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Abstract: The function of a rice zinc-finger protein gene (OsZRL) was investigated by RNA interference. The results of
semi-quantitative RT-PCR and quantitative PCR analysis indicated that OsZRL expression levels were significantly
downregulated in the transgenic plants. The OsZRL-RNAIi transgenic lines were characterized by bigger leaves,
stronger roots and stems compared to wild type plants, indicating that the suppression of OsZRL had a positive effect
on rice growth. The expression pattern and transgenic seedlings phenotypes revealed that OsZRL was involved in
gibberellin or abscisic acid signaling pathway. It suggests that zinc-finger protein OsZRL might perform its function of
negetive regulator in rice growth through the regulation of gibberellin and abscisic acid.
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(zinc-finger protein) /& —2EWF R B IR A W F5 % A F
FMGE A T LLEE & B B (0 48 AR 25 M- R 4
254 18 (zine-finger domain) Mifw 4% . M HE 25 44 3
2 SR (C) R4l 2R (HD 3% 56 19 R[] ] 4 2 45 2
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T —LE 5 S IR A T O SOM S I R R A T B
HEHEN, CARTEERN MY BIEER 225
AR R H IR I R AT BARET
AR ) v B A T RE DY B4 B RE F 5 G AH 0 # D ]
O A i8R E R & 7 4 A AR
WFE R P EER E 1 IDL I8 42 T AL I 1], K A [ I8
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TEAS TR BUZH 1) 1730 AR o, o 8 1 — A K R
C2H2 B E A E OsZRL (Zincefinger Root-
less) A OsZRL i 5 33Kk 84K, F) I AT B A
FRALE AT TR MR . BRI BR R YR AL
NGEEIREAEN OsZRL 2 5B KEIR R L
FHHUYH OsZRL 335 W2 bV A 5% 35 /N i AR
AARIEHEKE . HALEAKY 1 )5 ZEET
T-. AR ME T RNA T # (RNA interference,
RNAD " F 8 OsZRL S 1 3 3k DL ik — 4 5
BHADK R A K E T HE D IhEE,

1R

1.1 ##5RA
1.1.1  ARAEHH

FERE S A B AHE (Oryza sative L. ssp. japoni-
ca cv. Nipponbare) Ffi - iy A< 52 55 2= #2441
11,2 E#H.AEA KA

KBFF & (Escheriachia coli ) DHSa #3958 42 1
W (Agrobacterium tumefaciens) EHA105 H A 5256
FEARTE, AR pMDI8-T g T TaKaRa 2 ) ; pSK
JBORE R AR S50 AR AT s ALY Rk #dk pHB th R AE
Ytk BB ST i it 4 e A NS . AE ) RNA $2 30
g B s R & L R P ZH DNA 2 BORR & L i
Rz 4 B ) 6 R 3B AR A [l e & 0 T b st 4 X
SHEYHEARARA T, DNA B4 BRI
i T4 3% 8 . S PCR ) & W F TaKaRa 2
A, 51911t Primer Premier 5. 0 #{f, i b
IR ARG BRA VA M, 50 7€ i AL s 4
R DA B BB A3 A7 BR 23 7] 58 1
1.2 FHi&
1.2.1 OsZRL &R 413 & F 51

Fl FH SMART ¥ {f Chttp://smart. embl-
heidelberg. de/) i Wl OsZRL & KA ( NM_
001062214) Zi A% J¢ 51 Jj G 45 ¥ 3. il i BLAST
(http:// www. ncbi. nlm. nih. gov/BLAST/) F-4&
OsZRL $& A 7e 3 A A 4 b B4 R) U5 2 1AL, I 0 o
ESPript# {4 Chttp://espript. ibcp. fr/ESPript/cgi-
bin/ESPript. cgi) 8T OsZRL [A] 5 3 A 4 5% )7 51
X OsZRL 2 I 1 ig 7 30 B % oo #F il PLACE
(http://www. dna. affrc. go. jp/PLACE/ index.
html) #l PlantCARE Chttp://bioinformatics. psb.
ugent. be/webtools/ plantcare/html/) 4 #1743
Br.

