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SUMMARY
(F&E L FF)

Identification of resistance inheritance mode to Riptortus
clavatus Thunbeerg and development of resistant
soybean lines to R. clavatus Thunbeerg

1. Analysis of resistance inheritance mode to Riptortus clavatus
Thunbeerg and resistant soybean lines to R. clavatus

1) Development of insect resistant soybean lines

After 32 insect resistant soybean germplams were received from USDA-ARS, USA,
we investigated phenotypes related to insect resistance and genetic relationship
between resistant and susceptible germplams by analysis of SSR markers. With
NTsys 2.1 program, there are several subgroups based on segregation of SSR markers
between resistant and susceptible germplams. Four Korean susceptible germplasms
except Taekwangkong consist one subgroup. Thus, genetic differences were detected
between insect resistant and susceptible germplams.

Populations for bean bug (Riptortus clavatus Thunbeerg) resistant soybean cultivars
were developed by the crosses of insect resistant germplasms (PI171451, PI227687,
PI229358) and Korean recommended cultivars (Danbaekkong, Taekwangkong,
Pungsannamulkong, Hwaeomputkong) and SSD. At Cantho Univ. in Vietnam, F1 was
generated and two to three generations were more developed by SSD with F2. A total
of nine soybean RI populations were examined adaptability and seed propagation at

SNU farm in Suwon.

2) Construction of soybean genetic map

To construct the soybean genetic map for QTLs related to bean bug resistance and
main agricultural phenotype, more than 120 RILs from the cross of PI171451 and
Hwaeomputkong were currently developed as F6 generation.

111 out of selected 201 SSR markers were used for analysis of segregation in
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PI171451 x Hwaeomputkong RIL population. Segregation ratio was not 1:1, although
F5 population developed by SSD was used for Chi test. To uniform genetic
composition, three to four more generations should be developed because PI171451 and
Hwaeomputkong are quite different in genetic similarity.

Soybean genetic map was constructed with PI171451 x Hwaeomputkong RIL
population. The frame map was constructed using the MAPMAKER v. 3.0 program
and a minimum LOC score of 3.0 and maximum distance of 50 cM were chosen to
establish the degree of linkage. LGs were named according to the designation of the
consensus USDA map. Among the 111 SSR markers. a total of 102 markers were
incorporated into 18 LGs. A total map distance was 686 cM and on average, one
marker every 6.7 cM was positioned. The remaining two LGs from the consensus

map were not identified.

3) Identification of QTLs related to R. clavatus resistance and agronomic traits

With PI171451 x Hwaeomputkong RIL population, several agronomically important
phenotypes, such as height, number of internode, flowering time, maturity and
100-seed weight, were examined. Normal distribution was observed in these
phenotypes except maturity, indicating multiple genes were involved in these
quantitative traits. Not only PI171451 and Hwaeomputkong showed quite different
maturity but also two peaks in distribution were observed in their RIL population.

QTL controlling traits were mapped by composite interval analysis with QTLmapper
v. 1.6. Among five analysed agronomic traits, QTLs for flowering time, maturity and
height were detected by SSR marker analysis. Flowering time QTL was identified on
LGs F and O, QTL for maturity was located on LG O and height QTL was identified
on LGs C2 and O. Most of QTLs showed higher than 10% in R2 value. QTL for R.
clavatus resistance have >12% of R2 value between Sattbh09 and Sattl97 on LG Bl.
Based on soybean genetic map constructed by this study, QTLs for flowering time,
maturity and height were incorporated into the same LG O. Thus, it suggested many

genes responsible to agronomic traits might be located on this linkage group.

2. Screening for resistance of soybean cultivars to Riptortus
clavatus Thunberg and evaluation of insect resistance

_12_



The objectives of this project were 1) to determine the optimal conditions for mass
rearing of bean bug (Riptortus clavatus Thunbeerg) in laboratory 2) to develop a
experimental protocol of screening for resistance soybean lines to bean bug, 3) to
develop a guide line for identification of feeding race of bean bug, and 4) to screen
for the resistance soybean line to bean bug. A laboratory experiment using 7 constant
temperature regimes were conducted to determine the optimal temperature for
development of bean bug and 28C - 30C was optimal temperature condition for
rearing bean bug in the laboratory. To determine the better food source for mass
rearing of bean bug, 8 varieties of beans, which were commercially available in a
market, were tested by the feeding experiment. Baek-tae was the best food source for
bean bug biologically and economically. Bean bug’s feeding on soybean resulted in
black spots on the surface of beans while the feeding on pod caused brownish spot
on pod, dropping of pod, and twisted pod. A experimental procedure for screening
resistance soybean lines to bean bug was suggested. Thirty 30 soybean lines were
tested for resistance to bean bug in a series of experiment. First, nymphal
development and mortality was examined; second, damage and yield loss by bean bug
was examined; finally, preference of bean bug was tested in a choice test. Among 30
soybean lines, 3 lines (PI561575, PI561401, and PI417136) were identified as strong
susceptible lines and 6 lines (PI559366, PI381660, PI559365, PI576466, PI227687, and

PI572237) were screened as strong resistant lines.
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Az e E719] vy &2 o] e A5= Utk

O wueZivs e =dAs 74 Ste(RFAANZZ7DFE 571704 dallE =



= e
obA WA EHL Wl AT, N FAA 2o waAA T ohF WAl T}

o
A RE AW A A, GZFA, dupad, dEE, 2R A, i Z A
= [e)

O Fue/ivsl e =d A= olF o] eyl ol oAl BAlE nFe A 27 &
< T2 7)o 18] BAlel o= o BIE Vel ofHal el A 5 1TLRH
379 Abole] 209 E<t 23] X WA Folok oFibe] I} QUvh T AE W= M
FYAR7I R FAHNETT] Aol 7 Ao R 3743 AEsjof gl kAl 33 A

Aol = F o] 10ad 258kgs! Ho] FH2lAldl 109kgo 2 A7
T o] o] 73 2] = A el 9] 3 A Ed
(http://www.hsgatc.go.kr/tech_2-08.html).

ol
-
rr
pos

2. ZA - AAH 9

O =l F AwiAl W WAE AT Fekom Fupl, vl B ST 5 AT
A, TALEE, Axs FF o 5 AHEsta AR FuEAvE e A FAE

¢}
)

gk Fokol WM = A R Hgo] dude vEFsin dA Sl R 7FA F Y
o] Frgzin s g =l AT} = Ao deA 7= sy 1 52t v

Hahe] A8 o4 Zat}.

O FoeZivsl el = olgdol A&Fstal 715 A=A WAZE wolA 13 A=
= AR A webd FuesivE gedA sl dd Al =2 35S N

o =

I3te] Afujsls Aol AAH R WIS Hirsltets Wotow AzEr)
3. A3 - #3514 549

O wueAvs = g W F FF 2VFES TF ¢+ 48T
Ak B TEeR hgA I ARTINE fA9H.
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2. 39 ATEH

O A& YHEAHL 3 F My =

<) ‘(I?r‘ =
olel 7He] FHATE Bl %k@fﬁéli ogaqxq 9l ;q:-yzm waE wpe] o&H
2o ot

(Yencho &, 2000).

O F9 mFY FHFA ;E<Q stinkbugd FF 19743 oA uj=o] Z=dH A& V
of VIII¢] Be T 53 2 A% g3 FolAduvtgolq AuEa e A& T F5
S ez s AdS #AAS A PIT714447F FEEZE M= A (southern green

stink bug; Nezara viridula), green stink bug (Acrosternum hilare), brown stink bug
(Euschistus servus), dusky stink bug (Euschistus tristigmus)o] ™3t WEAdo] At
B33 Y (Gilman %, 1982).

O & t& H5-AA Al A= PI71451, PI227687 2 PI229358 G o] ‘&A= 4)
of A@Ee 7HA i, 58] P229358°] 7Hd AFAel Avka skth (Jonesst
Sullivan, 1979). PI2276872 AP A T4 &8 dis] 24 AZAAS e

O Layton %(1987)2 x=@Ajo] A3l PI171444+= bean leaf beetle®t banded
cucumber beetled] WA= ATqALS YEIUE ZHAORE Hol o AFL B3 = A3
S 7HH YA Baisked o

O o]F ALd A= F 9dd AT tdd sisscl ek SdAFAH o] AR
Atk tiukol A = PI227687-8 beet armyworm, PI1714518 e & &), PI229358& @A
" E s FolA AIAHES Bttt (Talekar 5, 1983). HefAeoA= PI274453%F
PI274454= o8] F79 =dAdd AFAEES 7HAH, o] F AE3 PI2276872 HH| - &)
Fol®E AgdS BAva 39t (Lourencao &, 1989).

=

O Boethel(1999)2 o&] 7}#] sfFol e T Al 2 EFo] thak AIFA Ao
3 @ s T3 EAIAe diste] Rausidew, ofl HolA R wpet
PI171451 9} PI229358& 1271, PI227687S 1070, PI17144% 370¢] df=ol thalo]
B2 o] vl /Mo FHAAFEL FElve soEiAvE e =adA et A
AgAdS Holmg olgdt F FHAFES WFAH Aoz olgdd 4 ¢
AtgE )

o

[e5

=,

1_: —_
ot ox my
ftlo

d > i
e
)

it

>_\.L
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= Z2 A=
oh= Pl171444 PI1171451 P1227687 P1229358
H. Zea R R R
P. icludens R R R
. A. gemmatalis R R R
Lepidoptera -
S. exigua R R
H. virescens R R R
7. ni R R R
E. varivestis R R R
Coleoptera |C. trifurcata R R R R
D. balteata R R R R
E. vittata R R R
Heteroptera |B. fabac/ R R
Stink bug R R R R

O A8 WFH B2 918 DNA vhAl AW ol gl s SEel =g Wt gl
(Yencho &, 2000), ¥, Wel, 54, 2, 74, Evhe 5ol 671 2ol A ujv) %, wel)
2, sl =, ulE, GgudE 23 S 9@ 049 FF FA4 5 vt @

up7 o] o3l A E Qo)
O EwE Y root-knot nematode (Meloidogyne incognita)ol] th3al A 3FA A H2=pel
Mi F+Ax7F ALz WiEAY ARz EgEden, o #4dx+E NBS LRR A% 9]

FARZA vrelelzs, wEelcl, #gel Fel d AFH KA st
(Hammon-Kosack 9} Jones, 1997).

O WEY T ABE W] AN Foe AU =Ad A% 4F, A
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A 5o ako HYr|so]l Aesty] wie ZFAAEY olFs)ete ¥E ATt
AAEo]of ghrh, o9} e PEATE FaARte] UFA AT ALS 9 7|24
frd A FHY DNA vbA §4S 58402 FqdT F da, oA FAE nAS
= ol &ste] EEAde Mol AHAor ALFoRN Frr v =d Aol
WEsd Add Ass Aedez Au8d 5 gk

O ¥ A7 WA ASe 42 3dolgr @rikge] o] Fojxjof sttt 12]7] ]3]
A= DNA FAJIA &AAl 7]E @7 d AR oF 5u o)A 4143 mapping=
7bsstAl sk AEAVIAE BAFAE A5 oRE ARESoF gtk (Virkk &, 1999). 1
W, o] AAE ALgs7] YsiAdE WA fluorescence-labelled primere s thEo®E G- 3|
oF sl=tl, ©] primers< 3 AlEY oF 260,000 &2 117}o]ojA] & F/F2 SSR whA

A J)go] st WA B Ao A= Schuelke (2000)¢] X 123 MI13 primers
SSRE| forward primerdl #2sle] PCRE 3} single-reaction nested PCR ¥ & A&
dto] A F74kA] W= USDA-ARSOIA 7h#sl SSR vk (http://129.186.26.94/ssr.html)) &
of tigh A& 7tsAdS EFxlgE & ofo gt HeHS & o Ho|th

A 24 doZ AW

¥ EF G40 TR AAE AAGA L A0 pel FE AA AF AFE A
At @ B4 gEaen ohdel AAdes nadl d3del B 8% TRag
B4 on Ansor Atk o S-S HAxse FAT AF AU AN Wl
A FEe SFo| BrHA

0 fAuTE 29 SUATA R4 B AT Joid I BE FAAAI
wdAE g Au o st akslel 9 Aotk et A getete A
o mE AUFFEE Frhlse e dted A40) gtk A A9 v
£ 2 A o nseeat FEan Qi dFolur FF Fore A
wdlAel 9@ Bol FHEAe PR S Aol

gEAvH A A F A SHNE BE oA A
2g

5
of B o= EEHAL AT AFW AR o] gW >
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O B ATAe AYARE HERASZGN 2F4te] YHS B A FO 55
o St WAL Y BrheA A A HF AFY AFS BT FE A
el WEY AR AES $45E REAS A3 Aol

