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Abstract: Mutant libraries are powerful tools for plant germplasm creation and functional analysis of genome. Using 93-
11 (O. sativa ssp. indica cv. 93-11), an elite variety with complete genome sequences available, we established an
irradiation-induced mutant library containing 3617 lines. Three hundred and eight mutant lines were obtained from M,
and M; generations and classfied into 15 types of mutation, including plant height, tiller number, plant architecture,
inflorescence architecture, spikelet architecture, fertility, leaf color, leaf shape, heading date, and bentazon resistance.
The mutation frequencies ranged from 0.03% to 2.74 %. Using reverse genetics approach, we found that CYP704B2 is
the causal gene for two male sterile mutants and CYP81AG6 is responsible for two bentazon-lethal mutations. For the
two male sterile mutants, nucleotide substitution and deletion were detected in the third and fourth exons of
CYP704B2 , respectively. For the two bentazon-lethal mutants, a 7-bp and a 23-bp deletion were detected in the first
and second exons of CYP81AG, respectively. Genetic studies revealed that wild-type plants and mutant plants
segregated at 3 * 1 ratio, suggesting that these mutant traits were controlled by single recessive genes. Our study
showed that this mutant library is a useful resource for rice genome functional analysis and rice genetic improvement.
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LAEY S LIKERS & AP H A (O. sativa ssp. ja-
ponica cv. Nipponbare) H &% , K FF H K 4 K/ 24
h 389 Mb, 4wt it 50,000 A>3, I 2 1 4 5
FEHE ML 39,000 A R KRS I B 4 4 R Y 4
BB EE LA %) T REAS [ RE B B R 5 K f A KR & 193 1
DIRIRREER P & ET R g (i g R L B R S T

G 7 A S 7R AR R A 3t A 8 S Y AR L et )
SRR P AT LA KRR R DR A R AT R G ) RE
Bt o A A K AR 5 AR R B 10 7 1 E A A A AR LA K
YIRS A P28, i AR AE 2 A T-DNA,
Ac/Ds En/Spm . Tos17 .nDART /aDART %% K &
A AP IR A AT A A B 5 BR 2 b S e R R BT
SEPH T e AN 1 28 AR AR, 4 A R AR R I AR
T4 A TTH T3 © A, BT LA S M3 i 4 25 F oy
Brai AT 1 M 32 7 ) ok B 2 3 A7 s R 5E A2 R
. BT, BN O A [ A T2 ) gt
T E2AIKFEA AR PET X M8 AR R ALY
T2y 675,000 DMRASKRF  NIX LERR R 76,900 10
KR B 1 Gt B 2 R AT D3 sk A 0 3 4 R R
GEARPRIY BRI, B T AR A AR 7 A — R 4
TSR SR M LR L B L A T A A 28 AR R
ERAERE TRERE A AP . O SUR SR T R
P2 AR S, B0OE Bl A A TR B A R AR H
5%~ 10%, X BEAR T )5 20 5 B % 2 T AFE 1Y &%
B R | | N 5 AN R AR NP RN R S
PRI ST A i 6 B B 2 R s R ol Ak ), TG L
YEB T EL,

YA E R I oy SR B R R
T T Fh 1175 T 58748 5 Ak 2% 355 A8 ) 2 T B iR &
fis (EMS) \ N-H1 - N-E fiff 5 ik (MNUD | XEF 4T
fi (DEB) . & FALEH (SA) 55 1k 238 71 12 1 48 4 b+
W EAE WAL SR 5 A A RETE AT A ) 2 b
A FRE R S (DNA Jr Befi A B 2k | g 0 14 i HE 45
AR5, SRR 2 17 R A S K R 5 AR A R T K
DR s — A e S B e PR 20 R 4R A 17 15, AN 52 MORE
FH DR AU R A s — 2 R AE SE K A b i B BE AL A3 A 1 2
ANGEAL , FUTT /N B RE A RE 5¢ U R AR MR
b 2 B AR 2 5 A 5 A R S R R R
B IF 9% 7 0 UL 5 R 7 i o AR BR i 1 40 BN A 2
VAR SRR IR . BB JE 175 5 i A 4 Jm)
#ZEAE (TILLING) . MutMap , MutMap ~ % 5 3 5
SR AU S E BRI B, X — PR © A
BV HETC A 2 AT A ke T o BRI Ak
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AR B AR R JF HOR R IR B B I8 T Ak 2 1Y
Lo el H R P AR A AR 58 AR PR BRI SR
e /D T A SR I HL I okl A R R Y 9 L ] 4K
SREEART

