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Characterization of the 5-methyltryptophan Resistant Mutant Lines Selected
by Mutagenized Seeds in Rice
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ABSTRACT Three rice (Oryza sativa L. var Dong-Jin) mutants (DTR1, DTR2, DTR3) resistant to 5-
methyltryptophan (5MT) were selected by mutagenized M3 seeds. The frequency of chlorophyll mutations induced
by the EMS (0.2%) treatment performed 2 hours after flowering is clearly higher than that induced by other
treatments in M1 generation. Progeny obtained from the self-pollinating of 5MT-resistant lines segregated with 3 : 1
of resistant to sensitive ratio. Furthermore, the ratio of homozygote to heterozygote in SMT-resistant plants of the M4
generation was 1 : 2. These results show that SMT resistance was inherited as a single dominant nuclear gene. The
resistance was also expressed in callus derived from seeds. Total free amino acid content in homozygous seeds of
DTR1 and DTR2 showed about 1.7 fold-increased compared to the wild-type seeds. In particular, the levels of
phenylalanine and lysine were, respectively, 6.2 and 3.2 times higher than those in the wild-type seeds. However,
seeds of DTR3 had lower levels of free amino acid than the wild-type seeds. This result indicate that these mutants
as a significant step towards the production of new rice with balanced amino acid content.
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FANE L HEAE Adste d oA 7P a3 Wy
< oAt opd B2 AEY WolFE sk Aojth of
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Chis —TF %H b 15 emA = A3sde 9 pot 1742 35¥
& A A 0}9\5\‘3} 980l FEEZE
ethyl methanesulfonate (EMS, sigma A| &) £ o)L 3}]
Mk 2217 M sk 2417 5Y, 109, 15959 o]t
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9, 1590] 348 Fol Azjsiink elRe Aeluhy
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Col Gelol 297 S FFAT F Aol FAE
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DTR2, DTR38] M5Hte] Fx& o]&at4itt. Zhzte] Ex}
o] FHE 7 Hol| AAAALE T3 wapaldel] @y &
A F B 1gS ASE ol&aAch felotnat &
A ZFol tryptophane] £48 ul7] £3le] Wakasa$}
Widholm (1987)8] ®hH-& o] &3tk ofrjicat B4 714
+ Waters-5108 o]&-3}gth

Z% o 1%
M1 MICH AIE2] chlorophyll H10]

MEtAI 710l w2l EMS A2E Ble] MIAD f-22 9l
o)A chlorophyll ¥Ho| HIEZE FA}3E A3} (Table 1) 7344
7]el wetA B2 zpolE Ho F=3]}. chlorophyll ¥e)7} 7}
& wol A AN st 2417 9 A FZA o)
%7t 128%F BAFUY, 1 oha-2 M3t & 5Uxi9 A
TEA 5.1%9 NEE Jepth 1 9 718 159 Fo)
Aol M = chlorophyll Hel7b 43 #AHA] aFgih o]
o} 7ol 7N} 2417F £2] EMS X2l 4] chlorophyll o]
A7F 71 Bol &8 29ld FAME 2 kX9 Y9lo]
A=A e T Fo] sfve SdEelEd ek e
FAdol e wpgAl Aol uhg} B Aozt vk A
7Fe = Q). ol & Eof MEEEC] AT FAeke] Al7|d)
Al EMSol| tigt Aol 7hd a1, widbAdo] A3igel] u}
2hA 1 ZHp/dol AstE e Aol glukal AzZks oA o]
2{8} chlorophyll ¥o| we] .2 M2, M3Atho M E 7 9]
FAFSHAl #2510 H, B8 chlorophyll o] Bj2] 24 o
ol A HA Foll g, B, 27108 5o A
ol v AAHATH (A uAA. ol A FAA
Aok AEY EdHe] E&8 Fo7] A% Wo® vpe
el ety 3k 5% Holhs FU3l7] oS- Ao Abst
M Hole] AHEYS Yole b o] &5 7|u e

Table 1. Frequency of chlorophyll mutant rice induced by EMS
treatment at various flowering stages.