th E KRR (Chin ] Rice Sci) 45 27 345 1 W (2013 4E 1 D

1.2.2 OsZRL #* B & A 5 #7

A3 5 NP A AU H A I B R R AR L 2K T LR
FACH LI RNA, A B 1 4 cDNA, #17 Os-
ZRL JEPRAH 41 22 MRk 0. BCH 7 I 1 24 i
T2 1% WA TR A3 I 7 5, A IS & 28 18 K
37TCF i SR I i A G IR B 3746 (28°C, 12 h
MR/12 h BEDOAK 7 d. 4% 2000 A 1R 4t 55
FRML A, B I 20 A4S, Jm A K [R] 44 B ARG 25 40 UK L 1
pmol/L ABA(B¥52) .10 pmol/L GA(FRE ) .
10 pmol/L NAA(ZEZ ) . iEF 5 d J5 5 Hi Bk
T RNA $2H, AT A RIE 3 85 95 54 F OsZRL %&
RFEIEKFEEZEESW. YL ACTIN (GeneBank % 5%
5o X16280) 1 N 2 B, it I 52 B € i PCR
ST :RTACTF,5'-AGTGATTGCACCACCA
GAAAGA-3"; RTACTR,5-CAGGACCAGATTC
ATCATACTCG-3'; RTZRLF,5' -GGATGAAGA
AGACGATGATGACG-3"; RTZRLR.5' -CGATC
CCTCGCTATGTACTTGC-3", ¥ #& % W F.
95°CF 30 s395°C F 5 s, 60°CF 30 s, 72CF 15 s
(40 MEH) ;P )5 ,65CF 5 $;95°C F 5 s (B4
PEAIEIN 0. 5°C 60 MG AT 2 b . 5
if PCR 7£ Bio-Rad CFX 96 iz 17, $(# ] CFX
Manager 2. 0 BT 5307 .
1.2.3 OsZRL % B RNAi 4k #2&

HRIE NCBI & 5% /7 5 Chttp://www. ncbi. nlm.
nih. gov/nuccore, NM 001062214) L & TIGR %X
& FE (http://compbio. dfci. harvard. edu/tgi/
plant. htmD) % 5% EST {5 £, & 11 OsZRL 3& [H 5]
WL TR RNAL SRR IE 2 m R B, 1B
HESIHH 5'-CTCGAGGATCCGAATCATACG
CTTCGACGAC-3'#1 5'-AAGCTTCGATCAATC
ATTAGATGCTGA-3" (B % 4 51 A Xho 1.
BamH 1 #1 Hind Il B§YIA7 85D 5 ) n] 7 B5I 4N
5-GAGCTCGAATCATACGCTTCGACGAC-3' Fl
5" -CTGCAGCGATCAATCATTAGATGCTGA-3'
(P gl A Sac 1 1 Pst 1 BV &5 . MEFAE
TUH ACHE M P R B RNA, 5 G s 1 4
cDNA £ OsZRL 5 R By #8039
HEHT pMDI18-T #ifk , 5%k DHS o JE&AZ 5201, %
S FHPE S B J5 26T

K- 0 P 1 0 IE 1) R B 4 Xho 1R Hind Il it
VI [e Wik 3 T pSK ki, S I B B4 Sac | M Pst
1 D) mIBGE B 8 3% 2 LR E ) B BEiY pSK i
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i Y RIE R EE BN R B, )5 R BamH
I # Sac T B Y)IE | ) 10 5 7 51 3% 35 THE ) 3R 3k
#H K pHB, 7 35S:: OsZRL-RNAi # &, fr & N
pHB-OsZRLRi, i i %l % pHB-OsZRLRI BT
LA AR EHAT05, I % % BH M v b A T it %
AL
1.2.4 OsZRL A B RNAI # 4k 4% #40

