365
14 KN980032  0.2594 -0.8232 -1.0259 1.9661 75 KN980025 0.7355 -0.4266 =-0.2190 1.2329
15 KN980033  0.0077 -0.1554 -0.1081 1.2316 76 KN980026  -1.0034 -0.1942 -0.2137 -1.5702

16 KN980034 1.3507 0.2065  -0.4328 0.469§ 77 KN980028 -0.6902  0.2357  0.2874 -1.0159
17 KN980046 0.7531 -0.2456 0.7346 -1.7163 78 KN980035 -0.8094 -0.6001 0.9688 0.0192
18  KN980060 2.0199 0.6312 -2.0249 -1.143§ 79 KN980037 -0.1118 -0.4221 -0.1944 -0.1813
19 KN980061 0.8332 -1.0658 0.9921 -0.2837 80 KN980039 -0.6013 -0.7601  0.9640 1.8413
20  KN980072  -1.1909 0.4229 0.8259 -1.009: 81 KN980041 -1.5409 -1.2653 -1.1703 0.4218
21 KN980078 0.5829 -0.4064 -0.4298 -0.875 82 KN980043 0.1990  0.4459 -0.6711 0.0771
22 KN980095 -2.0904 -0.0839 0.3379 0.761§ 83 KN980044 -0.5308 -0.3050 -0.1895 -0.4716
23  KN980111 -0.0898 -0.7759 1.8457 -0.948§ 84 KN980045 -0.3691  0.1019 1.1234 -0.6584
24 KN980109 0.0061 -0.8075 0.6281 0.6673 85 KN980047 1.5678 -0.2554  0.7688 -1.1332
25  KN990004 -0.7087 -1.0901 -0.4699 0.3211] 86 KN980052 0.8514  0.3347 1.2767  0.7499
26 KN990011 3.28256 1.1198 1.1106 -0.9701 87 KN980054 -0.6620 -0.4714  2.3842 0.6702

27 KN990016 0.6521  0.2608 0.1311 -0.1392 88 KN980056 1.2270  0.8947 -0.1650 -0.4535
28  KN990028 2.1009  0.7335 0.3296  0.7397 89 KN980057 0.2848  0.0795 -1.0209 -0.2781
29  KN950002 -1.2370 1.6475 -0.1769 0.3346| 90 KN980062 1.8007 -0.0704 -0.5123 1.8652

30 KN950004 -0.8651 0.3373 -1.3668 -1.46123 91 KN980063 -0.6904  0.1283 -0.6882 3.1040
31 KN950006  -0.5142 -0.8914  -0.2659 1.3975 92 KN980066 0.5373 -0.9271 -0.2982 0.8225
32 KN950034  -1.5662 -0.1231 -2.1157 -1.373¢ 93 KN980071 2.4430 14212  1.5347 -1.3646
33  KN950036  -1.0798 -0.6738 0.9740 1.0657 94 KN980074 -1.5476  1.7998 -1.0179 -0.7630
34  KN950038  -1.8142 -1.8831 -0.9885 -2.0860, 95 KN980076 0.0758 -1.6795 -0.0538 0.5415
35 KN950041 1.6852 1.8393 -1.5265 0.9674 96 KN980077 -0.0781 -0.2945 -1.1401 0.7923
36 KN950042 1.5060 1.7143 -2.7896 0.2151) 97 KN980081 1.2599 -0.4230 1.7741 -0.4868
37  KN950044  -1.0946 1.3891 -0.3971 -1.205¢ 98 KN980082 2.0552 -0.7050  1.2482 -0.5629
38  KN950045 0.0836 -1.3921 -0.1056 1.6780] 99 KN980083 0.4074 -1.4184 1.2726 -1.0351
39  KN950048  -1.7201 0.5492 0.8199 -0.4665 100 KN980084 -0.4096  0.4058 -0.5737 -0.8828
40  KN950050 -0.8275 -1.2263 -0.4703 -2.0973 101 KN980086 -0.2562 -1.0781 -1.7042 0.3020

41 KN950051 -0.6549 0.5442 -1.0993 0.2997 102 KN980087 1.2489  0.1819 -1.1388 0.3671
42 KN950056 0.0201  1.1197 1.7655 0.9224 103 KN980088 -0.0385 -1.2773 -1.4800 -1.2081
43 KN950058 0.7639  1.6519 0.7343 -0.1259 104 KN980096 -1.3881  0.1056  1.4694 0.7649

44 KN950060 1.0003 1.0546 -0.3143 0.6666 105 KN980097 0.0950  1.6653  0.2922 0.1143
45 KN950061 0.2067 -1.0398 -0.4374 -1.9721 106 KN980099 0.2027  0.2976 -0.3440 -1.7494

46 KN950062 -0.9331 1.6252 -0.6184 -0.1297 107 KN980101 -0.3585 -2.3116 1.1221  0.0369
47 KN950065 0.0365  1.6923 0.0681 -0.2139 108 KN980104 1.1779  0.3058 -1.1611 0.6625
48  KN950067 0.7080 1.8731 0.2410 0.2415 109 KN980108 0.9451 -0.6228 -2.0944 0.3923
49  KN950069 -1.0603 -1.9109 -0.1398 -1.2203 110 KN980104 -1.2214  0.0347 -0.3683 0.2208
50  KN950072 -2.7565 0.8285 0.9093  0.2667 111 KN980105 -1.2933 1.0301 -0.5132 1.4271
51 KN950073  -0.2804 0.7896  -1.0614 0.4554] 112 KN990001 -1.1924  0.8898  0.5420 -0.1801
52 KN950074 1.1204 0.0821  -0.7153 1.0931 113 KN990003 -0.5192 -0.9426 -1.5046 0.3000
53  KN950079 1.6543 -1.1827 -0.8161 -1.256Q, 114 KN990009 1.7164 -0.4458  0.7357 0.9463
54  KN950081 -1.8975 1.4796  -0.2801 0.9503 115 KN990012 1.1801 -0.2633  2.7710 -0.1748

556 KN950082 -0.0746 -0.8387 -0.8849 1.3904 116 KN990013 -0.4567  0.7945  0.7805 0.5906
56 KN950083  -0.5673 1.3356 0.1027 -0.1559 117 KN990014 -0.8938 -0.2257 -0.9521 0.9119
57  KN950084 0.4360 0.2023 -0.2134 0.3603 118 KN990018 0.2252 -1.7640 -0.5162 -0.6500
58  KN960001 0.7157  2.1900 0.0316  0.5784 119 KN990025 0.7563 -0.1371  2.9776 -0.6094
59  KN960002 0.5974 -2.8071  -1.5720 -0.2842 120 KN990027 0.9055 -0.2986  1.2663 1.4628
60  KN960003  -0.6425 -0.8884 1.7147 -0.3933 121 KN990030 -0.3938  1.4268  0.7429 -1.5701
61 KN970003 0.8501 -0.1201 0.1286  0.862§ 122 KN990032 0.7058 -0.8088  1.7309 -0.3447
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Figure 5. Dendrogram of red leaf lettuce varieties classified by characteristic distance based on principal
component analysis.
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Table 13. Varieties belonging to a group classified by characteristic distance among varieties in

red-leaf lettuce.

Group cl:llﬁivgfs Cultivars Origin
1,4,6,13,17,18,20,22,23,25,29,30,32,37,39, Korea(18)
I 47 40,41,46,49,50,51,54,59,60,63,66,69,70,74, Asia( 8)
76,79,81,83,89,94,96,100,103,107,109,110, Europe(20)
111,112,113,117,118,121 Africa( 1)
Korea(13)
2,3,5,7,10,11,31,33,38,44,45,47,53,55,56,77,78,80,82,84,85,88 Asia( 5)
I 29 ,95,99,101,106,108,116, Europe( 7)
122 Africa( 1)
North America( 1)
Korea( 2)
Asia( 1)
11 5 12,21,34,62,71, Europe( 1)
North America( 1)
v 8 8.9.26.36.65.90,91,114 Korea( 4)
Europe( 4)
Korea( 9)
14,15,16,19,24,27,28,35,42,43,48,52,57,58, Asia( 5)
v 33 61,64,67,68,72,73,75,86,87,92,93,97,98,102,104,105,115,119, Europe(15)
120 North America( 2)
Africa( 1)
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Table 14. Mean of characteristics of lineal groups classified by characteristics distance between
varieties in red-leaf lettuce.

Characters Groups I II I v A%
Leaf length 23.6 24.0 21.5 24 .4 24.7

Leaf width 15.2 16.7 16.1 15.7 16.8

Leaf no. 244 25.4 26.6 23.7 242

Leaf wt. 159.2 233.2 267.7 202.5 306.7

Leaf thickness 0.271 0.254 0.283 0.267 0.288

Days to flowering 70.7 74.0 73.0 70.7 71.2
Leaf quality 3.23 3.28 3.35 3.12 2.83
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Table. 15. Horticultural characteristics of varieties collected in 2007-2009.

. . Leaf | Leaf | Leaf | Leaf Leaf Days to |Tolerance j
YearBN Varieties(64) Origin Type Leaf color . . A Quality
length [width| no. wt. | thickness | flowering [to water*

KNO70001 USA LEAF GREEN 25 13 | 32 | 230 0.35 70 5 5
KNO70002 USA LEAF RED 17 11 25 | 215 0.21 65 6 3
KNO70003 USA LEAF RED 29 10 | 283 | 200 0.21 72 2 2
KNO70004 USA LEAF RED 23 13 | 28 | 235 0.25 64 2 1
KNO70005 USA LEAF RED 25 19 | 27 | 230 0.23 62 8 5
KN070006 USA LEAF RED 22 |21 | 31 ] 270 0.26 68 7 3
KNO70007 USA LEAF GREEN 21 19 | 19 | 198 0.3 71 3 3
KNO70008 USA LEAF GREEN 19 15 | 29 | 265 0.28 79 7 4
KNO70009 USA LEAF GREEN 22 13 | 20 | 190 0.28 83 7 2
KNO70010 USA LEAF GREEN 26 23 | 24 | 215 0.3 80 4 3
KNO70011 USA LEAF GREEN 27 22 | 22 | 189 0.31 85 5 3
KNO070012 USA LEAF GREEN 28 9 | 21 165 0.29 100 5 3
KNO70013 USA LEAF GREEN 20 10 | 17 | 140 0.25 45 5 2
KNO70014 USA LEAF GREEN 21 13 | 25 | 208 0.3 67 7 1
KNQO70015 USA LEAF GREEN 24 12 | 30 | 288 0.32 74 2 3
KNO70016 USA LEAF GREEN 18 14 | 32 | 320 0.33 70 1 2
KNO70017 USA LEAF GREEN 28 26 | 36 | 315 0.3 76 8 4
KN070018 USA LEAF GREEN 15 | 11 | 39 | 350 0.4 69 5 4
KNO70019 USA LEAF GREEN 16 11 41 320 0.37 82 6 5
KNO70020 USA LEAF GREEN 33 12 | 32 | 285 0.33 90 6 4
2007 KNO70021 USA LEAF GREEN 20 11 25 | 215 0.34 85 7 2
KNO70022 USA LEAF GREEN 21 9 23 | 205 0.31 68 4 2
KNO70023 USA LEAF GREEN 24 10 | 28 | 270 0.38 66 5 2
KN070024 USA LEAF GREEN 18 | 183 | 27 | 295 0.4 72 3 5
KNO70025 USA LEAF GREEN 28 12 | 31 280 0.35 65 7 5
KNO70026 USA LEAF GREEN 15 14 | 19 | 200 0.31 72 8 3
KNQO70027 USA LEAF GREEN 16 16 | 29 | 250 0.34 64 2 4
KNO70028 USA LEAF RED 33 11 20 | 175 0.21 62 6 2
KNO70029 USA LEAF RED 33 11 24 | 215 0.21 68 5 3
KN070030 USA LEAF RED 20 | 18 | 22 | 220 0.25 71 5 5
KNO70031 USA LEAF DARK RED 21 20 | 21 200 0.29 79 4 3
KNO70032 USA LEAF RED 33 14 | 17 | 140 0.21 83 6 3
KNO70033 USA LEAF RED 20 16 | 25 | 265 0.21 80 7 2
KNO70034 USA LEAF RED 21 18 | 30 | 300 0.25 85 9 4
KNO70035 USA LEAF RED 21 17 | 32 | 295 0.23 62 5 1
KN070036 USA LEAF RED 33 | 12 | 32 | 305 0.26 45 5 1
KNO70037 USA LEAF DARK RED 20 11 25 | 230 0.25 67 3 3
KNO70038 USA LEAF RED 21 9 23 | 195 0.23 74 8 2
KNO70039 USA LEAF RED 24 22 | 28 | 245 0.21 70 1 5
KNO70040 USA LEAF RED 18 13 | 27 | 216 0.21 76 7 4
KNO70041 USA LEAF RED 28 12 | 31 258 0.25 69 5 2
KN070042 USA LEAF RED 15 | 14 | 19 | 170 0.23 82 5 3
KNO80001 USA LEAF RED 26 21 25 | 320 0.3 70 7 2
KN080002 USA ROMAIN RED 27 19 | 28 | 815 0.28 76 5 3
KNO80003 USA LEAF RED 28 15 | 28 | 350 0.28 74 6 3
KN080004 USA LEAF RED 20 13 | 27 | 320 0.3 70 8 3
KNO80005 USA ROMAIN DARKGREEN 21 23 | 31 | 285 0.31 74 1 2
2008 KN080006 USA LEAF GREEN 24 | 22 | 19 | 215 0.29 70 7 1
KNO80007 USA LEAF GREEN 18 9 29 | 205 0.25 76 5 3
KNO80008 USA ROMAIN GREEN 28 10 | 20 | 270 0.3 69 5 2
KNO80009 USA ROMAIN GREEN 15 13 | 256 | 295 0.32 90 6 4
KN080010 USA ROMAIN GREEN 16 12 | 30 | 280 0.33 95 3 4
KNO80011 USA LEAF GREEN 33 14 | 32 | 200 0.3 85 5 5
KN080012 USA LEAF GREEN 20 | 16 | 36 | 250 0.4 83 6 4
KNO90001 USA LEAF GREEN 21 16 | 29 | 230 0.21 88 5 5
KN090002 USA LEAF GREEN 33 |11 120|195 0.21 95 5 3
KNO090003 USA LEAF GREEN 20 | 11 | 24 | 245 0.25 90 7 3
KN090004 USA LEAF RED 21 18 | 31 | 216 0.23 105 2 2
2009 KN090005 USA LEAF RED 21 20 | 19 | 258 0.21 71 1 4
KN090006 USA ROMAIN RED 22 [ 14129 | 250 | 0.31 79 5 1
KNO090007 GERMANY LEAF GREEN 20 [ 16120 [175 0.25 83 5 1
KN090008 GERMANY LEAF GREEN 21 18 1 24 | 215 0.23 80 6 3
KN090009 GERMANY LEAF GREEN 24 | 17 | 22 | 220 0.26 85 6 2
KN090010 GERMANY LEAF RED 18 |12 ] 21 | 200 0.25 62 7 5

«Tolerance to water(survival rates with submerged under water during 48 hours.): 1(1-10%), 2(11-20%), 3(21-30%),
4(31-40%), 5(41-50%), 6(51-60%), 7(61-70%), 3(71-80%), 9(81-90%), 10(91-100%).
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Table 16. Characteristics of parental varieties used for diallel crosses in leaf lettuce.