A RATEH T - N ERERAZ
T HL e R P2 DU A BRI A AR 93-11
(O. sativa ssp. indica cv. 93-11) 3 ;= 4 8 1548
GEASRIEDT I 3617 AN %48 &R MY O 0k 4L 3k
87 308 A FRAFUE B REAAR . AT — 2B X Hor
) B A% P T 5 A8 R R A IR A UK 8 AR R A T
TOr T T RS A PR Ry AR TR A 0 Dy e 43
st 1% 2 R AR AL T A R PRI 58 8 AR B U

1 BRSOk

1.1 REFEMFEFFE

2013 4 6 H 7Ei A4 A B2 Be &5 60 XF 10
kg 93-11(O. sativa ssp. indica cv. 93-11) FFp it
TR 5T R B 250 GY., ®4HE 1A 1 T 2013
A7 AREFIIRAS MOAERE . M, 2 AR ICRP 3RS M, .
BA MoK R FPE 50 #, FEALPRE 6 Bk 3 50 Bk R
AT My, I 5728 bR $i E K 2% 1 Rl T
Vg A AR R ol B 9 A PR R T I v
Tl KL M, B S , AR AT 16.3 em < 19.8 cm, 93-11
TR0 £ W R A K RE RIS T AR A
1.2 RITEGFE

M ARAAE T T H Ok B A B R A
(AR X H ] e B M S T 98 78 AR U N
FET - RLAL B (0.6 %6 KT1,0.3% L) #EAT 46K e
IR G R LI E ALk B . BEALPREE 1326 4> M., 4
S BRSO B M, B IR A SR B
100 ¥k 76 142 100 mL/m* Wit 1 g/ L A9 Ak AR
VS VR CH MRS B2 A2 BB A RS | 2 0 7 3% 11 326
IR UGS A A A R R R R 8 AR AR AR
TESFBEMIFE 450 mL/m’ Wit 1 g/L A9 4 15 FA 5 TR
I 3R TR R A P U R B R AT B IE
1.3 DNA HRfRE

DNA fli £ 2 B CTAB %™, A frek 3. B 3
em KA KRG IE L 7E 800 pL R sl [15 g/L
CTAB, 1. 05 mol/L NaCl, 75 mmol/L Tris-sHCI
(pH 8.0),15 mmol/L EDTA(pH 8.0) Jrf B, it
EF—4 1.5 mL BHLEH, 65°C/KIE 30 min, H
[ AR AT . A 800 pL &5 5 I B A TR A
(Vg # Vaum A 24 5 DL EETR2) 15 min, 1 2000
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r/min, E & FEO 10 min, W FiF 450 pL. 5653
— A 1.5 mL B0 A 2 EE 95% &
P YR A1 —20°C FULHE 30 min, 1 2000 r/min F
B0 15 min, B4 95% L BE, H 75 % L EEVRULTE .
845 75 % W TSN 100 pL K3 ddH, O % fi#
DNA. DNA i#fifJa g 5 % A 96 fLitk T —20 CF
PRI .
1.4 CYP704B2 1 CYPS1A6 BIMFE 54 %

G CYP704B2 (GenBank: NM_001055627.2)
Al CYP81A6 (GenBank: DQ341412.1) Y 3 X 41
it PCR 5191 (3R D), I 43 5 R 4 3 JC 46 #y Al
AN FAR IR IR TR T A A T A R G R
AR IER] . PCR RWAR RNy 2 X Taq B SN BE K
(Sinobio) 25 pL, 10 pmol/L 5l ¥ 4% 2 pl, Btk
DNA 40 ng,#h ddH, O % 50 pL., PCR BFWF .
94°C FHZZ ¥ 10 min; 94°C F A8 1k 30 s.57°C Fi#
k30 s,72°C FIEAH 90 s, 42 MEH; 72°C T Ak fif
10 min,16°CF 10 min., PCR ;=4 B £ £ HEII g K
FEABHEA R A SWF . 7515 1 /5 H DNAman
6.0 #EFT M.

x1 XHFREABSY

Table 1. Primers used in this study.