IKFE AL AR AR FF A Rk B H A
G AT 2258, 4 B 75 %0 LBERIR L 25 Y0 IR
T B Ve VR R AT R THT T L H A T S R b 28°C
THEFRHSEOGHL . ALK G B R 4
d, TP ARFF ARG . Tks 37 @0 28 AR AT 1 i R
e 20 min, B A LR SR I 28°C FHERT IR 2 d. AR5 §%
A A R B TR 3R AR O R bR A Gl R Rk
JEAHR Y R 30 mg/L.40 mg/L F1 50 mg/L), ¥4tk
A3 A 3 3, 10~15 d J5 B B0 B 4 Y
W TAMRERE D, FYOHERK 7T~10d 5#
AR E PR L2 3 R A HE 1 5%

HEREFEENB + 2 mg/L 2, 4-D,pH 5.8~
5.9; W FEHFFR NB + 2 mg/L 2, 4-D,pH 5.8
~ 5. 9; LB RS NB + 2 mg/L 2, 4-D +
100 pmol/L Z P T #F Wi, pH 5. 25 i % 15 57 5L . NB
+ 2 mg/L 2, 4D + 30 ~ 50 mg/L ¥4 %, pH
5.8 ~ 5. 9; 0k FE . NB + 10 mg/L KT +
0.4 mg/L NAA,pH 5.8~5. 9; A AR 52 4. 1/2
MS.pH 5.8~5.9,
1.2.5 OsZRL #: & A RNAi #HAR %2

FEUUEF AR A OsZRL RNAQ B 5L T AR M Bk 5k
K41 DNA, #l ] pHB 24k F 093 25 2= $i 1%k 4 i
Hpt 5 H ¥ 5 (GeneBank % 5% 5 . E00777) , #t 47
PCR ;I % 5@ 56 3L D BHPE R MR, $ 3 5190 K
HPTF: 5-TCGTTATGTTTATCGGCACTTTG-
3'Fl HPTR:5-GCGTCTGCTGCTCCATACAAG-
3" K BHEAE R T R R EL RNA 2R 47 555 5% 38 1
HE R RT-PCR BIF OsZRL R K76 RNAI Fi tk
LG, ACTIN 51495 ACTF(5'-AAGATCC
TGACGGAGCGTGGTTAC-3)# ACTR(5'-CTT
CCTAATATCCACGTCGCACTTC-3") ,OsZRL 3]
YR ZRLIF(5'-GAATCATACGCTTCGACGAC -
3 ZRLIR(5'-CGATCAATCATTAGATGCTG
A-3"). HUILHAE 3 DI OsZRL WA 1T W54 5
K #k & (Ri-a Ri-b 1 Ri-c) #1—/> OsZRL K @& T
TR R (Ri-D AT F %, 35015 TR R, HEHCK
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H Ri-a,Ri-b, Ri-c fil Ri-d ¥k & i % % K BH 4 20 bk
(Ri-a6 . Ri-b3 Ri-c5 Ml Ri-d2) ##£H RNA, #] ] RT-
PCR, %0} & & PCR B3FE OsZRL 3K %35 K, 7
PAF T A AR T,
1.2.6 OsZRL # B RNAi 5 3 B 4tk & A 5 7

D B A= A0 4 4> T RNAL F Bk & (Ria
~Ri-d) R 7 BERL B AC |  REORL B RE A5 R A
TR IR PRRRBEHLIE IR 5 5 &1 it & n 4
FEFE K OsZR L F PR 95 X5 Af bk ) 14 HR 1 5%
M

TEIBCHF A= Y T, AR 46 65 % i X Bk &R (Rica6 ., Ri-
b3 Ri-c5) BLAFRF IS & 78 18 /K A O BB K 57
FH(28°C,12 hYEHE/12 h AR A K. ok BURK #4544
24 CH KA 1 B A= R 5 SERUOK R4 i 45 15 14>,
T R — B 32 LA, 43 0 i A ZE 87K .1 pmol/L
ABA .10 pmol/L GA, M &S 5 d /4K &
M RNAG L2 % GAVABA B R &1 0L

