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Introduction Results

Raffinose family oligosaccharides (RFOs) are major soluble carbohydrates in soybean seeds that cannot be Genotyping of TO generation
digested by human and other monogastric animals. Understanding of RFOs biosynthesis and metabolism can help
manipulate the amount of these carbohydrates in soybean products. In this study, we utilized a dual gRNAs ~ N o

QY N > a,ba’b
CRISPR/Cas9 system to induce knockouts in two soybean galactinol synthase genes, GmGOLS1A and its T8 & _Q 9 9 9O | | :
homeolog GmGOLS1B, which are putatively involved in an early step of RFO biosynthesis. The CRISPR/Cas9 _ ’
| i

construct employed induced various deletions in the target sites or sequences spanning the two target sites of both
GmGOLS1A and GmGOLSI1B genes at TO generation. A subset of induced alleles was successfully transferred to
progeny and we identified null segregants of single and double mutant genotypes without off-target induced
mutations. When grown in greenhouse condition, double mutant lines showed a reduction in the total RFO content
of soybean seed by 35.2% decrease. On average the amount of stachyose, the most predominant RFO in soybean
seeds, decreased by 35.4% in double mutant soybean, while the raffinose content increased by 41.7%; the amount
of verbascose, a complex RFO synthesized from stachyose, was also reduced. No difference in seed germination, _ o _ _ _ _ . | © 24 aaaa
_ o o Figure 3. Early identification of edited GLOS genes at TO generation using PAGE-based genotyping. Edited r 2 a aaa
plant development and morphology was observed In the mutants. Our findings Indicate that GmGOLSI1A and plants show heterozygosity at target sites, which can be identified as slow-moving heteroduplex bands BT E
GmGOLS1B contribute to soybean oligosaccharides profile through RFO biosynthesis pathways, and are promising

targets for future investigation, as well as crop improvement efforts. ®DT26 ©D1.1-7-2 ®D1.1-14-3 m=D1.1-54 =D1.1-7-1 mDT26 ©D1.1-7-2 ®D11-14-3 ®=D1.1-54 ®D1.1-7-1
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Figure 6: Carbohydrate composition in soybean seeds, with the major carbohydrates stachyose and sucrose in (A) and
less abundant carbohydrates in (B). Wild-type seeds are of DT26 cultivar; D1.1-7-2, D1.1-14-3 are seeds from
respectively named T2 gmgolslA single mutant; D1.1-5-4, D1.1-7-1 are seeds from T2 gmgols1lA gmgolslB double
mutants. Statistical analysis was done using one-way ANOVA followed by a post-hoc Tukey’s multiple range test.
Different letters denote significant differences at p <0.05
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Galactinol synthase (GOLS) H - CRISPR/Cas9 system is an efficient, fast and cost-effective approach for simultaneous targeted

Raffinose

Target 1 Target 2 A Genotype

GOLS1A-WT TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGTACAAGETGGGTTACTGCCAGCAATGCCCGGAGAAGGTGCGGTGGCCC S ucces Sfu I mu t ag enes | S Of G m G O L S 1 A/ G m G O L S 1 B I e d to new C arb 0 hyd r ate p rofl I e.

D1.1-2-a TTTTACGC AGAAGGTGCGGTGGCCC =77
o D1.1-2-b TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACA---CT-——---—=-———-———-—————————————— CCCGGAGAAGGTGCGGTGGCCC -3, -29
T D1.1-5 TTTTACGC AGAAGGTGCGGTGGCCC =77 Homo

° AeRAGGIGEGGTEGCCe Reduction of stachyose contributed to an overall decrease of soybean seeds RFO content.

D1.1-7 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACA---CT----—-—-——————————————————————— CCCGGAGAAGGTGCGGTGGCCC -3,-29 Homo

0]
Galactinol 3 : . . .
mutagenesis of soybean multi-copies genes.
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o Biallelic
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UDP-galactose

D1.1-13 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACA -~ —CT - === —— = m—— - mmmm o mmmmm e CCCGGAGAAGGTGCGGTGGCCC -3,-29 Homo

D1.1-14 TTTTACGC AGAAGGTGCGGTGGCCC 77 Homo

M3.1-2 —-a TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGT ATGCCCGGAGAAGGTGCGGTGGCCC 22 . 11 1 I 1 1 1 1

Va12 - TTTACGCTGTGATGOATIGTTTCTCCAGAACACATGGACTCACACCCE CeAGRAGGTACEETERCCC The modified content of sucrose and raffinose merits further investigation of galactinol synthase
M3.1-5 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGT ATGCCCGGAGAAGGTGCGGTGGCCC 22 Homo

M3.1-6 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCC GGAGAAGGTGCGGTGGCCC -33 Homo aCt|V|ty

M3.1-9-a TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGT ATGCCCGGAGAAGGTGCGGTGGCCC 22 .
M3.1-9-b TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCC GGAGAAGGTGCGGTGGCCC -33
M4.1-1 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACAC ATGCCCGGAGAAGGTGCGGTGGCCC -30
M4.1-1 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCC ATGCCCGGAGAAGGTGCGGTGGCCC 27
M4.1-2 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGTACAAGGTGGGTTACTGCCAGCAATGCCCGGAGAAGGTGCGGTGGCCC 0