Total leaf
fresh weight

Leaf Width of

width
(cm)

Leaf
length
(cm)

Leaf
thickness
(mm)

Internode

Days to

Dry wt.

No. of

1atio flowering
(days)

leaves (g/plant)

leaf base
(cm)

length
(cm)

Cultivar

6.1 0.328 233 12.2 6.1 33.0 205.0 0.037 81.0
0.318

Cheongchima

6.6 243 14.3 7.1 62.0 370.0 0.033 116.5
147.5 87.5
170.0
150.0
1225

44
49

Nokchima

0.039

31.0

7.0
59

0.302 19.4 12.0
6.5

0.268

Yulpung

96.0

11.3 41.0 0.041

19.5

Jaba
Kangpung
Clarement

95.0

0.025

395

0.324 18.0 11.8

0.436

6.6
3.7

6.1

70.0

0.041

10.8 6.5 19.5

18.3

20.6 12.3 6.6 37.2 1925 0.035 91.7
0.63
0.95

0.330
0.042

0.074

Mean
LSD. 0.05°

28.8 0.004 7.8
0.007

3.6
5.8

0.84

1.83
2.59

0.67

11.8

42.7

1.37

1.06

0.01”

X, y: LSD at the 0.05 and 0.01 between parents, respectly.
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Table 17. Mean of 6 parents and their 15 Fi's and mean heterosis for each character in leaf
lettuce.

Internode Leaf Leaf Leaf Width of leaf Total leaf Days to

Cross “ length thickness length width base No. of leaves fresh weight Dry wt. ratio flowering
(cm) (mm) (cm) (cm) (cm) (g/plant) (days)
1X1 6.1 0.33 233 12.2 6.1 33.0 205.0 0.037 81.0
1X2 10.2 0.31 21.1 12.8 9.2 20.0 102.5 0.029 66.0
1X3 6.2 0.34 21.8 13.2 8.1 38.0 2325 0.035 61.5
1X4 7.8 0.33 25.4 12.9 7.4 34.0 2325 0.039 63.3
1X5 8.3 0.35 21.8 12.6 7.6 44.0 265.3 0.037 67.0
1X6 10.6 0.39 23.6 12.9 7.1 30.8 206.3 0.035 67.3
2X2 6.6 0.32 243 14.3 7.1 62.0 370.0 0.033 116.5
2X3 5.5 0.32 23.5 14.5 7.1 46.3 223.8 0.031 92.3
2X4 7.5 0.33 23.7 14.1 8.1 35.0 307.5 0.037 98.5
2X5 7.0 0.36 224 15.4 8.3 46.8 263.8 0.037 94.0
2X6 6.3 0.43 22.5 15.0 8.4 413 273.8 0.036 88.0
3X3 4.4 0.30 19.4 12.0 7.0 31.0 147.5 0.039 87.5
3X4 6.2 0.31 24.8 15.1 6.7 43.5 300.0 0.043 79.8
3XS5 5.8 0.31 19.6 13.6 7.3 41.8 280.0 0.038 88.5
3X6 5.7 0.38 18.8 14.7 7.7 343 280.0 0.059 83.3
4X4 4.9 0.27 19.5 11.3 5.9 41.0 170.0 0.041 96.0
4X5 6.8 0.31 21.7 12.5 6.5 453 217.5 0.029 91.5
4X6 7.8 0.38 18.5 12.4 6.9 433 314.5 0.034 81.8
5X5 6.6 0.32 18.0 11.8 6.5 39.5 150.0 0.025 95.0
5X6 9.1 0.42 19.4 13.0 7.5 35.0 235.0 0.035 73.5
6X6 3.7 0.44 18.3 10.8 6.5 19.5 1225 0.041 70.0
MP* 6.1 0.33 20.6 12.3 6.6 37.2 192.5 0.035 91.7
MF}* 74, 0.35 21.9 13.6, 7.6, 38.6 228.8 0.036 79.8 ,
Heterosis(%) 21.0 6.0 6.3 10.6 15.2 3.8 18.8 2.9 -13.0

* ™! Significant at 0.05 and 0.01 levels, respectively.
¥ MP: Mean parents were calculated from table2,
¥ o MF;: Mean crosses were calculated from 15 F; crosses
? :1: Cheongchima, 2: Topgreen, 3: Yulpung, 4: Jaba, 5: Knagpung, 6: Clarement.

Table 18. Analysis of variance of characters and mean squares of general combining
ability(GCA) in leaf lettuce.

Total leaf

Internode Leaf Leaf Leaf Width of  No. of ol lea Dry wt. Days to

Source df . . fresh . .
length thickness length width leaf base leaves . ratio flowering

weight

Replication 1 3.01 0.0008 0.42 0.867 0.133 450 959  0.0042" 8.01
Cultivars 35 1593  0.0036"  10.09" 3.069" 13077 148.097  8429.07  0.0095°  359.17
Error 35 2.61 0.0002 0.17 0.070 0.046 1.90 180.9 0.0005 2.94

GCA 5 86.68 00287 8125 3.0917 3.9477 265617 9989.07  0.02347  116.17

*

, **. Significant at the 0.05 and 0.01 levels, respectively.
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Table 19. Estimates of general combining ability(GCA) for each character in leaf lettuce
according to its parents.

Parents Internode Leaf Leaf Leaf Width of No. of Total leaf ry wt. ratio Days to
length thickness length width leaf base leaves fresh weight flowering
Cheongchima 1.15 -0.004 1.15 -0.61 0.172%* -5.71 -32.5 -0.014 -13.9
Nokchima 0.13 -0.002 1.25 0.97* 0.626%* 4.54* 17.0%* -0.030 10.9*
Yulpung -1.43* -0.021 -0.34 0.47* -0.103 0.13 4.1 0.041* 0.5
Jaba -0.21 -0.027 0.60 -0.34 -0.499 3.00* 17.1* 0.004 3.5
Kangpung 0.21 -0.003 -1.18%* -0.24 -0.124 3.04* -4.6 -0.033 33
Clarement 0.15 0.056%* -1.48%* -0.25 -0.074 -5.00 -1.2 0.033* -4.3
LSD * 0.25 0.006 0.48 0.16 0.092 1.02 8.6 0.014 2.5
LSD ? 0.52 0.014 1.13 0.39 0.203 2.01 16.2 0.026 3.9

¥ ¥ 1 LSD. at the 0.05 level between effect and zero, and between two effects, respectively.
. Significant at the 0.05 level to the direction of selection.
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Table 20. Mean estimates of genetic variance components with their standard errors,

and ratio of

the components for internode length in leaf lettuce.
Variance components Value and S.E. Ratio of components Value
D 0.196"°+1.623 SQRT(H1/D) 5.769
F -0.725"°+3.965 Hao/4H, 0.195
H; 6.510" £2.121 KD/KR 0.389
Hoy 5.070"+1.681 K 2.027
hy 10.2757+2.478 r 0.595
E 1.306" +0.613 hx 0.314
F-P 1.3 h% 0.652
Aol Wr/Vr 3lAEA Y Aot 2978 2o s|AAAA 9 bt 033002 IAAT
el Aax A ool AA-EHA ol 3| AAFTE 13 Aol7 gle ALZ AAHH IAE
Bl YR AR FEAERA} G Ao dehdh 89 Ade] A4 oldE Fs
R ARG KA EAEA MG o] 2942 nelFu glon], AN I FF
So A Fitg4 AEE dehie A4el Ahe FEA5E SAGARNE wol AAw
e Aom wEHuE Agel Bels: SAKAAE AF, Ak, BEO ga
Clarement’o] €420x7}F @& Ao & ey
T3 A7 Yrah (Wr+Vr) 22 Zo A wujEL YrE2 9% A+ ‘Clarement’, ‘3 X v},
‘HAuPE AAFAAE el 7HA ool v ‘EdE, Ay, ‘AT AR
& ®Wol 7HA 2 Adokar AZET  (Wr+Vn)F9 L& e ‘HAnY, Sxnp, Fre & Azt
AS A s &, 9% 9+ ‘Clarement’, ‘€%, ‘AvP= A4S &4 sl £o] oy
Yreb (Wr+ Vo)X 3t A3 A w7 120 2ol 3 FE3 247 didgAd #A7E £ sHA &
kTt
1) 2-
WR Wr< =1.502Vr
WR+VR
4.0 Wr =-0.369 + 0.330Vr (RECESSIVE.LOW) A (RECESSIVE HIGH)
Sb = 0.5466 e 1
1 2
g YR
3 - S
(DOMINANT,LOW) i (DOMINANT,HIGH)
;
) 1.0 2.0 3.0 - 40 5.0 6.0 7.0 VR
L -5

Figure 7. Variance(Vr), covariance(Wr) and standardized deviation graph for internode length (1:
Cheongchima, 2: Nokchima, 3: Yulpung, 4: Jaba, 5: Kangpung, 6: Clarement).
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Figure 8. Variance(Vr), covariance(Wr) and standardized deviation graph for leaf thickness (1:
Cheongchima, 2: Nokchima, 3: Yulpung, 4: Jaba, 5. Kangpung, 6: Clarement).
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Table 22. Mean estimates of genetic variance components with their standard errors,and ratio of the
components for leaf length in leaf lettuce.

Variance components Value and S.E. Ratio of components Value
D 6.942" £2.036 SQRT(H,/D) 1.374

F 2.833" £1.174 Ho/4H, 0.223

H; 13.109" +5.169 KD/KR 1.349

H. 11.700" £4.618 K 0.502

hs 5.875" £3.108 r -0.788

E 0.083%5+0.770 h* 0.478

F-P 1.3 h% 0.886

A
WR Wr2 =7.025Vr
6.0 Wr=-0.587+0.773Vr WR+VRA
Sb =0.353 _ (RECESSIVE.LOW) (RECESSIVE HIGH)
s
4* 3
- 6 I~
3
5 YR
“1
o (DOMINANT.LOW) (DOMINANT HIGH)
1.0 2.0 3.0 4.0 5.0 6.0 7.0 IR
/l/ VR
.0 .1

Figure 9. Variance(Vr), covariance(Wr) and standardized deviation graph for leaf length (1: Cheongchima,
2: Nokchima, 3: Yulpung, 4: Jaba, 5: Kangpung, 6: Clarement).
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Table 23. Mean estimates of genetic variance components with their standard errors,and ratio of the
components for leaf width in leaf lettuce.

Variance components Value and S.E. Ratio of components Value
D 1.448" +£0.479 SQRT(H:/D) 1.762

F 0.715™+1.172 Ho/4H,; 0.213

H, 4.496" £1.218 KD/KR 1.326

Ho 3.823" +1.088 K 1.820

he 6.9597+0.732 r -0.616

E 0.035°+0.181 h*%y 0.314

F-P 1.3 h%s 0.879
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Table 24. Mean estimates of genetic variance components with their standard errors,and ratio of the
components for width of leaf bottom in leaf lettuce.