2 R0

2.1 OsZRL EEEYEEFDN

SMART #4555 i R W . 78 OsZRL H: A
i B P 515 211-233 (i @AM A — 4> C2H2 BAE 4R
LERY IR 5 298-320 LA FER A — 4> C2HC BB 45
Ry, RV LEXT SR KA (O, sativa) B9 OsZRL
YR HE e A 5 m 3 (S, bicolor) v KFE ( H. wulgare)
EAKR(Z, mays) VLKA AP PR IF (AL thali-
ana) R G (G. max) % (V. vinifera) Fl E ik
(R. communis) ™ [A) R 38 R 75 BF 48 45 #4385 5 B IR <7
(1) 47 3 8 ] 35 PR 7 A ) 4 40 ) b vl g
BATHPIIIRE .

FIFH PLACE M1 PlantCARE # 4% OsZRL %
B 13 5 90 T 8 43 AT s, Os ZR L S PR i s i 1R
5 B —11 bp B 1 K KN & oM (auxin-
responsive element) AACGAC, 4 4~ it 7% & v 2 tH
o (ABRE-related sequence) , 43 5l 8 ACACA
TG ( —60), CACGCGC ( —171, —195) ¥l
ACACGCG ( —180); 5 A~ o % &K N % JC fF
(gibberellin-responsive element) . 535 AAACA
GA(—379,—557) . TATCCAC(—592)fl TAACA
AAC—T76,—785) s fE 56 S IR 7 wi_EiF —478 bp
WA 1 A GAL ABA B [A] 3 k5 5 KA # JC 1
TTTTTTCC, Besbh,ibA 2% el (CACG
AC, GATAA) LA B M- 1A 41 i 3 3k 5 BRI ¢ 1F



12 HE KRR 2 (Chin J Rice Sei) 55 27 B4 1 (2013 4 1 A)
S.bicolor XP 002439878 QRSDYLRVGGEEGIKGFVGSRG
H.vulgare BAJ92261 GSDDHVSVDGEE....
O.sativa NP 001055679 GGEDQSSNAGDVDAG. .
V.vinifera XP 002277045 ... ... ... .. ... WFNRYNNMOMHMWGHG
R.communis XP 002523788 .. .................. WFNRYNNMOMHMWGHG
G.max ACU20163 = ..iccomemse s aiee WFNRYNNMOMHMWGHG
A.thaliana XP 172306 .................. WFNRYNNMOMHMWGHG
Z.mays NP 001140483  ................ T
S.bicolor XP 002439878 Hi P[F
H.vulgare BAJ92261 P P|F
O.sativa NP 001055679 P P|F
V.vinifera XP 002277045 P T|F
R.communis XP 002523788 PLKDFRTLQTHY, P T|F
G.max ACU20163 PLKDFRTLQTHY, P T|F
A.thaliana XP 172306 P AL
Z.mays NP 001140483 P ple
S.bicolor XP 002439878 ARG BTV B SIIElGERlF SVTPDQAAAVVPRP SLLMKP S R
H.vulgare BAJ92261 I\CGSDFKHKRS LND HYREIF GG H3A1:V:0:Vo)-V -5 W, R
O.sativa NP 001055679 IfelG[e}:lF P VAAAAAAAHAAAAP . . . R
V.vinifera XP 002277045 (eI BB 0P < ofzi 1 3l s JAeK[ElSPHPS . . HEGFDDE . . . . .. .. ilg
R.communis XP 002523788 (efediiod 23 9: 010 8- A okl 1 ) S)elK[ESPHPS . . LEGFEDDQ
G.max ACU20163 (ofed-iioh 23 9: 010 8B A< okl 1 ) S)elK[EINP HPP . . FEAFEDE . . .. ...
A.thaliana XP 172306 MCICGSDFKHKRS LD HREIF GE G HEDR: 8257 Hal ele3 28 o5 25 » I,
Z.mays NP 001140483 AVElcDWRT HEKNCCEBIWMCCGSDFREKRS LI4D HMREIF G AACGVDDCFDDDDDRDDPSSSE

