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Abstract - This study was carried out to evaluate genetic variation of early-heading rice (Oryza sativa L. cv. Dongjin 1) lines
derived from gamma-ray (“°Co, 300 Gy) irradiation. The average heading date of the 5 early-heading lines in M7 and Mg
generation was faster than that of untreated control as 11 (line ¥-2), 10 (line ¥-5), 6 (¥-1 line), 5 (y-3) and 4 days (line y-4),
respectively. According to ISSR analysis, polymorphic rate of the early-heading lines (from 5.9% to 23.4%) was higher than
that of control (4.3%). The result indicates that the gamma-ray promote variation at DNA level. When genetic variations of
rps16-trnK region were evaluated by nucleotide analysis, nucleotide length of the rps16-trnK region was 664 bp in all the
early-heading lines and control. Out of 5 sites of nucleotide transposition detected in the region, however, 2 sites were
appeared only in the early-heading lines.
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70 AEE AESY 29 2 AAE SR SA
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Genomic DNA2] 2] @ FA|

DNA 328 CTAB W(Fang et al, 1992) 0.2 AA|5}C}
DNA &% 24L& UV/VIS Spectrophotometer(Ultrau:;pecE
2000, Pharamacia Biotech, UK)& o|&s}¢oH, &
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ISSR &4

27155 5A 8 (Me) 2 XA 2AF G219 1A1E 2 53
1504 2} 3704 % 21 7HA|o]l Thste] ISSR w41 AA
SFT

207119 ISSR Z&}o|H(UBC primer Set No, 9, University
of British Columbia, Canada)® oJH|AE-E AA|t 29]

Table 1. Early heading rice (Oryza sativa L.) lines and
control rice plants used in this study

No. Name of lines  Dosage of radiation (C060)
1 ¥-1 y-ray 300 Gy

2 ¥-2 y-ray 300 Gy

3 ¥-3 y-ray 300 Gy

4 Y-4 y-ray 300 Gy

5 ¥-5 y-ray 300 Gy

6 Cont’ -

*Oryza sativa L. cv. Dongjin 1.

- 143 -



HEEHRHAE Korean J, Plant Res, 25(1) : 142~151(2012)

Table 2. Heading characteristics of early heading rice (Oryza sativa L.) lines with gamma-ray irradiation

Line” Transplanting First heading date Heading date (50%)
2010 2011 2010 2011 Mean 2010 2011 Mean
v-1 6 Aug 1 Aug 3 Aug 10 Aug 5 Aug 7 Aug
v-2 27 Jul 22 Jul 24 Jul 4 Aug 31 Jul 2 Aug
v-3 9 Aug 1 Aug 5 Aug 12 Aug 5 Aug 8 Aug
v-4 9 Aug 1 Aug 5 Aug 13 Aug 5 Aug 9 Aug
6 Jun 4 Jun
V-5 27 July 31 Jul 29Jul 3 Aug 3 Aug 3 Aug
Cont 13 Aug 7 Aug 10 Aug 16 Aug 10 Aug 13 Aug
Bos - 22 Jul 22 Jul - 30 Jul 30 Jul
Chu™ 16 Aug 16 Aug 16 Aug 19 Aug 21 Aug 20 Aug

"Most of line names were included in Table 1 and the other cultivars are; MOryza sativa L. cv. Boseog, ***Oryza sativa L. cv.

Chucheong.

Table 3. Sequence of the ISSR primers, number of total bands
and number of polymorphic bands amplified by each primer
across all 21 individuals of rice (Oryza sativa L.) plants