Variance components Value and S.E. Ratio of components Value
D 0.215" £0.107 SQRT(H1/D) 3.068
F -0.017™+0.751 Ho/4H,; 0.210
H, 2.028" +0.780 KD/KR 0.975
Ho 0.290" +£0.111 K 1.867
hy 1.708" +0.697 r -0.810
E 0.023"°+0.116 hy 0.381
F-P 1.0 h%s 0.968
AetEo] Wr/Vr 3 AEAS 29119 2 4, 3AZAAY bat 3AAST FA8344
I FojAo] A ol MY HFAAD AEFAEEAIF gl AR Yehon 377 A
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.. S 2
3
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Figure 11. Variance(Vr), covariance(Wr) and standardized deviation graph for width of leaf base (1:
Cheongchima, 2: Nokchima, 3: Yulpung, 4: Jaba, 5: Kangpung, 6: Clarement).
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Table 25. Mean estimates of genetic variance components with their standard errors,and ratio of the
components for number of leaves in leaf lettuce.

cani)r;iI;iets Value and S.E. Revised value’ coljnagloongits Value Rev1sedy value
D 20.647+6.51 243.397£19.19 SQRT(H:/D)  3.568 0.658
F 26.92'+11.61 177.117447.94  Hy/4H, 0.237 0.167
H; 262.79°+118.06 105.42" +31.83 KD/KR 1.448 1.450
Ha 249.13°+£105.46 70.47N+47.01 K 1.332 0.470
h 331.78" +£70.98  331.78" £70.98 r 0.623 -0.269
E 2.31%+17.58 7.81%+ 7.83 h’ 0.253 0.733
F,-P 1.4 3.0 h’ 0.766 0.989

Y ¢ The revised values are obtained by 5x5 diallel analysis except for cheongchima of 6 parents .
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Figure 12. Variance(Vr), covariance(Wr) and standardized deviation graph for no. of leaf (1: Cheongchima,
2: Nokchima, 3: Yulpung, 4: Jaba, 5: Kangpung, 6: Clarement).
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Figure 12-1. Variance(Vr), covariance(Wr) and standardized deviation graph for no. of leaf (2: Nokchima,
3 Yulpung, 4: Jaba, 5: Kangpung, 6: Clarement) revised except cheongchima.
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Figure 14. Variance(Vr), covariance(Wr) and standardized deviation graph for leaf dry weight (1:

Cheongchima, 2: Nokchima, 3: Yulpung, 4: Jaba, 5: Kangpung, 6: Clarement).
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Table 27. Mean estimates of genetic variance components with their standard errors, and ratio of the
components for days to flowering in leaf lettuce.

Variance components Value and S.E. Ratio of components Value

D 247.43"+ 46.65 SQRT(H:/D) 1.201

F 65.547+13.96 Ho/4H; 0.178

H, 356.89°+118.42 KD/KR 1.250

Hs 254.37°+105.79 K 1.383

hy 351.79"+ 71.20 r 0.943

E 3.47%+ 17.63 h* 0.686

Fi-P -11.9 h% 0.992
Mstd 42l Wr/Vr AR 29159 2ok AFAA S batd JAAST FA834 2
B} fogdol AAHA kol MUl ARAAT A5 4EEA} §lE Aow Jeytow 744

ok AR W EEE0 g #Boste SAAFHAAE ‘A AnY, ‘Clarement ©l

A wE, Apupel werem, shESAZL Yrak (WreVr) e oA

ME FEEE $AALET 2 FEE (-, Al AASA AL wE mA S

() edel flAste] AMstdrrb whe ol A9 A= AR Slar Yreh (WreVrx| 3t
o

GEAF7E 1ol 77k aaf R EE:3F EA 9 dEAd BAE 27 sl

Wr? = 4.966Vr
WRA A
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Sb=0.0354
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Figure 15. Variance(Vr), covariance(Wr) and standardized deviation graph for days to flowering. (1:
Cheongchima, 2: Nokchima, 3: Yulpung, 4: Jaba, 5: Kangpung, 6: Clarement).
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Figure 16. The device for testing tolerance to water in this study.
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Table 28. The results of tested cultivars for tolerance to water with submerged under water in 2006.

submerged time (hrs) submerged time (hrs)

cultivars o4 48 tolerance 79 cultivars o4 48 tolerance 79
to water* to water*

Cheongchima 2/4 0/4 1 0/4 Yeolpung 4/4 4/4 10 3/4
Cheongpung 2/4 0/4 1 0/4 Hongpung 0/4 0/4 1 0/4
Cheongpung yeureum | 1/4 0/4 1 0/4 Joara 1/4 1/4 3 0/4
Topgreen 3/4 2/4 5 2/4 Hongssan 4/4 3/4 8 3/4
Evergreen 1/4 0/4 1 0/4 Jeoksamgakchae 2/4 0/4 5 0/4
Goldgreen 4/4 4/4 10 4/4 Gangpung 2/4 2/4 5 1/4
Manchudaecheong 1/4 0/4 1 0/4 Red one 3/4 2/4 8 1/4
Yeureumcheongchima | 2/4 0/4 1 0/4 Ice red 0/4 0/4 1 0/4
Nokchima 1/4 1/4 3 0/4 Turmalin 2/4 2/4 5 0/4
Samguecheongchima 1/4 1/4 3 0/4 Jabaheuk 2/4 1/4 3 0/4
Sigersgreen 0/4 0/4 1 0/4 Meokchima 1/4 0/4 1 0/4
Cheongssam 2/4 1/4 3 1/4 Saeronaheukchima 2/4 2/4 5 0/4
Mostcheongssam 2/4 1/4 3 0/4 Sambokheukchima 0/4 0/4 1 0/4
Oakrin 1/4 1/4 3 0/4 KLO55001 13/16 | 10/16 7 7/16
Jeokchima 0/4 0/4 1 0/4 KL055002 12/16 | 6/16 4 3/16

*Tolerance to water(survival rates with submerged under water during 48 hours.): 1(0-10%), 2(11-20%), 3(21-30%),
4(31-40%), 5(41-50%), 6(51-60%), 7(61-70%), 3(71-80%), 9(81-90%), 10(91-100%).

007d == HAAE 207FH AN 5UEe FAse] 200646 WEAAAL AE
dul A BEA AW FAF BrEd 4827 A AYE FF UHA
HAAES AAste] 31299t #Zo] UFAdel 4s KL0650729F KL065080 27&S Ws5/de] 73t

Asow Adaqion w3k yFgde] 4 46AAE st vsdel 43 Asow A

Table 29. The selected plants in each line population were resulted with tolerant-water test by submerged
under water in 2007.

Breeding Submerged time (hrs) Selected Breeding Submerged time (hrs) Selected
Lines 48 72 plants Lines 48 72 plants
KNO70001 2/28 0/28 0 KL065143 14/28 1/28 1
KNO70012 25/28 20/28 5 KL065152 12/28 3/28 2
KNO70025 20/28 8/28 2 KL065159 24/28 22/28 4
KL065026 20/28 9/28 2 KL065174 6/28 0/28 0
KL065043 10/28 0/28 0 KL065205 5/28 0/28 0
KL065061 8/28 1/28 1 KL065207 15/28 4/28 1
KL065062 12/28 1/28 1 KL065280 1/28 0/28 0
KL065072 26/28 23/28 6 KL70011 21/28 15/28 4
KL065080 28/28 25/28 5 KL70043 19/28 13/28 4
KL065092 12/28 3/28 1 KL70045 25/28 16/28 2
KL065107 2/28 0/28 0 KL70051 22/28 10/28 2
KL065108 15/28 1/28 1 KL70054 12/28 8/28 1
KL065135 7/28 0/28 0 TOTAL 45

2008 ol = 32300 Hi=uhel o] oHl A 10483 AW 5P TGS TG HEA

A

o
ot

g d¥ KL7821°] 7Hg WAool 4% Asem A sHda T3 A TS S35

& 3BAAE Aol 4 AFe] AvE ABAA 5ol 4 Asez E3AHH.
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Table 30. The selected plants in each line population were resulted with tolerant-water test by submerged
under water in 2008.

Breeding Lines Submerged time (hrs) Selected Breeding Lines Submerged time (hrs) Selected

[ i | i

¢ 48 72 plants ¢ 48 72 plants
KL7701 25/28 20/28 2 KL7870 25/28 21/28 2
KL7709 23/28 17/28 2 KL7878 22/28 13/28 2
KL7741 16/28 10/28 2 KL80001 24/28 15/28 2
KL7751 28/28 23/28 2 KL80006 24/28 13/28 3
KL7795 18/28 12/28 2 KL80010 25/28 20/28 4
KL7821 28/28 28/28 2 KL80013 25/28 24/28 2
KL7844 21/28 21/28 2 KL80015 21/28 10/28 2
KL7854 24/28 13/28 2 TOTAL 33
2009 Lol = 2008 d ol HF A3 6452 2008 % oH] st 2482 4841 7E 724

7 FEAES B WsAS FAAS A3(E31D) HAvE AEFQ KN77013 A A vk AlE<d

KN77957F 5743 o] 78 73 A= vetwoen 1 thgo® KN7751, KN8808 2 KN7870

T UlFAdel A Hoz HF: AP vk 53] KN7795% 2008 3% W54 AldelA s

o] 7% Amgou AAATS FF 20099 AGelAE uggel Fd Aoz et A
W Ea AE Ao Lheky

Table 31. The results of selected lines for tolerance to water with submerged under water in 2009.

Selected Submerged time (hrs) Tolerance to Selected Submerged time (hrs) Tolerance to
Lines 48 72 water Lines 48 72 water
KN7701 26/28 24/28 9 KN7795 27/28 25/28 10
KN7751 27/28 25/28 10 KN8808 20/28 18/28 8
KN8713 12/28 7/28 5 KN7870 25/28 23/28 9
KN7854 21/28 10/28 8 KN7878 8/28 2/28 3

*Tolerance to water(survival rates with submerged under water during 48 hours.): 1(0-10%), 2(11-20%), 3(21-30%),
4(31-40%), 5(41-50%), 6(51-60%), 7(61-70%), 8(71-80%), 9(81-90%), 10(91-100%).

o Fd A4
(D A= 3 U
2007} 2008\l E&AQ1 Wt ATAAS A% dFAVIE st vl AlE 2 JNAE

Adretz] sl mAldske-2ollA 200790l SAAE 5AE Al F2At 5582 2008l
SAAE 107418 ZEAH F2AId 58 s 242 FAlste] 541, 6919 2 7€14

u

=
A 247y 9EdS JNsdsE Akt wEd JfAE AdEskanh 2009l HEuY EE5ES
il 200832 2009\ dw]Addel 87A15& sAlske] 5e1<, 691 B 71l M v

NetdaE AL vt AlsS Adgskith(2917)
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Figure 17. The scene photographs for slow-bolting selection in green house.
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Table 32. The selected lines and plants were resulted with slow-bolting selection of lettuce in response to

sowing date in 2007-2008.

Days to flowering

Year Pedigree lines May 1 June 1 Tuly 1 Selected plants
KNO70012 98 90 75 2
KN070025 62 55 46 0
KL065026 89 80 68 2
KL065043 85 75 64 2

2007 KL065072 57 50 41 0
KL70011 50-85 42-76 30-65 4
KL70043 44-91 35-85 28-75 10
KL70045 55-102 46-99 30-90 22
KL70051 47-86 40-83 28-71 4
KL70054 54-97 41-94 28-86 16
KL7701 89 81 65 0
KL7709 91 80 65 0
KL7741 91 81 65 0
KL7751 105 (Sep.13)= 96(0ct.5)* 85(0ct.22) 0
KL7795 97 90 77 0
KL7821 80 71 55 0
KL7844 99 93 78 0

2008 KL7854 96 88 72 0
KL7870 95 89 74 0
KL7878 96 90 77 0
KL80001 44-86 34-76 26-65 4
KL80006 40-91 32-85 23-75 6
KL80010 55-102 46-99 35-92 15
KL80013 46-96 33-93 22-85 15
KL80015 54-98 44-87 34-81 15

#*( ). The dates have been harvested seeds of selected lines and plants.

Table 33. The selected lines were resulted with slow-bolting selection of lettuce in response to sowing date in

2009.

. . Days to flowering

Pedigree lines May 1 Tune 1 Tuly 1 Comments
KN7701 90 84 75
KN7751 108 99 92 Slow—bolting
KN8713 93 88 80
KN7844 102 96 90 Slow—bolting
KN7795 97 90 83
KN8808 87 81 75
KN7870 95 89 82
KN7878 96 90 77
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Table 34. Seleted lines of the pre-breeding lines with horticultural characteristics tesing in 2006-2009.

YEAR BREEDING BREEDING
. ORIGIN TYPE LEAF COLOR ORIGIN TYPE LEAF COLOR
(Tested lines no.) LINE NO. LINE NO.

KL0O05305 KWONNONG LEAF GREEN KL005543 KWONNONG BATAVIA RED
KL005243 KWONNONG LEAF DARK RED KL005562 KWONNONG ROMAINE GREEN
KL005127 KWONNONG LEAF RED KL005104 KWONNONG LEAF DARK RED
KL005328 KWONNONG LEAF GREEN KL005220 KWONNONG LEAF DARK RED
KL005370 KWONNONG LEAF GREEN KL005351 KWONNONG LEAF GREEN

2006 KLO05501 KWONNONG LEAF GREEN KL005384 KWONNONG LEAF GREEN

(600) KL005262 KWONNONG LEAF RED KL005024 KWONNONG LEAF DARK RED
KL005462 KWONNONG LEAF DARKGREEN KL005084 KWONNONG LEAF RED
KL0O05013 KWONNONG LEAF RED KL005282 KWONNONG LEAF RED
KL0O05042 KWONNONG LEAF RED KL005439 KWONNONG LEAF GREEN
KL005065 KWONNONG LEAF DARK RED KL005481 KWONNONG LEAF GREEN
KL005524 KWONNONG BATAVIA GREEN KL005342 KWONNONG LEAF DARK GREEN
KL065026 KWONNONG LEAF DARK GREEN KL065135 KWONNONG LEAF RED
KL065043 KWONNONG LEAF GREEN KL065143 KWONNONG LEAF RED
KL065061 KWONNONG LEAF GREEN KL065152 KWONNONG LEAF RED

2007 KL065062 KWONNONG LEAF GREEN KL065159 KWONNONG LEAF DARK RED
KL065072 KWONNONG LEAF GREEN KL065174 KWONNONG LEAF DARK RED

(300) KL065080 KWONNONG LEAF DARK RED KL065205 KWONNONG LEAF RED
KL065092 KWONNONG LEAF RED KL065207 KWONNONG LEAF DARK RED
KL065107 KWONNONG LEAF RED KL065280 KWONNONG LEAF DARK RED
KL065108 KWONNONG LEAF RED

2008 KLO70031 KWONNONG LEAF GREEN KLO75052 KWONNONG LEAF RED

(100) KLO70044 | KWONNONG LEAF GREEN KL075061 | KWONNONG LEAF RED

2009 KL080006 | KWONNONG LEAF GREEN KL080065 | KWONNONG LEAF RED

(100) KL0O80039 KWONNONG LEAF RED KL0O80069 KWONNONG LEAF RED
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Table 35. The collected cultivars and pre-breeding lines selected for making F1 populations by artificial cross.