No. of M2 No. of
Stage of . Frequency
seedlings chlorophyll
treatment (%)
observed mutants
-2hr 185 4 2.2
+2hr 218 28 12.8
S5days 236 12 5.1
10days 238 2 0.8
15days 248 0 0

- : Treated before flowering with EMS (0.2%) for 24 hours.
+ : Treated after flowering with EMS (0.2%) for 24 hours.

Figure 1. 5-methyltryptophan (SMT) resistant seedlings selected
from mutagenized M3 seeds.Seedlings of SMT resistant (C) and of
the original variety ‘DonlJin (A, B)', in nutrient solution with SMT or
without SMT for 1 week. A, without SMT; B, C, with 25 mg/L SMT
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Figure 2. Distribution of seedling height in the progeny of the
heterozygous mutant plants DTR1 (A), DTR2 (B), DTR3 (C)
resistant to SMT. Seedling height was measured 10 days after
culturing with 25 mg/L. SMT.
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DTRI, DTR2, DTR3¢] 5MT A#3}4 AL
AZ38)7] 935t M4 EARERE FEF callusE o
3 5o SMT7F Zahg wixlo] 2|Abated callus®] 242
ZAe A3 opEel B FA9 calluse 25 mg/Le
SMT7F 23k MSHAIO| A 90% ©)/de] AFAAE Ho|il
50 mg/L o|4e) FrolMe X4E callus7t S84 &
2% 25k 28y DTRI, DTR2, DTR3ZHE &%
callusx= 75 mg/Le] SMT XM E calluse] F4]o] <A
910w 3] DTR29) callust SMT A8t AE49] Ak
A A8 =59 2119 50 mg/l. M E callusg] 4]0

st (Figure 3). o9} o] A|EFFoX T SMT
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Figure 3. Effect of different concentrations of SMT on callus fresh
weight of DTR1 (@), DTR2 (m), DTR3 (&) compard to wild type
(0). The fresh weight was determined after 30 days of incubation
on MS medium.

SMT X{gHol| CHst homozygous JHx|| Mgt

SMTA 3] 8do] heterozygouse] ez Ez]¥ DTRI
o] MAANY A& A EAZEE homozygous NAE Al
”LGM Astel Zzhe] AEAZEE FaF (MS)7H AFEHA

I FAEL SMT H7hiA] Sjell 27gstd SMT A3Hd
sus #Aasigch I A3 DTRI M4Athe] 5071419 )&
Zol| AE A3AL Hel homozygous (RR)FH 9] 2=/ =
187)0] 2 AT BrAOE Be¥ heterozygous (RN
o) A= 322 FAHUT (Figure 4). 13 o] 4
27049 RR3} Rre} Baju]i= 1:29) Eajug (X’=0.119,
0.750< p <0.500)& HojFolrh o]eigh A= M3A|tiollA
Aatgl DTRI AE 9] SMT #8482 0] heterozygous &
glo] AEAZ AwE Zolely FEEW, I A FHL

Figure 4. Presence versus absence of segregation of homozygous
and heterozygous progenies derived from the original plant of the
DTR1 mutant. Seedlings of the homozygote (C) and the
heterozygote (B) DTRI1 progenies and of the wild type (A) were
cultured with SMT 25 mg/L for 1 week.
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SMT gk Jhixel FElofo] =it &A1

M5At S homozygous BElZ ¥ DTRI, DTR2,
DTR3¢] FAZREH FZet felopv)iest o] Axte
table 2014 HoF ot Wz SMTe 7) 8} )=
tryptophan +&Fo] ofAld Fxjol| wlsA 370E BT 2.5 ~
3.88) T7HE A& Hel F31om, 53] TDR29| 7-9- pheny-
lalanine 3} lysine 9] §3fo] op & M|l 6.2, 3.2v] =7}
stk 1 8 ohE opmicAt 3] WstE AuEY DTRI
3} DTR29] 739 Qloja]l Ui 7kagh opuedt FHE A
S8t Al -] opw]Ab FheFo] FrbE oM, A o
A SHEE oF 1L.70v) Z7beRsih 2evt DTR39] 73-9- o4
F FA BlEA S opu)ieAl Tkl ZAAEUN A
ofuli Al gL oFF ZAsich E e A DTRI,
DTR29} 7Fo] thA} obdZ719] tryptophan ©|2]2] T2 257
o] opmjiito] FAl TIHE olfrell WM AE e &
A opu| ikl SUHEUS ¢ oAt pool o] BH¥