ISSR " - - -
. Sequence TB PB PR
Primer

UBC 808 (AG)sC 3 0 0.0
UBC 809 (AG)G 2 1 50.0
UBC 811 (GA)C 8 5 62.5
UBC 812 (GA)RA 9 7 77.8
UBC 813 (CT)sT 2 1 50.0
UBC 816 (CA)T 6 5 83.3
UBC 821 (GT)sT 3 0 0.0
UBC 827 (AC)G 6 4 66.7
UBC 835 (AGRYC 5 2 40.0
UBC 840 (GARTT 2 0 0.0
UBC 841 (GA)YC 4 0 0.0
UBC 842 (CT)iRA 1 0 0.0
UBC 847 (CA)RC 4 1 25.0
UBC 853 (ACC)s 2 0 0.0
UBC 861 (AGC)s 3 0 0.0
UBC 862 (ATG)s 4 1 25.0
UBC 864 (TC)sRT 6 1 16.7
UBC 873 (CTC)s 3 0 0.0
UBC 880 (GACA),4 3 1 333
UBC 889 DBD(AC), 7 4 57.1
Total 83 33 39.8

"B: C/G/T, D: A/G/T, R: A/G, Y: C/G.
“TB: No. of total bands.

"“PB: No. of polymorphism bands.

PR: polymorphism rate (%).
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Bo] ZZAE 50 ulE agarose gel(1.6%)9] loadingd}o] E|53it}. Plasmid DNA= 1% agarose gelof|A] %17] %
A7 BE(G0 V, 608703 F BiBr GAstel Gel Doc 502 BRIshch
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rpsl6—trnK Y2 %% PCR AHE-S TOPO TA Cloning 2130 Y5igich. £40f o8-8 SAZZ IS SPSS

Kit(Invitrogen, USA)E ALE3}o] ligation 3}9it} o1& Ver. 12(SPSS Inc,, USA) 2A4] TrUX|AIS(simple—matching

42TCo)| A 30%27F ¥4 (heat—shock) B2 E3}] Top 10F' coefficient) 2 A& SAIEA ¢S AREsIgict HolY
competent cellof FAHLE A1 & X-gal(50 pg/m)@t 2 AT ¥ rpsl6—trnK GO H7IABoA AE Hj

Fig. 1. Electrophoresis profile of PCR products in early heading lines of Oryza sativa L. produced by ISSR primer.
Amplification products were separated on 1.6% agarose gels in 1XTAE buffer and photographed using gel documentation
system (Bio-rad, USA). Lane M: 1 kb ladder marker. Primer names were included in Table 12. 1~21; 1~3: v-1, 4~6:
v-2, 7~9: v-3, 10~12: v-4, 13~15: v-5, 16~18: X-1, 19~21: Cont.
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Fig. 2. Electrophoresis profile of PCR products in early
heading lines of Oryza sativa L. cpDNA produced by
rps16-trnK region primer. Amplification products were
separated on agarose gels (1.6%) in 1XxTAE buffer and
photographed using gel documentation system (Bio-rad,
USA). Lane M: 1 kb ladder marker. 1: v-1, 2: v-2, 3:
v-3, 4: v-4, 5: y-5, 6: Cont 1 , 7: Cont 2, 8: Cont 3.
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Table 4. Sequence of the ISSR primers, number of total bands and number of polymorphic bands amplified by each