1 [ K FERF 2 (Chin ] Rice Sci) 55 30 445 1 W (2016 4E 1 A)

1.5 CYP704B2 #1 CYP81AG6 38T ir & 5 [F B 44

1E CYP704B2 1 CYP81A6 58 7% i 5 W ] 4R
i 5L K41 P ) Bt 5 | ) (3 1) FH R 25 5 A o 5 A 7
PP A AR AR R g FE R B, PCR AR & R 10
X RN WH 1 pl,10 mmol/L dNTP 0.25 pl.,10
pmol/L 31 # 4% 0.25 pl..5 U/pul. Taq 1 CFp R} 5
7£)0.1 pL, B Hz DNA 40 ng, *b ddH, O % 10 plL,
PCR 78 94°C FWIZEME 3 min; 94°C A8 20 s,
55°C iRk 20 s,72°C FHEAf 30 5,35 M ; 72°C
T #Eff 7 min, 16°C T 10 min, CYP704B2 #l
CYPSIAG #3477 ¥y 43 S AE 12 %0 F1 6 00 1 58 73 443 Tk
Jiig B e b AT L ORI

2 SR 50

2.1 RELMEERGIZMGEIE

10 kg 93-11 Ff 254k 60 48 55 5 K H Ape , 3k
AT M AERE 8947 ¥k, M, FE MK LG 70 SRR WP
MR 100 KL LA B 7 09 #48E 3617 13 Ff L M,
PRFR LRI LY 18 T bk, MBS M. bk & h Bl AL %
W6 AR, o BpR B0 R il B2 DNA IR, 23 51

ElR7] JF31(5'-3" H iy 5 H
Primer Sequence (5'-3") Target locus

704B2-1F CAAAGATTGTCTCAAGGTTGGTAG CYP704B2
704B2-1R GGTATTAGGCAAGGAATTCAGTTG
704B2-2F TCGAAGGACAGGACGGTGAC CYP704B2
704B2-2R TTTGAGCAAGAGAGGAAGGATC
704B2-3F GCAAGAACTAACCAAAATTCAGG CYP704B2
704B2-3R GGTCAGACGGAGGTGGAGA
81A6-F1 CAAACTTCCAACTTTCCCGT CYP81A6
81A6-R1 CTGACGCCTGAAACGCAG
81A6-F2 GCAACGGAGTGAGTAGAAGTAATC CYP81A6
81A6-R2 CAGAAAGGTAAAACAGCAGAAGA
81A6-F3 GGGCGAGAAGAAGAGCATG CYP8I1A6
81A6-R3 GGCACGACCTTGGGGAT
81A6-F4 GGTGCGACGGCAATCTC CYP81A6
81A6-R4 GAGCAGAAAGCCCTTCCTC
1907 _F AGGTCGGGTTTGGGGTT 1907 ¥k & CYP704B2 (9787 15,
1907_R GATGTTGGCAGCGTCGAA CYP704B2 in the line 1907
2245 F AGCTTCGGGGACGACAAGA 2245 HR & h CYP704B2 By S 75 i i,
2245_R TGCGTCATCGCCATGTACGT CYP704B2 in the line 2245
3522-F ATGAAATCTTAGTTCCACCCTCTTGCCG 3522 Bk &R P CYP81A6 MY 7AE {4,
3522-R CTCCCTGACGATGCACTGGAGGT CYP81A6 in the line 3522
3622-F TGTTCGAGGTCTCCCTCAGCGTG 3622 BR & T CYPS1A6 ({5 A 15
3622-R CCTGCTTAAACTCCTGGGCTTCCA CYP8IA6 in the line 3622