4%

o] Yehy] wiEol AlE WellA A5 2dste A= 47
HojR, 1 71 &) thelA = ofd 7R BREYE o] ¥rh
A F7HA] ofu] At opt R ] A dAdel AHH AJslstE 7]zt
= D) E M W T3 A3 2) g AE W B2
g}, 3) g dete AR TR 37HA] 7%
HYE 3 ¢)r} (Hukui and Yamada 1985), 32 &l oA At
¥ DTRI1z DTR2%= /4719) 39 7]zl x3h=lelet Az
gu}, DTR39] A3d 7|22 Bas] AFstrle est]
o 3% B} B HEsF Rsgy AzEH

ol4e] AAE LTl BH SMT AFA 7AE A&
FEolA sk ] oA £ - 479 Bl A
7b Eddolel B&S TVMATE AZtEH, gk SMT
A A7 A 0R AEEThy A zhEth o] e} 7o)
- FAA71E) EAHC] Myt EdWele] AHERI
£ Z7MAd 4 Qb2 Mericle (1962)3} Sato (1979)4)
oA olu] BHYE Bl7} Qlrh ofn|idt opdRIE AFHA]
AEAe]l dfE> 11 Mgy PHo] @4 (Bright et al.
1979, 1981; Hasegawa and Mori 1986) == ®F2A] (Kueh
and Bright 1981; Wakasa and Widholm 1987)2.2 A1dhg]
AEA 7L giol7] dFe] £ Afddx A DTRI,
DTR2, DTR38} 7ro] SMT A& gHo] dd 94 o &
AR o3 A AL flf TF AR AFHA &
2% (Hibberd and Green 1982)$} QX £Z9] 4 (Lee and
Kameya 1991)el| AW+ B 5| {ck 58k SMT A3Hy Fdo]

Table 2. Free amino acid contents in rice seeds of SMT-resistant lines and original variety of rice. Data given are in nmol/g fresh weight.

Ratio of resistant

Wild type SMT-Reststant lines .
Amino acid to senstive
Dong Jin DTR 1 DTR 2 DTR 3 DTR 1 DTR 2 DTR 3
Cys 22.33 66.34 52.11 40.14 297 233 1.80
Asp 299.46 616.26 553.94 236.89 2.06 1.85 0.79
Glu 611.80 1174.54 1005.68 503.44 1.92 1.64 0.82
Ser 278.44 591.26 431.14 273.60 2.12 1.55 0.98
Gly 126.95 185.42 162.70 119.37 1.46 1.28 0.94
His 159.99 233.16 209.55 134.33 1.46 1.31 0.84
Arg 128.36 200.92 475.23 95.31 1.57 3.70 0.74
Thr 122.89 277.02 173.86 117.00 225 1.41 0.95
Ala 573.53 962.16 912.45 611.12 1.68 1.59 1.07
Pro 35291 368.98 361.64 237.51 1.05 1.02 0.67
Tyr 128.19 142.12 167.93 153.10 [.11 1.31 1.19
Val 166.58 208.76 264.12 189.49 1.25 1.59 1.14
Met 45.42 44.38 68.17 39.32 0.98 1.50 0.87
Cys2 7.96 2.98 15.92 10.27 0.37 2.00 1.29
ile 70.01 90.44 114.61 69.46 1.29 1.64 0.99
Leu 88.09 128.96 145.95 66.71 1.46 1.66 0.76
Phe 35.80 124.98 221.98 104.38 3.49 6.20 292
Trp 28.45 74.34 108.10 70.27 2.61 3.80 2.47
Lys 13.02 38.94 46.93 12.44 2.99 3.60 0.96
Total 3260.18 5531.96 5492.01 3084.15 1.70 1.68 0.95
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