]
For 714 2 Aui Wtz A3 fFe FF %
AZA S Fo] b Abe] st et A

O # < marker-assisted selection®] 3HAI= throughputdt A7Fe] Az FA 9 o] &
o] olg]& HolAwh I AFxle]l F AT Aol HE&sl7] 98kl universal MI13
primers ©]&3F Al£&3 SSR vl# genotyping WS /i - AFFolal (Schuelke,
2000), automatic DNA sequencerZ ©|-&3}l%] microsatellite?] FHAALEE Al7|HOo 7
AL o] Ao AEFT FAd Had NS G5 F Ak

O Adig=& 984 slelde A 7ts 24 AF&ete] 2Ad7HA] JAdAZd
AARE a17Fe] AgH] P AR Fo] o T WEWS] A9 AAxg A ] 1 wzr
3AIY R Ae] etz 2 A dEoz WEY Can Tho WE9 Nong ¢ 9]
HES B3l A STExA BE Aldg AHS A& A = Aok
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M13 SSR ,;;%ﬁ%g DNA
Mapping (SSD) MAS

JBH|= e

P Lizy 2 |

S XA =E

JZ ML rA 30

SCeH0lolel =&l
MNetd S HS HE
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e HEE SERRA
N80-50232, N80-53201, D86-3429, D75-10169, D89-9121,

=S D88-5328, D88-5272, DI90-9216, DI90-9220, HC-83-123-9,
MBB80-133, L86K-73, L86K-96 (13&)
P1163453, PI171444, PI171451, PI209837, PI227219, P1227687,
Ax s P1229358, PI245331, PI336119, PI381660, PI407073, Pl1407132,

P1407300, P1407301, PI417061, P1417136, PI417310, PI1423911,
Pl1464935-1 (19&)

-2 BoEAvse Al Add AW 89

A 2 Frhmse edA ARy AW SyEel 9X gtk 53 % A4

e Agel Bk a2yt mk Advit g £ 9l A dely )5 AHge] FE

et Agy whgol thEr] Wil olF ielw ARA 14 BWe Sk Wk ¢
b o

}\OJ =2
o Jhafel me AP Ars AP =3 Frie vl
Holl tigk AAE FHgrh

- B s e A% Faa T

T woEsiv s e md A Y] A 4 2EAS flste] PI229358 T WEAH o E Ay
=7
[

= oRARas e S g BEG 4 ole muxde s, oF 2% 3
oA Al 2 ARTAL Al GAF AAA 2FS AAT F olo] dete] FAAES
ARkl ARA ¥ B Boach PAA Aol pols fAA ok Fal
FHE BAFT olF B THE A FAFH) ATH KPP A

A%2 Glycine maxel
lecme max 01940115 Fo oFAE 5 E Glycine £ol ts|® 27
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U T woEvivE e el AR AT # dd %A NS

1) vl=r USDA-ARSE E38to] A F71A] 53 W54

=

o
H g BY ug oM, oF FAAAL Ba WEFY ool dF FFH Arkehud
It o5 RAAUES edd AFHAACH, A7) FHAAUC RN DNAE FE3
Ak (G 3.

2) SSR markerZ ©]-&3}o] Polymerase Chain Reaction(PCR) A& Azl & 3

A A AL = X*ﬁ%%%—% polymorphism ZALE itk WA A4
FAALLE F 29", I FHEFE F 5HS o&ddey, I FHEFLS HRE,
AFGE 25 SS2-2 AEF 25 183 FPE S A B A AE 70079
SSR "HAE ARSI, A ABI3TT AEA7IAEEA7], GeneScandl 1]l
Genotyper 2.0 Z&21HE o] &atglrh. AAAI 7o SSR wAdA WEd FFE
B A E2FE5 AboldlA thE A polymorphism) ©] WEFYTH ol= WEA EFE53
A FTE A FAFHY A7 ASS nlEi, do R F oA Hole
polymorphism& Htg o2 Frigqn el wdAl A3dd x5 FAs8t7] 9 32

AwmE AzstA @ok (29 29 1% 3).
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3% 3. USDA-ARS ZHEH %

HMHS Pl HS == I3
1 PI572237 Glycine max 0l=
2 PI574530 Glycine max 0=
3 PI561575 Glycine max 0=
4 PI561570 Glycine max 0=
5 PI576446 Glycine max 0=
6 PI561573 Glycine max ol=
7 PI561572 Glycine max 0=
8 PI518771 Glycine max 0l=
9 PI1559365 Glycine max 0=
10 P1559366 Glycine max 0=
11 PI1559364 Glycine max 0=
12 PI561403 Glycine max 0=
13 PI1561401 Glycine max 0l=
14 PI163453 Glycine soja ==
15 PI1245331 Glycine soja CH B+
16 P1407073 Glycine soja 2=
17 P1407132 Glycine soja o=
18 P1407300 Glycine soja ==
19 P1407301 Glycine soja ==
20 P1464935 Glycine soja ==
21 PI171444 Glycine max ==
22 PI171451 Glycine max o=
23 P1209837 Glycine max B[R
24 PI227219 Glycine max 22
25 P1227687 Glycine max a=
26 PI1229358 Glycine max 22
27 PI1381660 Glycine max S2HCH
28 P1417061 Glycine max 2=
29 P1417136 Glycine max a=
30 P1417310 Glycine max a=
31 P1423911 Glycine max 2=
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I T Al s %ﬂ‘ﬂ%{ of WhEAl NAH 4 AR FEF FEEFS 7] el
Asket7] witol FAke] &Ho] aukA Fx @t B TA dHs FAe] dots
W Adsez Al 7He X“;‘rOﬂ el Z7] 35070 FAES FERAA T L Lobs ol
40%4 =5 YEFWATH(E 4). 22u o ™8] Al JadEe] A717F 10097 o] deolm= o
oo FYPL =dA AFE FHA FALHH FAAARE A= Aol jlE AL
= AzEy

ol Al HeEe mEZEW ofyzt Fu JAAIEC] Wel genomic DNAE FE3d}o

SSR w7 24 A}%o}am

3 4. Percentage of germinated seeds in three mapping populations

Cross No. of seeds No. of germinated seeds Percent(%)
G x PI227687 350 165 47
B33 x PI229358 350 120 34
PI171451 x s} 3&3 350 130 37

U FAAAE S A dde] BEEE SSR v vEAd A

2}

2
ol
—
N

A AR Ak SSR vhAE FAsY] 9% SSR v E EdiE 3 AdA
2 Al AgEe EREE genomic DNAE 7}X 1 SSR ml# 9] v A A
At SSR WA= & 22405 ARESte], Wl F 3} PI227687, ©3F 3} PI229358, 1
PI1714513% st &3 3ol SSR 7] Afol& ZAbg AE E 59 Ur@rlﬂ‘”ﬂ‘r.
AF7hA & 22478 SSR PSS ZepolwEE Al F Sl o] ZepolmEL 6-FAM
(bule), HEX(green), NED(yellow)$¢} 72 A F 25 oA FFJAZo Flz FHo
N o] mAE A A ThesteE dto] A eSS :Ltﬂﬁ}} 7tk SSR vt
7] 48 93 PCRS g3 e o= WSS zAen. & 5 ulel whs-9d
10ng genomic DNA, 5uM forward + reverse primer, 160ulM dNTP, 1x PCR buffer,

-

=
—
a

=
=
=
Ei

[e]

we do 7

2

05U Taq DNA polymerase2 F7Fstith PCR wWHS X712 94TolA 283 %7]
denaturationZ A17] ©& 94Tl A 30%, 46TColA 45%, 68TolA 45%7F 283 wr<-3h
o2 72T A 103 #HF extensions 3FATE o€ A AAHHE PCR AHEEL JFAS
DLFJ o] 370 oA £33 v Hi-Di formamide®} size strandarde #&3E tiE H 7}
gt & ABI 3730 A5 Q7D 71 E o] §3to] A3

REEZF SSR @A 4 A3 WS4 AL 2l Fy FEEt e #4d
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3 5. Parental polymorphisms of SSR markers in three mapping populations

Parental Parental Parental
SSR polymorphism SSR | polymorphism (bp) | ggg | Pelvmorphism (bp)
No. marker (bp) marker marker
o | PIoo7687 %3 | PI229358 PI171451 | st &%
1| sattl8 238 196 satt185 238 235 Sat_038 115 117
2 | Sattl97 171 134 Satt197 186 183 Satt335 137 148
3| Satt226 318 338 Satt226 323 347 Sat_088 125 151
4 | Sat-022 218 218/220 | Sat-022 | 230/232 219 Sattl75 173 158
5] Sat_038 113 109 Sat_038 111 123 Satt066 103 159
6 | Satt002 122 142 Satt002 142 132 Satt3b3 169 165
7 | Satt014 198 180 Satt050 195 168 Satth4b 171 165
8 | Satt050 168 171 Satt239 190 193 Sat_069 172 170
9 | Satt239 160 190 Satt066 168 109 Sct033 160 172
10| Satt066 156 97 Satt243 231 201 Satto91 123 177
11| Satt243 210 204 Satt251 208 211 Satt050 168 180
12| Sattl32 249 243 Sattl75 173 158 Satt197 183 186
13| Sattl7s 173 167 Satt269 234 245 Sattb09 231 187
14| Satt269 341 251 Satt134 319 307 Satth6d 164 187
15| Sattl34 307 325 Satt279 190 193 Satt242 192 189
16| Satt374 211 202 Satt336 171 174 Satt239 134 190
17| Satt335 148 137 Satt496 363 341 Satt279 181 190
18| Satt414 311 302 Satt354 233 237 Sat-022 226 196
19| Satt353 160 169 Sattb09 190 231 Satt206 210 207
20| Satt496 348 363 Satth90 318 337 Satt374 202 208
21| Satt354 225 237 Sattb13 135 110 Satt243 201 231
22| Satt509 231 187 Satt148 292 301 Satt354 179 235
23| Satt590 318 337 Satt521 257 227 Sattd72 247 238
24| Sattb13 134 107 Satt229 | 225/226 | 201/202 | Satt288 236 245
25| Sattl48 292 286 Sat_069 160 170 Satt148 289 292
26| Satt229 [201/202| 178/179 | Satt545 180 186 Satt134 322 319
27| Sat_069 152 154 Satth48 212 209 Sat_120 328 330
28| Satth4d 189 180/195 | Sat_120 349 330 Satth90 334 331
29| Satth48 209 212 Sattb6b 161 164 Satt226 347 338
30| Satth68 240 259 Satth68 234 240 Satt269 234 341
31| Sct033 138 138/140 | Satt242 186 195 Satt496 372 363
32| Satt288 220 248 Satt288 254 230 Sat_003 | 107/153 | 107/159
33| Satth91 121 159 Satt154 271 268 Satt229 | 178/179 | 201/202
34| Sat_003 |107/159 119 Satt202 282 279 Sat_039 118 110
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35| Sat_088 151 128 Sat_001 224 232 Sat_033 | 185/187 118
36| Satt216 219 189 Sat_033 | 111/179 | 181/183 | Satt4ll 95 126
37| Sattls4 253 268 Sat_108 151 153 Satt380 128 137
38| Satt260 215 257 Satt152 | 209/210 | 229/230 | Sat_108 153 149
39| Satt202 279 299 Satt244 139 142/158 | Satt540 164 155
40| Sat_001 |248/250 230 Satt160 246 201 Satt440 194 159
41| Sat_033 [199/197 118 Sattl72 223 231 Satt216 159 168
42| Sat_108 177 199 Satt236 208 211 Sattb24 162 171
43| Sattlb2 |188/189| 229/230 | Sattl73 234 208 Satt190 176 179
44| Sattl67 245 251 Satt190 220 182 Satt190 126 179
45| Satt244 205 167 Satt285 204 236 Satt199 160 198
46| Sattl60 267 231 Satt431 199 221 Satt160 246 201
47| Sattl72 223 231 Satt314 237 240 Sattl73 234 208
48| Satt245 214 180 Satt389 229 209/231 | Sattl88 231 210
49| Sattl73 236 208 Satt455 225 223 Satt260 254 212
50| Satt190 220 173 Sattb24 197 162 Sat_001 230 212
51| Satt280 232 228 Sat_116 221 162 Satt389 231 212
52| Satt4ll 95 123 Satt188 231 228 Satt280 232 228
53| Satt292 222 252 Satt332 249 243 Satt431 224 228
54| Satt4l5 283 292 Sattb40 155 164 Satt314 240 237
55| Satt302 253 205 Satth84 | 129/175 | 129/166 | Satt592 251 239
56| Satt431l 230 199 Satt587 162 168 Satt505 236 248
57| Satt314 237 240 Satt190 220 182 Satt292 219 249
58| Satt440 206 185 Sat_133 219 261/263 | Satt332 246 249
59| Satt389 231 209 Sat_005 147 134 Satt455 257 252
60| Satt469 139 144 Satt022 170 164 Sattl67 266 263
61| Satt524 166 162 Satt041 175 178 Satt159 216 265
62| Sat_039 114 116 Sattl135 161 191 Sattb84 | 132/178 | 132/169
63| Sattdbl |215/224| 230/257 | Sattl46 308 318 Satt244 158 158/179
64| Satt592 242 251 Satt253 148 151 Sattbbl | 224/254 | 213/224
65| Sattl88 234 231 Satt038 170 167 Sattl52 | 209/210 | 235/236
66| Sattl99 156 168/195 | Satt373 223 255 Satt215 134 122
67| Sattb84 |132/169| 129/175 | Sattd34 348 355 Satt460 139 129
68| Sattd87 164 174 Satt442 243 261 Sattd77 147 134
69| Sattl90 150 160 Satt399 175 172 Satt102 148 145
70| Sct065 160 158 Satt409 | 185/200 166 Satt253 151 148
71| Satt390 228 222 Satt478 225 230 Satt409 169 150
72| Sat_133 |263/265 219 Satt427 174 209 Sattl35 191 161
73| Sat_005 160 154/157 | Satt501 340 327 Satt022 170 164
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74| Sattl83 |250/251| 237/238 | Satt530 216 213/237 Satt038 167 170
75| Satt022 158 179 Sattbh4 262 256 Satt427 209 171
76| Satt215 131 128 Sat_109 162 168 Sattb41 178 171
77| Satt041l |175/177| 177/184 | Scaa001l 100 111 Satt399 181 172
78| Sattl3b 164 182 Satt042 169 173 Satt041 181 178
79| Sattl43 270 243 Sattl81 176 206
80| Sattl46 308 315 Satt390 225 222
81| Satt369 234 246 Satt236 213 222
82| Satt253 148 144 Sattd78 254 230
83| Satt038 170 167 Satt442 261 234
84| Satt373 223 288 Sattb30 216 237
85| Satt434 348 342 Satt428 234 240
86| Satt386 198 165 Satt486 263 245
87| Sattd42 240 309 Satt369 243 246
88| Satt399 175 154 Sattb16 218 254
89| Satt409 185 200 Satt373 282 276
90| Satt478 233 242 Satt417 287 302
91| Satt427 171 174 Satt146 315 308
92| Satt495 231 231/237 Satt260 | 224/254 | 212/224
93| Sattb01l 350 340/327 Satth46 | 240/241 | 216/217
94| Sattble 251 218 Satth96 | 250/251 | 247/248
95| Satth71 |131/157 128 Sat_133 251 251/253
96| Sattb30 222 216