Je i 2« HNRE 9311 5 5h 5 78 98 2% AR 2R A 0 s % KL B it

el A |

s 52 —Sa

47

A—HrEE; Bk C— B D—/DEEARIE; E—RUREBE. AL R, Ay AR,

A, Monoculm; B, Dwarfism; C, Late heading; D, Malformed spikelet; E. Lesion mimic. Mutant plants or samples are on the left. and wild

type plants or samples are on the right.
I MREAFARLEBHRER

Fig. 1. Different mutant phenotypes in M, families.

A R 5 S5 A 2 A AR R ) DNA by R il o ¢ T4 40
AT

FE M, AR T 58 A8 1A b R B e L Rk R 4y BE R
FERY NEEES AL MR L e B R R ) A IR
T4 7 WL 0 3k L 7E M AR X 58 748 1 b1 k) 1 2%
IRFAPUPEHEAT O 2 . 45 R b i b A0 45 43 BE D (&
1-A) AL (K 1-B) VR il B (] 1-C) /N AR TE (8]
1-D) B BE (] 1-E) & AE N Y 15 R 28 A4k 308 4
RAFRZREH IR R BB 8.52% (F 2), W
2 N B A OGS AE B TR B s, R 2,74 %

(99 M), bR 7 B2 1L 3 53 78 M B A R R AR, 3
H0.03% (45 14>, Hofth 2 A0 5 A5 H LAY 451K B 0
LA BE /DT 1.00% KAAM, HHA KT 1.00%
(2,
22 AERTEMHLTETE

R T 2D TR A 5 A PR 1 O e R A KR
FERTyRe A i RO AT A & 58 AR R R 5K
AR ZE AR (R VE M RL T J T SE PR 38 o T 1B, K FS
CYP704B2 % — />4 il €4 3 P450 KGR A,
2 R J5 3 BOK R OR BE R 2R EE YL FR
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Table 2. Summery of mutant phenotypes in M, and M; families.

_— EHEK LIS
Number Frequency *
Phenotype
of lines /%

B BN Increased plant height 3 0.08
ZAk Dwarfism 65 1.80
BRI % Reduced tiller angle 1 0.03
1B/ Reduced tiller number 52 1.44
/rBEZL Increased tiller number 2 0.06
FHAI AR 5 Malformed panicle 6 0.17
JNFEAR S Malformed spikelet 19 0.53
B Fertility 99 2.74
(@ Leaf color 2 0.06
I F 7% % Broad leaf 2 0.06
B BE Lesion mimic 12 0.33
L% Premature senescence 1 0.03
BA4h## Early heading 12 0.33
BHhEE Late heading 30 0.83
A IR FA U Bentazon-lethal 2 0.15"
B Total 308 8.52

SRR R TERL TR VE A 3617 K F v HE B A 5 R A B UK
RRTEIIE R 1326 4~ 5 P 1 B A5 %
* Mutation frequency in 3617 lines;" Mutation frequency in 1326

lines.

TN 99 AF P AS R Pk th 11 4> Te A6 b 78 i
ANE GEAA B DR S 51 W 40 0 A 4 X S T AE A
T PE AR B A R i CYP704B2 . PCR 7= #y il
P IG5 B R A CYP704B2 1 58 B 4 5 1) i e
gE R RWIAE 1907 (A 2-ALB) il 2245 (& 2-C, D)
MR R TCAC T IEYEA T RAR (K 2-B.D) A1,
CYP704B2 WJEEH 4 ¥ 9134 kA 7 228 (# 2-E) .,
Hidr 1907 B2 284K (1907m) 7E CYP704B2 %t X
55794 MRS B GGG BB T, AL TR
RAFFN B AT 1L S B A CYP704B2 8 M
C % 339 NE AW Tyr-Ala-Val-Thr FrBAL, 1M
2245 M & AE 1K (2245m) #E CYP704B2 % 5% X 5
1267 MRILSE 1 GG KA B, i il T 8 5 58 48
BRI AT 0L, 5 CYP704B2 & 11 C ¥ 19 220
A S FERR BN R (Ala) B,