YEAR BREEDING ORIGIN TYPE LEAF COLOR BREEDING ORIGIN TYPE LEAF COLOR
LINE NO. LINE NO.
KL005305 KWONNONG LEAF GREEN KL005524 KWONNONG BATAVIA GREEN
KL005243 KWONNONG LEAF DARK RED KL005543 KWONNONG BATAVIA RED
KL005127 KWONNONG LEAF RED KL005562 KWONNONG ROMAINE GREEN
KL005328 KWONNONG LEAF GREEN KN960003 KOREA LEAF RED
KL005370 KWONNONG LEAF GREEN KN980110 GREECE ROMAINE RED
KLO05501 KWONNONG LEAF GREEN KLO05104 KWONNONG LEAF DARK RED
KL005262 KWONNONG LEAF RED KL005220 KWONNONG LEAF DARK RED
2006 KLO05462 KWONNONG LEAF DARKGREEN KLO05351 KWONNONG LEAF GREEN
KL005013 KWONNONG LEAF RED KL005384 KWONNONG LEAF GREEN
KL005042 KWONNONG LEAF RED KL005024 KWONNONG LEAF DARK RED
KL005065 KWONNONG LEAF DARK RED KL005084 KWONNONG LEAF RED
KN960004 KOREA LEAF DARK RED KL005282 KWONNONG LEAF RED
KN980101 RUSSIA LEAF RED KL005439 KWONNONG LEAF GREEN
KN990012 GERMANY BATAVIA RED KL005481 KWONNONG LEAF GREEN
KL005407 KWONNONG LEAF GREEN KL005342 KWONNONG LEAF DARK GREEN
KNO070001 USA LEAF GREEN KL065107 KWONNONG LEAF RED
KNO70012 USA LEAF GREEN KL065108 KWONNONG LEAF RED
KN070025 USA LEAF GREEN KL065135 KWONNONG LEAF RED
KL065026 KWONNONG LEAF DARK GREEN KLO65143 KWONNONG LEAF RED
KL065043 KWONNONG LEAF GREEN KL065152 KWONNONG LEAF RED
2007 KL065061 KWONNONG LEAF GREEN KLO65159 KWONNONG LEAF DARK RED
KL065062 KWONNONG LEAF GREEN KLO65174 KWONNONG LEAF DARK RED
KL065072 KWONNONG LEAF GREEN KL065205 KWONNONG LEAF RED
KL065080 KWONNONG LEAF DARK RED KL065207 KWONNONG LEAF DARK RED
KL065092 KWONNONG LEAF RED KL065280 KWONNONG LEAF DARK RED
KN080004 USA LEAF RED KLO75036 KWONNONG LEAF RED
2008 KN080005 USA ROMAIN DARKGREEN KLO75052 KWONNONG LEAF RED
KLO70031 KWONNONG LEAF GREEN KLO75061 KWONNONG LEAF RED
KN090004 USA LEAF RED KL080039 KWONNONG LEAF RED
2009 KN090006 USA ROMAIN RED KL080065 KWONNONG LEAF RED
KLO80006 KWONNONG LEAF RED KLO80069 KWONNONG LEAF RED
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Table 36. The F; crosses for making F2 separate populations in 2006-2009.

Year Seeds no. Seeds no. Seeds no.
P1 P2 P1 P2 P1 P2
(Cross) of F1 of F1 of F1
KL005305 KL005342 5 KL005543 KN980110 11 KL005024 KN960003 15
KL005243 KN980101 17 KL005562 KL005342 10 KL005024 KN980110 12
KL005127 KN960004 11 KL005562 KL005342 5 KL005084 KN980101 21
KL005328 KL005562 7 KL005562 KN980110 19 KL005084 KN960004 11
KL005370 KL005104 6 KN960003 KN980110 12 KL005084 KN960003 10
KLO05501 KL005481 22 KN980110 KN960004 11 KL005084 KN980110 6
KL005262 KN960003 13 KL005104 KL005481 15 KL005282 KN960004 9
KL005462 KN980110 6 KL005104 KN980101 7 KL005282 KL005342 20
2006 KL005013 KL005481 6 KL005104 KN960004 12 KL005282 KL005342 15
KL005042 KN960003 9 KL005104 KL005342 13 KL005439 KN980101 11
(54) KL005065 KN980110 30 KL980110 KLO05104 11 KL005439 KN960004 10
KN960004 KN980110 15 KL005220 KN960003 14 KL005439 KN960003 7
KN980101 KN980110 22 KL005220 KL005342 12 KL005439 KN980110 15
KN990012 KN980110 10 KL005351 KN980101 16 KL005481 KN980110 10
KL005407 KN960003 9 KL005351 KN960004 23 KL005481 KL005282 12
KL005407 KN980110 11 KL005351 KN960003 11 KL005481 KL005342 8
KL005524 KL005481 25 KL005351 KN980110 17 KL005481 KL005342 5
KL005524 KN960003 20 KL005384 KN980110 11
KL005524 KN980110 12 KL005024 KN980101 10
KN070001 KL065026 12 KL065026 KL065043 10 KL065135 KL065205 9
KN070001 KL065043 11 KL065043 KL065061 15 KL065143 KL065207 15
KN070001 KL065061 11 KL065043 KL065062 8 KL065152 KL065280 10
KN070001 KL065062 10 KL065061 KL065092 18 KL065159 KL065207 12
2007 KN070001 KL065072 5 KL065062 KL065107 9 KLO65174 KL065280 11
(30) KNO070012 KL065026 20 KL065061 KL065174 10 KL065205 KL065108 5
KN070012 KL065043 3 KL065062 KL065207 15 KL065207 KL065135 9
KN070012 KL065061 9 KL065092 KL065107 10 KL065280 KL065207 2
KN070012 KL065062 16 KL065107 KL065108 2 KNO70001 KL065280 10
KN070025 KL065026 8 KLO65108 KLO65135 10 KNO70012 KL065108 10
KN080004 KN080005 18 KN080005 KLO70031 20 KLO70031 KLO75052 12
2008 KN080004 KL070031 15 KN080005 KL075036 13 KLO70031 KLO75061 33
KN080004 KL075036 24 KN080005 KL075052 19 KLO75036 KLO75052 13
(15) KN080004 KL075052 12 KN080005 KLO75061 16 KL075036 KLO75061 14
KN080004 KLO75061 11 KLO70031 KLO75036 18 KLO75052 KLO75061 10
KL080006 KN090004 14 KL080065 KN090004 8
2009 KL080006 KN090006 6 KL080065 KN090006 13
(8) KL0O80039 KN090004 16 KL080069 KN090004 11
KL080039 KN090006 11 KL080069 KN090006 9

_60_



sl SHAA F RRAA AA 2L ATALE Fal F3AUANA FEANE AHAWA £Ew
43t EAEA D AN g4 ANEn 57 148 S5 AT ou ksl A
FAYR FAFAL sol JAAPIANGL At

v Az 9@ uF

20061 F-E] 2009 7HA] F2AI ol Al FoAItE wid whEx o g ZAAdE 5l ASHAEs &
A EAAAY wE2AE B AESAel B AT ZAd Rge wEdows widw

g 8 = Qe AES Adsged %373 o] 2007d¢ KL7701, KL7709, KL7741,
KL7751, KL7795, KL7821, KL7844, KL7854, KL7870, KL7878 %5 1071%< A3 2008l
KL8713, 18728, KL8768, KL8779, KL8794, KL8308, KIL8813, KL8827 ‘& 87%, 2009l
KL9801, KL9816, KL9833, KL9841, KL9865, KLI870 5 6415 5 % 247152 du] Ausad
o (118 AH oujdd AZS WFE HdA F FUE HAAS RS AdAdGA A S

Was) AEHow 5ASS Adstdn Aws F

ofN
ofN

THD 95 ST

o
mlo
i

Table 37. The number of tested lines and selected lines in each generations, and the names of selected lines in
2006-2009.

Tested Selected . Selected . Selected Selected
. Tested line Tested line . .
Year |population no.| plant no. of plant no. of plant no. of | line no. of Selected lines
no. of F3 no. of F4
of F2 F3 F4 F5 F5
2006 54 282 - - - - - -

KL7701, KL7709,
KL7741, KL7751
2007 30 210 250 302 200 129 10 KL7795, KL7821
KL7844, KL7854
KL7870, KL7878

KL8713, KL8728
KL8768, KL8779
KL8794, KL8808
KL8813, KL8827

2008 15 156 212 192 150 124 8

KL9801, KL9816
2009 8 78 166 1563 153 89 6 KL9833, KL9841
KL9865, KL9870
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Figure 18. The photographs of selected lines in 2007
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Fig.19. A pedigree diagram of leaf lettuce ' Jincheongmat '
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heong mat

Nokchima

Figure 21. Difference in leaf shape of ‘kachinivé" and ‘Jincheongmat'.

Table 28. Major agronomic traits and yield components of three different leaf-lettuce cultivars,
"Cheongchima’, 'Nokchima’ and ’Jincheongmat’.

f Post-
Cultivar Seed color Type Leaf color Lea Taste  Texture Quality o8 Soft rot
shape harvest
Cheongchima White Leaf Green I\eliggzv Good Soft Good Medium Tolerant
Nokchima White Leaf Green Eliptic Bad Soft Bad Bad Susceptible
Jincheongmat Black Leaf  Dark green Eliptic Good cfiggy Good Good Tolerant
idth of
Internode Leaf Leaf Leaf Wlli afo No. of Total leaf Days to
Cultivar length thickness length width ’ fresh weight Dry wt. ratio  flowering
base leaves
(cm) (mm) (cm) (cm) (cm) (¢/plant) (days)
Cheongchima 6.1 0.328 233 122 6.1 33.0 205.0 0.037 81.0
Nokchima 6.6 0.318 19.8 14.3 6.3 65.5 395.0 0.033 116.5
Jincheongmat 6.2 0.357 19.1 14.4 74 70.5 480.0 0.033 122.0
(2) FrEstrt we HRdd ves FAvEF TS 54

FER KEATEANA 4 DED S Ak FES K480 Slske] Fuvt %
o1} A5EEHI} kol faare] AL 7] F4EF KLOGRES BEow si go] F4:
AFol W2 AJ uFH 7] 4 2 Ale KL005562'S FEo =2 3hof (17 23) 20061

=
of dlgunjstel 74 Fi FAE AAvh 2E220 vEhd FAAEES 2ol d5% F T4

m
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2007 2008 2008 2010
F1 F2 F3 F4 Fb5 F6

Year
Generation Cross

2006
@®
//)’®\\ﬁh.
KL005328(2) & @ —» @
® @ﬂg—’g——» ©—>©—> Super

: Kronos 2 subline cheongpung
KLOO5562(8) )] ® ® T '
®
@
L Pedigree Yield and
- Artificial Test and 2 : - :
History S 3 Selection and festing selection regional Release
Cross multiplication i 7 4
and testing adaption trial
. 5 . Trials for Two region
Selection for leaf quality, slow—Dbolting, = i
Comment 7 seeds 7plants quality and trials by
heat—tolerance >
vield SrowWer

!

Fig.22. A pedigree diagram of leaf lettuce ' Supercheongpung

KL005328(?)

Supercheongbung

Figure 23. Leaf shape of a new cultivar ‘Super Cheongpung’ and the parents.
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Table 28. Major agronomic traits and yield components of three different leaf-lettuce cultivars,
'Cheongchima’, 'Nokchima’ and ’'Supercheongpung’.