* *

O. sativa NP 001055679 Jy OsZRL Jk K i 5% 8 17 5 T2 14 P <7 2R 2 e 2 MR (O A & MR (FD JH AL SRR .

O. sativa NP 001055679 is the encoded protein of OsZRL. The essential conserved amino acids, cysteine (C) and histidine (H) are indicated by

asterisks.

1 OsZRL [5) 5 £ E 89 S & 8 /7 51 Lk 3t

Fig. 1. Amino acid sequence alignment among OsZRL homologous genes.
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A— JRBOKFEAEBRAR (25 (0 FIAE T OsZRL 1) 5K
OsZRLI IR K.
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A, Expression of OsZRL in root, stem, leaf and flower of mature rice; B, Expression of OsZRL in untreated (UN) rice seedlings and seedlings

treated with 1 pmol/L ABA, 10 pmol/L GA or 10 pmol/L NAA.

2 k7S OsZRL EEARIEH
Fig. 2. Expression analysis of rice OsZRL.

(CACT,TACT) . HIM#EN OsZRL He P ) 22k m]
A5 ABA.GA.IAA FDGESH X,
2.2 OsZRL ERARIZESH

S E B PCR 23 Hr 45 R K W, OsZRL e H 78
JILEA H AR AR R 1 45 A LA 63k e | JBAE
Rk £ (K 2-A), OsZRL £ 1 pmol/L ABA
Ab PRE R 38 B8 TF R, W #E 10 pmol/L GA 10 pmol/
L NAA 5% T RILKFIEA R (E 2-B),

2.3 OsZRL-RNAi #EFEHRIKS

F gt pHB-OsZRLRi 5 21 ki, A 4 FF 3 A
Tk HE AT K RS a5 AT R k. B BCEF A2 B OsZRL
RNA T 553 T A B SE 41 DNA, #6471
ZPEARIC Hpe ZER PCR P84, BH 1 4% 5 DR R Pk
Yo Hpe HARSHF (560 bp) . i B A= 548 Bk JCHH
NI LA AL R B A T2 RO ik 2
g rp (B 3-A) o XS5 1 BH A R 54T RT-PCR 43
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OsZRL
750 bp

500 bp
ACTIN

o
o

OsZRL

AR ik
Relative expression
=}
o

ACTIN

- BR

Ri-d2 WTa Ri-a6 Ri-b3 Ri-c5 Ri-d2 WTa  Ri-a6  Ri-b3  Ri-c5

A—T ACFHEFEF AR R PCR %852 . 1—3. % B AP Ri-a.Ri-b 1 Ri-c; 4 — FIPEXS &, B 2E A 5 — BHAE XS BB, pHB-OsZRLRI J& K7 s M —
DL2000; B— 2 it PCR % ¥ /8 BUA #k (WD Fl T ACHE 2 M bk Ri-a Ri-b | Ri-e H OsZRL kK5 C— ¥t PCR %@ T V3N
Hitk s OsZRL 135K F-. Ri-a6 .Ri-b3 Ri-c5.Ri-d2 fl WTa 20352k H T AU 2 N #k R Rica Ri-b.Ri-c Ri-d FEF LAY 0k D—E &
PCR %5 T, U HE AR OsZRL R IR,

A, PCR analysis of T, positive transgenic plants. 1-3, Transgenic plants, Ri-a, Ri-b and Ri-c; 4., Negative control, wild type; 5., Positive
control, pHB-OsZRLRi; M, DL2000; B, Semi-quantitative PCR analysis of OsZRL expression levels in wild type and T, transgenic plants, Ri-
a, Ri-b and Ri-c; C, Semi-quantitative PCR analysis of OsZRL in T, transgenic plants. Ri-a6, Ri-b3, Ri-c5, Ri-d2 and WTa are single plants
derived from T, transgenic lines, Ri-a, Ri-b, Ri-c, Ri-d and wild type, respectively; D, Real-time PCR analysis of OsZRL expression levels in
T, transgenic plants.

