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SUMMARY
(FE2FE)

The UV spectrum is consisted of three regions: UVC(<280 nm), UV-B and UV-A
(>320 nm). The depletion of stratospheric ozone has resulted in increased amounts of
ultraviolet-B radiation(UV-B: 280nm) reaching the Earth’'s surface(Blumthaler and
Ambach, 1990). Even a small increase in incident UV-B radiation can have significant
biological effects, since UV-B is readily absorbed by a number of important biological
macromolecules, such as DNA and proteins.

Here we present the preliminary research results for identification of DNA marker
associated with the resistance gene to enhanced UV-B radiation in soybean. We used
RILs population derived from a cross between Keunolkong (a sensitive soybean
variety) and Iksan 10(a resistance soybean line). we used SSR markers to construct a
linkage map. RILs and both parent were grown under supplemental UV-B radiation in
the green house.

we positioned the gene associated with UV-B resistance between two marker, Satt495
and Satt 238, with a LOD 7.0 in LG L(Ch 19). These markers will be useful for

marker—assisted selection in the development of new UV resistance variety. .
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1. 39 9+ 8%

O U SAE F 5FFd 11.32k]/me] UV-BE XAlste] A3 A, A&5F 59 A&
of & ZEAGFo] A AdEHAer, JAFdrs FFTA 2ozt AT (2007
FENEA)

O Fd 10kJ/m* UV-B ¢ o0& AHgA AEZLS tph WAS Bgoy, g3y g5y

O ¥ fHd UV-B ZAEE Ay w3t 7[21 ogddl AP F7hstar ol 7]zl
polyamine 7|22 7FA~3}%)
O FelA UV-B % Ozl 9]zl vkgal= A A 2 Z2HE 3i4S &3 UV-B % o&
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2. 9] AT %
O 2002 UNEPE &% 32 a4 A #EWe] UV-B 4xi 2~12k]/m*/dayel™ ol
1980t %9 UV-Be 4w E} 6~12% %—ﬂaaﬂv}i i, dF HIAE ke
FERgh Ao FS 50d3E AEA R At dS AS oS3k o (UNEP, 2002.)

i

O m=9 cotton beltA] el A JEAZE UV-BY ZEE 4~11k]/m’FFEolil Fo|A Z
ZA7)1%o] UV-B ZEE  HiF 885k]/m’E 30% A=< UV-Be ZE7F Eof xdH A7
sl Ao FA7F of71E 4 Jthal X ars}Sd v (Frederick 5 2000, Li 5 2002)

—

O HlzoflA F %5 Willlams 9} Essexs 647 Z4o] Auistas UV-Be] ZAHLE=F 16~
5% THA] AeH7b Fo] FE S mA= s A Ay A #E59 Essext

200678 =0 T A od A F59 willamss WS BAATE AR ZAR] o9t
7

el 874%7 5o 48e) 27ol 93] i Wakahs Ao BIFT) (Teramura 51990)

O #% UV-B A Afgont B34 @70 982 nAn HHoRs B
GAAS Fo] FIYL AT PR ABOIN AARR FFPRE Zdsn
UV-B 2Edzo] 459 423 walst 44 2 vol ool vxe el thal 2,
F, WelA Ao FaARE, ARe] 3} EFo] web 7 wkgol Fol stk Mara 5,



O #H<* ArabidopsisolA UV-B S 204 Eo]stA HFS-3sF= UV resistance locus8
(UVRS W -3 COP1, HYS F°] 34 Arh(Rizzini &, 2011)

O Hl¢ UV-B A& Fdat Fdx= F el 374 44 fFdztel o) xujy]
H, QTLEA 23 3719 QTLS &elation ddFAA 1S #3 d77F 3 39
A5.(Sato & 2003)

O °F 4009F9 2l&=s Ao E UV-B ZAEH 235 4 2 AgH oz drlsH

HES-3l g o A EoA Wkg-2 A3t A3, biomass =4 A, QEA 7= 2 oo
W4 448, DNA €4 5o eyt =3 UV-B A UV-B §424% , %

gH -o]l= ¢tEAJold SOD, POD #& &4kst&E 2o =712 o7 gt}

O 7|5Wstel fA4uao] e e AR A Ao AL HA(UV-B) A 71
tho] ZEo A #AE FF g 2 9L

& ATE FAW ok Qo AGHEIAL U FAATAL NG ATE AWHow
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O 20109 m=rol A AEe A UV-B A& S7HA17]= 203KB 7144 dis) 53 &
=3FAtH(US Patent 60/819,763)