Post-
harvest

Soft rot

Texture Quality

Taste

Leaf
T Leaf col
ype af color shape

Seed color

Cultivar

Medium Tolerant

Leaf Green Nayrqw Good Soft Good
eliptic

‘White

Cheongchima

Bad Susceptible

Leaf Green . Bad Soft Bad
Eliptic

‘White

Nokchima

Good Tolerant

Good

Good Soft

Eliptic

‘White Leaf Green

Super cheongpung

o0
IR =)
2z 3
[apN=T
.2
=
-

-
S o
8 g g

28
= [
5 G
= o

=]

Gy

S 8

-

o §

z 2

G

S}

G~ O =
£33 E
..Wllb(
[ =
S % g
35 8
=

THE
Q = 5
Lb(

v
w 8 =
a.@m
Q
L.w(

k=i
Q
B g
Oﬂc\m/
)
s 2
=

s

B

=

0.037 81.0

233 12.2 6.1 33.0 205.0

0.328
0.318

6.1

Cheongchima

116.5
124.0

0.033

14.3 6.3 65.5 395.0

19.8

6.6
6.0

Nokchima
Super cheongpung

0.042

494.0

81.3

19.3 14.9 6.7

0.334

gl

(3) o]

b 54744

o

e agzdA w

Foh 7t

ey

—
fite)

‘KNI9g0110' & REo=

=
o

]

T O
a

o
oyt

Mo
@m

</

—_
o

7] &4 AE ‘KLO05104E FE(1H26) 2=

Pt 7 we

)

Hn

o

5

o

Faoh elar 20073 RE 2008 714

S

=] T=
35

=
=

55X F2 &7

oF

0
oA

™

—_—
file)

=
"o

=
T

al

tol 4

5]

[e]
A wE

A A skl A A

4

Fed 2009 o

s

Ad Als&

mj

GRS}

A A

Mo

el

o

_68_



Year 2006 2007 2008 2009 2010
Generation Cross F1 F2 F3 F4 F5 F6

(63]
KN9BOT10(2) /V s ,, ;
= - ] ) © © Super
x KL6030 @ @ \A o—PO—P v —p» o —Pp

subline yeolpung
KLO05104(8) @ [©)]
®
Pedigree Yield and
Artificial Test and s 3 i ¥
History ST Selection and testing selection regional Release
Cross multiplication

and testing adaption trial
Trials for Two region

Selection for leaf quality, slow—bolting, ¥ A
Comment 11 seeds bplants quality and trials by
heat-tolerance ;
yield grower

!

Fig.25. A pedigree diagram of leaf lettuce ' Super yeolpung

KN980110(%) Super yeolpung KL005104(3)

Figure 26. Leaf shape of a new cultivar ‘Super Yeolpung' and the parents.
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Table 29. Major agronomic traits and yield components of three different leaf-lettuce cultivars,
"jeokchima’, 'Yulpung’ and ’Joara’ .

Leaf Post-

Cultivar Seed color Type  Leaf color shZ;e Taste Texture Quality ha:\fest Soft rot
Jeokchima White Leaf Red Ne?ilggzv Bad Soft Medium Bad Susceptible
Yulpung White Leaf Red Eliptic Good Soft Medium Good Tolerant

Super White Leaf Dark red L Good  Soft crispy Good Good Tolerant
yeoulpung Eliptic

Internode Leaf Leaf Leaf  Width of No. of Total leaf Days to

Cultivar length thickness length width  leaf base lea.ves fresh wt. Dry wt. ratio flowering

(cm) (mm) (cm) (cm) (cm) (¢/plant) (days)
Jeokchima

8.1 0.289 25.5 11.5 6.1 23.0 103.0 0.030 65.0
Yulpung 4.4 0.302 19.4 12.0 7.0 31.0 185.5 0.039 87.5

Super 45 0.335 19.1 12.5 7.3 335 205.0 0.038 89.5

yeoulpung

0 TR oo

Yeolpung __Super Yeolbung

Figure.27. Difference in leaf shape of ‘Yeolpung' and ‘Super yeolpung’. - R
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Fig.28. A pedigree diagram of leaf lettuce ' Homerun wang ’
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KN980110(2) Homé&run wang
Figure 29. Leaf shape of a new cultivar ‘Homerun wang’ and the parents.
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Table 29. Major agronomic traits and yield components of three different leaf-lettuce cultivars,
'Jeokchima’, 'Yulpung’ and 'Homerun wang’ .

Leaf Post-
Cultivar Seed color Type  Leaf color cd Taste Texture Quality o8 Soft rot
shape harvest
Jeokchima ‘White Leaf Red Iiﬁggzv Bad Soft Medium Bad Susceptible
Yulpung ‘White Leaf Red Eliptic Good Soft Medium Good Tolerant
Homerun ‘White Leaf Dark red - Good Soft Good Good Tolerant
wang Eliptic
Internode Leaf Leaf Leaf  Width of No. of Total leaf Days to
Cultivar length thickness length width  leaf base lea.ves fresh wt. Dry wt. ratio flowering
(cm) (mm) (cm) (cm) (cm) (g/plant) (days)
Jeokchima
8.1 0.289 25.5 11.5 6.1 23.0 103.0 0.030 65.0
Yulpung 44 0302 19.4 12.0 7.0 31.0 185.5 0.039 87.5
Homerun 53 0.326 18.0 11.7 7.4 42.0 245.0 0.039 117.5
wang
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- Homerun wang

Yeolpung

’

igure 30. Difference in leaf shape of ‘Homerun Wang’ and ‘Yeolpung’.
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Year 2006 2007 2008 2009 2010

Generation Cross F1 F2 F3 F4 F5 F6

@
KL005084(%) @ @ @

a
x KL6042 ® ® (2)\* @J B o—Pp o—P 0P Punemimt

KNO60004(3) @ @ 6) subline

®

S Pedigree Yield and
i Artificial Test and ) : . B
History iR Selection and testing selection regional Release
Cross multiplication

and testing adaption trial
Trials for Two region

il Selection for leaf quality, slow-holting, ; 3
Comment 11 seeds Splants quality and  trials by
heat-tolerance ;
yield grower

Fig.31. A pedigree diagram of leaf lettuce ' Pungmi mat '
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Figure 32. Leaf shape of a new cultivar ‘Pungmi mat wang’ and the parents.
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Table 29. Major agronomic traits and yield components of three different leaf-lettuce cultivars,
'Sansun’, 'seonpung’ and 'Pungmimat’ .

Leaf Post-
1ti 1 T Leaf col T T li i
Cultivar Seed color ype eaf color shape aste exture Quality harvest Soft rot
Samsun White Leaf Red Obovate  Medium Soft Medium Medium Susceptible
Seonpung White Leaf Red Obovate  Medium Soft Good Good Susceptible
) ) Transverse .
Pungmimat White Leaf Dark red  ¢Jliptic ~ Good  Soft-crispy Good Good Tolerant
Internode Leaf Leaf Leaf  Width of No. of Total leaf Days to
Cultivar length thickness length width  leaf base lea.\/es fresh wt. Dry wt. ratio flowering
(cm) (mm) (cm) (cm) (cm) (g/plant) (days)
Samsun 4.1 0310 2.5 185 6.3 21.0 145.0 0.031 60.0
Seonpung 6.8 0.321 21.2 17.6 6.8 34.0 220.5 0.039 74.5
7.1 0.405 19.8 18.1 5.6 375 295.0 0.030 85.0

Pungmimat

1 i

Pungmi mat ‘ - Seonpung

Figfire 33. Difference in leaf shape of ‘Pungmi mat’ anéi ‘Seonpung’.
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Figure 34. The envelopes to pack seeds of the varieties which developed in this study.

_79_



o
!

—

&+
o

B

o

ol

Hip

)
-
o

o

0

2. B Aol A

_80_



A6 Fd ATNEHBAN FHT R AHR
1. Mapping morphological genes relative to molecular markers in lettuce (Lactuca sativa L.)
=41 Heredity (1999) 82, 245 - 251.

A2} W Waycottl,3, S B Fortl 4, E J] Ryderl and R W Michelmore?2

%Z=Two F2 populations were generated by crossing morphologically diverse genetic stocks in order
to map 10 morphological traits relative to polymerase chain reaction-based molecular markers
(RAPDs). Using one segregating population generated from crossing the experimental line,
"dwarf-2’, with the butterhead cultivar, 'Saffier’, the dwarf phenotype conditioned by the dwf2 locus
was mapped using bulked segregation analysis to within 38 ¢cM of the Adh3 locus. Using the
second segregating population generated by crossing two experimental lines, 87-25-1M  87-109M,
nine traits [ white seed (w), brown seed (br), salmon flower colour (sa), pale yellow flower colour
(pa), virescent juvenile leaf colour (vi), plump involucre (pl), yellow seed (y), one of two
complementary genes for anthocyanin expression (C or G) and anthocyanin spotting (Rs)] were
linked to RAPD loci, but only six of them could be placed on an existing genetic map of lettuce
generated by analysis of cv. 'Calmar’ cv. 'Kordaat’. A tenth trait, golden yellow (gy), remained
unlinked. Approximately a third of the RAPD markers analysed segregated in both the 87-25-1M
87-1090M and 'Calmar’ 'Kordaat’ populations. In the genomic regions with multiple segregating
loci in common, their relative orders and distances were mostly conserved. In one instance, linkage

detected in the present study consolidated two separate groups on the earlier genetic map.

2. Population Structure in Cultivated Lettuce and Its Impact on Association Mapping
Z2: J. Amer. Soc. Hort. Sci. 133: 61-68 (2008)
A 2}:Ivan Simko, Jinguo Hu

%5 The association mapping technique is a useful tool for detecting markers linked to the genes
underlying the variation of a trait among elite cultivars. To avoid false-positive results due to
unrecognized population structure in the analyzed set of individuals, the subpopulations need to be
identified. Fifty-four lettuce (Lactuca sativa L.) cultivars representing five horticultural types
important in North America, together with six accessions from two wild species (Lactuca saligna L.
and Lactuca serriola L.), were assayed for polymorphism with target region amplified polymorphism
(TRAP) marker loci. The model-based clustering approach recognized three main subpopulations in
cultivated lettuce that are well separated from wild species. Although the clustering based on
molecular markers was generally in good agreement with horticultural types, some cultivars were
classified differently or showed mixed origin. The effect of population structure on association

mapping was tested on four traits with strong or weak correlation to the lettuce horticultural type
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and monogenic or polygenic mode of inheritance. Traits that were strongly correlated with lettuce
types displayed many false-positive results when population structure was ignored, but the spurious
associations disappeared when estimates of population structure or relative kinship (both based on
molecular markers) were included in the statistical model. Using of horticultural types as covariate
was not sufficient to control for spurious associations in the monogenic trait with strong correlation
to lettuce types. The best approach to avoid spurious associations in lettuce association studies is to
assess relatedness of accessions with molecular markers and to include this information into the

statistical model.

3. Molecular analysis of irradiation-induced and spontaneous deletion mutants at a disease resistance

locus in Lactuca sativa.

=74 Mol Gen Genet. 1996; 251(3):316-25 (ISSN: 0026-8925)

A 2} Anderson PA; Okubara PA; Arroyo-Garcia R; Meyers BC; Michelmore RW

%= The major cluster of disease resistance genes in lettuce (Lactuca sativa) contains at least nine
downy mildew resistance genes (Dm) spanning a genetic distance of 20cM and a physical distance
of at least 6 Mb. Nine molecular markers that were genetically tightly linked to Dm3 were used to
analyze nine independent deletion mutants and construct a map of the region surrounding Dm3. This
analysis identified a linear order of deletion breakpoints and markers along the chromosome. There
was no evidence for chromosomal rearrangements associated with the deletions. The region is not
highly recombinagenic and the deletion breakpoints provided greater genetic resolution than meiotic
recombinants. The region contains a mixture of high-and low-copy number sequences; no
single-copy sequences were detected. Three markers hybridized to low-copy—number families of
sequences that are duplicated predominantly close to Dm3. This was not true for sequences related
to the triose-phosphate isomerase gene; these had been shown previously to be linked to Dm3, as
well as to two independent clusters of Dm genes, and elsewhere in the genome. Two spontaneous
mutants of Dm3 were identified; several markers flanking Dm3 are absent in one of these two
mutants. The stability of the Dm3 region was also studied by analyzing the genotypes of diverse
related cultivars. The 15 Mb region surrounding Dm3 has remained stable through many

generations of breeding with and without selection for Dm3 activity.

4. US Patent 7371930 - Lettuce cultivar 21-0406127-B

=#]: US Patent Issued on May 13, 2008

A A} Knerr, Larry D.
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%5 A lettuce cultivar, designated 21-0406127-B, is disclosed. The invention relates to the seeds of
lettuce cultivar 21-0406127-B, to the plants of lettuce cultivar 21-0406127-B and to methods for
producing a lettuce plant by crossing the cultivar 21-0406127-B with itself or another lettuce
cultivar. The invention further relates to methods for producing a lettuce plant containing in its
genetic material one or more transgenes and to the transgenic lettuce plants and plant parts
produced by those methods. This invention also relates to lettuce cultivars or breeding cultivars and
plant parts derived from lettuce cultivar 21-0406127-B, to methods for producing other lettuce
cultivars, lines or plant parts derived from lettuce cultivar 21-0406127-B and to the lettuce plants,
varieties, and their parts derived from the use of those methods. The invention further relates to
hybrid lettuce seeds, plants, and plant parts produced by crossing cultivar 21-0406127-B with

another lettuce cultivar.

5. The Use of Green Fluorescent Protein—-Tagged Recombinant Viruses to Test Lettuce mosaic virus

Resistance in Lettuce.

< 2]: Phytopathology 92:169-176. Accepted for publication 4 October 2001.

A 2} T. Candresse, O. Le Gall, B. Maisonneuve, S. German-Retana, and E. Redondo.

