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Abstract FABI1/PIKfyve is a key enzyme that catalyzes phosphatidylinositol 3—phosphate (PtdIns3P) to form
phosphatidylinositol 3,5-bisphosphate (PtdIns (3,5) P,). Its product PtdIns (3,5) P, plays an important role in the
development of eukaryotic cells. In order to figure out the function of Ptdlns (3,5) P, in rice reproductive
development, this study combined bioinformatics and genetics methods to identify the rice FABI/PIKfyve genes,
analyzed the physical and chemical properties, gene structures, conserved domains, phylogenetic tree, cis-acting
elements, tissue expression profiles and used CRISPR/Cas9 gene editing technology to obtain osfablb mutants.
Bioinformatics analysis results showed that nine FAB1 gene family members were identified from the whole genome

of Oryza Sativa. Gene structure analysis indicated the differences existed in the gene structure of FABI1 family, the
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number of exons are 8~12. Conserve domain analysis showed that Os FA BIA and Os FA B1B contained the N-terminal
FYVE domain, and the remaining members contained the Cpn60_TCP1 domain and PIPKc kinase domain.
Phylogenetic analysis indicated that the functions of FAB1 family were highly conserved in mono- and
dicotyledonous plants. Prediction of cis-element in the upstream regulatory region of FA B] genes revealed a variety
of growth-related, light-responsive, and hormone and stress-responsive cis-elements. Tissue expression profiles
showed that most of FABI genes were global-expressed, and the high expression of FAB1C sub-cluster genes in
lemma and palea suggested that they might be involved in floral organ development. Finally, the osfablb mutants
were obtained through the CRISPR/Cas9 system, and the pollen vitality of the osfabl/b mutants showed no
significantly abnormality, implied that FAB1 family had functional redundancy in the reproductive development of

rice. The present results provide a theoretical reference for biological function studies of the phosphatidylinositol

regulatory network in rice.
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FABIA-D BRI RS Haft AT an 2, (8T J 220 4
W XEFER IR K ETE 5 600~14 836 bp [H], CDS
KGN 4 146~5 496 bp, K EAWEH
1 831 MR, REMEAMEE 13814
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FABIB f & N iy FYVE &5#93k, HRm i R&H
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Table 1 Information of FAB1 family members identified in japonica rice and characteristics

RERARE REAERS IR K CDS KJ¥ &R AEH 71 ¥ H (kD) SRR
Gene name  Genome accession number Nucleic acid length  CDS length Amino acid residues Molecular weight (kD) PI
OsFABIA LOC_0s03g28140 10 728 5457 1 818 203.39 5.72
OsFABIB LOC_0s08g34950 10 755 5496 1831 202.56 5.83
OsFABIC-1 LOC_0s06g14750 7797 4698 1565 175.28 6.02
OsFABIC-2 LOC_0s08g33200 7433 4893 1630 182.21 6.50
OsFABIC-3 LOC_0s09g23740 8237 4902 1633 181.68 6.33
OsFABID-1 LOC_Os12g13440 14 386 5034 1677 187.51 5.32
OsFABID-2 LOC_0s09g10650 6 686 4575 1524 170.25 5.21
OsFABID-3 LOC_0s04g59540 5 600 4146 1381 155.72 5.72
OsFABID-4 LOC_0s08g01390 8206 4833 1610 180.13 5.56
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Table2 Cis-elements in the promoters of FAB1 gene family

it Te IFES ThRe 37|
Cis element Typical sequence Function Gene

e
TGA Jift AACGAC A K FR R 2
TGA element Auxin- responsiveness
ABRE Jtff CGCACGTGTC, i v R W L 2
ABRE element ACGTG, Abscisic acid responsiveness

AACCCGG

P& CCTTTTG ik ¥ I 1 -1 | i
P box Gibberellin-responsive
TCA ot CCATCTTTTT IKAZ BRI L T - - - = - 1 -
TCA element Salicylic acid responsiveness
TGACG £/ TGACG MeJA M 3 - - 3 5 4 3 3 - 3
TGACG motif MeJA-responsiveness
CGTCA %7 CGTCA MeJA M 3 - - 3 5 4 3 3 - 3
CGTCA motif MeJA-responsiveness
Spl Juff GGGCGG b AU 3 1 - - 3 1 - - 1
Sp1 element Light responsiveness
4 ATTAAT e 3 4 1 - 3 3 - 1 4 9
Box 4 Light responsiveness
LTR Jtff CCGAAA AL L1 52 - - 2 2 - 1 2 1 -
LTR element Low-temperature responsiveness
MBS {7 £ CAACTG TRES 1 3 - - - 1 - 1 -
MBS site Drought-inducibility
ARE Joft AAACCA REFES 2 4 3 3 3 3 5 1 -
ARE element Anaerobic induction