T — B E S CYP704B2 5878 F1 3 # Y ¢
Z LA B AR 1907m A1 2245m K 28 AR A A
W51 % H M, R R R AR 1 3 A 25 SR SR
1907 (& 2-F) 1 2245 (& 2-G) % Z WY A AR R T L) 43
Sk 3 P 3 DR AR HL B A 5L PR AR R 5 A L R AL 4 )
HAgy e — 4 I HRi & R T Ia# . 4 f 3B
A LAY AT L OF B R/IN i) 5 BT AR R TR AR R

1 [ K FERF 2 (Chin ] Rice Sci) 55 30 445 1 W (2016 4E 1 A)

SRAFSERR — 8, B IR R T B A R A G Sk
PR TR ) A TS B T B 5 S, T BT A 2 A B PR A (1 A
RN S BN T 26 BRI 28 A8 JL PR R L4385, X 3%
HHEANEARAFIAT RZRIYH CYP704B2 B %74

X 1907 K Z&H CYP704B2 9878 07 5, 2 45 Fl bk
T AR AL S BT R, FT B SN E R0 94 BN
29k A G 3 1 B (XP= 0.07, P > 0.05),
2245 ZF W CYP704B2 8745 v J5 2% & MR S 4G
AIESAFHRDB N 110 BRA 34 B, 45 4E 31
EOE=0.08, P > 0.05), XHHBHISREZR T
AT HRALAH CYP704B2 1 B4 .

23 FEMFBRTEHSFLEE

CYPSIAG %ifih— >4 fl 2 3 P450 K5 1 2R
1L %3 R 58 78 I 5 SOK RS 0 28 ik A U . Rl
RSB43y 94 15 3522 (&1 3-A) F1 3622 (& 3-B)
PR Z T R TR Fs U SR A2 1K (3522m il 3622m)
1) CYP81A6, PCR ¥ & W ¥ Ja 5 % £ &
CYP81A6 13 H 41 )3 5] 47 Lo xf . 45 S & 0 7
3522m Ml 3622m 1, CYP8IAG 4 1 X 43 % 75 4
1747 bp FI% 586 bp J5 &4 T 23 bp F1 7 bp Ak I
B (B 3-C) , P ik 2 B 3 B T A 58 A8, 3 34
BRIRATZ AL,

h T R UE AR A I R R R R S CYP81AG6 1Y
RARTE B, AT/ BIAR PE 3522m Al 3622m 1Y &
AN ST TS E R R M A BRI SE A, n
& 3-D #l 3-E ff 75,3522 Hl 3622 %% & 0948 bk % BE
Sy BCEF A (RAE NG 3 R R RS, AP B A RN SR AR
SRR — 500 BT # K TR % 24 B LR A
WA 25 91 o0 0 5 BT A R 28 AR R R R I A — B, 7E
3522 M1 3622 & & v Ui A B A= i 4 45 B TR AR 1) A ik
I 2 TR AN AN SO S T IT AT 58 A i DR R 1 vk 3
TR, U R R A SRR R R 5 2 A R TR U 3k 4y B, R
FIR M URE IRt CYPS1AG ()58 78 1 MY .

Phik 3522 KB CYPSIAG 75 5 245 B
PR 0I5 ARHEAT 38045 43 BT » 2R I8 P S B50R% 5 SRR PR 43
B 222 BRFN 79 BRLFEA 35 1A ES (KT = 0.19, P
= 0.05). 3622 X AW CYPSIAG A7 M 2% A Hl
R JE AR 2 8 S R UER 5 SO RR 43 0 Sk 233 Bk R
84 B BAFE 3+ 1 B (= 0.30, P > 0.05),
XUL BTN KR TR A R R R R AL
CYP81A6 HL3E N4 .
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E CYP704B2