lines
. . No. of total bands No. of polymorphism bands Polymorphism rate (%)
Primer Sequence —=
1 34 5 6 7 1 2 4 5 6 7 1 2 3 4 5 6 7
UBC 808 (AGC 3 3 3 3 3 3 3 0 0 0 0 0 OO0 O 0 0 0 0 0 0
UBCB89 (AGeG 2 1 2 1 1 1 1 1 0 1 O O O O 50 0 500 O 0 0 0
UBC 811 (GAXC 4 4 4 4 7 6 4 0 0 0 0 3 2 0 O 0 0 0 429 333 0
UBC 812 (GAA 4 6 8 8 8 4 5 0 3 5 5 3 0 1 0 500 625 625 375 0 200
UBCS8I3 CIT 1 2 2 2 2 1 1 0 0 1 1 1 0 0 O 0 50 50 50 O 0
UBC8l6 (CAsT 5 5 5 5 5 6 5 0 0 0 0 0 S5 0 O 0 0 0 0 83 0
UBC 81 (GIT 3 3 3 3 3 3 3 00 0 0 0 OO0 O 0 0 0 0 0 0
UBC 827 (ACxG 4 4 6 5 6 6 5 3 0 4 3 4 5 0 750 0 667 600 667 8.3 0
UBC 835 (AGYC 4 4 4 4 5 4 4 0 0 0 0 2 0 0 O 0 0 0 400 O 0
UBC 840 (GARTT 2 2 2 2 2 2 2 0 0 0 O 0O O O O 0 0 0 0 0 0
UBC 841 (GARYC 4 4 4 4 4 4 4 0 0 0 0 0 0 0 O 0 0 0 0 0 0
UBCS82 CIRA 1 1 1 1 1 1 1 0 O O O O O O O 0 0 0 0 0 0
UBC 847 (CAsRC 4 4 3 4 4 4 4 0 1 01 0 0 0 0 25 0 25 O 0 0
UBC 83 (ACC)s 2 2 2 2 2 2 2 0 0 0 0 O0O0O0 O 0 0 0 0 0 0
UBC 861 (AGC)s 3 3 3 3 3 3 3 0 0 0 0 0 0 0 O 0 0 0 0 0 0
UBC82 (ATG)y 3 3 3 3 4 4 4 0 0 0 0 I 1 1 O 0 0 0 25 25 25
UBC 84 (TCsRT 5 5 5 6 5 5 6 0 0 0 1 0 0 1 O 0 0 167 0 0 167
UBCg8&3 (CICs 3 3 3 3 3 3 3 0 0 0 0 0 0 0 O 0 0 0 0 0 0
UBC 880 (GACA); 3 2 2 3 2 3 3 1 0 0 0 0 1 0333 0 0 0 0 333 0
UBC 889 DBDAC);, 7 7 7 7 7 7 7 0 0 0 0 4 0 0 O 0 0 0 571 0 0
Total 67 68 72 73 77 72 70 5 4 11 11 18 14 3 75 59 153 15.1 234 194 43

"B: C/G/T, D: A/G/T, R: A/G, Y: C/G.

T1~7: 1: -1, 2 v-2, 3: v-3, 4: y4, 5: y-5, 6: X-1, 7: Cont 1, 8: Cont 2, 9: Cont 3.

AE 1593 X-1718 185 ol 4] XL 1,00(v—1 AlE 29}
X-ray A& 165 v—2 A1F v—43} v—5 Al Afel=, HA|
TR A= FehZ 0.90001%th o= = B 217 &
9] SSR Aol F4 0.599014 2T 0,92 Ate](Kwon
et al,, 2006)9} v to] FH A FALET} 22 0]H,
A& AR M T Cymbidium spp.) YA 187}
A9 ISSR 240l A -4 A= 2|47} 0.677~1,000
Abo|2 ot 0.8282 UEHH Zik(Bae, 2011 Hot =2
A S ASRA WA B, A2E, A 9 4
olof] whet WAL Aol Apol S Hel Aof| 7]Qlek Ao
2 BAETHBae ef al,, 2005a; Bae et al,, 2005b; Bae
et al , 2001; Bae et al, 2000b).

AT A4 AR A5 Bt v-2 Al50] 0,968,
v—1 A% 0.960, v—-3 A% 0.912, y—4 A% 0.904, v—5
AE 0.847 o2, 2EFFY FH4 FAHE A4 Bt
0.968 Hrth= thA| = WA Uetstth, ol#gt 2 Alsd
A FALE Ao 7|28k ARt 27155 AS 5 v
—2A8-2 E5717F vig- WmEHA fAH0RE Y3
AR AtREY ol AFE tEY HMARE 2ARE
2} oFe Avjggo) A ISSR B45t #7404 fAE
A|4(GSM) 7} =2tat et AulT)E HRoflA] tiRtk ot
S Ve Axp A= AAE 7ke] Holdo] =4 b
et 27H(Bae, 2011)9F fFARE ZEFoltt,