7E: a: OSFAB1A; b: OsFAB1B; ¢: OsFAB1C-1; d: OsFAB1C-2; e: OsFAB1C-3; f: OsFAB1D-1; g: OsFAB1D-2; h: OsFABID-3; i:

OsFAB1D-4

Note: a: OsFAB1A; b: OsFAB1B; c: OsFAB1C-1; d: OsFAB1C-2; e: OsFAB1C-3; f: OsFAB1D-1; g: OsFAB1D-2; h: OsFAB1D-3;

i: OsFAB1D-4
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J% PIPKc S5 t3girsh sk, ki 5 S0k R Dh e (1) 56 4
Pk, NIEBKRE FABL G 1 ThREWE 7T R4t & 2
vy p

X} TO fX CRISPR % & [K # #k 2 AT 16 %0 & TV
W, GSE IR IR osfab 1b—1 F1 osfab 1b-2 SR

RS I SR AR CH R 2R, RYIKR
FABI FIRAEIEH & B R TPl ReAFAE DI RETUAR,
— PR R R eI R BT B SR (B 7).

2 31ie

PtdIns (3,5)P, 19— A7 76 AR Bk = 1) 6 T 7k JUL
RERTAEY), HAE BN ik B i FE b B 1) B B %
IIREMEFSTE . FAB1/PIK fyve W R i SE4E 200 1 1
2 YV [R) 4E FE 40 M P9 PtdIns (3,5)P, KF, H H
Z 51 Z R R B i FE(Balla, 2013). 2R17 -1
- A Y K AE T PedIns (3,5)P, BB RE K FABLIE
Mt P PR RTL A1) P A ) B o AT 0 MK RS 32 TR 4 PP 4
JEH 9 N FAB1 KGR, HEERKE . r T &%
A AR RIS AE — S 22 57 [RII), OsFABIA 1



8 Gy TR E (2 i)

LILT=R — H2

OsFAB IB
LOC (18234950

WT  CCGCATGATTTGTCGAGGGACTT
osfablb-1 CCGCA-GATTTGTCGAGGGACTT(-1bp)

CCGCA- - - TTTGTCGAGGGACTT(-3bp) PAMP
osfublb-2 CCGCA-GATTTGTCGAGGGACTT(-1bp)
' CCGCAT - - TTT -TCGAGGGACTT(-3bp)
B 6 osfab1b CRISPR #I i Jx 5345 257 43 Mt
Figure 6 osfab 16 CRISPR targets and mutation type analysis
g N e .
.. L] L[] ® ..
@
‘ : .. :. ° .; - e®
e @ o
® {. ® °
% @ * 2 e © :
] ol L °
% e = ? e %, .0.
e * E) [
i) e o
[} °
[ " e ™ 0
-a® a — - . — L]
A B

1 7 osfab 1b FALETENE F1R0

v A BFAETY: B: osfab 1b-1; C; osfab 1b6-2; LA R =100 wm
Figure 7 Pollen vitality analysis of osfab Ib

Note: A: WT; B: osfab 16-1; C: osfab 16-2; Bars=100 pm

OsFABI1B BAG AL R 2540, AR R A A0 57 A
T HEA AR R oK . B R ST A A BT R B
FkOsFABIA 1 OsFABIB 154t FAB1/PIKfyve %Kk
FEEMUESA N FYVE 253840, AR A AEE
Cpn60_TCP1 F1 PIPKc ¥l 45 #4938, X5 Mueller-
Roeber A Pical (2002)%}#llF§ 7+ FAB1 & [ () $iA —
. AN, KRG FYVE 4538 FABL & 85
TWABEREZ TXTFHEYEIT, RPERT
R RE  FABL &R AT E N Z #E 4k .