O WA UV-B Hkgo th3t QTLS A FA= &8ty Z3A d#%E CPD photolyase
o] Wol7t fHA Wolo] RS A= Aoz Hol CPD photolyase activity7F
Hol A UV-Be| w3 E A= ZAAQ factor2 FA AL S Sl ol &
g1 8k t}.(Ueda 5. 2005, Hidema 5 2007,)

O uv-bAE = Hdo] WHed FFAH #H WAL Rubisco, Rubisco large subunit,
ribulose 1,5-bisphosphate carboxylase large subunit $1t}. rubisco + Calvin3] 29| 7}%+
8% gholth e rbel A A oal oz sty = 871 2 A& @A} rbeS
Ao o8] dast He= 89 e Az FAFEO At (Gutteridge &
Gatenby, 1995).

O UV-B Az 2do] 743 vz el ATP synthase CFl alpha chain & A
ATP synthase®] tAl 719 A9 A 484 % sty (Fritsche & Junge, 1996).

O H=A ATP synthaser= gElzol=wteo] Exjst= F 719 7154 #4459 CFO9
CFl1& 7H BdAl= CF0 & FA4A olesm=m audAle] 4, 7%, 7Iseo] vE
Zrgole] FO 9F FAFSE o whilal B84 (peripheral membrane protein complex)

(Nelson & cox, 2002)°]t}.
O CF1& o#71e Ho 49 dmadz ATP 4 4ot} (Grossman et al., 1995).

O Catalase I¥ superoxide dismutase, peroxidase®} A 21 & W Aits} Hlo]x] A~ € 9]

TREAE UV-Bel 9dte] Add SAHNLE Fafist A7l Fakst dolA Al v
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Fig 1. UV-B Screening facilities

UV-BE 7z} Ag79 8709 #2] 4 (UV-B)# Z(G40T10E UV-B lamps, Sankyo Denki,
Japan) = TE AEXAMEAE AAske] ARESFItHFIg. 1. ARIA(UV-B)REZ=
UV-B (280~320 nm) 4 <&¥rt ofye} UV-C (200~280 nm) 99 Fx= x3star 9l7]
5o UV-B gl 7o+ 013 mm F749 cellulose diacetate Z&(Cadillac Plastics Co.,
Baltimore, MD, USA)& #xof 7Fo} 290 nm ¢]ske] ze]X(UV-C)S AAs R &
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= 1500 13] wgskivy A= 35 5 A R0l &8 dleh= V2 stagedH 1Y
S5A17H10A ~16A]) # 4%7F UV-B %A} A8S =aatdnt, 21 M(UV-B)BA o} 2123
o] AL AE A BtFo] 20 cmE FAIAA UV-BY ArE dAsHA FAAZ
UV-B¢ #&=3+ a LP 471 UVB, LP 471 UVC sensor’} #2¥ UV-radiometer (DO

9847, Delta OHM) = =43}l t}.

o

omZ

o A=A vheEA

-

A& REgEARE UV-B A2 25 9 45 Fol 72 AAsislen, 8 2AEdS

o] MYUSYE % AA HEA] S o

Fo] =439 vt (Fig.2)

% %
FefH st =5 1,35 7 9% S9< u

Fig 2. Damaged degree by supplemental UV-B

3. SSR "7 9] Genotyping
7} SSR whA ~="
FollA 717 EE o] Soybase(www.Soybase.org)ol Al FF5 3l 90E SSR vHAS Add
A2 10CM Ao Az Adwsie] BREe] A A4 § vddAdol dAdd viAE
’Adbste] genetic linkage mapping®l] €83t 53] 144 du]d 3ol QTLe] &7}
o dE = At L(Chr19)e] #9198 miAE F712 FHste] 2adS A s