3 HREFEERMMEEEEM OsZRL RESH

Fig. 3. Identification of positive transgenic plants and analysis of OsZRL expression.

F 1 OsZRL RNA T#H T REEFERZRE

Table 1. Performance of OsZRL RNA interference T, transgenic lines.

R Z CRBRED R = 53 BERL RIS - (8N T FRLE A% TR
Line(No. of Plant height Tillering Leaf length Leafl width  Panicle length Grain number Sterile grain 1000-grain
single plants) /cm number /cm /cm /cm per panicle rate/ % weight/g
Ri-d (n=20) 102.8+4.6 1845 33.2+2.3 1.5+0.1 20.5+1.5 127+13 11.14+3.0 24,840.9
WT (n=20) 104.6+4.8 1743 34.8+2.7 1.440.1 20.8+1.3 124411 7.6+3.2 25.3740.6
Ri-a (n=20) 107.343.9 17+3 37.5+2.8 1.640.1 21.1+£0.9 128+13 21.2+4.9 25.640.7
Ri-a" (n=16) 108.9+1.9 17+4 38.1+2.8 1.6+0.1 21.3+0.7 127414 22.6+4.2 25.7+0.7
Ri-a“(n=4) 101.2+£3.7 1642 35.2+1.8 1.540.1 20.1+£0.9 130+10 15.6+3. 1 25.440.7
Ri-b (n=20) 106.4+4.4 21+8 36.2+2.4 1.5+0.1 23.0+1.7 133+14 14.14+3.5 24.5+0.6
Ri-b"(n=15) 108.1+£3.9 21+38 37.1+2.1 1.5+0.1 23.6+1.5 135+ 14 15.343.0 24.540.6
Ri-bY¥(n=5) 101.6+1.5 18+9 33.6+1.3 1.440.1 21.34£0.9 129413 10.54+2.4 24.3+0.4
Ri-c (n=20) 106.9+5.3 15+3 37.6+2.6 1.540.1 21.5+0.7 12849 17.3+£3.0 24,740.8
Ri-c" (n=17) 107.7+£5.2 15+3 38.1+2.6 1.6+0.1 21.5+0.7 12948 18.04+2.5 24.8%+0.8
Ri-cM(n=3) 102.6+3.5 1745 35.3+1.5 1.540.1 21.3+0.6 121£12 13.1+1.5 24,140.4

WT— B4R Rica~Ri-d— T U SR BR R 5 Ri-a”, Ri-b"F Ri-c” 4305k A T, AU ZEP B & Ri-a Ri-b Ri-c % f 24 # 8k, Ri-a™ , Ri-b™ I
Ri-c* N7k A T AU IR R Ri-a Ri-b Ri-c B H4k
WT. Wild type; Ri-a to Ri-d, T, transgenic lines; Ri-a", Ri-b" and Ri-c" are positive plants derived from T, transgenic lines, Ri-a, Ri-b

and Ri-c, respectively. Ri-a", Ri-b" and Ri-c" are negative plants derived from T, transgenic lines, Ri-a, Ri-b and Ri-c, respectively.
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Ri-a6

WT Ri-a6

A— A B A A (WT) 5 5 3 R Bk (Ri-a6) 5 B— BF A U Ri-ab MR FR ; C— BFAE IR Ri-ab 257F,
A, Mature plants of wild type (WT) and transgenic plant (Ri-a6); B, Roots of WT and Ri-a6; C, Stems of WT and Ri-a6.