%5 Seed certification and the use of cultivars containing one of two, probably allelic, recessive
genes, mol("1) and mol(*2), are the principal control methods for Lettuce mosaic virus (LMV) in
lettuce. Although for a few LMYV isolates, mol("2) confers resistance with most isolates, the genes
mol("1) or mol("2) confer a tolerance, and virus accumulation is readily detected in mol-carrying
plants. This phenotype complicates evaluation of the resistance status, in particular for mol("1), for
which there are no viral strains against which a true resistance is expressed. Two green fluorescent
protein (GFP)-tagged viruses were constructed, derived from a non-resistance breaking isolate
(LMV-0) and from a resistance-breaking isolate (LMV-E). An evaluation of 101 cultivars of known
status was carried out with these recombinant viruses. Using the LMV-0-derived recombinant,
identification of mol-carrying cultivars was simple because, contrary to its wild-type parent,
systemic movement of LMV-0-GFP was abolished in resistant plants. This assay detected four
cases of misidentification of resistance status. In all these cases, further tests confirmed that the
prior resistance status information was incorrect, so that a 1009 correlation was observed between
LMV-0-GFP behavior and the mol resistance status. Similarly, the LMV-E-derived recombinant
allowed the identification of mol(*2) lettuce lines because its systemic movement was restricted in
mol(®2) lines but not in susceptible or in mol("l) lines. The tagged viruses were able to
systemically invade another host, pea, irrespective of its resistance status against another member of
the genus Potyvirus, Pea seed-borne mosaic virus. The use of these recombinant viruses could

therefore greatly facilitate LMV resistance evaluation and speed up lettuce breeding programs.

_83_



6. Evolution and Genetic Population Structure of Prickly Lettuce (Lactuca serriola) and Its RGC2

Resistance Gene Cluster.

Z 3. Genetics, March 2008

Z 2} Eviatar Nevo, Richard Michelmore, null Hanhui Kuang, Herman J. Van Eck, Delphme Sicard

%= Genetic structure and diversity of natural populations of prickly lettuce (Lactuca serriola) were
studied using AFLP markers and then compared with the diversity of the RGC2 disease resistance
gene cluster. Screening of 696 accessions from 41 populations using 319 AFLP markers showed that
eastern Turkish and Armenian populations were the most diverse populations and might be located
in the origin and center of diversity of L. serriola. Screening 709 accessions using the microsatellite
MSATEG6 that is located in the coding region of most RGCZ2 homologs detected 366 different
haplotypes. Again, the eastern Turkish and Armenian populations had the highest diversities at the
RGC2 cluster. The diversities at the RGC2 cluster in different populations were significantly
correlated with their genomewide diversities. There was significant variation of copy number of
RGC2 homologs in different populations, ranging from 12 to 22 copies per genome. The nucleotide
diversities of two conserved lineages (type II) of RGC2 genes (K and L) were not correlated with
diversities calculated using the MSATE6 or AFLP data. We hypothesize that the high genomewide
diversity and diversity of the RGC2 cluster in eastern Turkish and Armenian populations resulted

from high abiotic and biotic stresses in the regions of origin of L. serriola.

7. Development of EST-SSR Markers for the Study of Population Structure in Lettuce (Lacutca

sativa L.).

=7 Journal of Heredity 180: 256-262. February 25, 2009

Z 2} Simko, Ivan

%5 Minimally processed lettuce (Lactuca sativa L.) is an important component of the lettuce
industry. The product is highly perishable; cold storage and modified atmosphere (MA) packaging
are used to extend its shelf-life. Given the importance of this market, lettuce cultivars, breeding
lines, and populations should be selected that process into salad with stable shelf-life in MA
environments. The objectives of this research were to 1) determine the genetic variation in lettuce
for shelf-life in low O2 modified atmosphere environments and 2) develop high throughput
evaluation methods suitable for a large scale breeding program. Salad was prepared from field
grown lettuce of 33 romaine and 3 crisphead cultivars over two field seasons. Shelf-life of salad
was evaluated after storage in MA bags and in CO2-free controlled atmosphere chambers with gas
ratios of 0.2% 02 : 99.8% N2, 1.0% 02 : 99.0% N2, or 5.0% 02 : 95.0% N2. Symptoms on leaf
blade tissue was water soaked, limp, and dull to dark or black in color, while mid-rib tissue and
heart leaves were water soaked and translucent to dark brown in color. Genetic variation for

shelf-life was detected using either MA bags or controlled atmosphere chambers, and the results
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from both years and testing methods were significantly correlated. Oxygen concentration did not
affect shelf-life in the controlled atmosphere chamber experiment, and indicates that the observed
symptoms in the majority of cultivars were probably not from low O2 damage or COZ2 injury,
although heterogeneous mechanism of deterioration may be involved. Selection for lettuce cultivars,
breeding lines, and populations with extended shelf-life is possible using either MA bags or
controlled atmosphere chamber testing methods, and could insure a consistent release of germplasm

with stable shelf-life in modified atmosphere environments.

8. Populations structure in cultivated lettuce (Lactuca sativa L.) and its impact on assocation

mapping.

=2]: Journal of the American Society for Horticultural Science, Vol. 133, Pages 61-68, 2008.

Z 2} Simko, Ivan, Hu, Jinguo

%% The association mapping technique is a useful tool for detecting markers linked to the genes
underlying the variation of a trait among elite cultivars. To avoid false positive results due to
unrecognized population structure in the analyzed set of individuals, the subpopulations need to be
identified. Fifty—four lettuce cultivars representing diversity observed in five horticultural types
important in North America, together with six accessions from two wild species (L. saligna and L.
serriola), were assayed for polymorphism with 388 TRAP marker loci. The model-based clustering
approach recognized three main subpopulations in cultivated lettuce that are well separated from
wild species. Although the clustering based on molecular markers was generally in good agreement
with horticultural types, some cultivars were classified differently or showed mixed origin. The
effect of population structure on association mapping was tested on four traits (lettuce dieback
resistance, seed color, leaf margin undulation, and head height) with different relationships to the
lettuce horticultural types. The traits that were strongly correlated with lettuce types (lettuce
dieback resistance and head height) displayed many false positive results when population structure
was ignored, but the spurious associations disappeared when structure was included into the
statistical model. The effect of population structure on number of false positive associations was
notably less pronounced in seed color and leaf margin undulation that had weak correlation with

horticultural types.

9. Crisphead breeding lines with resistances to corky root and lettuce mosaic

Z*: HortScience 42:701-703, 2007.

Z 2} Mou, B., Hayes, R.J., Ryder, E.J.

%= The Agricultural Research Service, United States Department of Agriculture announces the

release of seven breeding lines of crisphead lettuce (Lactuca sativa L.) with resistances to corky
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root and lettuce mosaic, 04-0344, 04-0350, 04-0353, 04-0363, 04-0368, 04-0375, and 04-0379. The
lines may be suitable for commercial production, and is suitable for use as a source of resistance to
corky root and lettuce mosaic in the development of cultivars and germplasm. It was developed at
the United States Agricultural Research Station in Salinas, California by Beiquan Mou, Ryan J.
Hayes, and Edward J. Ryder. Corky root of lettuce (Lactuca sativa L.) has been observed in major
lettuce-producing areas of the world, and yield losses from reduced head size can reach 30-70%.
Lettuce mosaic is a serious virus disease problem in lettuce worldwide and can cause losses of up
to 100%. The breeding lines were derived from crosses between cultivars ‘Salinas 88", and ‘Glacier”
and ‘Misty Day”, which have resistant genes to corky root and lettuce mosaic. In multiple lab and
field tests, the breeding lines showed high levels of resistance to the two diseases. In the limited
trials grown, the breeding lines have performed well in the Salinas Valley, Calif., produce a high
percentage of heads of adequate size, shape, and uniformity. Limited samples of seed are available
for distribution to all interested parties for research purposes, including the development and
commercialization of new cultivars. Samples will also be deposited in the National Plant Germplasm

System.

10. Effect of Population Structure on Association Mapping in Cultivated Lettuce.

Z2]: In Eucarpia Leafy Vegetables 2007 Conference Abstracts. Warwick, UK, April 18-20, 2007.

A 2} Simko, L, Hu, J.

P

= Association mapping is a novel method for detecting linkage between molecular markers and
the trait of interest in existing cultivars. However, an unrecognized population structure in a set of
analyzed cultivars might lead to spurious associations. To observe how population structure affects
marker—trait association, fifty—four lettuce cultivars were assayed with 388 TRAP marker loci and
evaluated for four phenotypic traits. The traits with a strong relationship to population structure
(lettuce dieback resistance and head height) displayed many false positive results; however, the
spurious associations disappeared when population structure was included into the statistical model.
The false positive associations were negligible in the two traits (seed color and leaf margin

undulation) with weak correlation to population structure.

11. Variation for Resistance to Verticillium Wilt in Lettuce (Lactuca Sativa L.).

< 2] Plant Disease. 91(4):439-445.

A 2} Hayes, R.J., Vallad, G., Qin, Q., Grube, R., Subbarao, K.

%= Host resistance offers the most cost-effective control method of Verticillium wilt of lettuce,

caused by V. dahliae. One hundred and seven lettuce cultivars were screened in infested fields for

resistance and disease progress on resistant and susceptible cultivars was determined. Subsequent
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greenhouse experiments were conducted to evaluate 16 cultivars for resistance to a race 1 and a
race 2 isolate, and to determine the effectiveness of greenhouse testing. Significant differences for
resistance were observed within cultivated lettuce. In susceptible cultivars, disease increased through
the season, while disease in resistant cultivars remained constant or decreased. Resistance in
greenhouse tests was dependant upon the V. dahliae race used. Seven diverse cultivars were
resistant to race 1, while all cultivars were susceptible to race 2. Cultivar reactions to race 1 in
greenhouse and field were correlated, indicating the utility of greenhouse evaluations of host
resistance. The identification of resistance in diverse lettuce types is beneficial to the breeding
process. However, the existence of resistance breaking race 2 isolates indicates that this resistance
may not be durable. Alternatively, targeted releases of cultivars with resistance to race 1 to fields
with this pathogen genotype is a likely method of extending the life of these cultivars. Additional

testing of Lactuca germplasm for resistance to race 2 is needed.

12. Variation for Big Vein Resistance in Lactuca virosa L. and Introgression of Resistance into

Cultivated Lettuce (Lactuca sativa L.).

Z2]: In Eucarpia Leafy Vegetables 2007 Conference Abstracts, University of Warwick, UK. pp. 16.

Z 2} Hayes, R.]J., Ryder, E.J., Wintermantel, W.M.

*35: Big vein is a damaging disease of lettuce (Lactuca sativa L.) caused by the Olpidium
brassicae vectored Mirafiori Lettuce Big Vein Virus (MLBVV). Resistance to this disease is needed
since no feasible cultural control methods have been identified. Partial resistance is available in
cultivars such as Pavane, and is expressed as a delay in symptom expression and a reduced
percentage of symptomatic plants at market maturity. Complete resistance has been identified only
in Lactuca virosa accession IVT280, an incongruent wild relative of lettuce. Resistance from L.
virosa IVT280 has not been introgressed into lettuce. The objectives were to 1) determine if L.
virosa accessions exhibit variation for resistance, and 2) determine if resistance can be introgressed
into lettuce. Greenhouse testing was used to evaluate resistance in L. virosa accessions, L. virosa ”
L. sativa hybrids and L. sativa cultivars. Seedlings were inoculated with root macerate of big vein
symptomatic plants, transplanted to big vein infested soil, and greenhouse grown. The percentage of
big vein symptomatic plants was recorded every week for 8 weeks. Seventy—nine accessions of L.
virosa were tested over 3 years along with susceptible Great Lakes 65 (GL65). Great Lakes 65
ranged from 89% to 1009 symptomatic plants. Variation for symptom expression was observed; 65
accessions had no symptoms, eight accessions had typical big vein symptoms, and 7 accessions had
atypical symptoms (stunting and leaf crinkling). MLBVV accumulation was detected in IVT280
using a combination of RT-PCR and nucleic acid hybridization, although 83% of the plants were
virus free, indicating that IVT280 appears to have a very high level of resistance. 90% of the plants
in accessions with typical big vein symptoms were positive for MLBVYV. Only one accession with
atypical symptoms had MLBVV accumulation. The appearance of atypical symptoms does not
appear to be related to the accumulation of MLBVV. Greenhouse testing was conducted on L. virosa
- L. sativa hybrids from BCI1F2 through the BCI1F4:5 generation, IVT280, and L. sativa parents.

_87_



Complete resistance as observed in IVT280 was not identified in these families, but variation for
partial resistance was observed in every generation. Line 00-366-3 from the cross (IVT280 x
Cocarde) x Galore, was the most resistant family in every generation, and was significantly more
resistant than Cocarde and Galore. 00-366-3 and the related line 00-366-9 were used as parents to
create BC2 progeny from crosses with high partial resistant cultivars, intermediate partial resistant
cultivars and susceptible cultivars. Randomly selected BC2F2:3 families were greenhouse tested in an
unreplicated experiment and variation for partial resistance was observed. Families that were
numerically better than both parents were selected as putative transgressive segregants. These
selections were retested as BC2F3:4 families, and confirmed the existence of transgressive
segregants in crosses using high, intermediate, and susceptible parents. This research suggests that
L. virosa contains alleles that confer partial resistance to big vein disease when introgressed into L.
sativa, and, these alleles are distinct from those present in partially resistant cultivars. Alternative

breeding strategies should be pursued to introgress complete resistance from L. virosa.

13. Introgression of novel alleles for partial resistance to big vein disease from lactuca virosa into

cultivated lettuce.

Z2]: HortScience 42(1):35-39.

Z 2} Hayes, R.J., Ryder, E.J.