t}. DNA % ¥ PCR

SSR wAEAIS 93] ol PO ZHE Genomic DNAS FE3d1 EFEO t}haAo]
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gkelE 110 SSReFAE EFE3 RIL Alsol tisl] genotypings 2 A3t PCRY 50ng
9] DNA, 0.15M forward H®reverse primer, 200 M 2] dANTP, 2 mM<¢ MgCl, 0.1%
Triton X-100, 1X reaction buffer(10 mM Tris-HCl pH 85, 100mM KCI) % 05 U of
Taq DNApolymerase (BioBasic Taq Polymerase, Applied Bio Basic, Canada)& ¥3$I35}4
AA 10pE 2320 th. PCR 272 denature(94°C, 2min) ¥ denaturation(94°C, 25 s)-
annealing(47°C, 25 s) - extension(68°C, 60 s) o #I}AHLS 403 wHEsIdch o] %
polyacrylamide(4%) %=+ agarose gels(3%)olA #7149 %S S3Fe] SSR vl o] #7]3ld
= BEE 7o) base pair 2Fol7F A 2 AL 3% EtBro] E3HE 3% Agarose gelS ©]
23} base pair #Fol7F AL AL 4% acrylamide gel®Z H7]9%F & DNA silver
staining system (Promega)Z ©]-&3}9] silver stainingg AA3th SSR £Z &9 Z¢
ofmdolufol = 7] o] EUH, AS 10% ethanolol 20 #3F A AZ §F, 1% HNO;
Gollo] 10 #7F ©@131, ©]o] staining solution(Silver nitrate 1 g, 37% formaldehyde 1.5
ml/12)e] 303t FEHA 59 & 5 DWE 7PHA g0 F3th thgol developer
solution (Sodium carbonate 30 g, 37% formaldehyde 900 xl:, 1% Sodium thiosulfate 500
w/12)S Agste] =7t vepd ufl 712 &  10% acetic acid®2 WHgS A H T
4. Map A% 2 QTL &4

RIL AlEelA debd SSR w7 datast Fefs w3 2 AA) oo <78k
Map Manager QTX (Mainly et al., 200D)®WH o2 FHAAXEE AAsFth. FHAAA =
2o Q3 7| A B E public USDA map(Song et al., 2004)] <7383 FAAA =
+ Halden map function®] 7|%s& &8sl A H Ak
QTLs #2415 ¢J@l Statistical Analysis System version 9.2(SAS Institute 2001)Z o] &
3l EAHEA 3 QTL Cartographer version 25 ©]-83F CIM(composite interval mapping)
S o] &3AtHWang, 2007). SASE o]&3 QTL A3 45 98] SSR vlA <] genotype
groupS EFWFE AF8-3l] single factor analysis of variance(SF-ANOVA)E 2311
=4, Z v}#A allelic group® HiS SAS GLM procedureZH-EH 22 type-III mean
square®] F-test® ©o]&3te] vttt TP FolAQ #AE Hol= FI o]/
A 7F 28 A#ate] Ay ol 9L |, multiple regression analysis(SLG-Regr)E 4+3)
313l o)u forward and stepwise selection proceduresZ %83+ th SLG-Regrz ¢
Ade mE Fo9A A+ v SFFANOVAZFE Y2 unlinked single v+ 2-371 9]
QTLsol 9ol drix= dy Wolo vHl&S 24357 93] P<0.0591 4] multiple linkage
group regression model(MLG-Regr)& A AIstSth E3 A3 QTLY AE IHetstr]
$13te] QTL Cartographer V. 25 < ©]&3F CIMS 2A5tA 1 o]w work speed: 2.0
cM, permutation test= 3003] A A] &} tHChurchill & Doerge 1994).

0
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2. UV-B Ag4 &4 EXAEANT
7} 53874 93 UV-B A d@nA &4

UV-Bell Al d4H0z 9 449 2838 ol 83te] FAHE RIL A5S w7
22 UV-BE Qd&xAe $ 1o ok d&we-& 2AMsEaL, SSR wAE 0]83519
Z} RIL Al'Ee DNA t&EAdES A3t FolA UV-Bo wh&3} datd FAFAFHs
(QTLs)S EAsh. FHFAREL da Faol weh o] 243}

A, do Fy WshdE, e WA E 9 dA] AEA FAAHER o] XA
t},

WA A=A AA s HEe] gk AdvlA FAE 98] SF-ANOVA 248 3 A
47) ¥ (N(Chr.3), C2(Chr.6), L(Chr.19), M(Chr.7)°lA 87} m}7lEe] & UV-B A 34
HES- 3} o2 01(P<0.05) BAZS B, olF AT M(Chr.7)olA 27H4 nh7, At
L(Chr.19)el 4709] miz7F f1A18 e, olgdk mtAEL 2dE Wolol 38 7 204%E
Aetda AAAo=Z 64%°] * HolE AdAdsidnt. olF Adat C2(Chr6),
D2(Chr.17), L(Chr.19), M(Chr. D)ol A Eld miAE 283 allele’t & UV-B J3lE S7t
A71E Ao w Yehyith

a0 %’4
ot

JX‘L‘

Table 1. Markers linked to QTLs associated with total plant damage by supplemental
UV-B radiation in F2-derived F12 RILs of Keunolkong x Iksan 10