NG FC FAB SKGRAE 51 ip FXF- A
VI GG &, AR T RS KTEKE A
PRI KRG EBRT 6 MM FABL Sk
R R G . 45 3 o FABT S 3K 4 3 5
4 FABIA/B.FABIC #il FABID =AMLk, &1
H 8 BT I RN R R L 3 AT, $2 78 FABI
FIRIN R OR S F DI RE A6 BT 5. BT A
W, BT AR AFEREL BT FYVE 254438
) FAB1 & H & T XN Y R A (Whitley et al.,
2009). /R FYVE Z5H38060 1 FAB1 SR 51 40
) 254 LR PtdIns3P %56 2, W REh a5t % 1
FYVE 45 #4383 3f9E PtdIns (3,5)P, & BT &4 75 1 (Bot-
elho et al., 2008), [K SbAfE MX Fh s 2 AT RS 5 A
A T14 45t FAB1 WS IEYI R B 1S FE .

CCCTGGTGGCTATGTGAAGGTGA

R 2 R AE 4 % B Ptdlns (3,5)P, A /E A N
BWEFMHARE S 0T AR AL T s IR e i,
PtdIns (3,5) P, 7K~F- B TF 15 20 % (Duex et al., 2006).
FESRME 251 T, SRR B A M AR FR DD, 7] B £
btiE PtdIns (3,5)P, /K 1134 7 & ¥ £i% (Zonia and Mu-
nnik, 2004). PtdIns (3,5) P, 7K~V 5 10 5200 B V& R 175
SRS, W HAE T 5 e 2 A T RE(Bak
et al., 2013). AR FLXT/KFE FAB1 S5 55 R 1 L 3if i
B AT A RIEAR Z Rt RoofE. AR
B AT LB A e me R e . (B AR
B, AE/KEE FABL G 1) )8 8h 1 [X 3k 4R
0,55 i 5 B2 W N 64 ABRE,  FE I /K 7 o 8 7776 2
Ak 57 5t 7 B (1 S L O PR A2 AL

BNAS IR AR K FE ALK K B L FE i — A
FEASAE. A 0H]77(YM201636) % PtdIns (3,5)P,
K2 5 B0 A P9 AR TR T &S 4E 7 7 1 (Hirano et
al,2017). FAFTT fab Iaffab 1b FA vac 14 55 PtdIns (3,5)P,
AU B A AR 5C AR AR 35 R AR £ 58 — I 2.5y
IR TE IR RE, SEAEMIE . ZMIER
BHHIANE Ptdins (3,5)P, 7K BT UM IR R
TR 143 i S VR B AL R A 5% (Whitley et al., 2009;
Zhang et al., 2018). AHF 7 H F] A CRISPR/Cas9 # [l
PRI ARIRTT osfab1b KRB, KI5 E AR L
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osfab 1b TR ITENIE 1 TC R MG ARHE L T
H L, FABIA/B 1E4E ¥y K & FAFETE DI RE LR
(Whitley et al., 2009), F H 2[R I @Bk FAB1A
HFABIB I A 43 5] K 2 Foft B AR A v R 0 42 3] 1Y)
IR K BRI (Hirano et al., 2011).  H S HEN 7
Y FABIA/B MIDIREAAAETUR, I HE 2 RALK
F T J5 80 7T LI FAB1 5RAE /KRG AE 5 & & o
B IRE.

3B EAE
3.1EW R

B 4= RUKFE(Oryza sativa) HIEVISHE 7 5(9522) 4
Fl,2019 4F 5 H ~10 FFE T i a8 38 K5 e A A
RIS
3.2 FEiKHA

KOD FX &R B A B T ARy (L) EY
BHEABR A ) 5 Tag master mix W4T g 537 1 # 2E 4
REEA R 7, Fok 1 A1 Bsa 1 PR #1129 171 B I T
NEB A&, T7 E#ME T HEAMEA dts)F
PR 7] s K AT B 2 745 DHS o A SZI6 =5 i, A&
IR 24 EHAL05 1T RARAEWH AR AL ) A IR
/vl #iAK pRGEB32 F1 pGTR | Xie 25(2015)32 4t .
DNA Wl 7 R 45 B B IRAR R A ml $2 k. 51 &
R e AR ) TR PR A w4t

3.3 /k#E FAB1 HXER REE

TE#LFG I+ TAIR (https://www.arabidopsis.org/) %X
5 PSR FABIA-D 2K 8 H 5 41E A query 41,
77 % F NCBI (https://www.ncbi.nlm.nih.gov/)- Phyto-
zome v12.1 (https://phytozome.jgi.doe.gov/) 25 /A H %
5 FE i EAT Blastp LuX), SRAG/KARMEIE R . f£
Rice Genome Annotation Project (RGAP)# 4 JE (http:
//rice. plantbiology.msu.edu/) H KA iz izt 2 A 1)
EAFS, B CD-search (https://www.ncbi.nlm.
nih.gov/ Structure/cdd/wrpsb.cgi) XJ £ 5F 45 ¥ 1 3t 17
TR (FR B4, 2017), B DR 1% 25 DR v 1) 2 1 71 1)
i 45 Cpn60_TCP1 K PIPKc Jl&s Hyld . 2 Ak
53 ¥ (kD) J 55 HL A (p]) S H AL % )53 A# ] ProtParam
WX 34 (https://web.expasy.org/protparam/) Tl .