%= Big vein is an economically damaging disease of lettuce (Lactuca sativa L.) caused by
Mirafiori Lettuce Big Vein, which is vectored by the soil borne fungus Olpidium brassicae.
Resistance to this disease is needed since no feasible cultural control methods have been identified.
Partial resistance is available within cultivated lettuce, and is expressed as a reduced percentage of
symptomatic plants. Complete resistance has been identified only in accessions of Lactuca virosa, a
wild relative of lettuce. Resistance from L. virosa has not been introgressed into lettuce. The
objective of this research was to determine if big vein resistance from L. virosa can be introgressed
into lettuce. Backcross (BC) 1 hybrids between L. virosa and L. sativa cultivars were greenhouse
tested for big vein resistance for 4 generations by infecting hybrid seedlings with O. brassicae
zoospores collected from big vein symptomatic plants. Plots were evaluated for the percentage of
symptomatic plants, and asymptomatic plants from resistant families were retained in every
generation. Selected plants from resistant BC1 families were used as parents to create BC2F2 and
BC2F2:3 populations for resistance testing. Complete resistance was observed in one BC1F3 family,
however, high susceptibility was observed in the subsequent BC1F4 or BC2F2 generations. Variation
for partial resistance was observed in all BC1 generations evaluated. One BC1 family was selected
for high levels of partial resistance and used to create BC2 progeny by crossing to resistant and
susceptible L. sativa parents. Transgressive segregants were identified among these BC2F2:3
families. This research demonstrates that Lactuca virosa contains alleles that confer partial
resistance to big vein when introgressed in a L. sativa background, and, these alleles are distinct
from those present in cultivated lettuce. Complete resistance to big vein may not have been

recovered due to linkage between resistance alleles and alleles causing incongruity. Alternative
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breeding strategies should be pursued to introgress complete resistance from L. virosa into

cultivated lettuce.

14. Handbook of Plant Breeding, Vol. I, Vegetables I, Asteraceae, Brassicaceae, Chenopodicaceae, and
Cucurbitaceae,

Z7#: J. Prohens and F. Nuez, ed., Springer, New York, 2008. p. 75-116.

A 2} Mou, B.

%= Lettuce is the most important fresh-market vegetable in the U.S. in terms of area, production,
and value. It is also a leading vegetable in many countries around the world. Plant breeding has
played a critical role in the improvement of yield and quality of lettuce. This book chapter
summarizes the basic principles and practices of lettuce breeding as well as new advances in the
field. It covers the origin and domestication, major horticultural types, genetic resources, major
breeding achievements, current goals of breeding, breeding methods and techniques, integration of
new biotechnologies in breeding programs, and seed production. It is suitable for breeders,

researchers, educators, and students in horticulture to use as a reference or resource.

15. Release of crisphead lettuce germplasm with resistances to corky root and lettuce mosaic.

Germplasm Release. Release of seven breeding lines of crisphead lettuce (Lactuca sativa L.)

Z 2] U.S. Dept. of Agriculture. Agri. Research Service. 2006.

2} Mou, B., Hayes, R.]., Ryder, E.J.

%% The Agricultural Research Service, United States Department of Agriculture announces the
release of seven breeding lines of crisphead lettuce (Lactuca sativa L.). The lines 04-0344, 04-0350,
04-0353, 04-0363, 04-0368, 04-0375, and 04-0379 have dull, medium-dark-green outer leaves, similar
to 'Salinas’ and related cultivars. Green color extends close to the core on a partially trimmed head.
The interior is creamy yellow. Leaf margins are incised, indented, and mildly undulated. Leaf
surface is slightly crinkled or blistered. Outer leaves are broader than long. Heads are well rounded,
partially covered, and firm to hard at maturity. Butt is flat, and ribs are flat but become more
pointed toward the base. Bases of outer and interior leaves overlap well. Texture is relatively soft
and flexible, and inside leaves are crispy. Seeds are black. The lines may be suitable for commercial
production, and are suitable for use as sources of resistance to corky root and lettuce mosaic in the
development of cultivars and germplasm. They were developed at the United States Agricultural

Research Station in Salinas, California, by Beiquan Mou, Ryan J. Hayes, and Edward J. Ryder

16. Genetic Variation of Beta-carotene and Lutein Contents in Lettuce.

Z2]: Journal of American Society for Horticultural Science. 130(6):870-876. 2005
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Z 2} Mou, B.

%% There is increasing medical evidence for the health benefits derived from dietary intake of
carotenoid antioxidants, such as B-carotene and lutein. Enhancing the nutritional levels of vegetables
would improve the nutrient intake without requiring an increase in consumption. A breeding
program to improve the nutritional quality of lettuce (Lactuca sativa L.) must start with an
assessment of the existing genetic variation. To assess the genetic variability in carotenoid content,
fifty-two lettuce genotypes including crisphead, leaf, romaine, butterhead, wild species, primitive,
Latin, and stem lettuces were planted in the field in Salinas, California in the summer and fall of
2003 with four replications. Duplicate samples from each plot were analyzed for chlorophyll (a and
b), B-carotene, and lutein contents by high performance liquid chromatography (HPLC). Primitive, L.
serriola, L. saligna, and L. virosa accessions had higher B-carotene and lutein contents than
cultivated lettuces, mainly due to their lower moisture content. Among major types of cultivated
lettuce, carotenoid content followed the order of: green leaf or romaine > red leaf > butterhead >
crisphead. Crisphead lettuce accumulated more lutein than B-carotene, while other lettuce types had
more [B-carotene than lutein. There was significant genetic variation in carotenoid content within
crisphead, butterhead, green leaf, red leaf and romaine types of lettuce. Carotenoid content was
higher in summer than in the fall, but was not affected by the position of the plant on the raised
bed. B-Carotene and Ilutein contents were highly correlated, suggesting that their levels could be
enhanced simultaneously. B-Carotene and lutein contents were both highly correlated with
chlorophyll a, chlorophyll b, and total chlorophyll contents, suggesting that carotenoid content could
be selected indirectly through chlorophyll or color measurement. These results suggest that genetic

improvement of carotenoid levels in lettuce is feasible.

17. New sources of lettuce aphid resistance in lettuce.

Z 2. Hortscience 40(4) p. 1109. 2005.

A 2} Mccreight, J.D.

%5 Lettuce aphid (Nasonovia ribisnigri Mosley) is a recent insect pest to lettuce (Lactuca sativa
L.) production in the U.S. The single dominant gene, Nr, conditions resistance to the lettuce aphid
in Lactuca virosa accession IVT280 from The Netherlands and is available in a limited number of
commercial lettuce cultivars. New and genetically unique sources of resistance are sought to broaden
the genetic base for resistance to the lettuce aphid. Approx. 1200 lettuce PI lines were evaluated for
resistance to lettuce aphid in greenhouse tests using a strain of lettuce aphid obtained from
commercial lettuce in Salinas Valley, Calif. In 2002, plants were individually infested with five 24-hr
nymphs per plant (controlled protocol), and the numbers of aphids per plant were counted 10 to 14
days post-infestation (dpi). Beginning in 2003, plants were mass-infested (mass protocol) with
nymphs and alates of various ages and numbers. Using the mass protocol, the number of aphids per
plant 10 to 14 dpi were estimated and categorized using a 1 to 5 scale where 1 = 0 aphids per
plant, 2 = 1’10 aphids per plant, 3 = 11" 20 aphids per plant, 4 = 21’30 aphids per plant, and 5 >30
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aphids per plant. ’'Salinas’ and 'Barcelona’ were included as susceptible and resistant controls,
respectively. Most of accessions were susceptible. A few accessions had a few plants with very low
numbers of aphids after repeated infestation, but their progeny were susceptible. Two accessions
were highly resistant: PI 491093, al.actuca serriola accession from Turkey, and PI 274378, a L.
virosa accession from France. Inheritance of resistance in these two accessions and their allelism to

Nr remain to be determined.

18. Development of lettuce breeding lines resistant to baterial leaf spot. Hortscience.

Z2]: Hortscience. v. 40. p. 1098. 2005.

A 2}F; Hayes, R.J., Bull, C.T., Goldman, P.H., Ryder, E.J.

*Z Bacterial leaf spot of lettuce caused by Xanthomonas campestris pv. vitians (Xcv) is an
important lettuce disease in California. No adequate control measures have been found, although
resistance exists in several heirloom cultivars. Deployment of resistant cultivars to bacterial leaf spot
will reduce these periodic and costly disease events. The objectives of this research were to 1)
identify new sources of resistance within modern crisphead cultivars and 2) select for resistance in
'Salad Crisp’ x 'Iceberg’ progeny. Field plots were established and grown with overhead irrigation,
and a 3 strain mixture of Xcv was applied until run-off one week after thinning at 1 x 109
CFU/ml. Twenty-six crisphead cultivars were tested in unreplicated field trials and rated on a 1
(susceptible) ' 4 (resistant) scale. Selection was carried out between and within families from the
F2 to F4 generation. Sixteen F3 families were evaluated in unreplicated plots, and 12 F5 families
were tested in replicated plots for disease incidence and severity. No useable levels of resistance
were identified in the modern crisphead cultivars tested to date. All F3 families had resistance
greater than 'Iceberg’, and 19 plants from 8 families were selected for further breeding.
Subsequently 12 plants from 2 F4 families were selected. Replicated trials of 12 F5 families
indicated that all lines have disease severity comparable to both parents. Breeding lines from crosses

to Salinas 88 are currently being developed.

19. Identified resistance in lettuce germplasm to verticillium wilt caused by verticillium dahliae

= 2]: Hortscience. v. 40. p. 1109. 2005

A A} Vallad, G.E., Qin, Q.M., Grube, R., Hayes, R.]., Ryder, E.J., Subbarao, K.V.

%=, Since its appearance in 1995, Verticillium wilt of lettuce has spread to several production areas
in the Salinas River Valley where nearly 60% of California’s lettuce acreage is located. A replicated
field trial was conducted to assess various modern and heirloom lettuce (Lactuca sativa) cultivars
and plant introduction lines and L. virosa lines for resistance to Verticillium wilt. Based on
horticultural type, lettuce plants were destructively sampled at harvest maturity and assessed for the

incidence of Verticillium wilt. Of the L. sativa cultivars, only the iceberg type displayed pronounced
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foliar symptoms of stunting and wilting. Disease incidence based on root symptoms ranged from 09
to 10096, with continuous variation found across and within lettuce types. Most cos, crisphead and
leaf cultivars exhibited 209 or greater disease incidence. Butter cultivars exhibited the lowest
disease incidence among the major horticultural lettuce types examined, and Latin and Batavia type
cultivars exhibited the lowest disease incidence overall. Disease progression was further monitored
for 10 select lettuce cultivars for two weeks past harvest maturity. Disease intensity increased over
the two week period for some cultivars, demonstrating the need to assess plants for Verticillium
wilt past harvest maturity to avoid misclassifying plants. The L. sativa plant introduction lines
tested, predominantly stem and oil-seed horticultural types, were quite susceptible and exhibited
distinct symptoms of wilt and defoliation possibly due to their elongated growth habit. The variation
in disease incidence among the L. virosa lines tested was discontinuous, with discrete differences in

susceptibility. Overall, the results reflected trends found in previous greenhouse and field trials.

20. Variation for tipburn resistance in lettuce.

Z2]: HortScience 40:990-991. 2006.

Z 2} Hayes, R.J.

%*Z: Tipburn (TB) is a physiological disorder that results in necrosis along the margins of lettuce
leaves. The disorder is objectionable to consumers and reduces the shelf life of whole and minimally
processed lettuce. The objectives were to 1) determine the variation for tipburn resistance in
iceberg, romaine, green leaf, and red leaf cultivars and 2) determine the genotype x location
interaction for tipburn resistance. Tipburn incidence was recorded on 10 plants in each of 3 reps in
Salinas, CA and Yuma, AZ trials with 20 iceberg, 21 romaine, 11 green leaf, and 6 red leaf
cultivars. Data were analyzed using analysis of variance type statistics of ranked data. Variation for
TB resistance was found in all lettuce types at both locations, although iceberg cultivars (Average
% TB: 31% Salinas; 77% Yuma) had significantly (p<0.01) higher levels of resistance at both
location than romaine (58% Salinas, 81% Yuma), green leaf (529 Salinas; 88% Yuma), and red leaf
(43% Salinas, 89% Yuma). The Yuma, AZ trial was more conducive for TB, and had less variation
(Range of %TB: 33-100% Yuma, 0-100% Salinas). Four iceberg, one green leaf, and one red leaf
genotype with industry acceptable levels of TB (<5%) were identified in the Salinas environment.
Genotype x location interaction was present (p<0.01), and included rank order changes within all
lettuce types. The correlation between the locations was low, 0.26, but significant (p=0.045). A need
exist for romaine, green leaf, and red leaf germplasm with improved TB resistance, particularly in
the Yuma environment. The presence of variation within each lettuce type and G x L indicates that
genetic improvement should be possible using within type crosses followed by selection in the

Yuma or Salinas target environment.

21. Evaluation of lettuce germplasm for resistance to lettuce aphid.
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Z2]: 17th International Lettuce and Leafy Vegetable Conference, Quebec, Canada 2004. p. 19.

Z A} Mccreight, J.D.