SF-ANOVAP Alleic means" SLG-Regr MLG-Regr®
Marker LG(Chr.)*

p R*(%) KK I/1 P R(%) p  R(%)
satt371 C2(6) 0.0241 45 45 5.2 NA 0.0156 43
satt238 L(19) <0001 204 5.3 36 <0001 179 <0001 215
satt462 L(19) 0.045 3.5 5 43
satt495 L(19) 0.0034 8 5.2 4.2
satt523 L(19) 0.0081 6.6 5.1 4
satt567 M(7) 0.017 5 5.2 4.4
satt590 M(7) 0.0001 125 5.2 45 00002 12
satt022 N(3) 0.0362 3.8 5.2 45 NA
Total 64.3 25.8

a: Chr chromosome; LG linkage group b: Single factor analysis of variance, ¢; K/K: homozygous Keunolkong, S/S
. homozygous Iksanl0, d: Multiple regression with makers on each linkage group, e: Multiple regression with all
significant markers from the SLG-Reg model and unlinked markers, f: Not applicable. Not linked to other
markers.

SF-ANOVA 24 dxte] 7| xsle] 2 deatold A9 vir] 23& A7) 91s <
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¥ M(Chr. Dol = 2 27048 miAA et At L(Chrl9)el = 478 =hriel gk
SLG-Regr +4 A7 A3z M(Chr.7)dl Satt590, L(Chr.19)oll Satt238¢] 7} 2§ wlA
2 yepgth ZF 3ol A yelhd £-938 47] wlA (Satt022, Satt371, Satt590, Satt238)E
o]- &3] MLG-Regr #4418 3t A3} Satt371, Satt238¢] & UV-B ¥+3-3} #A#w thxF <l
QTLZE uYepyta o5 7H7F 43, 215%= ®dy w®olE *“ﬂ%POﬂE}. olF At
L(Chr.19)oll A &<ld  Satt238<- RZO] 21.5%9°] major QTLZ F4 %31, C2(Chr.6)olA <
o1¥l QTL(Satt371)2 minor QTLZE FAEY oW HAAAH o= ol QTLS UV-Bo| w3gh
HH-8-9] 258% 5 A3t tHTable 1).

UV-B  Ql&ZxAlell 93 Heo] H(Leaf shape)dslte} dAdd Fo3 npA:
SF-ANOVA #4243 A3 A2(Chr.8), C2(Chr.6), F(Chr.13), L(Chr.19), M(Chr.7),
N(Chr.3)dlA @A o]52 AA oz H3HY Wolo 527%E AW 4 AUt
o]% SLG-Regr ¥ MLG-RegriAS &3 H A 234443} A2(Chr.8), C2(Chr.6),
L(Chr.19)ell 9 A]3F Sattl87, sattl00, Satt2382tzF R2 3.9%, 5.3%. 11.5%= 23k vl
= gl Att(Table 2)

rr

UV-B 2l-gxAbo] 23 gl M (Leaf chlorosis)¥3tel #E /93 nl7 = single
factor =212 7 A" B1(Chr.11), B2(Chr.14), F(Chr.13), L(Chr.19), M(Chr.7)ol A &~
Ha ol HAwAE L(Chrl9)el $1A8  Satt238= eI o] A ®o]9
114%5 A% 5 d3dvh.(Table 3)

N

Table 2. Markers linked to QTLs associated with leaf shape change by supplemental
UV-B radiation in F2-derived F12 RILs of Keunolkong x Iksan 10

SF-ANOVAP Alleic means* SLG-Regr? MLG-Regr*
Marker LG(Chr.)

p  R(% KK 11 p  R(%) p  R¥(%)
sattl87 A2(8) 0.0146 5.3 3.3 3.8 NA! 0.041 3.9
satt100 C2(6) 0.0404 4.1 3.7 4.5 NA 0.019 5.3
satt114 F(13) 0.0162 5.2 3.5 4.4 NA

satt238 L(19) 0.0005 104 4.5 3.1 0.004 85 00009 115
satt462 L(19 0.0208 4.9 4.3 3.4

~

satt495 L(19) 0.0319 4.2 4.4 3.6

sattb23 L(19) 0.0242 4.8 3.7 3.0

sattbt7 M(7) 0.0404 3.8 4.4 3.7

sattb90 M(7) 0.009 6.1 4.4 34 0.006 7.1

satt022 N(3) 0.0356 3.9 4.4 3.7 NA

Total 52.7 20.7
a Chr chromosome LG linka e group b: Single factor analysis of variance, c; K/K: homoz¥gous Keunolkong, S/S
: homozygous Sanl() d: le regression with makers on each hnka e group, e: Multiple re ressmn with all
s1gn}1{f1c % markers from the S G-Reg model and unlinked markers, f: Not applicable. Not 11nke§ to other
markers.