4 FEEFEE Ri-a6 TE
Fig. 4. Phenotype of transgenic plant Ri-a6.

Br 45 BEWIIRE T OsZRL He T 356 3L 1 T, A%
Rk, B 3-B EosHd 3 AL OsZRL ik #
B T 8 %% L DA K (Rica Ricb F1 Ri-o) 2f & £ 43
Mr

¥ OsZRL W14 T T, A5 5L A PR (Ri-a Ri-
bl Ri-o) Ph Je OsZRL ik A 13 T 98 1Y FH 1 48 bk
(Ri-d) FEAT P2, 3043 TR &R . 48 BUEF A2 AL 4y
IR 8 T4 FE P Bk B Ri-a~Ri-d 9 PCR % % BH
BAFR (Ri-a6,Ri-b3 Ri-c5 Ml Ri-d2) i F RNA, F ]
RT-PCR., 5B} 2 & PCR & OsZRL 3[R 3 1k 7K
-, S HF A R EE L Ri-a6 Ri-b3 Al Ri-c5 1 OsZRL
SR Rk W B R AR (E 3-C~D) R B 3k 15 5

FEIRAL I RNAL #IL I bR . Ri-d2 W 1R % 3 A
Xk RS 5 RIS,
2.4 HEFREKRKRESH

55 1R) 99 F A7 Ak b BF AR R OH AR B A L. T AR
RNA # Z P A R AR L i i 5 B B o, 3L
GEYIR (R 1), OsZRL B F 0 2635 B kR (Ri-
a6 Ri-b3 Fll Ri-c5) i k78 & it i 22 KL AR R K
IR ZEFE I ORI L 4) . % 3 DR R Bk 19 328 80 43
ZERARIR OsZRL B JE — A KR AEK & F W fl
EHT,

W BTk To AR 4l & 5 36 0 bk & Fh 7 15 15 A Y
H 2 1 Fl 7 F 47 & i SE 00 . 4% 2 R 4 1 (Ri-a6

%2 10 pmol/L GA.1 pmol/L ABA R IESdEHEEK
Table 2. Shoot lengths of seedlings treated with 10 pmol/ L GA or 1 pmol/ L ABA for 5 days. cm
ddH,O GA ABA
P& R B ; I % e o w1 s B o o K %
_ 75 5 i G R 75 i 7535 HRR i 735 BRoR
Line Before After Rate of Before After Rate of Before After Rate of
inducement inducement increase/ % inducement inducement increase/% inducement inducement increase/ %
WT 3.8+£0.6 6.140.8 60.4%7.6 3.8%£0.3 8.2+1.0 117.7%£10.2 3.9£0.5 5.4+0.6 39.9%£5.5
Ri-a6 4.0+0.7  6.6%£0.7 65.9£14.3  4.0+0.5 10.440.8 159.9+17.1° 3.940.2 6.7£0.6 72.1+£6.5"
Ri-b3 3.840.4  6.44+1.0 69.74+12.4° 3.8%0.4 9.240.5 141.14+13.6"° 3.8%0.4 6.3+0.8 65.6£9.0°
Ri-c5 3.94+0.5  6.44+0.7 62.6+7.1 3.7+0.4 9.04+1.3 140.5+12.7" 4.1£0.6 6.64+0.7 62.5+£10.4"

RN AERMLLEHE2ER.P<<0.05, HBIEFMBEKR Rid SHARLEHE 2R, £FH, WT—BF AR ; Ri-a6,Ri-b3 il Ri-c5

o T HEFER DT n=15.

" indicate significant difference compared with wild type plants, P<C0. 05. Transgenic line Ri-d2 without significant difference compared

with wild type plants is not listed. WT, Wild type; Ri-a6, Ri-b3 and Ri-c5, T, transgenic seedlings; n=15.
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Fig. 5. Phenotypes of T, transgenic seedlings induced by GA and ABA for 5 days.

