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Abstract: [ Objective |Rice is the staple food of most Chinese people,so that its yield is critical for nation-
al food security. Hence , improving per unit yield is still the most important goal of rice breeding at present.The
inactivation of the OsGnla/OsCKX2 in rice has been reported to enhance rice yield by increasing grain numbers.
In this study, the CRISPR/Cas9 technology was used to generate targeted knockout of this gene in the japonica
rice variety “Wanjing 34” to rapidly increase its yield.[ Method | In the present study, loss—of—function muta-
tions of the OsGnla gene were generated by gene editing technology , and three independent T such lines harbor-
ing both wild type and mutant alleles were chosen for experiment.The homozygous mutant (mutant group) and
non—mutant (wild—type control )sister lines (T, generation )derived from a common T, ancestorwereused for yield
trait compare to study the effect of Gnla disruption on yield components.In the field experiment, the mutant and
the wild type control replicates derived from a common ancestor were randomly arranged. [ Result] The data
showed that, as compared with that in the control groups, the grainnumber per panicle in the mutant groups of
all the three lines (designated as #01, #06 and #16) significantly increased (by 26.2%, 19.8% and 19.0%, re-
spectively;21.67% on average ).Meanwhile, the mutants of two lines (#06 and #16)out of the three ones showed
significantly increased 1 000—grain weight (increased by 8.0% and 8.8%, respectively) , relative to that of the
controls.Conversely, the mutants of the same two lines (#06 and #16) showed significantly decreased tillernum-
bers (decreased by 9.8% and 15.7% , respectively).It is worth noting that the mutants of Line #01 also showed a
13.4% decrease of tillernumber but the change was not statistically significant.There was no significant change
in seed setting rate between the mutants and the wild types of all the three lines.The changes of theoretical yield
per plant were not consistent among the three lines.According to the mean value , two mutant lines (#01 and
#06)showed increased yield (increased by as high as 35.1% and 18.5% respectively ) relative to the wild types,
but the differences were not statistically significant.On the contrary, the mutants of Line #16showed a signifi-
cantly decreased yield (decreased by 27.3% )relative to the controls.[ Conclusion ]It is very certain that knock-
out of OsGnla can effectively increase grainnumber in japonica rice.The conduct may also improve grain weight
and reduce tiller number, but these effects may be affected by environmental factors.As a result, the yield per
plant may also change (even yield reduction may take places).Taken together, it is suggested that the disruption
of only the single gene Gnla can not necessarily improve the yield.
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Targetsite- - - - Cutssite- - -PAM--------------Basecounts.
P
H#WT- - GGCTCGGTCCACCTGAACCAGG@CCTGGTCGAGACC« wT
#01-- - GGCTCGGTCCACCTGA- CCAGGGCCTGGTCGAGACd —
#02-- - GGCTCGGTCCACCTGT-CCAGGGCCTGGTCGAGACC wes il
#03-- - GGCTCGGTCCACCTGC-CCAGGGCCTGGTCGAGACC: - - - - - - - 2+1,
#04-- - GGCTCGGTCCACCTGA--CAGGGCCTGGTCGAGACC - - - - -+ - - - 2550
#05- - - GGCTCGGTCCACCTG--CCAGGGCCTGGTCGAGACC - -+ -+ -+ -2, #01
[#56:- - GECTE BRI ACE B AL L AGCECL TG ICGAGALE « = v rx vxeid
#07-- - GGCTCGGTCCACC-—-ACCAGGGCCTGGTCGAGACC- - -+ - - -+ - -3,
#08- - - GGCTCGGTCCA---—-ACCAGGGCCTGGTCGAGACC: - -« -+~ -850
#09- - - GGCTCGGTCCA---—-CCAGGGCCTGGTCGAGACC: - - -+ - - - 6o
#10- - - GGCTCGGTCCACCT——-GGGCCTGGTCGAGACC: - -+ - - - 6o #06
#11-- - GGCTCGGTCCACT - GGCCTGGTCGAGACC: - -+« -+ -+ - 941,
#12-- - GGCTCGGTormemmv CCAGGGCCTGETCGAGACE: ¢ +o+wvvwn tin i Q)
#1734« GGCTCGETCCACCTOA TGGACTACACC:- -~ - -+ ----- - 9+38NP.
1 S CEETCEGTEEE i v FDPACC: s comioaas R, = - .k
#15-- - GGCTCGGTCCACCTGACGCCAGGGCCTGGTCGAGACC - il T
Fi6-- - GGCTCGGTCCACCTGAAACCAGGGCCTGGTCGAGACC\ 1.
#17-- - GGCTCGGTCCACCTGAAAACCAGGGCCTGGTCGAGACC - - - - +2-