Table 3. Markers linked to QTLs associated with leaf chlorosis by supplemental UV-B
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radiation in F2-derived F12 RILs of Keunolkong x Iksan 10

SF-ANOVAP Alleic means" SLG-Regr® MLG-Regr®
Marker LG(Chr.)*

P R*(%) KK I/1 p  RY%) p  R%)
satt197  B1(11) 0.0297 4.3 3.1 3.9 NA'
satt577  B2(14) 0.0404 3.8 3.1 3.9 NA
sattll4  F(13) 0.0183 5.0 3.0 3.9 NA

satt238 L(19) 0.0012 9.2 3.9 2.3 0.0009 10 0.0004 114
satt495 L(19) 0.0198 4.9 3.8 3.0

satts590  M(7) 00408 38 38 3.0 NA
Total 31.0 11.4

a: Chr chromosome; LG hnkl%e group b: Single factor analysis of variance, c¢; K/K: hOII]OZ}(gOLlS Keunolkong, S/S
: homozygous lksanl0, d: Multiple regression with makers on each lmk?\%e group, e: Multiple regression with all
Slgnll(flcan markers from the SLG-Reg model and unlinked markers, f: Not applicable. Not linked to other
markers.

Table 4. Markers linked to QTLs associated with petiole chlorosis by supplemental UV-B
radiation in F2-derived F12 RILs of Keunolkong x Iksan 10

SF-ANOVAP Alleic means* SLG-Regr® MLG-Regr*
Marker LG(Chr.)*

p  R(% KK 11 P R(%) p  R¥(%)
sattl85 E(15) 0.0344 4.1 3.0 2.3 NA!
satt114 F(13) 0.0397 39 2.3 3.0 NA
satt137 K(9) 0.0225 4.7 3.0 2.2 NA

satt238 L(19) <0.0001 143 3.2 1.7 <0001 166 <.0001 20
satt462 L(19) 0.0142 5.5 3.0 2.0

satt495 L(19) 0.023 4.7 3.0 2.2
satto90 M(7) 0.0026 8.0 3.2 2.1 NA
satt022 N(@3) 0.0291 4.2 3.1 24 NA
Total 49.38 234

a: Chr chromosome; LG linkage group b: Single factor analysis of variance, ¢; K/K: homozygous Keunolkong, S/S
> homozygous lksanl0O, d: Multiple regression with makers on each hnk?\%e group, e: Multiple regression with all
Slgnf(flcan markers from the SLG-Reg model and unlinked markers, f: Not applicable. Not linked to other
markers.

A o]l A (Petiole chlorosis)®3te} #2938 vl = single factor #2143 A&
E(Chr.15), F(Chr.13), K(Chr.9), L(Chr.19), M(Chr.7), N(Chr.3)ol Al #-¢2]3gt w7} A
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HAA olF HAwAE L(Chr.19)el A8k Satt238=2 YEFYEIL o5& A WHol9
20.0% = /‘\__jugfsal T AM‘jr(Table 4)

t}. Interval mapping®l &3 UV-B AIA A@AnA &4
T UV-Bel #dd QTLY AgE A& EMstaxt gAe Wsh R W)
del WA gl AdA AEA] v E 47k e @ -] diste] QTL Cartographers
o]-&3sto] Composite interval mapping= A8t tHFig 5 Table 5). QTL &4 23}
AAAew QTLY Z&= 3 91A9 Aol= = oy tiAl= A L(Chrl9)el A
Satt495¢} satt238S flanking "7 = 3le] UV-Be A&t QTLe] &AMt z+7H9
FAEE QTLY A3 Aok A=s AHrd 4o A7z W= dAdat L(Chrl9)
oA satt2385 <A RS 1.3cM Eolxl flAlolA LOD 3.08 %= QTLe] ¢35t
o] QTLE HA Weolo oF 11%E AW 4 AU
Fo BFS FY AdHstad QTL o+ A= FAStY & O 23k QTLo] &
A A= satt23891 4 4.3cM Holx Ao A el LOD 4619 #S 7HA L R?
#hol 21.48% = Al dA A Wolo oF 22%E AWe F A+E major QTLe] g3
T UV-Be] Al el yYeve= A=A ¥sts 4 ¥y dd d QTLE #FA
gk f1A oA gl Hel=d 2w satt238% Ao FAREE f1X]el A LOD 5.229]
e 7H = QTLS &2 st
AA A=A A 2 HAEE T QTLS Ada L(Chr19)9 satt238s <+ F
A 2 Se LOD kol 6.90019 R*%ho] 328%= A Tdd wWolo 328%E Al
major QTLo] satt238°] 4 5.3cM "ojx 9 x|ol A el ¥ At}
QTL XA 3o A 4o B 4 Adwst 5 dA 2
A& QTLES thao] Aol EAets Aoz gyl oy e &