97| Satth96 |259/260| 247/248

98| Satt236 213 222

99| Satt260 215 230/257
100| Sat_324 227 239
101| Sattbh4 259 277
102| Sattb67 106 109
103| Sattl81 206 176/212
104 Sat_109 164 174
105 Satt4ll 214 160
106 Satt009 181 175
107| Satt042 169 153

b Boe Ansldead 434 T A% $49 99 9w %4

z BoeAvee e A% T A% $4S 9 A9 e B WEA 4%
As3 2 Ao EESe wu) 2 SSD ANE B FASA AARA MET BE
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etell M= F1 $2 g5< A% A F53 =l g4 #3300 amjE sho] 42
TAE F2 AR /s F2 AldlE SSD WS o] &dte] AHKA 0w 2-3AU &5
O AT 2 A3 FEd T G £ 69 2o o5 e FAES ¢
ol At A7 sz g HAT. olF HAE FolA A A= FHAel o]&2
PEse o 24 gFste] A5 Toll der urA 97 Hasdd daid= A&
FEsged ekl mul 484 A FASES FHHAH

3£ 6. Filial generation, seed number and seed weight of 11 soybean populations

derived from crosses between Korean cultivars and insect resistant germplasms

No. Cross Filial generation No. of seeds Seed weight (g)
1 ogulF x PI227687 5 350 35
2 HFF x PI227687 5 350 40
3 PI227687 x FTAYEF 4 350 30
4 s EF x PI227687 5 350 51
5 PI171451 x El3%F 4 350 48
6 PI171451 x FAYEF 4 350 35
7 PI171451 x 3} E3 4 350 59
3 ogulF x PI229358 5 350 46
9 3T x PI229358 5 350 50
10  F4hE3 x P1229358 4 350 37
11 3 EF x PI229358 5 350 52
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<BAEE>
7h waEiney =l AdE FAA AR S 9w Zed 44

ATl =dA A FHA A= A4S 98 309 F6 Ald w8 Jes ALS
2b SR ot dulF x PI2276873 EiEE x PI229358 F RIL Fekoll A SSR v <]
=413k segregation distortion @/Fe] YEFEETE o] A2 SSDel| o s A S
Adeta AZrE7] o frRE du F TS FHA A% 2 Ao wjA s
kA PI171451 x 3F13E3 Fo6A O & Javks o] &alo] fHdxa A= A4 2 549
Ay =4 WS #-E QTL 248 AAstdn. dA F6 Ald] 12674155 SSD 133t

ER
o —E

o

. PI171451 x 393%F F56 RIL 9 o] &

o

3 FA% AR 44

1) SSR wlA t3k BREEZF gdgAd 2AF 2 Fdo A SSR vpA ] B
Z 3227) SSR wmhAC] dig PI171451¢F st EF3re] tdd3AdS AT ARE S
SSR primere= €¥FA 2l SSR primer 153709} M13 universal sequenceS 23 SSR

primer 169715 A3}l M13 universal sequenceE 9 Z3F SSR primer= A2 th&
g3 FAZ 77 fFEYsE 7€ primer A WHS tjAlste] M13  universal
primere] 2tz M2 2 471#] FFRZAE H@7FsF= Aot} M3 universal sequences
AAg SSR primere]l PCR WHg &<t % 3% MI3 primer’} JRZAo2 Ajtst=
nested PCR 7S AF83 Aoz &3} #¥X MI13 primerE v & SSR primero] A&
3t = 9lomg {3 F A SSR primer AZF VLS EHHoR AAAZA F AJTHE 7
¥} 27 5). AR primergs FollA 200%F(62.1%)2] SSR wiAC A FIZF EAHS o
B AR 8).

B ot g
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¥ 7. M13 universal sequence® <923+ SSR primerE At&3 PCR HFg-Ho] ZA]

Component Stock conc. 1 rxn (ul) Final Conc.
Buffer (w/t 15 mM MgCI2) 10 X 0.50 1X
DNTPs Mix 2.5 mM 0.32 160 uM
Forward primer with M13 tail 25 uM 0.50 0.25 uM
Reverse primer 5 uM 0.10 0.1 uM
Fluorescent M13 primer 5 uM 0.10 0.1 uM
Tag DNA polymerase 2 U/ul 0.25 05U
Sterilized TDW - 2.23

Template DNA 10 ng/ul 1.00 10 ng
Total 5.00

19 5 PCR #38x1

894°C 84°C 84°C
M mim |[30s 72°C 1 30 s 72°0 72°0
54°C 45 5 45 5 10 min
45 5 83°C
45 ¢ 4°
Initial Final
denaturation 20 cycles 10 cycles extension

ol

¥ 8 PII714519F 3h9I£F7ke] 1134 SSR vh7le] H &

No. of screened marker No. of selected marker  Percent(%)

Normal primer 153 94 61.4%
Universal primer 169 107 63.3%
Total 322 201 62.4%

Aarg 20170 SSR primers oA 1117 vpAES 7FA 31 PII71451 x 3932 RIL
Aeo A #e8 Fde AT & FAAAE HeEE SSDl 9]k F5 Al 24 o] F
ol 3 vAES] A BEEuE Llolng Jlol(x) AR nFEe EInE A

N,
or
92
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S AASAT. A E o} F] AHE] me FFE(P<0.01A 38%<F P<0.0590 A 48‘7)01]*1

U= Ao Z YEYTHGEE 9). PI171451% st EF 9] /<%

nhl o] Felu sk el o
#A7F Dol RIL F5Altlel §08 2A4e] #dsts o] FojAA e sow *ﬁ%‘%lﬂr.
@5 34 AUE o DA% F0H 240 U A Aoz Az

==

9. PI171451 x 39 EF RIL Aol Al 1:1 Egu]o] o]t nlA 9 $9 HAE

X >3.84x X >6.64%x
No. of markers skewed to PI171451 29 23
No. of markers skewed to Hwaumputkong 20 16
total 49 39
Distortion(%) 48.04 38.24

(x: P<0.05 == P<0.01)

2) PII71451 x 3943 RIL TS ol &3 F fFdA A= 24
PI171451 x $t93%&F RIL Joe] disk & F34 AEE A8kt MAPMAKER =
233 version 3.0& AF€3Fo] Kosambi map functionS o] g€39oem HA LOD #e
3022, AU Ag= 50cMe 2 &9t =3 v USDA mape @S 7| o 23]
2 FAA ARE A

2 A" {424 AR E F 11159 SSR vHAE ol &3td o # 109 19 63
2ol Z 102709 mAZE 18709 d#wrew EFHAT SAHE F AEe Z7E 686
cMeolglom uAZF F# Age 67 cMOZ Vet 9 dAaA $& 2070 n= o}
2 F e Aol whEolA A E3kal At Bl C2& ©A FHe SSR whA wlo)
AL Qo] FH B vAES AT Havt o

F# 10, P71451 x A3 F304F A=) 54
Characteristics PI171451 X Hwaumputkong
SSR loci (NO.) 111
Linked loci (NO.) 102
Linked groups (NO.) 18
Estimated genome size (cM) 686.1
Average two marker interval (cM) 6.73
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of, A%, Ak, Askr], A570, 1008% 5o A THE 11). F5 RI Al8wkt}t 10-15
£ st om 2006 69 1€l wFEaga 114
6l #@omc}.

# RIL HetelA = ***713 Aeg v A FAE dsix A BrEEE e
RomFE el s F 4%?7} Boets FHFAA Aoz QA FAT £ AJTHE 12
oF 28 7-11). A%719 S, %3 PI714513 3t EFo] AA olE HAT} FAd
> RI Ao He F 7H4 —Z- ag ##FE AATHZH 8). wabd o 3

3[:
F 4%7) 34 2ASE deE 88 ol§F & U Aol

¥ 11. PI171451 x 39+ RIL JdolA ALgH 5 FEE9 g 29

Trait ab. Description

Flowering time (day) FT 50% plants flowered

Maturity (day) MD 90% pods yellow

100-seed-weight (g) SW

Plant height (cm) PH 5 plants randomly selected after maturity
Node number NN 5 plants randomly selected after maturity

¥ 12. PI171451 x 3}93E3 RIL ol disk /skr], A4l 1008%, 214, A7k
o] €}

Trait Parents RIL
PI171451 Hwaumputkong  MeanSD Range
Flowering time 78.0 54.0 65.8+7.4 54.0783.0
Maturity 155.0 100.0 147.4+10.7 100.07155.0
100-seed-weight  13.8 26.7 21.6+3.2 12.6729.3
Plant height 78.0 33.0 65.8+12.3 33.0793.0
Node number 13.8 9.2 10.1+2.0 6.0717.0
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a9 7. Frequency distribution of days to flowering in F5 RILs of PI171451 x
Hwaumputkong
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¥ 8 Frequency distribution of days to maturity in F5 RILs of PI171451 x
Hwaumputkong
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a9 9. Frequency distribution of plant height in F5 RILs of PI171451 x
Hwaumputkong
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29 10. Frequency distribution of 100-seed-weight in F5 RILs of PI171451 x
Hwaumputkong
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a9 11. Frequency distribution of node number in F5 RILs of PI171451 x

Hwaumputkong

2) =94 WEAd f+d 24
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TE FAES ASd 23 A7 BEste
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T AN obA fAA sl d olgolx Fue] #FAA watdge] FrEEA £ <
Tl Al mapping population® 24 A2 E7bsttha #aE vk =dA WEA QTL &
Aol ol gd ERAY dHelHy wEdd ATARSH 20079k 49l e Ao ZA
PI171451 x 3}it% RIL Aol =4 Wisd A5ws of&sigith of Akl «=
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I sHIEAH -4 W8 o QTL &4
S 95l QTLmapper version 1.6 AF§3tH 3 o Z &1
£ composite interval analysisS & o7 dlo] A HF A BoJslE FAANHE A
Atk #A4E 557 w9 4 vig QTL 4 23 Jistr], d<s7], 2% #o
&= QTLREo] SSR w7 & &8 &4 AT 7187 QTLE ¥ Feb O0lA, 47
T ART OolA, A Ada C29F Ol AU 2] QTLe] 10%°]7¢2]
S YERAHH(E 13). =94 WEA QTLS A Bl Sattb09-Satt197 Alo]d
A 12%018e R ke UrEhH ITHE 13). kA" LOD #tol 3olstolmz mr} @
SSR "tAE AFEste] FA AR 2UEE FYAZITH B e wdA] yEA
QTLE &4 + & Aot

I 12+ PI71451 x 39433 RIL J9e] Fd2 A kelA 7istr], <], A%

Of
!