2245m:GCC1267(GG)GC —= GCCGC L

1907m:GATC794(GGG)ACG —>=GATC794(T)ACG

F M W M M M M M M M H H H H HH W

s =

86 bp—» —
84 bp—> — s e e

G M W M M M MM M M W W H H H H H

110 bp — —
108 bp —> — o —

A F B—1907 K & B A Y (A FITCAE B BUOR 5 28 48 0K (B) I AE A Ly, LBl R =100 pm; C Ml D—2245 KR P ARI(CO ML B B AR F R
AR D) BAE R LG, LI =100 pm; E—CYP704B2 RYSER 51 . BHEMR GG X AR AE 75 =M m R A AL, P 1907 AR
AEPRC1907m) T CYP704B2 55 794 AIREE Z R (9 “ GGG B 0 “ TV T 2245 F &R 2848 K (2245m) h CYP704B2 45 1267 A9 A Z R Y
“GGSe 3 F M G—1907(F) M 2245(G) K F M, Stk CYP704 B2 J8 78 fi s i AL R AU KR I . 11 )T 2230 78 PCR =K/, W— BRI H—
HA M— AR

A and B, 1,-KI staining of pollen grains of a wild type plant (A) and a mutant (B) in the line 1907, bar = 100 pm; C and D, I,-KI staining of
pollen grains of a wild type plant (C) and a mutant (D) in the line 2245, bar = 100 um; E. The structure of CYP704B2. Black boxes represent
the coding region; Lines represent introns; Triangles point to the mutation loci. “GGG” following the 794th nucleotide of CYP704B2 is substi-
tuted by “T” in mutants of the line 1907 (1907m), and “GG” following the 1267th nucleotide of CYP704B2 is deleted in mutants of the line
2245 (2245m); F and G. Genotyping of the CYP704B2 loci in the lines 1907 (F) and 2245 (G). The sizes (bp) of the PCR products are shown
on the left. W, Wild type; H. Heterozygote; M, Mutant.

2 TUMBBEUHEFIEREGRESTFEE

Fig. 2. Phenotypic and molecular characterization of two male-sterile mutants without pollen grains.
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C CYP8I1A6

ATG 586 TGA
3622m:CA”30(AGGCGAC)CC —= CACC

3522m:AG1747(CCGAGATCGACGCATCCGTCGGC)AA —>=AGAA

M M M M H

v oW w H H H H

114 bp—»

107 bp —s |

A B—3522CA) F1 3622(B) 5 5 H K 3k WA BURR 5 78 1A% (Ze 300 087 A 8 (A7 300) AR 43 BE 0 W3 RS A5 (9 %6 8 C— CYPSIAG L DI 454
HERE X RAACRNE T3 =M W 2R, Horh 3522 KRR 3522m) 1 CYPSIAG6 Hi iy X4 1747 bp J5 A 4£ T 23 bp B, 1M
3622 FKFHR LM (3622m) 1t CYPSIAG6 Hifh X5 586 bp J5 &£ T 7 bp 4 ; D Al E—3522(D) 1 3622(E) K & M Hibkh CYP81AG 58 7E L 45,
B R R . 18 2230 R PCR PR/, W—BFARL H— 2B AL M— KRB R,

A and B, Phenotypes of the bentazon-lethal mutants (left) and wild type (right) plants in the lines 3522 (A) and 3622 (B) after bentazon spra-
ying at tillering stage; C, The structure of CYP81AG. Black boxes represent the coding region; Lines represent introns; Triangles point to the
mutation loci. A 23-bp deletion is found following the 1747th bp of the coding region of CYP81A6 in mutants of the line 3522 (3522m), and a
7-bp deletion is found following the 586th bp of the coding region of CYP81A6 in mutants of the line 3622 (3622m); D and E, Genotyping of
the CYP81AG6 loci in the lines 3522 (D) and 3622 (E). The sizes (bp) of the PCR products are shown on the left. W, Wild type; H, Heterozy-
gote; M, Mutant.

3 FURHERRTUBERESFERE

Fig. 3. Phenotypic and molecular characterization of two bentazon-lethal mutants.