o

oA FEHo=
A Lol 1A sh= AdE #2s wf FelA z9]A(UV-B) #9 QTLL th47F &4
& Aow FAHIL glow oF M JVdqErt & FEHdAs d¥r L(Chrl9)9]
satt238 A ol AT o2 )
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Table 5. The QTLs for UV-B identified by Composite interval mapping in F2-derived F12
RILs of Keunolkong x Iksan 10

. LG"  Cloest Additive R? LOD

Trait Interval (Chr.) Marker Position” effect(%)° value(%) score®

Leaf chlorosis Satt495-Gatt238  L(19) Satt238 1.3 -0.65 10.76 2.98
Leaf shape Satt495-Gatt238  L(19) Satt238 4.29 -0.98 21.48 4.61
Petiole chlorosis Satt495-Gatt238  L(19) Satt238 0.02 -0.87 17.6 5.22
Total plant damage Satt495-Gatt238 L(19) Satt238 5.29 -1.07 32.8 6.90

a: Chr chromosome; LG linkage group b: QTL position from the closest marker (cM) ¢ Additive effect: positive values
indicated that Keunolkong carries the resistant allele for UV-B, while negative values indicate that Sinpaldalkong contributed
the resistant allele for UV-B d Maximum-likelihood LOD score for the individual QTL

Total plant damage
————— Leaf chlorosis
----------------- Leaf Shape
— + — : = Petiole chlorosis
i v=..c_:- o Wy, — e — - _ —-—- cM
0.0 Too 17.3 2447254281 305 © 40.2 521546 328863 918928 — 1148 1334
I | L/ | | |1 1] ~
| | It 11 1 1 1 I ] B
w v Vvinnn v v n v n Wi wr w
£y 3 3233% = 2a 28 33 g 3
5 B KNEE 9 g e 53 25 N %

Fig. 5. Composite interval mapping of markers linked to QTL for resistance to UV-B
resistance using Windows Cartographer (V. 2.5). Phenotypic data were obtained from the
supplemental UV-B radiation

21 -



. RIL Ale2 A= v g S84 BA=d, 92 A3 (Leaf Chlorosis), 42 &
A

4 V-
g ALA(UV-B) ARAEY] F EFSFAEA Zash e

A(UV-B) Abel oJall & AEAE 99 M (Leaf Chlorosis), 9¢ % (Leaf
H o] A (Petiole Chlorosis) 5 olA W3S BEYged 2EQA 28352 4

Z4e 1ol whd REol 9aH0EE A H(UV-Bel AdAdLe mich

rlo

o
O

(Leaf shape), 4] A (Petiole Chlorosis) = A A& o vls]FAtolA 1~99
ol 7Heetgan BEE AR AFEE F4S deho] B FFy A v
A7F Bl Aow FAY

ol

Jo
>zl

B A& xAtel o)st o] EF(Leaf shape)®istel e {9t nl#= single factor
A AT A2(Chr.8), C2(Chr.6), F(Chr.13), L(Chr.19), M(Chr.7), N(Chr.3)ol|l A &2 5]
HAutA 232 A2(Chr.8), C2(Chr.6), L(Chr.19)el 91#]3+ Sattl87, Sattl00,
Satt238% WEFRIL o] 52 HA Wele] 207%E AT 7 AUk

32
(o
o,
ofN
e

Aol A (Leaf Chlorosis)¥H 3t} #E F23k vl = single factor +
B1(Chr.11), B2(Chr.14), F(Chr.13), L(Chr.19), M(Chr.7)°ollA BA=EA1 o]F HAn}A+=
L(Chr.19)9 91x]3+ Satt238= YERF O™ o5 A WHol 114%E AT 4 JATH

i
iy,
&
re
r 2|
M

. 3] A (Petiole Chlorosis)¥®stel B 123k ml7]= single factor #2123 Adt

E(Chr.15), F(Chr.13), K(Chr.9), L(Chr.19), M(Chr.7), N(Chr.3)l A 2] &F w77} &A1= A
i ol FHAwAE L(Chr19)el A8 Satt238= eI o5 A ®Wolo] 20.0%E
A 5 Al