O

§

g e dEA 9% QTLS 9AE BT itk 53 A#i 0AE As), 4
%7, A% A7 BA HE QTLe]l ¥ ad Ae & & Jonz odd v 3
Ao WA FEE A + oAb ol FAAZel AAGL UL AUAOSR wolFL
Acw AYT & Y

3 13. The identified QTLs linked to FT, MD, PH and Riptortus resistance in the
RIL population of PI171451 X Hwaumputkong

Trait Interval LG QTL ab. LOD A R?

Flowering time  Sattbl6-Satt595 F QFT 3.53 2.5401 0.1113
Satth81-Sat_038 O QFT 4.68 3.0866 0.1132

Maturity Satth92-SattbH81 O QMD 424 4.6938 0.1173

Plant height Satt460-Satt134 C2 QPH 7.57 7.0609 0.2280
Sattb81-Sat_038 O QPH 3.20 4.5097 0.1020

Riptortus

] Satt509-Satt197 B1 QRR 2.78 0.0624 0.1254

resistance

A : additive genetic effects estimated at the testing points

R® partial determination coefficients of the selected main-effect markers
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S0
/ Sett331
SAE0 Satt460 Sattsp I
I 98 Sit146 25 s
43 Y Bt 26 |:| |:|
10 SHt160 o St 038
202 .
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Sit197 ” 136
| SHt516 ssf =
H Sat478
54 SHt5B
133
Sait374 o R
Sat1es
2.1 i
A1 N st
PH FT MD IR 12 S8 Sate33
S516¢9) 2.
I 1 1 1 34
SHtA0 IR
19 12, PII71451 x 3tYF3 RIL Awe] G4 Amo]A gad Afsts], A7) A
g, aem = NEY A7 FHIARARE] 9

4) =-bA AR I Ae SA4

T woevE e =t ALY T AE 54
9(PI227687, P1229358, PI71451)E 3 S A
ae) g SSD HANE S8 T D} wWEY 71
Hdg 20060% 5-69c Agdl P&5del] wFste] Ful A
T8t Fe A SAE 280t

o5 FwF PIT7I4E] x 3AFETH wulF x PI227687¢] RI Aol thah w=ax 33
& AL Al 24ROl ojs FAE AT o] A A PI2T6STS Il =
eI S, PITI451S S =] AP S 7H Aoz ey,

© o= FHglch ¥ Heel RI 7

ﬂll

Lo

b4

%3 F ool Bl BEge molt A 55
o g AAEE L U 2 OV F AREOIAT/ALTIO] 06015k ke A
g wolt A¥ES JUEE F 074%S AUstth PUTIAL x SYEF wwgao

2 ¥ 17H43, 17H4, 17H20, 17H65, 17H116, 17H6, 17H92, 17H95, 17H37, 17H79 5 104
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TS AW, 9l x PI227687 nHjwo 2 KE = 22D109, 22D12, 22D100, 22D&6,
22D92, 22D37, 22D51, 22D54, 22D90, 22D17 & 10A1E< A@detdtt (& 15). o ASE
£ 20079 FAVI] AT &Bge] SFekel vE BPA S FAE(RY, 273,

1

F27], %, T2 ) i 2AE Fdl ¢F ATz 4T Aol PI1714513%
PI2276872 SRHAF o =A fEutel Aol FEd ojewol dermw A5 dHAA
g Fall sovetel A w1 7H ASEe] Wl WEd 2AbE & Aol Al
T mdA WS F 204 ES ASHA 44 aAgAA4E Tl +F AsES AA
A FFTom e S BE ol FF e FF SA4S AT T REoE
AHEE s Aot

3 14. PI171451 x 3t943EF ¥ ©iF x PI227687¢] RIL o] =9 A3 AA

PI171451 x 3}9 &% el F x PI227687
RIL No.| J3&l& | group =g Z+ | |RIL No.| ¥&l& | group = =+
L N A8

42 1.030 a 0.735 — 61 1.571 a 1 —
22 1.016 ab 0.7 0.159 127 1.224 b 0.573 0.254
41 1.006 ac 0.693 0.267 121 1.189 bc 0.829 0.444
119 0.993 a~d 0.684 0.222 95 1.156 b™d 0.837 —
74 0.981 a’e 0.656 — 53 1.088 b7e 0.7 0.184
98 0.961 af 0.671 0.125 9 1.086 b7e 0.775 0.058
80 0.954 ag 0.664 0.169 72 1.085 b7e 0.776 0.414
93 0.923 ah 0.608 0.216 32 1.076 b7e 0.766 0.331
54 0.918 a’i 0.63 0.366 85 1.061 b~f 0.712 0.200
60 0.910 a’j 0.618 0.958 99 1.023 b7g 0.729 0.269

2 0.883 a'k 0.597 0.482 36 1.011 b™h 0.713 0.596
109 0.875 a’l 0.584 0.389 10 1.004 b7 0.706 0.419
56 0.865 am 0.579 — 115 0.958 b7j 0.651 0.458
48 0.860 am 0.571 0.283 58 0.928 b’k 0.634 0.241
63 0.846 am 0.559 0.278 118 0.927 b7k 0.629 0.287
118 0.845 a m 0.549 0.390 35 0.924 b’k 0.635 0.259
69 0.843 am 0.542 0.309 71 0.919 b1 0.628 0.259
16 0.827 am 0.536 0.500 108 0.919 b1 0.632 0.163
18 0.823 am 0.534 0.206 97 0.918 b1 0.619 0.289

1 0.811 a m 0.519 0.402 74 0.914 b1 0.602 0.174
67 0.810 am 0.523 0.217 98 0.901 b71 0.613 0.237
82 0.810 am 0.525 — 48 0.891 b1 0.604 0.235
86 0.808 am 0.522 0.217 7 0.889 b1 0.588 0.348
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A 0.806 am 0.517 0.222 20 0.886 b1 0.6 —
112 0.802 am 0.517 0.543 16 0.883 b1 0.595 0.232
25 0.801 am 0.516 0.370 62 0.875 b1 0.589 0.529
90 0.799 am 0.514 0.250 39 0.867 b1 0.581 0.070
68 0.791 a’m 0.506 0.233 84 0.862 b1 0.575 0.144
57 0.790 am 0.505 0.213 125 0.858 b1 0.388 0.273
21 0.783 a’m 0.498 0.367 29 0.856 b1 0.57 0.464
39 0.778 am 0.493 0.347 101 0.855 b1 0.57 0.100
39 0.777 a’m 0.499 0.359 119 0.855 b1 0.57 0.358
45 0.777 am 0.492 0.553 114 0.834 b1 0.549 —
9 0.775 a’m 0.491 0.192 93 0.824 c’l 0.538 0.320
40 0.775 am 0.491 0.481 76 0.822 c’l 0.536 0.560
96 0.759 a’m 0.471 0.301 41 0.821 c’l 0.535 —
62 0.756 am 0.474 0.299 83 0.821 c’l 0.536 0.151
12 0.755 a’m 0.472 0.189 102 0.82 c’l 0.535 —
13 0.745 a’m 0.46 0.224 107 0.82 c’l 0.531 0.177
85 0.744 am 0.46 0.282 79 0.818 c’l 0.533 0.126
55 0.739 a’m 0.455 0.347 64 0.815 c’1 0.53 0.252
7 0.736 am 0.452 0.500 40 0.8 c’l 0.515 —
84 0.735 a’m 0.45 0.203 69 0.8 c’l 0.515 0.517
36 0.727 am 0.443 0.161 44 0.799 c’l 0.515 0.625
3 0.724 a’m 0.44 — 49 0.783 d’l 0.494 0.586
33 0.717 am 0.433 — 31 0.781 d’1 0.496 —
49 0.716 a’m 0.432 0.128 50 0.776 d’1 0.49 0.391
28 0.715 am 0.432 0.024 78 0.774 d’l 0.491 0.222
104 0.710 a’m 0.438 0.667 4 0.771 d’l 0.4838 0.366
17 0.709 am 0.426 0.312 75 0.765 d’l 0.48 0.211
11 0.705 am 0.423 0.372 57 0.761 d’l 0.48 0.471
103 0.703 a’m 0.429 0.224 6 0.759 d’l 0.475 0.188
38 0.699 am 0.417 0.265 45 0.758 d’l 0.473 —
75 0.699 a’m 0.42 0.278 14 0.753 d’l 0.768 0.439
27 0.697 am 0.413 0.167 11 0.75 el 0.467 0.468
64 0.697 a’m 0.413 0.200 25 0.749 e’l 0.466 —
47 0.696 am 0.412 0.401 110 0.749 e’l 0.465 —
117 0.693 a’m 0.41 — 82 0.748 e’l 0.463 0.289
26 0.689 am 0.405 0.384 111 0.748 el 0.461 0.416
70 0.689 am 0.405 0.509 13 0.746 e’l 0.461 0.250
73 0.689 am 0.405 0.208 42 0.741 el 0.456 0.096
89 0.689 a’m 0.406 0.311 65 0.741 e’l 0.456 0.155
30 0.688 am 0.405 0.298 105 0.741 e’l 0.457 —
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61 0.681 am 0.398 0.162 87 0.74 e’l 0.456 0.306
51 0.679 am 0.395 0.411 103 0.735 e’l 0.45 0.256
32 0.677 am 0.393 — 96 0.73 e’l 0.448 0.427
105 0.672 am 0.39 0.101 38 0.719 e’l 0.436 0.200
34 0.669 a m 0.385 — 112 0.717 e’l 0.434 0.298
107 0.665 b™m 0.384 0.156 67 0.716 el 0.431 0.231
91 0.658 b m 0.375 0.299 5 0.711 e’l 0.427 —
50 0.656 b m 0.372 0.205 56 0.711 el 0.426 0.550
101 0.655 b m 0.374 — 68 0.709 e’l 0.426 0.207
108 0.654 b m 0.374 0.164 21 0.707 el 0.426 0.292
5 0.653 b™m 0.37 0.183 2 0.698 e’l 0.415 0.077
100 0.653 b m 0.37 0.823 3 0.693 el 0.409 0.161
71 0.652 c’m 0.375 0.326 1 0.692 e’l 0.508 0.467
113 0.651 c’m 0.37 0.171 26 0.691 el 0.407 0.332
87 0.642 c’m 0.361 0.326 94 0.69 e’l 0.406 0.341
111 0.642 dm 0.359 — 47 0.686 e’l 0.407 0.173
44 0.637 d'm 0.362 0.083 122 0.685 e’l 0.402 —
14 0.634 d"m 0.356 0.156 120 0.668 1 0.385 0.190
76 0.633 d'm 0.351 — 19 0.663 1 0.383 0.317
115 0.631 dm 0.349 0.425 59 0.663 7 0.38 0.228
83 0.625 em 0.346 0.222 106 0.661 1 0.38 0.417
52 0.614 f'm 0.341 0.410 15 0.659 1 0.384 —
19 0.610 f'm 0.332 0.531 124 0.658 1 0.551 0.615
72 0.610 f'm 0.328 0.129 46 0.653 g1 0.372 0.254
7 0.608 f'm 0.327 0.197 116 0.653 g1 0.371 —
10 0.594 gm 0.315 0.176 34 0.651 g1 0.368 0.265
58 0.585 h™m 0.309 0.286 18 0.64 g1 0.36 0.208
66 0.581 h™m 0.302 0.194 31 0.64 g1 0.394 —
31 0.580 h™m 0.303 0.328 23 0.625 g1 0.345 0.059
79 0.576 h™m 0.298 0.138 43 0.621 g1 0.344 0.373
37 0.559 im 0.282 0.192 80 0.608 h71 0.328 —
9% 0.558 im 0.282 0.318 17 0.605 h™1 0.328 0.183
92 0.554 im 0.288 0.203 90 0.603 il 0.324 0.226
6 0.553 i m 0.283 0.276 54 0.602 il 0.324 —
116 0.538 k™m 0.264 0.275 51 0.596 il 0.316 0.425
65 0.534 k™m 0.261 0.293 37 0.588 i1 0.312 0.306
20 0.530 k™m 0.258 0.619 92 0.584 i1 0.313 0.462
4 0.513 Im 0.245 — 86 0.553 i1 0.276 0.238
43 0.505 m 0.235 0.282 100 0.538 kl 0.285 0.061
12 0.537 kl 0.263 —
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3% 15. PI171451 x 3t FEZ 3 owlE x PI227687¢ RIL AwroA] Awrel w2z A 34