Hetero
M4.1-2 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACAC ATGCCCGGAGAAGGTGCGGTGGCCC -30
M4.1-4 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACAC ATGCCCGGAGAAGGTGCGGTGGCCC -30 Homo
M4.1-5 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACAC ATGCCCGGAGAAGGTGCGGTGGCCC -30 Homo

C Target 1 Target 2 A Genotype
GOLS1B-WT TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGTACAAGGTGGGGTACTGCCAGCAATGCCCGGAGAAGGTGCAGTGGCCC
Dl1.1-2a TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGTACAAGGTGGGGTACTGCCAGCAATGCCCGGAGAAGGTGCAGTGGCCC 0 I . I .I: G G O L S 1 A G G O L S 1 B . d . h . b : .I: h
Stachyose D1.1-2b TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGT TGCCCGGAGAAGGTGCAGTGGCCC -23 Hetero > An a yz e S I n g e m Utants O m y m to I e ntl t e CO ntrl Utl O n O e aC g e n eS .
D1.1-5 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGT TGCCCGGAGAAGGTGCAGTGGCCC -23 Homo
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D1.1-6 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGT TGCCCGGAGAAGGTGCAGTGGCCC -23 Homo

Figure 1. The biosynthesis pathway of RFOs in soybean seeds. Galactinol synthase (GOLS) — encoding genes pL17a T TAC I IGA TG T TG IO TGCGAGAAGACA TGGAGTCACACCCCTCACTACAA GG TG GG TACTGCCAGCARTGCCCGGAGAAGETGCAGTGRCCC 0 , o ”
g y p y y y D1.1-7b TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGT TGCCCGGAGAAGGTGCAGTGGCCC -23 Hetero > Evaluate mutants plant and Seed Character|st|c N Other grOWth Cond|t|ons

was knocked out in this study using CRISPR/Cas9 targeted editing. D1113 PP TACGCTGTGATGGATTG T T TCTGCGAGAAGACATGGAGTCACACCCCTCAGT FGCCCGGAGRAGSTGCAGTGGCCC 23 Homo

D1.1-14 a TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGTACAAGGTGGGGTACTGCCAGCAATGCCCGGAGAAGGTGCAGTGGCCC 0
D.1-14 b TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGT TGCCCGGAGAAGGTGCAGTGGCCC -23
M3.1-2 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGTACAAGGTGGGGTACTGCCAGCAATGCCCGGAGAAGGTGCAGTGGCCC 0 WT > M d 1 I d I 1 f b d b h d 1 h d I 1 I h n 71
M3.1-5 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGT ATGCCCGGAGAAGGTGCAGTGGCCC -22 Homo O re etal e an a yS I S O S Oy e an S e e Car O y rates Wlt re g ar S to g a aCtI n O Sy nt aS e aCtIV I ty
M3.1-6 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGT ATGCCCGGAGAAGGTGCAGTGGCCC -22 Homo
M3.1-9 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGT ATGCCCGGAGAAGGTGCAGTGGCCC -22 Homo
M4.1-1 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAG---AAGGTGGGGTACTGCCAGCA--GCCCGGAGAAGGTGCAGTGGCCC -3,-2 Homo . . . . . . . . .

g RNA PAM PAM g RNA M4.1-2 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGTACAAGGTGGGGTACTGCCAGCAATGCCCGGAGAAGGTGCAGTGGCCC 0 WT > I nve St' g at| O n | n to re m al n | n g g al aCtI n O I Syn t h aS e g e n eS | n S Oyb e an y aS We I I aS Ot h e r g e n e S I nVO |Ve d I n
M4.1-4 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGTACAAGGTGGGGTACTGCCAGCAATGCCCGGAGAAGGTGCAGTGGCCC 0 WT

M4.1-5 TTTTACGCTGTGATGGATTGTTTCTGCGAGAAGACATGGAGTCACACCCCTCAGT ATGCCCGGAGAAGGTGCAGTGGCCC -22 Homo . .

RFO biosynthesis.

Hetero

5> -GAGTCACACCCCTCAGTACAAGGTGGGTTACTGCCAGCAATGCCCGGAGAAGGTGC- 3° _ _ . :
3’  _CTCAGTGTGGGGAGTCATGTTCCACCCAATGACGGTCGTTACGGGCCTCTTCCACG- 52 Figure 4. Gel electrophoresis shows targeted mutant segregation in T1 (A) and T2 (B) generation plants from the D1.1

Target 1 Target 2 line (DT26 background). In (C) are genotyping results of selected T1 plants from three TO events D1.1, M3.1, M4.1. A f
indicates the targeted sequence changes: 0 for no change, - for deletion, + for insertion. The genotypes of T1 mutant Re e re n ces
lines were classified as biallelic for two different mutant alleles, hetero for heterozygotic with one wild type allele and
I one mutant allele, homo for homozygotes with two identical mutant alleles.
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double mutants. Statistical analysis was done
using one-way ANOVA followed by a post-
Figure 2. Complementary sequences to the guide RNAs on the targeted sites shared by | hoc Tukey’'s multiple range test. Different
GmGOLS1A and GmGOLSI1B. The locations of the primer pairs used to genotype GmGOLS1A | letters denote significant differences at p
and GmGOLS1B are noted on the respective genes’ diagrams. | Y Y Y Y ‘ <0.05.. n=4.
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