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Loss-of-function mutations in 4751 reveal its dispensable role in normal seed
development of Arabidopsis thaliana
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Abstract: [Objective] Glycerolipids are the main constituents of biological membranes. ATS1 catalyzes the
first acylation reaction in the prokaryotic pathway of glycerolipid synthesis. However, the function of ATS1 in
normal plant growth and development is not completely understood. The present study was intended to dissect
the effect of loss of function of A7S1 on plant growth and development by taking a reverse genetic approach.
[Method] Loss-of-function mutants of the A7S1 gene were constructed by using CRISPR/Cas9 gene editing
technology. Then, comparative analysis was conducted on phenotypic difference between the mutants and wild
type Arabidopsis thaliana during the entire growth phase. [Result] Molecular characterization of multiple
mutants revealed that the number of base pairs inserted or deleted in the first exon of the A7S1 gene is not a
multiple of three, resulting in frameshift mutations or premature translation termination. Consistent with this,

the content of polyunsaturated fatty acid C16:3 in the leaves of these mutants decreased sharply, concomitant
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with significant increases in the content of C18:3. Meanwhile, phenotypic analysis showed that loss of ATS1
gene function sometimes made the leaves turn slightly yellow, while having no visible effect on seed
development. [Conclusion] The above results strongly indicate that A7S1 is dispensable for 4. thaliana seed
development under normal growth conditions. [Ch, 3 fig. 2 tab. 25 ref.]
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15 FUARFF A S & ATS1 #LF51f) CRISPR/Cas9 FE R 4 2K (7 mCherry 3145 R 2R
e, IR 2R T, R SERFIF (& 1A). BlJS, SR FH 2R DR s T P PR e L ik vk 68 e 2 S TR PH
PR ATS1 JEH 4= Y0 PCR &34 Bes Pk (] 1B). ZiEZe 2000, WA R L R ik 2 10 5 040 5
BRI 3 ANl G HARRE B M RAR K, 43ilan 4 R ats1-1. ars1-2, ats1-3. [AA), XX SEEAB ki
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Figure 1  Screening of transgenic plants carrying the mCherry fluorescent protein and those with CRISPR/Cas9-edited ATS1 gene product
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Figure 2 Sequences of mutational sites in 4751 gene in different ats1 mutants
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ATS1 SRR NR TR 4H 43 A2 A 58 A — 2 RN BTARAM H AR A & C16:3, Hol i AF7e T B b iy £
2P FUBE L T EFE H W (monogalactosyldiacylglycerol, MGDG) ‘& 281 sn-2 A7 &2, L, atsl-1. atsl-
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Table 2  Leaf fatty acid composition of ats1 mutants and wild-type A. thaliana

(s RIRRZEL S & /%
NRHITR
Cl6:0 Cl6:1 Cl16:3 C18:0 C18:1 C18:2 C18:3
WT 14.91+0.73 a 7.35£0.53 a 11.56+0.38 a 6.17£1.55a 4.37+0.59 b 14.89+1.30 b 38.50+3.04 b
ats1-1 11.91+£0.65 b 5.55+0.69 b 0.70+0.15 b 3.89+0.87 a 8.65+£0.75 a 18.61+0.54 a 49.14+2.24 a
ats1-2 11.20+0.18 b 5.93+0.89 ab 0.65+0.15b 4.67+0.32 a 8.89+1.06 a 18.67+0.98 a 48.31+1.68 a
ats1-3 12.29+0.81 b 6.00+0.93 ab 0.57+0.18 b 6.02+1.62 a 9.08+1.02 a 18.28+0.88 a 46.04x1.45a

Uil WA RIS IR, n=3, A[E/ING FHREFRIR AR MR Z 0] 23525 57 (P<<0.05).
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AR B IRG, (HAERRNM A & B SR A BIAR LL TG S 25 55 o S ik b3 A A I 2 SR R . 58P A
TIAH LG, S8 fRM bR b3 A B35 25 5 (K] 3 B), XTAEARM F i A0 25 B s . 5 8P4 BUAH
I, RADKFEBRI S ER ab 29 L FF 29.5%(181 3 C). MM RIEARK S R SEAR—F, ABKK
AF TR EFIER, TMBEML I (B 3D M E), X—45 1A TE XU EY RS R . AUrsess R
T IEE AR T ATS1 FEH DI RE T R XU R SF AT & & A=A v Wt
3 it
3.1 atsl-1.ats1-2 F0 ats1-3 R IRETE KB SR Tn{k

ZHT, W5 R EMS 5728 545 19 ars1 28725 F1 T-DNA i AZARR, X} ATS1 BER A DI ReEAT T
KEAFTE, SR T AR RGBT e R —3, XATREfArE 2 MR, —J&, EMS 4R
FEAE ) S A T REAN S S = o8 A e R TG R, DT 7E R Se e S5 0F T, 28R R AV R
&, T-DNA A BT LSS H R B DR 4238k P, {0 T-DNA i A 0l B8 & T Hudi A AL S B
R B, MR AR R A R I = A A AMARZ IR . A T HEBR LR PRI ZE X ATS1 SE R Dy aEAF 5% 7= AR 1) T
o, Awr5Eis B IE R g H AR QN6 T A5 SMNE T-DNA 6 A Bty ATS1 Difg ek R g AR A

XPIAY 3 AN FARAK (ats1-1. ats1-2 Flats1-3) AT T - F 54K R, RIIXLLRAIKTE ATS1 5
VAR F ERAETHA L Bk B GE LR FZE R A 84, X588 S8l 3 A5 B0 B4 A 5%
B, B AE R AR R S B AT L, AT ATS1 R TR, Su—3K, BRIIRAL5r AT
SR A RARRE M B A RIS I R C16:3 OR T S A rp i H ol IR ) A4 & B IR AR, 1
CI83 Mo EF . X LR EGET EMS iAW ars] KR SIEREVEE, B2, 4T
S % B 55 R B ARG AR I A8l ATS1 SRR R AR A
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B3 BRERL A RNET AR MEFYE as] £ TR R AL
Figure 3 Phenotypic comparison of the wild type and ats1 mutants during the vegetative and reproductive stages
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