ASE
A PI171451 x 39*=F el x PI227687
17H43, 17H4, 17H20, 17H65, 22D109, 22D12, 22D100, 22DS6,
A5 17H116, 17H6, 17H92, 17H95, 22D92, 22D37, 22D51, 22D54, 22D90),
17H37, 17H79 22D17
A5 1041 % 1041 %
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2. A 2 AFFA: F FoAAEE =4 AFY HAAY &9 £ iSA B3I (M
=d °l¥3%)

< @THEH>
L sueivsie e dAe] A 7
D woevsieedAe] oy srusdds g8 A4 AsERe 74

sl s Y =l A AMSS g HAHY 2k 21e AASH] Sk, THY &=
271(19.7, 21.3, 25.3, 274, 304, 338, 36.7C)& ©]&3l] &3 oFo 2dFAHS A
Attt Ade AFEH FuEAv s =dAlE 20039 119 tFARGA T Aol A
ghol A&t LF AV AP Ao AFS A A (25+1TC, RH 50-60%)° 4 F(HEe))S o] &
ato], rof AFSE HAE SAFT R ARE ST AFE A 1Y oW o] &s AW AR
Aol A Ak, T 2% 2] FexolA RS ZAFATH Y la). &%
HE o] Faojiet dv|hE 2Abe & F3hE
S871(2¥ 1b, A& 10cm x =°] 3cm)ol ¥
i okFo] G o iE AT oW Ao &
A g gon FE1L 16L:8DA .

18 52 AAER Z82F AdFA
F(e) Y B FFEHEA AFSEY]
Z 2718 50-710% A=z LA A F
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4
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£45 2 PROC REG (SAS 1999)
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value function (Kim and Lee 2003)°l
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=
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e
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PROC NLIN (SAS 1999
A7) Y& degree-

day &

st FEYFES thAl Weibull function(Cockfield et al. 1994)2 ©]

N
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F(px)=1-exp[ —(px la)’]

o714 F(px)E degree-day px°l| &3]3 /lA9 +A¥ES v &S YElUH, o9 6=
2o A Fa| A= dhebeE Eol

3) wrhesiv s H Ao H A o] A A,

Frhe i sle e el A9 A% A U 2] s 4RIl A FL o
G2 vAE Holg Fohwy] SAste] Hol Aw YL FASAL. A Friel

= A

Ao Absol 229 F FES dHE HEHlen, of FFo A A2 dA=

oJatAl o] FolA & AAelth Yy, & vl &

AEstr] gl = B 93k HolE b Zlo] A olgtal &
4 & A

A A ety gol
]

RH 50-60%)1 A 3 (Wef)& ol&ste], ol AbST<d AT
ol A F3EALL oo 178 ksS AW AMS JHAITAM A =
g2g QIFAFE7I(AE 10em x ¥l 3cm)ell ¥ 7zt AAE FFY T} =5
FTEotAth 72t AFS &7 2% 28+1C, Zdl F% 50-70 =
A AR, Wil Zp o] 2ol el Al RS AMSEA T
Anlsiel = A ofFo] weEvzt, AFe BEVIRL, AdES

Blubs 7FE Zotr7lfls]l ANOVA #4% AAsiaaL, 7z & %% 2+ #lale Duncan

BERAE olgstenh

X
o

—_

2. Aol A Forelziv s =)o) A HALE
D3 w35 soesivs = oo E57)3t
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o
At5ER] HAE FAFoE ARSIt Gl FEEA 1Y ol e 19 oFF
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J

A % 50-70%, 27 16L:8D2 &7]d YojA FA =i 2+ oF
5o} Al Brb ZAMEY (1" 1) AP FFTHEE 12 - 60 v
T A 7|zt tgk GF]F= ANOVARA S &3t &A%

=
gom 7+ FF7ke] 2] Duncan T A4S o]83sle] #EsA

3. 2AddAM FrEAn s edAge] AJFYAGLd R AT A FH
D svezhv s Aol hefol mE 3o wFE = A}

woElm s g =d el shefol wE Fo FAE da= A HAS
T T2 TEMAF 20em, %°] 0cm)ell FE T 3 FAAES 4ol o
FuAAL 30 (T4 x 3 (HF A7) fddoadd wiAye olgstlon F 5wt &
Aot woEm s g b HE A= T AS SAlT T 94 G571 R4t
T HIH7I R6 A71= skdler, HEA Fueivs dedd HSdA = 3749 e
2 xEY 6vtelE I sadnE e =dA JEANV = T L2
A el 57l e ZolE Eol7] fal A Fof MAE A5 ArE A F

AAZE vl A" RAGA E= ReGAC ol=2d FumsdedAE HITsAaL
A I A S A9 =dAe] gE5S BASGAHIH 2). HE svdAn s g =d A=
]

HE 12¢d F AAsAS AA F l% e el o3 d& S Hastely
AolAE 8 W7AA FAstAe. T2 3 g}

4, stvete o] kAl R 7HXﬂ e atFe 2 etk gt T2 4843
Z A7 & FxARe dAnA S Fste] xASE o A5

MA(A), et 2715 BAeld FF Aol A= AAB), 2718 el 719l
AAC), AEA Este] FAE KH7] ofe]d NADE Aok Foeiv s e =
ogk dal =& Yetlle= oY 7HA A7 FF Abold o&) A
ANOVARA B3to] dolE & Duncan U HAS ol &3t FF 3+ s

dr o2 %0
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S717Hsete] I H = 150C oAk =3 7
13 231, 29 427, 3% 41.8, 4% 53.2 535] 700] S o H,
(DD)= 3125% YERR
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+ extreme value model 9]

WS- 717k FAREREI NS Weibull functiong E& Zd= 9ct. Weibull
function®] R @S o] &3lo] Ao mEnE gy a2 E a9 59 3% 59 YERATL
g A 7|0 WE FARNEEE M 3k weibull function®] A== 0.86 - 0.94=2 of

o

Az wEd $3

2 UEEt (3 5). =3, 1" 5elA yEveE A3 o]l wrhe sl
A=A 4 B HSEEE weibull functions £3) 2 AdwdE = g Ao
2 YER T
S HUE /S g =d Ao %o wE S oA P57 7k
DS AA(H S+ EF A
2=%=(T)
1% 29 3% 4% 5% A A

19.7 17.4+0.10  4.9+0.08 83+0.12 9.1+0.23 10.5+0.65 17.0£#1.00 67.0+1.68
21.3 14.7£0.13  4.2£0.06 65+0.30 81+046 87x1.33 11.6+0.40 50.0+1.82
25.3 10.0£0.02  2.1£0.03  4.1+0.73 4.7+0.16 6.0£0.29 7.3+026 31.9+0.59
274 75+0.07  2.0+£0.03 3.2+0.11 3.7£0.10 4.3+£0.11 59013 25.7+0.33
30.4 6.0+£0.03  1.9+0.04 2.8+£0.08 2.8+0.11 344011 4.7x0.13 20.3+0.20
33.8 5.3+0.07  2.0£0.04 2.2£0.06 2.8+0.11 3.2+0.14 432011 19.2+0.24
36.7 5.0+0.00  15£0.10 2.8+£0.19 25014 3.0£0.13 4.0£0.26 18.8+0.70
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19 FoEAn g edAe] exd wE AFEE(%).

S A R A

)

2
2%=(T)
<& 1% 2% 3% 47 5% A
19.7 0(126)  56.3(55)  50.9(27)  556(12)  66.7(4) 0.0(4)  96.8
21.3 0690  203(55)  32.7(37)  56.8(16)  625(6)  167(5) 928
25.3 0(130)  10.0(117)  4.2(112)  188(91)  41.8(53)  60.4(21) 838
274 077)  286(55)  12.7(48)  83(44)  11.4(39)  231(30) 610
304 0(66)  152(56)  36(54)  93(49)  163(41)  122(36) 454
338 066)  106(59)  11.9(52)  231(40)  150(34)  206(27)  59.1
36.7 0099)  566(43)  326(29) 552(13)  154(11)  455(6) 939
% 20 wrhiv s el A e dadAd BSEE A3 9], dSgHe
T, FEAMNRE
kA 27 31914 r THdH2m=(T) frastes
& 0.0111x-0.1728 0.98 15.6 90.1
1% 0.0432x-0.6546 0.95 15.2 23.1
2% 0.234x-0.3437 0.9 14.7 42.7
3% 0.239x-0.3771 0.98 158 41.8
4% 0.0188x-0.286 0.97 151 53.2
5% 0.0143x-0.2219 0.9 155 70.0
A 0.0032x-0.048 0.9 15.0 3125
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# 21 Extreme value E@o| & +3toiz vy #EF 2do HIw
().
. g v}l g )
S A T 5 . T
et 0.2040 39.5184 15.5670 0.99
1 0.6250 38.9148 16.3003 0.92
2 0.3985 34.2407 11.4595 0.95
3 0.3907 36.8745 13.1169 0.99
4 0.3395 38.1528 14.2816 0.99
5 0.2492 37.6898 13.7420 0.99

¥ 22. Two-parameter Weibull function =

2o ola) pateln sebule

—

=

o mele] AHE ()
7 d 3
s 2 o2 e p
a B
< 0.9614 24.4673 0.94
1 0.9076 5.3579 0.86
2 0.8717 5.4745 0.93
3 0.8846 4.0419 0.94
4 0.9088 5.4920 0.89
5 1.2283 7.4609 0.88
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¥24. T FFo mE FuUird g edA s TEVH AS TS| Ak
.
OF=
e Az (BA+T 207
z = = Hit+EF oA
[e) T
W57 7H D) AE7IZHL)” A & S
5 2] 26.5+0.30 b 61.6+5.45 ab 389.1433.10 a
3 F 30.8+1.14 a 40.3+5.22 b 50.1£16.73 ¢
< B g 7 30.0+2.42 a - -
3k 2] 29.2+044 a 36.0+3.73 b 122.8436.99 bc
A8 H 31.3+1.39 a 36.7+1328 b 175.3+111.51 be
Ll el 257+0.32 b 535+3.89 b 3955+30.68 a
oF Z 295+055 a 80.3+6.31 a 246.9+28.03 ab
3k 2] 31.2+058 a 436+663 b 130.0+42.85 bc
e AZE YA e BAE ZE AgSte BAFeR =X ¢u (P>0.05,

Duncan 9% ##A)

T AT AN AP E U v AS fIkE R d AdE 9A 2

of o] ERTItoly AFe AEVIZ, AEs & add B o SEiy Wert b
AbSolE A3 slow Azbeh 7HA wellA W o] 7pA o] H Adsto] AbEEE 9
A= Wert b A Ao nol SHle A9 AEo fwo] EAHOR fo3
= ey =5 9 2 Aow ddHy webs ASol g ded A3 A SHE
oj-gdte] Atk Ax FS Jlow AAgHEY

