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Functional analysis of OsRAC3 regulating seed traits in rice

LIU Huili 774, GUO Ziming', CHENG Tairan, ZHANG Zhicheng
(College of Life Sciences, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] RAC/ROPs are a class of plant-specific small G proteins, which are involved in
multiple signaling pathways as molecular switches. OsRAC3 regulates rice (Oryza sativa L.) crown root
development by interacting with cytokinin signaling components. However whether it affects traits in the
aboveground parts of rice remains unclear. This study mainly aims to analyze the effects of OsRAC3 on spike
development and yield traits of rice. [Method] The inflorescence tissue of rice OsRAC3promoter::GUS
transgenic plants were stained with GUS to analyze the expression pattern of OsRAC3. We also analyzed the
main agronomic traits such as number of grains per spike, grain length, grain width and thousand grain weight of
two experimental materials, constitutively activated mutant (CA-osrac3) and dominant negative mutant (DN-
osrac3). [Result] OsRAC3 was strongly expressed in floral meristems, stamen and pistill. C4-osrac3 had fewer
grains but its grain length, grain width and thousand grain weight were significantly higher than those of wild-
type. DN-osrac3 had a low number of spike branches and poor fertility, while the grain length, grain width and
thousand grain weight were significantly lower than those of wild-type. [ Conclusion] OsRAC3 affects
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the developmental process of rice spikes, and the constitutively activated mutant CA-osrac3 promotes the growth

of rice seeds. OsRAC3 has important applications in high-yield breeding and genetic improvement of rice.

Key words: Oryza sativa L.; RAC/ROP; OsRAC3; Spike; Grain

IKHE Oryza sativa LAE N & BEEZFREIEYZ
—, Rt A E—R U E AR EEEYRIE . N
TR H AR B 7R R, SRR A L AR T I )
E KIS, R AEAR 08 MR s e - &
ZoRERC, KFEFREYE 3 AR E A G PR
K REORLEORRL T B RO BORORE o B AR AR
W5 K B 25, 5165 0 AR
PR VIR AF AR, FEAKBAERREELRE
o3 A G T P 5 BORE 23 SCBUCRIR R Bk
A — e B e R GBI Grlas PROGI
DEPI. APOI. IPAI “5HE B RRWE 1Y 58 A8 17 43 A2 4
ZUEPEN,

RAC/ROPs (Rac GTPase protein/Rho-of-
plant) ;EFEYHF A B— > Rho GTPase WK &, 1E N
FFHRTZS5EMEKKE. BEESHESU
T i) I B 558 1) 9 5 22 P 2R B RO R A
G HH RAC/ROPs JE ¥ L5 GDP 454 K ARG
TERME GTP 45 & 3% 1t 8 2 [A] A7 1.5 .
GTP 454 R4 RAC/ROPs 5 305 & (A AH HLAE I,
W LG 5 5. RAC/ROPs 5P 5 JEiE 1
TR 2 (A B e 4, 52 3 1 IR 22 e [F 7~ (Guanine
nucleotide exchange factors, GEFs). GTPase /& {t. &
1 (GTPase-activating proteins, GAPs) Fl & iR /K
fi#t FH 38 5] - (Guanine nucleotide dissociation
inhibitors, GDIs) H 4% . GEFs A A g it 5
RAC/ROPs 45411 GDP 55 GTP KAEZCHe, I
I RAC/ROPs. GAPs 1 T2 % RAC/ROPs (]
GTP Hfi% 14, {5 RAC/ROPs 45 & 1) GTP /Kfi
GDIs A LA 5 RAC/ROPs 45 & ¥ GDP [ &
A GTP HIKAE™ . R 7+ RAC/ROPs Z 511
KK E W2 AL FEAO BT AR R,
AR TR, LT, Ropl Z 5 IHIELERK E I
Bt A KP734, Rop2. Rop4~ Rop6 S 5iRE K G
PPN, Rop2. Rop4 Z 5 R K B, Rop9.
Ropl0 Z 5B ALK R1EF HIRIR B AR
[R5 K5, KRG RAC/ROPs 354 7 ARt 3
1, OsRac4~ OsRacD F1 OsRacB {E N7 A1E R T2
5K 0 T N B I 0 A AT R I K A
RAC/ROP F % ] OsRACT[FAIFEBEAE K Rk RIAE K,

FEEAE: OsRACT 1lid 5 OsMAPK6 AH H.AF H #2
1 i A (B RR A 7K ST, AT A2 a3 80 7 40 i 4 22, 4
e s, FBOKRFRAZ RS, H FreE WA K
T HoAt ) RAC/ROPs SZMa 7K 8 7 B AR 4R TE o
AW TR OsRAC3 TE/KFELIFERAE 25 B
W RIS TEOL, It T AR KRS e R TT
T AR o o Re 2R 0SB RAE 4K (Constitutively
activated, CA) CA-osrac3 Fl g PE 35 Y R A5 {4k
(Dominant negative, DN) DN-osrac3 5% 4T ¥tk
B 878 OsRAC3 XK FEAFRL /N T L & 55 7
MR B FZ W, UE L AR KRR R R B R i E
BEH s XA BT IR BRA I KR = B 1 AL
il TR, FEONKRE B R AT AR MDA = SR AR 2 R SRR

