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Supplemental Methods 

Hairy root transformation 

Five strains of A. rhizogenes, AR10, AR1193, K599, R1000, and R1200, harboring a binary vector 

with a GFP reporter gene were used to develop a hairy root transformation protocol in pea cv. 

CDC Inca. A. rhizogenes strains were grown for 16-18 hrs at 28 °C and 200 rpm in LB broth 

containing 50 mg/L spectinomycin. Strains AR10 and AR1193 were also grown with 50 mg/L 

rifampicin and 100 mg/L histidine. Cells of the overnight culture were collected by centrifugation 

at 3,000 rpm for 25 min. Collected cells were resuspended up to an OD600 of 0.8-1.0 to produce 

infection media (1x MS, 100 µM acetosyringone, and pH 5.7). Pea seeds were surface sterilized 

in 70% ethanol for 1 min, followed by 10% commercial bleach for 8 min and rinsing in sterile 

water. Seeds were grown for 10-12 days in germination media (0.5x MS, 0.7% phytoagar, and pH 

5.7). Both stems and stipules were cut at both poles into 5 mm pieces and used as explants. 

Explants were pre-cultured on co-cultivation media (0.5x MS, 3.0% sucrose, 0.7% phytoagar, 100 

µM acetosyringone, and pH 5.7) for 1 day before transformation. After pre-culturing, explants 

were incubated in infection media for 30 min. Explants were then dried on sterile Kimwipes and 

added to co-cultivation media covered by sterile filter paper where they were incubated in the dark 

for five days. Explants were then transferred to bacterial clearing media (0.5x MS, 3.0% sucrose, 

0.7% phytoagar, 250 mg/L cefotaxime, and pH 5.7). Explants were incubated on the clearing 

media for 10 days in the dark with roots first appearing after 3-4 days. Based on hairy root 

productivity and GFP signal data, the CRISPR binary vectors were transformed into strain AR10.  

Transformation with CRISPR constructs was carried out in the same manner as above, and 

after growing for 14 days on the clearing media, roots were removed from the explant and 

transferred to selection media (0.5x MS, 3.0% sucrose, and 0.7% phytoagar, 50 mg/L kanamycin, 

and pH 5.7). The heat treatment consisted of incubating explants on the clearing media at 37 °C 

for 3 hrs each day for four days followed by a 24 hr 37 °C incubation and then two days of no heat 

treatment. This cycle was repeated twice before hairy roots were transferred to the selection media. 

Hairy roots grown in standard conditions were kept at 24 °C throughout the experiment. After 14 

days the number of hairy roots that grew on selection media was recorded. Genomic DNA was 

extracted from 20-50 mg of finely ground root tissue using the E.Z.N.A.® Plant DNA Kit (Omega 

Bio-Tek). Genomic DNA was screened to determine if the lines were transgenic using T-DNA 
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specific primers, 18/19. PsBAS1 was PCR-amplified using primers, 20/21, and analyzed for 

mutations with Sanger sequencing. 

 

Stable transformation 

From the hairy root experiments, it was determined that the AtU6-26 promoter for gRNA 

expression and 37 °C heat treatment was the most effective at inducing mutations. Therefore, these 

same conditions were used to produce stable transgenic plants. A. tumefaciens strain EHA105 

containing the CRISPR binary vector was grown for 16-18 hrs at 28 °C and 200 rpm in LB broth 

containing 50 mg/L spectinomycin and 50 mg/L rifampicin. Cells of the overnight culture were 

collected by centrifugation at 3,000 rpm for 25 min. Infection media (1x MS, 100 µM 

acetosyringone, and pH 5.7) was prepared by resuspending the collected cells to an OD600 of 0.2. 

Pea seeds cv. CDC Inca were surface sterilized as above and imbibed for 20 hrs in sterile water. 

The embryonic axis of seeds was removed from the cotyledons and sliced five times perpendicular 

to their long axis. The slices were placed onto filter paper lined co-cultivation media (1x B5 media, 

3.0% sucrose, 0.8% phytoagar, 3 g/L KNO3, 770 mg/L CaCl2, 800 mg/L L-glutamine, 500 mg/L 

MgSO4·7H2O, 100 mg/L L-serine, 10 mg/L glutathione, 1 mg/L adenine, 1 mg/L 2,4-D, 0.2 mg/L 

kinetin, and pH 5.7). The explants were then covered with 5-10 µL of infection media and 

incubated for 4 days. Explants were then transferred to callus inducing media (1x MS macro- and 

micro-nutrients, 1x B5 vitamins, 3.0% sucrose, 0.8% phytoagar, 2 mg/L BAP, 2 mg/L NAA, 150 

mg/L Timentin©, 40 mg/L kanamycin, and pH 5.7). For heat treatment experiments the explants 

were exposed to 37 °C for 24 hrs after being transferred to callus inducing media. Shoots that grew 

at this stage were removed from the explants as they are the result of embryonic tissue 

differentiation. After 2 weeks on callus inducing media, the calli formed were transferred to shoot 

inducing media (1x MS macro- and micro-nutrients, 1x B5 vitamins, 3.0% sucrose, 0.8% 

phytoagar, 4.5 mg/L BAP, 0.02 mg/L NAA, 150mg/L Timentin©, 50 mg/L kanamycin, and pH 

5.7). Calli were incubated on shoot inducing media for 6-9 weeks with fresh media being supplied 

every 2 weeks. Shoots that were 0.5-1 cm in length were transferred to root inducing media (0.5x 

MS, 3.0% sucrose, 0.8% phytoagar, 0.185 mg/L NAA, 150mg/L Timentin©, and pH 5.7). Once 

shoots were 5-6 cm, with prolific root growth, the plantlets were transferred to soil and placed in 

plastic resealable bags to maintain a high humidity environment. The plantlets were slowly 
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hardened by gradually opening the plastic bags over a 2 week period. Once the plants had grown 

to 10-15 cm in length genomic DNA was extracted and analysed as described for hairy roots.  