D3 R e R =

3=z
NG

AA 30709 F EEE 0]%—6}01 A W87 dolR AF e Ayl
ANOVA &4 A3 AA 307 FFNA woedzivsle=dAge] FFo57302

o] 23k zo]7} Y= Aow L}E}MEHF:&?B, P<0.0001). Duncan th3174S& ©] &34
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T wEA EoEAv e A okFe] w&7|hS wlaet A PI 5593657F i
199592 7F4 ZAAqal, Pl4171357F B 165092 7F &tk 53] PI 561573, PI
561575, PI56401, PI 4171359 ¢+ % S5 7|zte]l dA FotgAv s =ad A A
Fol 2ola gl FFQ WH Y ASHURE 1 P BK V|re] gA vElgen, &
PI 564013 PI 4171359 A%+ TAIASER F93 o7t yeh Fohesin s e =1
Aol tigk Ay FFORE B E oHg oR AztHr
Ne| S Foheilv s g =dAe] A§s Holz Zrid, wWeo] HsjA Fid I 7)1t
N FFTES BF o= AR AFAAS A8 & & dou, o]F PI559365, PI423911,
PI559364, PI559366, P1209837, PI381660-> Erhel/lvld e =d 4] &5 &5 7]7ke] g
of Hla FAACEE FolstA AA vEtEth 53] PI559365%F PI423911> tf& o w &

el 71E vEdo], saelins e edA FEESS Aslste A
= Zlow Azdd

53]

w

Ao FuEiv s e Ao AR GAALE R ALGA HAAW =

D Eaeziv s =g shefol ute Fo w5 Jdl=

Zt FFo AA R ¢, ey A s ok WA nRe g, ATl A
g mEY ok MR aRY e 599 yEhd o Suesiv s g A el F5
o F F& 8 nFg = Aoldd WiF £AS A dell, WA A AHgHE
T wEEe mFe FoA Aok dEiye=A ofFE ANOVA HAAS St 463
oo A, FF 3tel R b SAHeR #Fod Aolrh = AR yEut
(F= 23.23, P< 0.0001). #& 7+ aFe o Aol tixz79 A= ol dA83A

S w £ gGA FAHSR Fogk zto]lE YERHItHd 2T, F= 828, P< 0.0001; A,
F= 15.05, P< 0.0001). i< A+ W, v|AY nFe 5 A FF o SA4 2
2 ok zol7F YERG Tl 2T, F= 2,62, P= 0.0002; A 27, F=4.86, P< 0.0001). ti=x
T U FF H 8RN nRe F7F FAHSE Fogk xtolvb yErEy] wel A e Tt
Aol FF o v nRe o Aolrt mrrE v e b Aol o3k AQIA ol tigh )
Aol E7bsatA =k e 2 FFE A aFE Frh Aolrr wh] dwistel HAA
nEEEMAY T/ AY T TS o] &3 FF o vue AgHAY. 4 F F
o FrEpin s =d Al dEd A HAEE dolrr] fste] F el A

zke] & ANOVAE o] §3te #A38t3t. dole e x5
ol 7WA st 9& &S Arcsin MEstATh 7k FF9] U
279k Agate] wAY mFEd g ] AT 88 R e T a8

EN
o
K
2
T
o,
un)
tlo
ox,
> 3l
M
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nEEE/ET G mFEEE)e] & 109 vERY Aok 7t T EFE BN R s
< dlagk A3 PI561572¢F PI574530, 7 F&olA dizF9F AT ol A4 {94
S Z2S F AU F ET BT ATl nAd nRgEo] gxTe] v nF
g& BHoh =4 vston, ol A FolA FrEv s =dAe FFo o v
nEE dAge] o =dthE AS guisit. 2R R olE T FFS dE2Teot A

Abole] Bl A Y mEe LS Zol7t YERUA] @S e T FTEC vde soheE v
s edAed gk AgAo] vt Ao Al HTh v E SAA {Folde yERUA] Zok
o} PI171444, PI229358, PI417061, PI423911, PI518771, PI561573, ©lE 3tU¥*F 5=
iz oiH] e oA o] B A EE &) A UERR Y] Wiel FuhE e g =T A

of et v Aol o dr(E 10).
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# 25 F wF O FrEivs Y =aA w35 2s 73k

=T TS| M (HH+EF A
PI 559365 19.95 + 0.450a
PI 423911 19.88 + 0.288a
PI 559364 19.67 + 0.418ab
PI 559366 19.63 + 0.418abc
PI 209837 1951 + 0.230abc
PI 381660 1950 + 0.569abc
PI 576446 18.83 + 2.257abcd
PI 561403 18.66 + 0.342abcd
PI 227219 1852 + 0.281abcde
PI 518771 1848 + 0.274abcdef
PI 229358 18.13 + 0.229abcdefg
PI 561572 18.04 + 0.206abcdefg
PI 417061 17.98 + 0.245abcdefg
PI 561570 17.94 + 0.285abcdefg
PI 171444 17.67 + 0.408bcdefg
PI 417310 1756 + 0.648cdefgh
PI 572237 17.40 + 0.206defgh
PI 227687 17.29 + 0.529defgh
PI 171451 17.29 + 0.425defgh
PI 574530 17.20 + 0.442defgh
st 17.00 + 1.043defgh
) Ej 16.82 + 0.630defgh
ol 1650 + 0.500efgh
FTAGEZ 16.44 + 0.475efgh
PI 561573 16.43 + 0.202efgh
S 16.40 + 0.32lefgh
PI 561575 16.38 + 0.324fgh
I 16.00 + 0.655gh
PI 561401 16.00 = 0.298gh
PI 417136 1550 + 0.18%h
2 A9F dule FhHele FE2 BAMGLE FoAE HolA %S, (Duncan HHE
AR a=0.05).
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e Zhv s e =i A HE ek WS T AT A nFe et vAgd
WEHF(H G 3.

EER: G )

P amser wRguTas gAnses gguTes o
PI 171444 58.89+2.38 16.00£1.89  44.60+4.22 540+0.90  53.78+1.55
PI 171451 52.30£3.10 16.10£1.32  55.20+£3.28 16.80£2.35  53.26+1.02
PI 209837 66.56+1.40 29.00+1.24  62.50+2.82 23.00+0.65  65.30+0.91
PT 227219 35.30+0.89 1750£0.67  56.60£2.87 25.80+2.13  42.40+0.98
PI 227687 197.75+£11.59 42.25+2.64 220.20+20.44 52.60+5.80 206.38+7.15
PI 229358 74.29+4.02 3528296  77.20+4.20 20.80+2.10  75.50+2.03
PI 381660 84.75+9.44 28.87+6.17 129.67+40.26 71673797 97.00+6.48+
PI 417061 63.30+1.84 2490+1.14  31.40+2.33 6.20+£0.92  52.66+1.49
PI 417136 50.25+2.05 18.87£0.91  57.50£3.18 24.50+2.47  51.70+1.49
PI 417310 23.89+1.09 71138  17.50+3.18 725159  21.92+0.82
PI 423911 47.67+1.33 23.33+x1.14  43.25%6.57 19.25£5.92  46.30+1.27
PI 518771 32.00+1.86 14.00£1.56  49.50£4.95 8.75+0.97  38.36+1.57
PI 559364 47.70+1.30 26.90+1.14  44.75+2.49 26.50+3.72  46.85+0.85
PI 559365 47.38£1.90 27.25+1.33  35.00+0.74 14775£1.75  43.25+£1.14
PI 559366 54.56+2.01 33.33t1.58  53.25+1.25 33.25+0.80  54.15+1.15
PT 561401 60.75+2.37 28.00£1.93  68.20+1.94 23.6010.64  63.61+1.23
PI 561403 48.60+1.51 20.30+0.92  37.00+2.73 11.80£2.26  44.73+£1.02
PI 561570 38.14£1.96 13.14£1.36  36.80+1.11 12.00£0.75  37.58+0.89
PI 561572 50.10+1.89 17.20£1.28  32.60+4.39 4.80+0.88  44.26+1.40
PI 561573 39.90+1.49 13.80+0.85  38.20+3.20 9.20£1.90  39.33+0.98
PI 561575 44.10+0.89 1470£0.64  44.20+£1.25 12.20£1.47  44.13+0.53
PI 572237 53.00+2.94 1742+1.34  47.80+2.81 16.20£2.75  50.83+1.47
PI 574530 49.33+2.13 22501145  40.25%1.69 10.75£0.94  45.70+1.13
PI 576446 38.33+1.29 14.77+0.47  30.60+2.11 16.60+1.64  35.57+0.82
o W3 26.63+0.93 587047  27.80+2.61 4.20+0.70  25.23+0.74

28.14%0.75 14.42+1.12  28.20+2.33 15.00+1.46  28.16+0.67
31.13+1.35 12.87+0.87  41.25+2.30 17.00+2.19  34.50+0.92

ol

Jot ok ol &
o2 >
ool H ol & o
ol

L 27.25£1.42 9.00+0.93  25.00+3.64 6.20£0.90  26.38+1.05
ES 15.00+0.65 9.00£1.08  13.67+1.29 3.83£0.44  14.33£0.49
22.33+1.06 10.88+0.92 20.8.+2.81 8.60£1.32  21.76+0.77
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£ 27 B AV A AE e AT 3 FFY nre A6 aEen
G L EE RN e L
p =
#3 AdE A B9 & ded A gue 0T
PI 171444 0.29+0.03 0.18+0.04 1.67
PI 171451 0.31+0.02 0.28+0.03 1.11
PI 209837 0.42+0.01 0.38+0.02 1.13
PI 227219 0.49+0.01 0.44+0.02 1.11
PI 227687 0.24+0.01 0.25+0.03 0.95
PI 229358 0.46+0.03 0.27+0.02 1.74
PI 381660 0.33+0.13 0.39£0.12 0.86
PI 417061 0.38+1.14 0.22+0.04 1.76
PI 417136 0.37£0.91 0.43+0.07 0.86
PI 417310 0.30+0.38 0.43+0.08 0.71
PI 423911 0.48+1.14 0.34+0.07 1.44
PI 518771 0.38+1.56 0.17+0.00 2.22
PI 559364 0.54+1.14 0.56+0.07 0.97
PI 559365 0.55+1.33 0.42+0.05 1.32
PI 559366 0.60+1.58 0.63+0.02 0.96
PI 561401 0.44+1.93 0.35%0.01 1.27
PI 561403 0.42+0.92 0.27+0.04 1.59
PI 561570 0.31£1.36 0.32+0.02 0.97
PI 561572+* 0.32+1.28 0.13+0.02 2.45
PI 561573 0.35+£0.85 0.19+0.03 1.86
PI 561575 0.31+0.64 0.28+0.03 1.12
PI 572237 0.32+1.34 0.35+0.06 0.91
PI 574530 0.45+1.45 0.26+0.02 1.71
PI 576446 0.40+0.47 0.54+0.04 0.74
o W T 0.26+0.47 0.14+0.02 1.91
L 2! 0.48+1.12 0.57+0.05 0.86
g 3 3 0.39+0.87 0.40+0.03 1.00
FAUEF 0.33+£0.93 0.25+0.04 1.34
A EF 0.57+1.08 0.28+0.03 2.01
5 H 0.46+0.92 0.44+0.07 1.06

b EE ) AeTsh dETrel BAMCE feld Folsh &S HEHI(ANOVA, o
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2t FFY AA T d F Tl A I " o Ry 3o, Ada AY T
H ook HAgd F 9 7 B1lel ey ok o si g ed e F5ol o F
T H THY dax Aolo] i EAS HAEY] A, WA dFe] ALgE T EFF
59 TY FolA Zol7F YERY=A RS ANOVAE T3l &4ttt 1 Ax, &
Z qbel BY b BAACR fo8 o7k Y Ao eI (F=24.76, P<0.0001).
T 2 29 5o Aol vETe AT Uirel AL W = gA FAHow
frolg Aol S LpEbITh (P&, F=861, P<0.0001; A2, F=15.14, P<0.0001).