1 MRS REZE

1.1 R

AT 5T R 00 AR R OK R S RN RE RS TR AE
117 (ZH11), EK TN 80~90 d; J=T ZH11 #J &
HIANE 5N R RAREE LRI MR N CA-osrac3 F DN-
osrac3. MELMURE T ZARA T N i A Ak oK 7 3
IR
1.2 REHE
1.2.1  ##eg3RE ffi ] RAC/ROPs DRk
RAZAK (Gain of function mutant) FEAT 5 Hr. 1# L 3
DAl R R AR IR 7 5 8 e 58 R R IR, /3 RAC/
ROPs H—HA T 5 GTP 45 & HIF 8GR A,
RIFESOS B si—H AT 5 GDP 45 & 1 AEiE
RAS, BPEAE R . AHEFUEET R AL K OsRAC3
PR B ATG FIE8 50 M3t kAR, i H &R
G BB EIR V, FA KRB OsRAC3 FFE:
T RASAR; TR 55 65 AN IE AbKf P s g 9848 Sy fi
WENS, SEIL TR R T & e R & WG N(E 1), 4k
IKFEIRAF AL IAH R AL . AR S 1] Liu 55
(71
122 qRT-PCR  AHFFKH AceQ® qPCR SYBR”
Green Master Mix ] & 1T qRT-PCR. X H
Trizol EFEHUKFEA [F B I & RNA, 3347 RT-
PCR R #5315 5] cDNA . FI ¥ it i 16 51 kAT
qPCR E &/ HT, RIBAAZR (10 pL): 5 pL 2x SYBR
Premix Ex Taq. 1 uL ¢cDNA 4%, 0.5 pL _EJiE 54+
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GGC (G) = GTC (V)

I

CA-Osrac3 MASSASRFIKCVTVGDVAVGKTCMLICYTSNKFPTDYIPTVFDNFSANVVVDSTTVNLGL 60

OsRAC3

MASSASRFIKCVTVGDGAVGKTCMLICYTSNKFPTDYIPTVFDNFSANVVVDSTTVNLGL 60

DN-Osrac3 MASSASRFIKCVTVGDGAVGKNCMLICYTSNKFPTDYIPTVFDNFSANVVVDSTTVNLGL 60

I

ACC (T) = AAC (N)

1 Z335{K CA-osrac3. DN-osrac3 B335 S
Fig. 1 Mutation site of mutant CA-osrac3, DN-osrac3

0.5 uL FiF51#LL K& 3 uL ddH,0. PhikH A 3Rk &
B IR AR VEE— 20 20T qRT-PCR BT 7114
TiaEMERE A ], EUESI YT 54 5-GTGGTGATCAT
GTCGTCGGA-3', FliE5I¥F 450 5'-ATCTGA
TACGGCTGCAGAGC-3'.

123 GUSALRFEFE HULILRERL T H
2, HiEE M GUS 449 (pH N 7.0 19 0.1 mol/L
TR AN 2% 71~ 10 mmol/L Na,EDTA. 2 mmol/L
K4Fe(CN)4-3H,0. 2 mmol/L K5;[Fe(CN)4]- 1 mg/mL
X-gluc) &b ¥, £ 37 °C A8 FREOGR AR . Bk
M 3 H L 5 B 25 GUS 49, I\ 70%(p) &
P AW I 2~3 YR 1 ] Retiga 2000R S AHHL
1E Olympus BX51 8 N

1.2.4 KAGREFERABERGIE LS % 1E
IKFE BRI, BRIk AE R ZHT1 FIRABR CA-
osrac3~ DN-osrac3 fEFE R, W EFFR K 055K
SR BRI ELBENLEREL 30 iR, {6 AR R
JOM AR K 58 BENLPRIE 2D 1 000 FLLIH ¥
DK 718== a0 VA1l O L B2 S B M eAa b AR A b= 910
KB /NPT, DLOREHORE I B ALYE o % TUEK
WEiHEE 3 %, KA GraphPad Prism 9.3.0 %4
XA AT it b

2 GRG0

2.1 OsRAC3 TEKFEHRHIRIZIER 4

AR F AR T OsRAC3promoter::GUS %
FLIRAE PR, KB OsRAC3 TE4H (AR I N el #8 J5
FAEP FRAT I i 0 A B IR R PR AR Y 2R AT
GUS Jefts, WELH| OsRAC3 1ESIREHIAE o A 4L 41
Hsm ZIER Ik (B 2A), TEfE2% B P EHEFE (Kl 2B)
RS MESS (8 2C) R IHE BRI RIL, 1XLe4h
7~ OsRAC3 T RELE/ MR B FIFh T kK B i fE
RIFVEH -
2.2 FHER ZH11 URRETACA-osrac3. DN-