Ri-b3 Ri-c5) BB AERI BRI TR (R 2), 7£ GA
VT, B AR ARG 36 DR & 1 1 3R Bk 2 K e
EE SE N4 oo B 8 (3% 2, &1 5-A) ., 7 ABA %
SN RE R A B I TR S AN UD G i 471
B ABA AR (R 2, 5-B) ., SEER 5 R EH .
OsZRL N INfEZ GALABA 5 5@,

3 g

RGP EER E AR E AT T 20 24,
BT S B 1) R R 22 J B T 3 A . AR AR R
AL T AR R, 20 B T OK AR BEAE S AR Os-
ZRL , Hogdd F iR 5 BE DA Ak o T LT Jo A & M TG i
BB A AR AR AE ek 3 8 e R TR 4 1 R AL B R
OsZRL J:H 2Ktttk 20 2 MR ERKREF N
PR, R 98 R i R i 44 8 OsZRL (Zine
finger Rootless) ., HXF OsZRL ¥&[H 3 gg # 17 # —
AT AW A RNA ¥ AL G e r ik
P OsZRL (33K, BT 3k 15 OsZRL T I8 6 5 A Atk
AYRR 2R (R B B A B R Gk, it — D U] OsZRL
TEKREAE R LT BA R EER .

TEXF OsZRL FEP 1 i 0t =X o 47 43 B i & 98 1
MMERRWE IO Z A V& IR | o5 55 3R W v o F
DL K 5 5 T0 1 0 A 3R A R DR AR AE 4,
OsZRL JE NI FRBE M WK, OsZRL A8 & 5
PR 240 i 1 R AR i b R A A s R R VR
MRVES T OsZRL MRIEKFREZ, 15 GAFE
SNV AE RV MR OsZRL #2358 T R, v] DL
Xof AR R A K B B0 RN s OsZRL T 8 i 5 TR 4
Ho, B TE] T OsZRL B IX B 4 38 45 4 i 4 254y
R BB A ARy A KA KB, 78 ABA i

15

WT Ri-a6
5 umol/L ABA

SR AR R OsZRL ik 1 Th 8, v] G i3 %
JRE 0 A A 00 o A R Ak B Y R 5 Os-
ZRL T a5 H K 2 i, T OsZRL 19 3 /0 1 Al
FLRIN X ABA Az K40 i R0 A U, R, AT
DI OsZRL 5 5 1 7K A A= K 10 5 7E B 32 A5 )
HWE GAABA V8., ILAM, A BF 58 0 X 5% 3 X %)
HUEAT T 10 pmol/L NAA i 5 4b BRI 5 55 37 5
95 ARSI R B A B AR AR R 2 RIE A B A&
KR OGIESTE OsZRL REMLHI (14 18 Fl 8 A ¢ iF
— L AFE .

MY ERER) 225 ERK LT RE.
WA 4 AEde 8 1 EPF F R, DL K 4D Eg o7
B 18 H 11 SUPERMAN, NNT 5 i H 4 5 &
FHL OKREREHE BN PROGT R % H
BRI R E AR Y AR5 OsZRL &
WIP W5 o 48 8 (3 YT, 6 B D) Rk #F 5% 34 1R
A BHITERIE IF T WIP 4848 8 11 TT1 (Trans-
parent Testa 1) 580 F4h iz & &M KEMY X — Kk
FEHAEKFEAR R SE A AR R B T DB oK I A .
TEC A KRR LB HF . CRLI M WOX11 %
PR B BRI s 2 o8 IS R L W o N 1) 1
HNEGFSEASHEBEABAERNAERKRET ;5
— 2 F bHLH (basic helix-loop-helix) & A
RSLA4 R DA il AR 3 40 i 1 /N AR g, 2
i o FAR T OsZRL 3 3k /K - 45 B A 3 i 24
25~30 fEiF AR R A K Z B e E M HT, R 2L
OsZRL ik FEARH RNA T3 3L AR PR R
M R IR L —N A 25 0 H AR ) A, ZEFF R N
FEH: S i i A8 R, ¥ )T 77 o 0 3, 9 5% 3 A
HEBR o HE A R B o BRI T X e g R &R,
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