6. UV-B o1&zl ogk qio] A (Leaf Chlorosis), 9 R (Leaf shape), <l 2%

(Petiole Chlorosis) ®3lE ¥33t A A EAe UV-B &t Add F23 nAELS
Single-factor #4123} th=o] 93 m7|Eo] At C2(Chr.6), L(Chr.19), M(Chr.7) %
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N(Chr3)ellAl g1, o5 49 wh7] 2L et C2(Chr6)9] Satt371(R*=4.3%) 7
AT LChr19)el $1AF Satt238(R*=21.5%) 2 21 = Atk

. AR A=A QTLY Aee YAE @34 AAE Composite interval mapping 2
¥} 3e] MAH(Leaf Chlorosis), 992 X% (Leaf shape), ¥ ¢ 2AH(Petiole Chlorosis) W3}
2 AA A=A g el the major QTLS A¥kt L(Chr.19)¢] satt238¢l4 0.02~
529cMe] A elA LOD #2 298~ 69% uUElhY FolA UV-B #-&3 &A% major
QTLo] A¥" L(Chr.19)¢] satt238 Ao A3 g1stsith
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UV-B &3 QTLS #AWole] oF
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B Ao UV-B A3 FH1A7F S Aoz F45= Adat L(Chr19) Ao
AR LA E 153 & sequencing =+ map base clonning 59 WS &8&3e] A
33t FAAE FHsta, #HE FAAE FEAZNSY FAAY IS HAASE A
Tof & AF AE &8 F S

A6 F AFMNTHAAA TS s g R
< w3 USDA®9 UV-B monitoring ¥ A7+ 213>
O 19909 w= FFAAS & otulgzt Aol eEF A old wWE HEy dr|de

UV-B & 754l

Colorado Wjglo] +AHE FaL

A 7]&o 1992

o

UV-B Monitoring and Research Program(UVMRP)E ¢ st
network 24

o5 HmoA UV-Be A HA el wigto] et JRE A st
UV-B &7t w& == gs& oS5 5 A goh FAHe=
A G- (Research Network©. 2  FAl¥ 1 Research
Components= 1) UV-Bell gt A&, Ad, =9 w&34 & 7|5 2Ed2 ahit9

HAE H7t 2) 715 A gole FENEAY FHAYAAES S climate crop model

I FEE
2088 aA

component)Z}  Climatologic

S g 55 F8=o]a Climatologic NetworkS A =Fo]l 387) Axo] #A3 Ao =
4 siteE Fi WIstE UV-BY %5 A BEUEHYSIE JRE ATdss 958 F
g A=

- 26 -



A7 FAER

Churchill GA, Doerge RW. 1994. Empirical threshold values for quantitative trait mapping. Genetics.
138:963 -971.

Frederick, J.E., Slusser, J.R., Bigelow, D.W.. 2000. Annual and interannual behavior of solar
ultraviolet irradiance revealed by broadband measurements. Photochem. Photobiol. 72, 488-496.

Fritsche, O. and W. Junge. 1996. Chloroplast ATP synthase, the clutch between proton flow and
ATP synthesis is at the interface of subunit CF1. Biochemica et Biophysica Acta. 1274;94-100.

Gutteridge, s. and A.A Gatenby. 1995. Structure of an effector-induced inactivated state of ribulose
1,5-bisphosphate carboxylase/oxygenase; the binary complex between enzyme and xylulolse
1,5-bisphosphate. the Plant Cell. 7,809-819.

Grossman, A.R., D. Bhaya, K.E, Apt, and D.M. Kehoe. 1995.Kight-harvesting complexes in oxygenic

photosynthesis : diversity, control, and evolution. Annual Review of Genetics. 29:pp.231-288.
Hidema, J., Taguchi, T., Ono, T., Teranishi, M. Yamamoto, K.Kumagai, T.: UV-B resistance and
CPD photolyase activity in rice. — Plant J. 50: 70-79, 2007.

Li, Y., Zu, Y., Chen, J., Chen, H. 2002. Intraspecific responses in crop growth and yield of 20
soybean cultivars to enhanced ultraviolet-B radiation under field conditions. Field Crops Res. 78,
1-8.