3.4 /KT8 FAB1 HXEHEWE BZE0H

7E RGAP Hudf e SR HUKAE FABT JE R 4 K 2
[AI2H )7 %1180 CDS J7 41, {8 GSDS (http://gsds.cbipku.

edu.cn/) T H 2L R &5 MR K . /£ RGAP 4 2 3K
L DRI AE Ge (A b (067 B 93 A SRR G (ARG 46
g, {4 H MG2C (http://mg2c¢.iask.in/mg2¢ v2.0/)%:
| Gt R 3 A7 B o {8 CD-search $EHUKAE FAB1
5 5 45 #3847 B 5 383 iTOL (https://itol.embl.de/)
LT R K. I AUKERE FABL AL F5I L
XH#EH DNAMAN 45 /8. M Phytozome v12.1 %{
P EIREL R 3R K32V KB BRI FABI [FE &
F 51, ] MEGAT7.0 {B457%(Z $ B B N Possion
model, Bootstrap 1000)5¢ & & G5 #E AL A 1) 44 8, FF 4
F EvolView (https://www.evolgenius.info/evolview/){E
4 TR AT g AERE . 75 RGAP £0¥5 5 3R BUKF
FABI %X ATG L% 2 kb F# %), f# ] Plantcare (http://
bioinformatics.psb.ugent.be/webtools/plantcare/html/) Tii

TG AE FH et
3.5 /K78 FAB1 KRN RIEHH

IKFE FABI J R E A 7] 25 23 1) 2 i B8 ok
Rice X pro (https://ricexpro.dna.affrc.go.jp/) B4 , fi
F} TBtools %X f(Chen et al., 2020)5¢ A 22

3.6 osfablb REEHREMERBLEE

7E CRISPR-P 2.0 (http:// crsriprhzau.cn/CRISPR2)
Wi N OsFABIB WIS P31, 4R & 3d IEERS -
a3 T AR 5 S 46 % 65 7 ATG & Cpn60_TCP1
PR T 25 R P AT I B I B R 2R I B PR AR R B
RF %A PAM (Protospacer adjacent motif) /5 %1 & I
T 20 MRIE (T SEH555, 2017). HR4HE Xie 25(2015)
IR B 7732, LRI 507 H P i 23 n b3k . M SE
Ji& CRISPR/Cas9 ki[5, HEAT ARAT B Ak Jo B A2 A
IKFEEAH LR G PRI B HE R DNA 415
Ji, KEEE A DNA v Bedi AT PCR 4738 300 7, I 45
Rt £ 28 T A DSDecodeM (http://dsdecode.scgene.
com/home/) AT ARAG 437, S8 I I B A 28 5 o BE A
KEEGIVIF AR 3).

3.7 osfablb REEREHE EITFM

B B A AN RAZAR I AE 25 70 ) BT LKL
(0.2%M8 AN 2% Ak By, 5 P = P 881 g L e e
TEH 15 STRE T E 214U (Leica DM2500) T #4451 A
FF1E% B PERPEr .

& STk

TRAZ A AT TT S8 BT AT SR B0 B 7T H PAT
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Table 3 CRISPR construction and genotyping primers

ElEYER i NRCEEY

Primer name Forward primer

B 514)

Reverse primer

OsFABIB_Cri_T1

TAGGTCTCCCGACAAATCATG

CGGGTCTCAGTCGAGGGACTT

GTTTTAGAGCTAGAA TGCACCAGCCGGG
OsFABI1B_Cri_T2 TAGGTCTCCACATAGCCACCA CGGGTCTCAATGTGAAGGTGA

GTTTTAGAGCTAGAA TGCACCAGCCGGG
OsFAB1B_GT TGCCATCTGTGGTGATCTGA TCGAACTGGACTTGTCGCTC

N ARICAE e A 73 BT AN SCRIRR 15 1 e
RSP P SR A E Y W N = &
Bk, Bl A Ae S S E 5. SRS AL
IR R R A A
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