AT AT U, A FY £ AN FS Gl FAKo2 eI Aol e

SECHH =71, F=3.44, P<0.0001; A ]+, F=7.92, P<0.0001). thz=7" lH d oHAY 3
H 7 AR Fod Aolrt yEbR] wiitel A TelMel wF ¥ nNAY TH

Fo Aozt Eoke A e e A Aol g FAA| e tigh 32 o] 37} Al = ATt =
s 7t FEE AA TR FUF Aolvt Wyl Wi vAEY FHEMANZTET/EET

F)E o] g3 FF e vue ﬂlﬂﬂf’iﬂ 7h F FE0 SV A A o
AGd AEE Gotr7] 9ste] LT dolA Aot dx9 HABY FHEY AolE
ANOVAZE o] &3lo] #4383t tﬂolEH ks = ZEAGE A Edd 7
sl ¥ &€& S Arcsin Transformationstth. ZF #£39 dlx2+9F A2l +9 vAY F
He&d gz div A g FHEHAHET HAY FEHE/AET 88 THE)
o] 3&12¢] YER} ok 7t F FEX vAY FHES vlwd A3 PI171451, PI209837,
PI227219, PI417136, PI417310, PI423911, PI561401, PI561403, PI561570, PI561573,
PI561575, PI574530, @+, e, B33, SAUET, AT, S8, T 19 FFAA4 o
2ot AT kel FAA FoAAAE S F AJT olE 19%F EF AT v
A THE dxTo AN THE B =A Ugon, o ATl FriE v
s =dAe] FFol oS nAY FH HAEe] o Eodvhe AS ot ayER
o5 19 FF& txTo A el vABd mFE HAE Aol7t vEhHA e e

u:ER-

b

°]

1-419,‘11

olt ]IE mlo

—

T w=EEd ngtel FugsuEg=dAe dig AEgAdo] e Foz AmET)
PI13816607 PI5615729] 4% dlz=7 did] A FolA vjAdFTHE] 2 T FF9
Hls] d43 @A Jety Foeqvsge=d ol gzt A4S 7HA2 S 7HeA ol

2 Aow AR ET(EI2).
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2 A}

o} )

AT HF
90.57+2.99
97.27£1.95
126.54+2.54
74.47+1.81

43T MAETY F ESW AN F
EEaG
T4+ W43 34 %
8.60+0.97
29.00+1.57
36.75%4.58
104.40+10.51 406.38+14.95
131.17+3.98

wel A A
79.80£8.65
96.20+5.96
118.25+7.80 .
95.40+5.28 27.60+2.43
410.60+39.60* .
144.40+8.72 .
186.36+11.30
95.07£2.78
90.00£2.56
31.62+1.23
89.77+2.45
57.36+2.18

ek
NAdEE -
33.56£2.67
51.30+3.76
81.33£1.45

57.40£7.99
96.33+44.15
17.40+1.49

T+
2=
21.00£9.19

=
FLH]

[e)
96.56+4.72

97.80£6.12
43.80£1.61

132.5£7.68
8.00+1.24

177.00£59.18
35.7515.25
103.29+£1.77

60.20+5.22
102.50+11.67
22.00+£2.67
90.25+10.12
78.25+7.19
102.00+4.58
82.25+3.19 88.42+1.64
123.00+2.37 116.23+£2.51
127.80+3.93 113.31+2.80
67.00+£3.96 81.33+1.79
62.80+1.20 61.75+1.55
56.60£7.29 70.53£2.05
66.80+7.81 59.40+2.04
84.80+3.34 81.33£0.98
81.20+5.20 87.25+2.73
68.25+2.57 76.80+1.71
68.14+2.00
40.31+1.38
51.83£1.34
59.67+1.39
4554+2.03
24.58+0.66

54.60£5.17
44.40+5.00
36.00+1.28

54.40£4.67
77.75+3.56
48.00£7.55
23.17+1.47
37.20+5.02

130.22+3.88
64.00£2.18
403.75+25.73
121.71+7.38
189.88+£19.25
112.50+3.72
86.88+3.33
35.89£1.85
89.56+3.34
45.43+1.32
103.80+2.78
91.50+2.81
113.22+4.34
104.25+5.31
88.50£2.79
61.00+3.53
77.50£2.68
55.70+2.71
79.60£1.42
91.57+5.47
82.50+3.17
75.67£3.07
37.75+1.65
50.00£1.46
53.13+1.79
44.00+2.41
26.00+1.24
35.33+1.58

71.71£2.60
78.13+9.91
72.20£2.67
56.88+2.62
25.56+1.25
51.22+1.55
32.14+1.89
56.20£2.10
56.38+2.80
54.768+2.96
50.88+2.56
58.50£1.20
35.71+2.36
55.00+£1.94
41.7.£2.23
41.7.£0.83
57.86+2.20
47.67+2.57
58.8913.01
25.00+1.27
43.29+1.47
34.63+1.72
31.38+1.73
19.50+0.66
26.78+0.97

34.75+6.38
34.00£4.92
34.00+3.91
41.00£0.94
33.20+2.52
17.00+1.03
21.00+2.21
32.00+1.90
28.00£3.98
20.20+0.92
30.80+2.26
10.75£0.97
32.60£2.10
11.40£2.32
18.40+2.96
17.25£2.44
15.20+1.59
8.00+0.91
12.60£2.02

PI 171444
PI 171451
PI 209837
PI 227219
PI 227687
PI 229358
PI 381660
PI 417061
PI 417136
PI 417310
PI 423911
PI 518771
PI 559364
PI 559365
PI 559366
PI 561401
PI 561403
PI 561570
PI 561572
PI 561573
PI 561575
PI 572237
PI 574530
PI 576446
=5 Hﬂ =

Bl

.
3

=

O

s
s}

goﬁjm{mo}ﬂ;&o

Jor o ofg 4
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® 12

13 & (3 3l 2 o/

FoEivE g el A JET AT TY T ETEH TH T
ANTH, BA+F 723}
=l i e e A /o 2=
=3 AT v THE iz v Y THE WA T
PI 171444 0.32+0.03 0.10+0.03 2.56
PI 171451 0.36+0.03 0.30+0.03 1.64
PI 209837 0.55+0.02 0.31+0.04 2.13
PI 227219 0.51+0.02 0.28+0.01 2.50
PI 227687 0.28+0.01 0.25+0.01 141
PI 229358 0.46+0.03 0.39+0.04 1.73
PI 381660 0.33+0.11 0.54+0.08 1.15
PI 417061 0.55+0.01 0.28+0.04 1.85
PI 417136+ 0.39+0.01 0.20+0.07 3.42
PI 417310% 0.45+0.02 0.36+0.06 1.90
PI 423911 0.41+0.01 0.39+0.05 1.58
PI 518771 0.60+0.03 0.44+0.08 1.57
PI 559364 0.37+0.02 0.33+0.04 1.68
PI 559365 0.50+0.03 0.41+0.05 1.54
PI 559366 0.38+0.01 0.33+0.01 1.47
PI 561401 0.34+0.01 0.26+0.02 1.90
PI 561403+ 0.57+0.02 0.25+0.05 2.24
PI 561570 0.39+0.02 0.33+0.03 1.76
PI 561572 0.50+0.01 0.56+0.05 1.07
PI 561573 0.67+0.01 0.41+0.06 1.89
PI 561575+ 0.30+0.01 0.23+0.02 217
PI 572237 0.49+0.03 0.37+0.05 1.61
PI 574530% 0.38+0.02 0.15+0.02 3.59
PI 576446 0.58+0.02 0.59+0.03 1.13
ool F ok 0.57+0.04 0.25+0.03 2.80
Ll Efj 0.62+0.01 0.33+0.05 2.47
H F Fx 0.42+0.02 0.22+0.03 2.68
TG E T 0.56+0.02 0.31+0.07 1.87
sl EFx* 0.61+0.02 0.34+0.02 2.42
S Hx 0.56+0.01 0.33+0.06 2.30
b= 2 g HE e gz EAR R fo8 xol7t 9SS YEFYI(ANOVA, a
80 -




T AEAI7IE RS, R6) wrrelzivs el A HFol o7 T aFe e T u

%ol b E13% El4el et ok WA F uFe £F £ vws) B W, R4
S R6 AF A BF I mFY oA EF o BAMCE 9@ Aol B Ehhadr
(R4, F=11.93, P<0.0001; R6, F=4.96, P<0.0001). H=3%F R4} R6 & Al BF HAY F

wnEY 7t FE ol TAASE [Fg zolE YESITE (R4, F=3.81, P<0.0001; R6,
F=2.29, P=0.0013). ¢t AA T mFE7 4 24 A g2+ U % 4 ¥ AN wnEe
oA FAIASRE frolgk Apol 7} YERR Y] wiitel] F AS A7 mE FF H vt
T2 49 Hol7F FurEsin s = Aol g HAAA A tigk o] EIt5EHA
%
7}

[¢]

oS, 74 EFEE AA 2R b Aok Wyl Wil vy mEe e gy

FANRENS)S o §F EF 2ol us A9HUL. T A% AU

Fohel vl s e e Aol od A% AES dolny] fste] F UolA A2

2 @lol Al ANOVAE el §stel sttt delelel o8
£ £2 A %

OHI O_I.4
BN o

I‘ilﬂ-ﬂﬁﬁiﬁ}ﬁ—h

EM{NED{HE
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el

= Arcsin W3t & U ¥AY mF
T HWA R49 A4 FAACRE FoF AolE yE FFol It v R69 44
PI561572, PI561575, PI574530°] A4 o2 93 Aol& Yeluiddtt (3 14). olE Al
FE BT R6 AE Al gz vls] A FeAe nAd aFE &ol 3—5“34 R4
HAEAN = Fog Aol7h vehyx] gkl PI5187712] A%+ HlE R49 R6 7 HF
AlZ1oll gz giH] SAIH R fost ApolE oA ReFFAN, 2T div] I8 &
S HU T HFAY] BF o2 FE vEe Ee dizdy B

(% 14). °]¢} 7&% Az nFo] B u), o5 A EF A F nFYst

2l R6 ASAI7I17F R4 BHA 7]l A& & o
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3

o £ n%e 59 9

¥ 30. F AN 71E RS, FoEAv g = JE A9
HE G (F G 2 ‘}).
- e v g mEE s

e R4 R6 R4 R6

PI 171444 60.60+5.28 56.75+4.25 22.29+4.92 8.25+1.53

PI 171451 51.80+2.60 52.8+3.85 17.8+1.29 14.4+1.41
PI 209837 65.75+3.84 67.2+2.36 30.5+2.52 27.8+2.61
PI 227219 42.20+1.02 28.40+1.18 22.4+0.83 12.6+0.99
PI 227687 234.80+18.19 136.00+22.12 53+4.78 32.33+1.39
PI 229358 60.33+8.44 84.75+7.15 34.66+10.63 35.75+3.36
PI 381660 76.67+12.76 89.6+13.61 22.33+5.06 32.8+10.39
PI 417061 72.40+3.81 54.20+2.74 27.6+2.98 22.2+1.48
PI 417136 48.50+2.98 52+5.45 18.75+0.85 19+2.64
PI 417310 23.40+2.50 245+1.71 5.6£0.39 9+1.04
PI 423911 44.40+0.58 51.75+3.93 17.2+0.74 31+3.42
PI 518771 28.00+5.93 35+2.52 14.33+4.55 13.75+2.69
PI 559364 55.00+1.52 40.4+2.73 33.4+1.93 20.4+1.96
PI 559365 52.50+2.44 42.25+4.84 31.25+0.92 23.25+3.59
PI 559366 61.25+6.13 49.2+2.22 41+4.21 27.2+1.85
PI 561401 73.33+3.37 53.243.95 41.67+3.36 19.8+2.38
PI 561403 51.40+3.93 45.8+2.10 21.2+2.11 19.4+1.74
PI 561570 45.50+3.44 28.33+1.68 18.75+2.38 5.66+1.64
PI 561572 53.40+3.18 46.8+4.56 15.8+2.15 18.6£3.13
PI 561573 48.00+3.49 34.5+3.13 14.75+1.70 13.16+2.17
PI 561575 45.80+1.44 42.4+2.19 15.8+0.74 13.6£1.72
PI 572237 66.50+18.03 A7.6+2.69 24.5+9.55 14.6+0.52
PI 574530 44.50+4.60 51.75+3.71 16.5+0.35 25.5+2.37
PI 576446 48.67+18.89 33.17+1.24 18.66+8.05 12.83+0.46
Pl 23.40+1.76 24+2.03 6.2+0.88 5.33+1.07

L 3 29.00+0.79 27+9.00 16+1.06 12.3345.03

g F T 35.80+1.72 23.33+10.56 15.6+1.31 8.33+5.01
FTAYEF 26.33+2.83 27.842.74 13.66+3.42 6.2+0.86
St 14.00+1.08 17+1.41 85+0.97 10+6.36

o 26.60+2.19 17.00+0.96 12.8+1.95 85+1.60
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¥ 3l T AEAZIERY, R6) FrheEiAv e =dA 5 A T nFe I8 &(H