Mainly KF, Olson JM. 1999. Overview of QTL mapping software and introduction to Map Manager
QT. Mamm Genome 10:327 - 34

Mazza CA, Boccalandro HE, Giordano CV, Battista D, Zima AM, Scopel AL, Ballare CL. 2000.
Functional significance and induction by solar radiation of ultraviolet-absorbing sunscreens in
field-grown soybean crops. Plant Physiology 122: 117 - 25.

Nelson, D.L.and M.M. Cox. 2002. Lehninger Principles of Biochemistry. 3™ Edition. p1336:728-729.

Rizzini L, Favory ]J, Cloix C, Faggionato D, O'Hara A, Kaiserli E, Baumeister R, Schifer E, Nagy
F, Jenkins GI, et al. 2011. Perception of UV-B by the Arabidopsis UVR8 protein. Science.
332(6025):103-6.

Ross, JR., KH. Nam, J.C. D'Auria, and E. Pichersky. 1999. S-adenosyl-L-methionine ; salicylic acid

carboxyl ethyltransferase, an enzyme involved in floral scent production and plant defense,

represents a new class of plant methyltransferase. Arch Biochemical Biophysica.367:9-16.

Sato T, Ueda T, Fukuta Y, Kumagai T, Yano M. 2003. Mapping of quantitative trait loci associated
with ultraviolet-B resistance in rice (Oryza sativa L.). Theoretical and Applied Genetics 107: 1003
- 008.

Santos, 1., F. Fialgo, J.A. Almeida, and R.S. Alema. 2004. Biochemical and ultrastructual chang in
leaves of potato plants grown under supplementary UV-B radiation. Plant Science.167:925-935.
Song QJ, Marek LF, Shoemaker RC, Lark KG, Concibido VC, Delannay X, Specht JE, Cregan PB

(2004) A new integrated genetic linkage map of soybean. Theor Appl Genet 109:122 - 28

- 27 -



Teramura AH, Sullivan JH, Lydon J. 1990. Effects of UV-B radiation on soybean yield and seed
quality: a 6-year field study. Physiologia Plantarum 80: 5 - 1.

Ueda T, Sato T, Hidema J, Hirouchi T, Yamamoto K, Kumagai T, Yano M. 2005. qUVR-10, a
major quantitative trait locus for ultraviolet- B resistance in rice, encodes cyclobutane pyrimidine

dimer photolyase.Genetics 171: 1941 - 950.

UNEP, 2002. Executive Summary. Final of UNEP/WMO Scientific Assessment of Ozone Depletion:
2002. Prepared by the Scientific Assessment Panel of the Montreal Protocol on Substances that
Deplete the Ozone Layer. UNEP, Nairobi(released 23 August 2002).

Wang S, Basten CJ, Zeng ZB. 2011. Windows QTL cartographer 2.5. Department of Statistics, North
Carolina State University, Raleigh

- 28 -



o
K3
Y
>
O
rot
ox
of
[
e
N
i)Y
=
i
S
>
ins
lo
r o
-
a?
k]

C o] HaNE FUSAAE
Ay,
SYFAAERAA AYT AT

c o] RiA WEs URT o= HEEA] Al
o

A7iesfEAd e ATA S

uE
o

o
o
it o
L
v

L ZATE % AUAe] eI YL te)dos BE wi Tt E

ol gy},

- 29 .




	기후변화대응 콩 자외선(Ultraviolet-B) 저항성 유전자연관마커 개발
	요약문

	목차

	제 1 장 연구개발과제의 개요
	제 1절 연구개발의 목적 및 필요성
	제 2절 연구개발의 범위

	제 2 장 국내외 기술개발 현황
	1. 국내 연구 현황
	2. 국외 연구 현황
	3. 국내외 연구 수준비교 및 필요 연구분야

	제 3 장 연구개발 수행내용 및 결과
	제 1절 연구개발 방법
	1. 실험재료
	2. UV-B 반응 스크린
	3. SSR 마커의 Genotyping
	4. Map 제작 및 QTL 탐색

	제 2절 연구결과
	1. 모본 및 RIL 계통의 UV-B 반응조사
	2. UV-B 저항성 관련 분자표지개발
	3. 적요


	4장 목표달성도 및 관련분야에의 기여도
	1. 목표달성도, 평가의 착안점 및 실적
	2. 관련분야 기여도

	제 5 장 연구개발 성과 및 성과활용 계획
	제 1 절 특허, 논문 및 학회발표 성과 및 계획
	제 2 절 실용화․산업화 계획(기술실시 등)
	제 3 절 추가연구, 타연구에 활용 계획

	제 6 장 연구개발과정에서 수집한 해외과학기술정보
	제 7 장 참고문헌