A Gnla ¥EOLRTFRAENGIL . WT g HFA Y #01---#16 N ARG AL AL 5 o AR AP A7 i LK PAM V£
IR PR G FR G BT SMHE R AR, o sgRNA Fe SR IR TRAE 75 iR RIZ MR 7 8] = A 2R BT U 05 7R AR A
R TP 2L R R R AR B 2R, 2168 T R 2 SRR B R A A 5 TR A S B R i 4 () R 1 i 2k (—) 4. B
O M A RN 3 AN G AR AR 2 1 I e e 1L, A I A R b = R R R 0L B R B UL, TE#01 FI#06 bR 3 P = M 4R /R i B R
BRHE BRI AL AL, TE#16 BR FR P = A 875 (7 RN A0 i ) 7 8

A indicates the mutations of Gnla target site. WT was the wild type and #01 to #16 were the different mutation types.In the
wild type, the target site and PAM site are, shaded in grey, and bolded plus boxed, respectively, with the transcription start base of
the sgRNA bolded and under lined.The inverted triangle represented the cut site of the Cas9.In mutant plants, the dashed line indi-
cates sequence deletions and the underlined and red bases indicate insertion. The numbers on the right of the figure indicate the
numbers of inserted (+)and deleted bases(—).B showed the chromatogram graph section corresponding to target site of wild—type
and three mutant lines.The triangles in the wild—type, in line #01 and line #06, and in line #16 denote the cut site; the base imme-
diately before the deleted ones;and it the inserted base, respectively.
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Fig.1 Mutations of the Gnla target site in gene editing lines
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Tab.1 The genotypes of different gene editing lines

WHRZ eI ZE AR HEP A
Line Number Deduced mutation type Genotypes
L1 A R4S Chimeric #07 #08 #09 - - -
1.2 5 28 7% Chimeric #06 #07 #01 #11 #12 WT
L3 4l £ 5848 homozygous #01 - - - - -
L4 Ay 2878 Chimeric #03 #01 #15 #10 - -
L5 % & 227 Chimeric #01 #13 wWT - - -
L6 XA HE P 58742 Biallelic #14 #17 - - - -
L7 RUEEA F K 2875 Biallelic #06 #07 - - - -
L8 7 himeric #01 #05 #16 #02 #17 WT
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L9 B 9€74% Chimeric #01 #04 #09 - - -
L10 WA H R 5€ 4% Biallelic #01 #17 - - - -

L11 74 5278 Heterozygous #01 WT - - _ _
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A B.C.DFIE 53120 Gnla SALRK Z2 55 BF AR A E 73 BE R RERLEC S5 503 TR0 BT S FpR ™ B 1 A LU A 23 #5401
#06 F1#16 1541 % FAL ¥ 5 G5 Jy#01 #06 A 16 (AT OL WL P 1A) HEN ZAS bR R 19 3N [ FLARAL, WT W BFAE B, MUT
SHGAENR, [A]—2H N Y B A BRI SRR A ] — R R T AU s Bl A 08 “ B EAR DR, #01 SR F /N X K n=2,#06
F#16 Bk 22 /NXEn=3 , B/NXE R 101 Hbk ., P<0.05;%%, P<0.01 ;%% , P<0.001 ; 2 57 b 25 P ik 27 1 S A:

A,B,C,D and E denote changes of tiller number, grain number per panicle, seed setting rate, 1000—grain weight and yield
per plant in the gn/a mutants relative to those in the wild types.#01,#06 and #16 indicate the comparative groups including the
gnla mutants with alleles numbered as #01,#06 and #16(see Fig.1A for sequences).WT,wild types; MUT, gn/a mutants.WT and
mutants within a group were derived from a common line of T, generation plant; values are “means + SE”, n(replicate number of
plots)= 2 for Line #01, and n=3 for Line #06 and Line #16, ten plants were observed for each replicate; *, P<0.05; **, P<0.01;
#ik P<0.001 ;the significance was determined by Student’s ¢ test.
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Fig.2 Changes of yield related traits in gn/a mutants as compared to those in the wild type
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