osrac3 BT R BFIE

AWFFRRTIAZRAE T/ ZHI B R h i ERIA.
FF S8 1 T A R IR B R R AR —— C4-

Q'L
¢

20 mm
e

A B AR B: #il7% C: HESSANHESS
A: Floral meristem B: Hull C: Stamen and pistil

2 OsRAC3 TEXFEHHIRIERRN
Fig.2 Expression profiles of OsRAC3 in rice

osrac3 K1 DN-osrac3, CA-osrac3 %} GTPase ¥ &
FANEUR, 7] LLRRSE S GTP 454, DA RRER R FF i
TEIRAS s DN-osrac3 FFEEAb T 4546 GDP 8iE A S5 &
B ARAS, WM R840 T R IRAS, fE4 Lk
I R A m I 5E 4 GEFs #iii HoAh ROP HI¥0E"™"
FATE SR H qPCR Xt CA-osrac3 F1 DN-osrac3 R
AR KR R IBEATHEI, I CA-osrac3 L11. L32 PL K
DN-osrac3 120 F1 L15 ¥ F: Rk R CA-osrac3 VA
J DN-osrac3 3k B (B 3A), J5 2821k A X ek
RAT R M 5B AR BUAE AR AR B, AR FE A DN-
osrac3 PR RFLEHE (K 4A), 7 H#b, g5 90K B
fi; 10 CA-osrac3 tk SZFEREE D> (K 3B), ¥R
i (K 4B). XS5 RIEIR OsRAC3 S WG R A
2.3 AR ZH11 IKRRLERCA-osrac3. DN-

osrac3 TR K/ NEFERBMRNERE

LAY ZH 11 At R, R R A8 4k 44
b SBIPAIY S VA SR S VAN VA R Y
SYERATIE . KL CA-osrac3 Sk R AR KL
B AR IS B 2 K T B A2 U [F), DN-osrac3 %k &
FFRL TR B8 AR A U B 25 /N T B A= AL (] 5A. 5B).
TETRE i & 07 1 [FFE R I, CA-osrac3 #k R E 3%
T E AR AT DN-osrac3 ¥ R Y EZ AT A7
H1 (B 5C). WENFR R M KB, CA-osrac3 ¥ ki
BB AR R BE K, 1T SRARAAR DN-osrac3 KRN/
(151 6) IXUELE R RS BHOE OsRAC3 REfEEK
FEFFRI AR, SR ERh T, IR KRR RN
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L11 and L32 are CA-osrac3 lines, L20 and L15 are DN-osrac3 lines; “*7 «*#*? cakk ckxdk indicate that the mutant strains differed from the wild-type
respectively at P<0.05, P<0.01, P<0.001, P<0.0001 levels of significant difference (¢ test)
3 CA-osrac3. DN-osrac3 TEEFEE! ZH11 LARIELR CA-osrac3. DN-osrac3 FHIFRIKXIENR

Fig.3 Expression of CA-osrac3, DN-osrac3 in wild-type ZH11 and mutant lines CA-osrac3, DN-osrac3

> > 7V
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L11. L32 A C4-osrac3 Tk &, L20. L15 N DN-osrac3 % %
L11 and L32 are CA-osrac3 lines, L20 and L15 are DN-osrac3 lines

El4 FFER ZH11 URERTR CA-osrac3. DN-osrac3 HIFREUFIE
Fig. 4 Phenotypic characterization of wild-type ZH11 and mutant lines CA-osrac3, DN-osrac3
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Fig. 5 Grain analysis of wild-type ZH11 and mutant lines CA-osrac3, DN-osrac3
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Fig. 6 Phenotypic characteristics of grain in wild-type AR R
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18 OsRAC3 VERH M HZ A5 57 F @ mn) 5l
BN T2 5K K B R KR R A T
H, WOE LK) OsRACS, Bl 454 GTP K OsRAC3
e S5 A HE (5 5@ EH 1) OsAHP1/2 HiZH
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BE DR RE A IR 4 M 2 3645 5 e S AR 2 B4, T
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TR (1) e AR B 5 6 7 40 A 2H 23 rh (1) 48 i 5y
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R R, SR  R R AT 5 52 B 301 e
55, {H AR TR Z AR Ik, X i, FRATIA A AT e 2
It FRIK ) DN-osrac3 5 HAth RAC/ROPs %4+ GEFs,
443 A RAC/ROPs I 2 240, AT 5 B0k

{EL 2 200 i 73 288 2 6 RF L /N 1 T 45 A D b A
H o ANFEZRE R AL {5 5 ik b R R 45
(R AL 35 R BERTFF RN = AL 520, R T 222950 2F
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BE A2 S MFF R /N o N R E MR 2R 2 — . HK6
(Histidine kinase 6) i 4 i 73 54 25 4H S BRI 52
A, hk6 K1 AR R FR I HH A B 73 R R U R
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PR RPN TR0 3 B35 K T AR ZHT 1,
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e, /N 800 5 BIR )RR PR 2R K, 7R e FF R R
ZIN T3 TR S 25 A Y, R DR SRR A /N T B 5
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