%5 Lettuce aphid (Nasonovia ribisnigri Mosley), a problem since the 1970s on lettuce (Lactuca
sativa L.) in Europe, first occurred in the U.S. on lettuce in the Salinas Valley, California in 1998,
and is now present in most of the lettuce production districts of Arizona and California. High-level
resistance to the lettuce aphid discovered in several Lactuca virosa accessions and conditioned by a
single dominant gene, Nr, is commercially available. Genetically unique sources of resistance are
being sought as a protection in the event that the lettuce aphid overcomes the resistance conditioned
by Nr. Approximately 1,200 lettuce PI lines were evaluated using two greenhouse protocols in 2002
and 2003. A western U.S. strain of lettuce aphid was obtained from a commercial lettuce field in
Salinas Valley and reared on 'Parris Island’ cos lettuce in insect-proof cages in a greenhouse. In
2002, plants were individually infested with five 24-hr nymphs per plant (controlled protocol), and
the numbers of aphids per plant were counted 10 to 14 days post-infestation. Beginning in 2003,
plants were mass-infested (mass protocol) with nymphs and alates of various ages and numbers,
and the number of aphids 10 to 14 days post-infestation were estimated and categorized using a 1
to 5 scale where 1 = 0 aphids per plant, 2 = 1-10 aphids per plant, 3 = 11-20 aphids per plant, 4 =
21-30 aphids per plants, and 5 >30 aphids per plant. Susceptible, e.g., 'Salinas’, and resistant, e.g.,
'Barcelona’, checks were included in all tests for comparison. Most (1188) of the introductions
evaluated were susceptible. Although a few accessions had a few plants with very low numbers of
aphids after repeated infestation, their progeny proved to be susceptible in subsequent tests. PI
491093, identified as Lactuca serriola from Turkey, was highly resistant in a mass protocol
evaluation. In a subsequent controlled protocol test, PI 491093 (4.5 aphids per plant) did not differ
significantly from ’'Barcelona’ (3.8 aphids per plant) and both differed significantly from ’Salinas’
(214 aphids per plant), and 'Ultra Green’ (19.8 aphids per plant). Further research is needed to

determine the inheritance of resistance in PI 491093 and allelism with the Nr gene.

22. Screening for new sources of resistance to corky root in lettuce.

Z=2]: Journal of the American Society for Horticultural Science. 129(5):712-716. 2004.

A Z}: Mou, B., Bull, C.T.

%= Corky root is a major disease of lettuce (Lactuca sativa L.) observed in most production areas
of the world. The pathogen Sphingomonas suberifaciens (formerly, Rhizomonas suberifaciens) varies
with regard to virulence, and several strains have been isolated that can cause certain disease
symptom on cultivars with the only known resistance gene, cor. It is desirable to find new sources
of resistance to diversify the genetic basis of the resistance and to confer resistance to isolates that
are not adequately controlled by cor. More than 1,000 plant introduction lines and cultivars were
screened in the greenhouse, growth chamber, and field. Three L. serriola lines (PI 491239, PI 491096,
and PI 491110) and a L. virosa line (PI 273597c) were highly resistant to corky root in all tests.
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Disease severity ratings in the field was correlated with the ratings in the greenhouse (r = 0.722)
and in the growth chamber (r = 0.650). None of the four resistant lines had the two molecular
markers closely linked to the cor allele. The information on disease resistance for these germplasm

will be useful in future breeding work.

23. Relationship between plant morphological traits and resistance to sclerotinia minor in lettuce.

Z 2] Hortscience. 2004. v. 39(4). p. 881.

A 2} Grube, R.C., Aburomia, R.

%= A low to moderate incidence of lettuce drop caused by Sclerotinia minor is commonly
observed in commercial lettuce fields of all types of lettuce (e.g. crisphead, romaine, leaf, butter) and
although partial resistance has been reported, no sources of immunity have been described. We
sought to determine whether there was variability between different types of lettuce and among
cultivars within types. Replicated experiments were conducted in an infested field using established
inoculation procedures. Significant variation in susceptibility to S. minor was detected among
cultivars within as well as between major lettuce types. Correlations between lettuce drop
susceptibility and plant canopy size, seedling vigor, and additional morphological traits were
determined. Variability between different field experiments was also evaluated for several traits and
a subset of cultivars. Our results suggest that cultivated germplasm may provide genes that are as
useful or more useful than those found in genotypes with more primitive growth habits in

developing cultivars with tolerance to lettuce drop.

24. Introgression of big vein tolerance from lactuca virosa L. into cultivated lettuce (lactuca sativa
L)

2 *]: Hortscience. 2004. v. 39(4). p. 881.

A A} Hayes, R.J., Ryder, E.J., Robinson, B.J.

%= Big vein (BV) disease of lettuce is caused by soil borne fungal vectored viruses, and reduces
marketability through head deformation. Tolerant cultivars reduce BV frequency, but no resistant
cultivars exist. L. virosa L. is highly resistance. The objectives were to 1) determine if L. virosa
P.ls exhibit variation for resistance, and 2) determine if resistance is transferable to lettuce.
Seedlings were inoculated with root macerate of BV infected plants, transplanted to BV infested soil,
and greenhouse grown for 3 mo. Twelve plants in each of 120r 3 reps of Great Lakes 65
(GL65-susceptible), Pavane (Pav-tolerant), L. virosa (11 accessions), and BC1F2 through F5 families
of lettuce cvrs. x L. virosa accession IVT280 were tested. The percentage of BV afflicted plants

was recorded. In hybrid families, BV free plants from tolerant families were selected and advanced.
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No BV was found in L. virosa. Variation for tolerance was observed in BCIF2 and F3 families;
33% had greater tolerance than Pav (17 % afflicted). Additional tests identified 11 BCI1F3 families
(14%) with greater tolerance than Pav (42% afflicted). Subsequent BC1F4 and F5 generations
however, were more susceptible than Pav. L. virosa is highly resistant, but resistance did not
transfer to hybrid progeny. Variation for tolerance was observed in BC1F2 and F3 families, but later
generations were susceptible. Interactions or linkage of genes for developmental processes and BV
resistance may hinder introgression. Introgression will continue using congruity backcrossing and a

greater diversity of L. virosa.

25. Breeding lettuce cultivars with high resistance to lettuce mosiac virus. Lettuce

< 2] Lettuce Workshop and Leafy Vegetable International Conference Proceedings. 2004.

Z 2} Hayes, R.J., Ryder, E.J.

%= Lettuce mosaic virus (LMV) is a serious disease of lettuce causing leaf mottling and stunting.
Management practices include lettuce-free planting periods, seed indexing, and planting resistant
cultivars. Most resistant cultivars carry recessive mo-le, or mo-1lg alleles that reduce virus
accumulation, but still exhibit disease symptoms. Highly resistant genotypes that rarely exhibit
symptoms have been identified. These include genotypes combining dominant Mi with mo-1le, and
the recently identified PI 226514. The objectives of this research were to 1) determine the
inheritance of high resistance in PI 226514, 2) determine the relationship between high resistance
alleles in PI 226514 and mo-1le, and 3) characterize virus accumulation in susceptible (Sus), resistant
(Res), and highly resistant (HRes) genotypes. Seedlings were inoculated with LMV at the 3-4 leaf
stage using green peach aphids and observed for symptoms 14-21 days after inoculation (DAI). The
numbers of Sus, Res, and HRes (asymptomatic) plants were tabulated and analyzed using
chi-square. Six F2 populations were tested: A (226514 tinge leaf (tn) x Salinas, HRes x Sus), B
(226514 tn x Salinas 88, HRes x Res), C (226514 green leaf (gr) x Salinas, HRes x Sus), D (226514
gr x Salinas 83, HRes x Res), E (Salinas x [99-1441-2-2 (226514 tn x Salinas)], Sus x HRes), F
(Salinas 88 x 99-1441-2-2, R x HR). Twelve plants of each parent plus 01-754-3 (HRes from Mi
mo-le), Vanguard (S), and Vanguard 75 (Res) were tested for LMV with ELISA at 14, 21, 28 and
35 DAL F2 progeny from A and E fit a 12 Sus: 3 Res: 1 HR segregation ratio, while F2 progeny
from B and F fit a 3 Res: 1 HRes ratio. Among F3 families from A, no S plants were found in
progeny derived from HRes and R F2 plants, and only 1 HRes F2 parent plant had F3 progeny
segregating Res and HRes. Conversely, F3 progeny from Sus F2 plants were all Sus, segregating
Sus:Res, or Sus:Res:HRes. F2 progeny from C and D had Sus:Res:HRes and later determined to be
Res, and HRes progeny in C and D were likely escapes. Susceptible and R genotypes had positive
ELISA results starting at 14 DAI, and increased with each sampling date. No positive ELISA
results were obtained for 99-1441-2-2 and 01-754-3. High resistance in PI 226514 tn appears to
result from two nuclear recessive genes, one allelic to mo-le, and another that interacts with mo-1le
to result in high resistance. High resistant breeding lines derived from PI 226514 and with the Mi

mo-le gene combination reduced virus accumulation below that of current resistant cultivars.
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Further research includes identifying PCR based molecular markers linked to HRes genes and

developing HRes lettuce cultivars.

26. Genetic variation of carotenoid content in lettuce.

< 2] Lettuce Workshop and Leafy Vegetable 17th International Conference. August 28-31. 2004.

Montral, Quebec, Canada.

2} Mou, B.

%% There is increasing medical evidence for the health benefits derived from dietary intake of
carotenoid antioxidants, such as B-carotene and lutein. Efforts by public health organizations and
produce industry to increase the consumption of fruits and vegetables have met limited success due
to dietary habits and cultural reasons. Enhancing the nutritional levels of vegetables would improve
the nutrient intake without requiring an increase in consumption. Although lettuce (Lactuca sativa)
is a staple food, it (especially the crisphead type) is a poor source of vitamins and minerals. A
breeding program to improve the nutritional quality of lettuce must start with an assessment of the
existing genetic variation. Little is known about varietal differences, as available nutrient data were
mostly obtained by analyzing samples from supermarkets. To assess the genetic variability in
carotenoid content, fifty-two lettuce genotypes including crisphead, leaf, romaine, butterhead, wild
species, Latin, primitive, and stem lettuces were planted at the USDA field in Salinas in the
summer and fall of 2003 with four replications. Duplicate samples from each plot were analyzed for
moisture, chlorophyll (a and b), B-carotene, and lutein contents by high performance liquid
chromatography (HPLC). Primitive, L. serriola, L. saligna, and L. virosa accessions had higher
B-carotene and lutein contents than cultivated lettuces. There was significant genetic variation in
carotenoid content within crisphead, butterhead, green leaf, red leaf, and romaine types of lettuce.
B-carotene and lutein contents were highly correlated, suggesting that their levels could be enhanced
simultaneously. B-carotene and lutein contents were both highly correlated with chlorophyll a,
chlorophyll b, and total chlorophyll contents, suggesting that carotenoid content could be selected
indirectly through chlorophyll or color measurement. These results suggest that genetic improvement

of carotenoid levels in lettuce is feasible.

27. Evaluating the potential utility of partial resistance to Bremia lactucae from the lettuce cultivars

'Grand Rapids’ and ’'Iceberg’.

= 2]: Phytopathology. 2004. v. 94. p. S36.

A 2} Grube, R.C.

%% Single dominant <i>Dm</i> genes that confer race-specific resistance to downy mildew

(<i>Bremia lactucae</i>) have historically had short effective life spans once deployed in lettuce
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cultivars. Partial or 'field resistance’ (FR) has been investigated as an alternative and possibly more
durable host resistance strategy. Most studies of FR, including ongoing mapping efforts, have
focused on the cultivar 'Iceberg’. We sought to evaluate the utility of the cultivar 'Grand Rapids’
as a source of FR, particularly in comparison to 'Iceberg’. Field trials were conducted in the Salinas
Valley of California over a three-year period to examine responses of both cultivars to endemic
populations of <i>B. lactucae</i>. Both cultivars remained nearly free of symptoms, with a level of
resistance comparable to cultivars with effective <i>Dm</i> genes. Both FR cultivars were crossed
with susceptible cultivars and evaluated for response to <i>B. lactucae</i>. Susceptibility of Fl1
progeny established that FR was recessive, and similar segregation of FR in F2 and other
populations suggested similar inheritance for both cultivars. A large proportion of 'Grand Rapids’ x
'Tceberg’ F2:4 families were susceptible, implying that FR genes in the two cultivars were not
allelic. Based on the susceptibility of cultivars with known genes in field experiments as well as on
seedling screens using characterized isolates, FR from Grand Rapids could not be attributed to any
known <i>Dm</i> genes. Our results suggest that 'Grand Rapids’ may be useful as a source of

one or more novel <i>B. lactucae</i> resistance genes.

28. Propagation of selected lettuce germplasm by regeneration of apical and axial buds.

=7 Proceeding of the Annual Meeting of the International Plant Propagators’ Society. Portland,
Oregon. 2003.

A 2} Aburomia, R., Grube, R.C.

*3Z Successful lettuce (Lactuca sativa) breeding requires evaluation, selection, and recovery of
seeds from field grown plants. The recovery of germplasm from fields with a high pathogen
population can be challenging because plants die before setting seed. We developed a vegetative
propagation procedure that uses a rootcube substrate to establish whole rooted plants from apical
and axial expanded buds from field grown lettuce. Buds were first excised from plants and then
immersed or their bases dipped in commercially available formulations of rooting hormone. Following
hormone treatment, buds were placed in rootcubes in a growth chamber for 14 days and allowed to
harden off for 5 days, prior to being transplanted into potting soil mix. To determine an effective
rooting hormone application method and concentration, bud survival from a field grown romaine
cultivar was evaluated in four powder dip treatments, four total immerse treatments, and one
no—treatment control. Lower concentration aqueous formulations performed best on romaine buds,
and 150ppm IBA in water was used to test the regeneration of buds from other lettuce types.
Lettuce plants from two fields, representing cultivars of green leaf, red leaf, romaine, and crisphead
types wee used as sources of buds to be vegetatively propagated. Buds from the crisphead cultivar,
Salinas responded significantly better in one field to IBA treatment than other types. On selected
germplasm in a pathogen infested field vegetative propagation procedure preformed well compared to
digging whole plants and transplanting. Given its efficiency and the ability to exclude pathogens
from the explant, this propagation technique has advantages over both, tissue culture and

transplanting entire plants with intact roots.
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