r
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Table 5. Genetic similarity matrix of early heading rice (O. sativa L.) lines by ISSR analysis*

e

No. 1 2 3 4 5 6 7 8 9 10
1 1.000

2 0.964 1.000

3 0964  0.952 1.000

4 0940  0.928 0.952 1.000

5 0940  0.928 0.952 1.000 1.000

6 0.892  0.880 0904 0952 0952 1.000

7 0928 0916  0.892  0.892  0.892  0.892 1.000

8 0916  0.928 0904 0952 0952 0928 0.940 1.000

9 0928 0916 0940 0940 0940 0916 0880 0916 1.000

10 0.928 0916 0940 0940 0940 0940 0904 0916 0976 1.000
11 0928 0940 0940 0916 0916  0.892 0928 0916  0.880  0.904
12 0904 0892 0940 0940 0940  0.892 0880 0916 0904  0.904
13 0904 0892 0916 0940 0940  0.892 0880 0916 0928  0.904
14 0940 0952 0952 0928 0.928 0.880 0916 0928 0916 0916
15 0.783 0.819  0.795 0.819 0819  0.771 0759  0.795 0.783 0.783
16 0.964 1.000 0952  0.928 0.928 0.880 0916 0928 0916 0916
17 0952 0964 0940 0916 0916  0.867 0904 0916 0904  0.904
18 0.867  0.855 0904  0.855 0.855 0.807  0.795 0.807 0892  0.867
19 0904 0916 0940 0916 0916  0.867  0.855 0.867 0928  0.904
20 0904 0916 0940 0916 0916  0.867  0.855 0.867 0928  0.904
21 0.880  0.892 0916  0.892  0.892 0892 0855 0.843 0.904  0.904
No.” 11 12 13 14 15 16 17 18 19 20 21
11 1.000

12 0.904  1.000

13 0.880 0976  1.000

14 0916 0940  0.940  1.000

15 0.783 0783  0.783  0.819  1.000

16 0940  0.892  0.892 0952 0819  1.000

17 0928 0.880 0.880 0940 0807 0964  1.000

18 0.843 0867 0.867 0855 0723 0.855 0843  1.000

19 0928 0928 0928 0892 0783 0916  0.880  0.892  1.000

20 0904 0928 0928 0.892 0.807 0916 0880 0916 0976  1.000

21 0904 0904 0904 0867 0783  0.892 0855 0.892 0952 0976  1.000

"Genetic similarity was calculated on the basis of simple-matching coefficients.
T1~215 1~3: y-1, 4~6: v-2, 7~9: v-3, 10~12: y-4, 13~15: v-5, 16~18: X-1, 19~21: Cont.

AE A DNA rpslé—trnK G o] o] B4
1) S7IMEe| xto|
A 27125 A e d2E55S o2 54 DNA

9| rpsl6—trnK J9LS FE3F PCR AH=(Fig, 2)2 22

3ot A7IMES 2% Al Table 63 Lt} §7]
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Table 6. Nucleotide frequencies of early heading rice (Oryza sativa L.) lines using rps16-trnK regions analysis

Lines” Nucleotide (%) G+C A+T Length
A C G T (%) (%) (bp)
v-1 28.16 15.96 17.17 38.70 33.13 66.87 664
V-2 28.31 16.11 16.87 38.70 32.98 67.02 664
v-3 28.16 15.96 17.02 38.86 32.98 67.02 664
v-4 28.31 16.11 16.87 38.70 32.98 67.02 664
V-5 28.31 16.11 17.02 38.55 33.13 66.87 664
Cont 17 28.46 15.96 16.87 38.70 32.83 67.17 664
Cont 2 2831 16.11 17.02 38.55 33.13 66.87 664
Cont 3 2831 16.11 17.02 38.55 33.13 66.87 664
Mean 28.29 16.05 16.98 38.68 33.02 66.98 664

"Lines were included in Table 1.
MOryza sativa L. cv. Dongjin 1.