- H AN nE g A H/dEzT A nFgE

e R4 R6 R4 R6
PI 171444 0.42+0.07 0.14+0.02 2.40 0.80
PI 171451 0.36+0.03 0.27+0.01 1.29 0.96
PI 209837 0.46+0.03 0.40+0.03 1.22 1.06
PI 227219 0.54+0.02 0.45+0.03 1.22 1.02
PI 227687 0.22+0.01 0.29+0.05 0.85 1.12
PI 229358 0.49+0.11 0.44+0.05 1.85 1.66
PI 381660 0.26+0.03 0.37+0.06 0.67 0.96
PI 417061 0.36+0.02 0.41+0.01 1.64 1.87
PI 417136 0.39+0.01 0.35+0.04 0.90 0.81
PI 417310 0.27+0.02 0.36+0.02 0.63 0.84
PI 423911 0.39+0.01 0.60+0.05 1.16 1.79
PI 518771 0.43+0.08 0.53+0.05 2.47 3.05
PI 559364 0.60+0.03 0.49+0.02 1.07 0.88
PI 559365 0.60+0.01 0.51+0.04 1.43 1.21
PI 559366 0.68+0.04 0.54+0.02 1.08 0.86
PI 561401 0.57+0.05 0.36+0.03 1.63 1.03
PI 561403 0.41+0.02 0.44+0.05 1.52 1.64
PI 561570 0.41+0.04 0.18+0.05 1.28 0.56
PI 561572 0.29+0.03 0.36+0.02+ 2.20 2.73
PI 561573 0.30+0.02 0.31+0.05 1.58 1.63
PI 561575 0.34+0.01 0.49+0.03+ 1.20 1.73
PI 572237 0.34+0.05 0.31+0.01 0.96 0.88
PI 574530 0.38+0.05 0.49+0.02 1.44 1.86
PI 576446 0.39+0.17 0.41+0.03 0.72 0.76
IS 0.29+0.03 0.26+0.08 2.09 1.87
W 2l 0.55+0.03 0.40+0.15 0.97 0.71
g & F 0.44+0.03 0.32+0.20 1.11 0.81
FTAYEF 0.47+0.07 0.25+0.03 1.89 1.00
st A& 0.59+0.02 0.53+0.33 2.08 1.87
= Ef 0.47+0.05 0.46+0.07 1.07 1.05

e g ETe daste] SAMOR o8 A7t S UEI(ANOVA, o
=0.05).
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T AGA7IE R4, RE) AW =dA HF o FH &) TH T
®159F 1690 YERY Stk WA T £5 $3F vl 23S u, R49F R6 HE Al 25
FTH FolA FF Bl FAALE Fo% ztolE WEMAATHRAS, F=134, P<0.0001; R6,
F=5.66, P<0.0001). 3k R49} R6 HE A 2% H|AA T F JA FF o BAF
o2 fo3k Aol= YEAT (R4, F=5.66, P<0.0001; R6, F=3.26, P<0.0001). <] A A
TH 7 A A gE2F Ul FF E AN T oA FAAHSE fos zolrt E
Wl witel T AS A7l wE #F d vAZd T Y Aolvt ok ed

S = T

Aol g ALAN HE A o] B 39 A4 39 57 A

53t 9 =4, 7 3
b Wl wWESl MAY FASONAFTAR/AITAFIES o8 FF o] wue
AgHAE. T A% AV A F EF] BoeAvse A g 434 Y
Sobur] flste] F A AT hET MY FTHE Fo|E ANOVAE o]
stol ®AsHaT Holee] oAE Folu ERAWE FFEE LA Hud s

AL H %

S Arcsin WEadth = U v A mEr 4 vaA, R4S A9 PI227219, PI229358,
PI417061, PI417136, PI561401, PI561403, Pi561575, W el B33, 3d=F, e/t 544
o2 #F93 zol= et R69 -+ PI209837, PI227219, PI417136, PI559365,
PI561401, PI561403, PI561573, PI574530, W el, ©j33F, A3, SE7F SAA 22 /9
3 zpo] Z YEMYATHE 16). ol 5, PI227219, P1417061, PI1417136, PI561401, PI561403,
PI574530, Wl B3, 3UEF, SEHE R4S R6 HEA BF SAHCRE F9874 =
2 v A FEES UeEhddeh Wbl PI2293583 PIS615759] 9= R4 Al7|olwt &
AHoz FosHA =L wANTHES Jehilen, PI209837, PI559365, PI5615732
455 R6 AEA 710wt EAA folido]l vErskth PI5745309] 7 -9-+= HlE R49 R6 F
T A7l vz dib] SAF R fojg Aols HolAE KA, dlz=T ]

&S HA F HFAY] BT 02 T ved =& gx7uv gi&s
THIE 16). R4%F R6 HEA7] B5F gz vla] fo8tA =& HAd T4
A FE9 AF, o Aol7b yYEhA
Zhallel diste] ®zkek o= & S S zlolth. e PI229358, PIS61575, PI209837,
PI559365, PI561573 A& oW 3 HF Al7]olwr foaA =& Ay THES ek
Aee £ 9 AES =AU 283 o AZHEY o5 AS ofuwst & A7 &
trEsinsiel = A o] Fhafol] gk AFAEE ol 7]Fol
T FoEpiv s edAe] F2 vheshs A5V 3

JED I EIE S

|

2l o
’ON
o

o
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& 32, F AGAZIERY, R6) srhEv e =dA] HE 2Fe T 7o 98 FH
(A TG T A}
= T NN T4
we R4 R6 R4 R6

PI 171444 97.60+10.81 95.25+7.55 40.60+6.19 24.75+2.16
PI 171451 99.00+5.82 96.6+7.08 59.4+4.12 43.2+2.86
PI 209837 144.00+11.15 119.2+4.90 77.75+3.13 84.2+2.82
PI 227219 81.20+1.97 46.80+3.02 56+2.04 31.6+2.06
PI 227687 497.60+39.11 247.33+38.09 156.6+13.31 92.33+7.35
PI 229358 92.00+8.09 144+14.59 77+9.87 67.75+1.38
PI 381660 185.33+36.07 192.6+28.27 80.33+13.00 76.8+15.65
PI 417061 128.60+7.20 96.4+6.82 80.4+5.73 64+4.94

PI 417136 81.25+4.87 92.5+8.62 51.25+3.48 62.5+6.82
PI 417310 35.20+4.66 36.75+0.90 26+2.62 25+2.59

PI 423911 83.20+2.06 97.5+10.02 47.6+2.35 55.75+3.88
PI 518771 42.67+3.56 475+2.24 28+3.33 35.25+3.99
PI 559364 119.20+4.43 88.4+5.14 63.6+4.14 48.8+4.14
PI 559365 100.50+5.61 82.5+5.36 43.25+4.52 69.5+4.92
PI 559366 107.00+12.39 118.2+6.74 53.5+9.58 55.8+3.58
PI 561401 124.67+10.42 92+9.32 62.67+4.82 43.8+4.30
PI 561403 91.40+6.59 85.6+5.06 52.8+2.27 64.2+2.14
PI 561570 65.75+6.18 54.67+5.72 39.5+4.14 30.67+2.99
PI 561572 78.20+3.63 76.8+7.18 54+3.43 56+4.71

PI 561573 65.25+5.33 49.33+6.81 445+4.81 39.83+5.64
PI 561575 83.40+2.87 75.842.92 40.6+1.57 42.8+1.88
PI 572237 116.50+32.17 81.6+5.40 63+12.73 55.8+2.64
PI 574530 71.50+10.96 88+4.50 32+1.41 55.5+3.04
PI 576446 94.33+39.13 66.33+4.04 67.67+24.03 50+3.71

o w3 40.80+2.41 53.33+5.32 25.6+2.64 24+1.00

K 3 4750+1.27 53.33+18.21 44+1.08 42.33+14.97
B 3 F 59.40+1.91 42.67+19.83 39.6+1.21 26.33+10.88
FAET 44.67+4.53 43.6+4.72 34+4.41 29.8+3.11
St T 21.75+1.13 34.5+0.35 17.25+0.43 24+1.41

5 o 41.00+3.26 28.25+2.05 28.8+1.98 24.25+1.88
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33. T AFAI7IE (R4, R6) wrrel7ivisg=da] 1S 299
£+t ) I} 2 ] el &

29 A E@TE

= = IR NETHR AT HE
e R4 R6 R4 R6
PI 171444 0.51+0.07 0.28+0.04 3.19 175
PI 171451 0.60+0.03 0.48+0.04 1.82 145
PI 209837 0.58+0.05 0.73+0.03% 1.87 2.35
PI 227219 0.70+0.03* 0.70+0.03* 250 250
PI 227687 0.31+0.01 0.42+0.05 1.24 1.68
PI 229358 0.82+0.04* 0.54+0.06 2.16 1.42
PI 381660 0.45+0.02 0.45+0.03 115 1.15
PI 417061 0.62+0.02% 0.68+0.03* 1.77 1.94
PI 417136 0.63+0.01* 0.67+0.02+ 3.32 3.53
PI 417310 0.79+0.03 0.68+0.07 2.03 1.74
PI 423911 0.57+0.03 0.62+0.03 154 1.68
PI 518771 0.65+0.04 0.72+0.06 1.48 1.64
PI 559364 0.53+0.03 0.57+0.06 161 1.73
PI 559365 0.44+0.04 0.85+0.03+ 1.05 2.02
PI 559366 0.49+0.05 0.48+0.02 1.48 145
PI 561401 0.50£0.02+ 0.49+0.02+ 1.92 1.83
PI 561403 0.61+0.03* 0.78+0.03* 1.97 2.52
PI 561570 0.60+0.04 0.6+0.07 1.76 1.76
PI 561572 0.69+0.02 0.75+0.02 1.03 1.12
PI 561573 0.66+0.02 0.63+0.02+ 165 158
PI 561575 0.50+0.03* 0.75+0.03 2.00 3.00
PI 572237 0.57+0.05 0.72+0.04 1.36 171
PI 574530 0.460.05% 0.63+0.02 2.83 3.94
Pl 576446 0.71+0.22 0.75+0.03 1.09 115
o oW g 0.67+0.07+ 0.26+0.08* 258 1.00
W 0.93+0.01* 0.78+0.27* 2.66 2.23
v 4 F 0.68+0.02: 0.59+0.19% 2.83 2.46
FAUEF 0.77+0.06 0.74+0.04 193 1.85
51 9] 3£ 0.82+0.045 0.7+0.05% 2.56 2.19
s o 0.72+0.02* 0.86+0.03* 2.12 253
= F g gzt Blaste] AR §93 Aozt 9SS UEFI(ANOVA, a

=0.05).
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29 FAFE Holal Utk FF:0Y A ¢ o= q
209837, PI 417310% sHEFS Aojro= v T3
2 folg zolE YEMHATHE= 4.02, P< 0.0001). A F
s F9 ok T FJsE £ Brbss] A7) witel, A FA41S Agd & A
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Aoz Holw PI 5615729 PI 561575% vt #5ol vl Aoz =&
g =2 MEEE BojFa gt

3

B

lo rlm 2 ol

N ow 2ol

-
ol i a
o
Q2
"‘F
'E

%
o,
H
i
f
o
K
%2,
2
iy

_87_



¥ 34 ForEv s il F FAE =914 AEw A3 T4H 5
4E.

= % T A F H| A A F A5 I3l &
PI 171444 13.25+71.36 3.00+0.97 0.25+0.04
PI 171451 24.00+0.20 6.00+0.84 0.25+0.04
PI 209837 13.25+0.69 11.00+1.00 0.55+0.04
PI 227219 18.50+0.60 8.00+0.87 0.36+0.05
PI 227687 23.25+0.47 8.00+0.65 0.36+0.03
PI 229358 21.50+0.43 7.00+0.80 0.3+0.04
PI 381660 22.75+0.43 5.00+0.85 0.21+0.03
PI 417061 20.00+0.46 6.00+1.06 0.31+0.05
PI 417136 19.00+0.91 9.00+1.05 0.42+0.06
PI 417310x 12.33+0.51 6.00+0.58 0.48+0.03
PI 423911 21.00+1.88 9.00+0.38 0.69+0.06
PI 518771 17.00+0.54 7.00+0.97 0.35+0.06
PI 559364 20.67+1.92 6.00+0.77 0.42+0.00
PI 559365 17.25+0.90 7.00+0.72 0.36+0.04
PI 559366 17.75+1.14 1.00+0.88 0.05+0.04
PI 561401 25.00+0.68 6.00+0.85 0.26+0.03
PI 561403 20.50+0.60 5.00+0.88 0.29+0.04
PI 561570 20.75+0.52 4.00+1.26 0.19+0.06
PI 561572 20.00+0.35 9.00+1.30 0.45+0.05
PI 561573 21.75+0.85 5.00+0.94 0.22+0.07
PI 561575 23.00+0.88 14.00+0.84 0.58+0.05
PI 572237 19.25+0.78 5.00+0.43 0.22+0.02
PI 574530 23.00+0.77 9.00+0.69 0.34+0.03
PI 576446 18.50+0.20 6.00+1.08 0.42+0.05
o w3 20.75+0.88 8.00+1.16 0.42+0.05
K el 22.33+0.96 5.00+1.84 0.2+0.08
B @ F 22.25+0.55 8.00+1.37 0.34+0.06
TAHUEZ 19.50+1.06 7.50+1.77 0.39+0.11
SF &= 11.50+0.52 3.00+0.46 0.33+0.03
= Ef 19.75+0.43 5.00+0.77 0.26+0.04
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