BB R R 0.03% ~2.74% . FRATM 1326 4~

\‘ \/\
3 Wik REAPFIEET] 2 4~ CYPSIAG RAF M 3617 %

AT P9 A1 1 7K e 988 1R 2R K 22 B0 B v
WAL 5, JF 2 U B Oy i e AR Y AR S A
R SHE QN T — N 3617 %R W AIF &
P 93-11 MY AE IR . I rh L0 3% 51 308 A4~ %8
AER T MG Ny 8,520, X LEGAR KT LA 4y
B B RN TR P BURRAE N Y 15 R 28R R TR

ZHIHIEE] 2 D CYP704B2 FEASK 428 15 AN = A8
A P2 H i 328 380 AN s s R 2 72 R 1 AR 23 1 % AN IR
T 0. 055% ~ 0. 15%. i W CYP704B2 H
CYP81A6 572 1ty Jit Al J2& /Iy Fr Bk 2% A% IR
e, 3k 2 B S A A iR Y g AR DT R AT Y
93-11 ZRAFR PSR AR A8 i , S AR KR | I T
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IR 5 A8 4 5% 5 15 412 128 Al e Bk R 4 T e 1) A T
AN, 93-11 A T8 B & A, HHAE B F oK
Fe A e R T L s SRR XA R T
ARG ARG IR AE KRG B RN RLE P b i R

AN E R KRS 2% Bl A R i Sk k32 31 &2
Fe o T WA IR R AN F R N
B BB, w1 T = A A SR R HOR F A ] & A
FEAA B B R CYP704B2 578 J5 4377 A4 0
TEA T B VR A% M T R 28 A R 7R R A HE R
hE A E RN A . B g WE
CYP704B2 2875 {AJ& FVBEAE B 9522 24k 60 Ha 5
WAt FEZRARY, —BHE CYP704B2 KB &
HC B —BBAE N AY 3102 bp KA F BSR4 T B
2P W T CYP704B2 e 5L K 41 6 ) B T g
T R AE AR AR IR AR S 3 Sy R A ok AN
M, ARBFIEEE T W AE ) CYP704B2 58745 &
1907m Ml 2245m., FEX I AE Kt CYP704B2
M 3 TS 4 A4 5 L L EF A RV 2 bp, IXAS
e T U L At 5 PR AR S R RE 1 A B &k
N, 3 BEAR 25 5y b 5 11 8 o3 A g A T A I L B
K T3 (1 S8 AR R

TR R — Tl 28 I 088 e 2 g I R T R
s REE 38 1 TG G A i A IR SO A BE 22 A
RS R A2 B, KA AT LA 3 CYP8I1AG 4
T B 4 B €5, 3% P450 85 FKE AR A8 B BRI A 2 75
E2 KRR CYPSIAG 58 A8 1K 2 35 WA SUR L 76 2%
A& IR 1) 83 2 A 4 R T A 32 o o v 27 5L A K ) g
FHWE S, AR 8 5 m M 8077S & H FI A 1k R 1 1
BIPAS CYP8IAG6 5748 4, bl A5 >k IR 1Y 8077S
Xof 23 B 1) BB AN e B R SR R I R AR 8 S m 1Y
FHORRRR I 2 & F 8077S, A4k 8 5 m FI8077S 4
BITE CYPSIAG [ ATG #2455 507 Bk —4 C
FITESE 2058 BlFEHLL — 4 G, B F LA BWA %
AR CYPSIAG # HA 1 bp YR, A I HE L)
FHE38 PCR FIHL UK 5 6 AT R . A B0 53 8 %
T 3622m 1 3522m A XF 7 1A B v R AUER Y 58 AF
., XA AT CYPSIAG BY5E 1 M 2 4
M3 B T —A 7 bp Fl—> 23 bp By F B,
- 38 ) 2R TN s T e 5 Mg L 2 B M W O G P K o
K CYP8IA6 RAEFEK, LA, 3622m F1 3522m
LRI 85 m f 8077S il fL T HR ], hy 2% 28 K A
TR0 A P AR TR I B R
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