16.99%%tt, T2fn|dA 9] gyl 24 38 55%(v—5, o
2355 29, 25 3W)ollA 2 38.86%(v—3) Ato]=
Bt 38.68%% 1, AEAIL A 15 96%(y—1, y—2, =
5 DolA 2 16, 11%(v-2, v—4, v-5, H2EFF 2, o
ZEF 3) APO|Z Hat 16.04%Act, AA 7| 2A oA T
gu|dA7F Bt 54, 72%2 FAA 45.28% Hrh w2
S UERTE (G+C) oF Bk A& 32.83%(H %
JollAl |t 33.13%(v—1, v=5, tHXFF 2%, tix
H) Ato|2 A Bt GC FRF 33.04%F YERY
Hiratsuka et a/.(1989)-2 B2 =4 DNA AX|
719] Z1o]7} 134,525 bpo|H, rpsl6—trnK %S 664
bpE & e} g7]9] dojet Yxjatglon, T2 15 &
o X-ray 500 GyE ARt At A& rpsi6—
troK 240l 971€] Zol7t 664 bp= UrERE A2K(So,
2012)9te GA|5to], Fhubd 2AF 9] 271&4 AT
rps16— trnK G0 A 4719] et ZAof &gt 479
Zoo] Zol= dojuA] ekttt
A7INEe] dol= Zpo|7k Gl ot Apejubi2 I E]
A}, rpsi6—trnK G A7|AHolA HAA el 27|&
T A& i 2EFE1 ol Ut X]$K(transposition) &] ¥
o] F$]= Table 73} At} A& ®lo] 992 F 5/4=
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Table 7. Summary of variation encountered among chlo-
roplast DNA sequences for the rps16-trnK region in early
heading rice (Oryza sativa L.)

bp 6

—_—
[\
—
=)
(9]
o0
N

.o 655
Lines

v-1

V-2

v-3

v-4

V-5
Cont 17
Cont 2
Cont 3 G G

"Lines were included in Table 1.
**Oryza sativa L cv. Dongjin 1.

a4 -43Q
> Q@ > Q
Q Q> > > 000
4 4434943904
H 00 aa-=-4 4

EA0 R 2)8E]o] y-2 Al FolH2l 97| Ho|& ®<Ql
t} ol 4 13 EFo| X-ray 500 Gyg RAFsto] A
gk AEY rpsi6—trnK EAOA AL A 59 EolA
o] A7|xFo] HEE A o2 ATKSo, 2012)9k= Th
F& Hola girt.

A

R

kil
%

2l
=
T

2) EIIME RAI=
WA e 27185 SABGIAT BeEE 91
£ HAO R rpsl6—trnK GO ¥V €S vugt Ax}

(Table 8), ATt 27]&4 5 AlF 2 2HF 714
AO| FAHEE A 0.992(v—2% AT v-511 AlF) oA
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Table 8. Sequence similarity of rps16-trnK region among 7 lines of Oryza sativa L.

No." v-1 V-2 V-3 v-4 v-5 Cont 1 Cont 2 Cont 3
v-1 ID
v-2 0.995 D
v-3 0.998 0.996 ID
v-4 0.995 0.993 0.996 ID
V-5 0.996 0.992 0.995 0.998 D
Cont 1 0.996 0.995 0.995 0.995 0.996 D
Cont 2 0.996 0.993 0.995 0.995 0.996 0.996 D
Cont 3 0.998 0.993 0.996 0.996 0.998 0.995 0.998 D
"Lines were included in Table 1.
) 0.998(v-1¥1 AFT} v-3H A%E, 2EZF 3 v+ A AL
H Als v-5%1 AlE; v-5§ AT g 2EF 3) Alo|=
AA| A7 G2 FALE 2 0.995% 01, At 7] o] =2 2010 % (2010, 3~2011, 2) = oetal st
== 5 AsGAANE F7] AES FARE FHat JA] 0,995 SAFH| FEIA] A Qo] ofsto] 4RYE o, ofof 2
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