 

Purification of DDMP saponin 

A DDMP saponin standard was purified from commercial pea flour (Parrheim Foods) defatted 

with hexane. DDMP saponin was extracted from the defatted flour with 80% ethanol. Ethanol was 

removed from the extract using a rotary evaporator. DDMP saponins were captured on a C18 solid 

phase extraction (SPE; Supelco®) column. The column was washed with water, and metabolites 

were extracted using 45%, 70%, and 100% methanol. The 70% methanol fraction was then loaded 

into a Vanquish HPLC system (ThermoFisher) in tandem with a TSQ Fortis mass spectrometer 

(ThermoFisher) and separated on an InfinityLab Poroshell 120 (75 mm x 2.1 mm i.d., 2.7µm, 

Agilent) column. Metabolites underwent positive ionization using H-ESI. Full scans of m/z 500-

1,500 ions and UV were used to identify peaks corresponding to DDMP saponin. The mobile 

phases consisted of water (A) and acetonitrile (B) each containing 0.1% formic acid. The solvent 

gradient for purification of the DDMP standard was as follows; 3 min hold at 63:37 (A/B), 7 min 

change to 60:40, 3 min change to 20:80, 1 min change to 0:100, 3 min hold at 0:100. The column 

temperature was held at 30 °C, and the flow rate was set to 800 µL/min. For purification of DDMP 

saponin, the TSQ Fortis mass spectrometer was disconnected, and fractions containing DDMP 

saponin were collected from the HPLC. The collected DDMP saponin was then dissolved in 

methanol and quantified based on the previously reported molar extinction coefficient (ε = 4,504) 

at 292 nm (Hu et al, 2002). 

 

Reference 

Hu J, Lee S-O, Hendrich S, Murphy PA (2002) Quantification of the group B soyasaponins by 

high-performance liquid chromatography. J Agric Food Chem 50: 2587–2594 
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CCAACTTTGTACAAAAAAGCAGGCTCCGCGGCCGCTTTATCAGCTTACATTTTCTTGAACCGTAGCTTTCGTTTTCT

TCTTTTTAACTTTCCATTCGGAGTTTTTGTATCTTGTTTCATAGTTTGTCCCAGGATTAGAATGATTAGGCATCGAA

CCTTCAAGAATTTGATTGAATAAAACATCTTCATTCTTAAGATATGAAGATAATCTTCAAAAGGCCCCTGGGAATCT

GAAAGAAGAGAAGCAGGCCCATTTATATGGGAAAGAACAATAGTATTTCTTATATAGGCCCATTTAAGTTGAAAACA

ATCTTCAAAAGTCCCACATCGCTTAGATAAGAAAACGAAGCTGAGTTTATATACAGCTAGAGTCGAAGTAGTGATTG

AACAAAGCACCAGTGGTCTAGTGGTAGAATAGTACCCTGCCACGGTACAGACCCGGGTTCGATTCCCGGCTGGTGCA

CGTTCGAGACCATGAGCAAGGACGAGGAGCTGTTCACCGAGTGATCGTGTACATCCTAGTGGTCTCAGGACGTTTTA

GAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTT

TGCCCAGACGATCTCTGTCTTCGGCGTTCAATGTTCTGGCGCGCCGACCCAGCTTTCTTGTACAAAGTTGG 

 

Figure S1.  AtU6-26 driven gRNA expression cassette. 

Black text, pENTR™/D-TOPO™ specific sequence for Gibson assembly into NotI/AscI site of the 

vector; Red text, restriction enzyme sites NotI (GCGGCCGC), BsaI (GAGACC/GGTCTC) and 

AscI (GGCGCGCC). Green text, AtU6-26 promoter; Purple text, tRNAGly; Blue text, filler 

sequence to be removed by BsaI digestion and replaced with gRNA fragments; Grey text, 

tracrRNA; Pink text, AtU6-26 terminator.  
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Figure S2. CRISPR construct cloning strategy 

A) Cloning of the CaMV35S gRNA expression cassette is represented here. To express multiple 

gRNAs in a single transcript each gRNA fragment was flanked by an auto-cleavable tRNA 

sequence. To assemble this gRNA-tRNA array, each gRNA fragment was produced using a 

tracrRNA-pre-tRNAGly template. gRNA fragment 1 underwent a second amplification step to 

add a tRNA sequence to the 5’ end. Note that the reverse primer for gRNA fragment 3 in the 

AtU6 (AtU6-26) vector did not contain a 5’ overhang. The CaMV35S and AtU6 gRNA 

expression cassettes were synthesized and added to the NotI/AscI site of the pENTR™/D-

TOPO™ vector. The three gRNA fragments were cloned into the BsaI site of the gRNA 

expression cassettes in a single step using Gibson assembly. The gRNA expression cassette was 

then transferred to a modified pK7WG2D binary vector containing a CaMV35S driven Cas9 

expression cassette using LR Clonase™ II Enzyme mix. B) The final CRISPR constructs. 
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Figure S3. Analysis of mutations in PsBAS1 from hairy roots transformed with CRISPR 

constructs. 

A) Hairy roots growing from a pea explant. B) Hairy roots growing on selection media after 

being removed from the explant. C) Agarose gel images of PsBAS1 PCR products amplified 

from transgenic hairy roots. Some PCR products vary in size from the wild-type (WT) and 

therefore represent mutations. PCR products were also Sanger sequenced to identify lines with 

more subtle mutations. WT samples were generated using the native AR10 strain, lacking the 

CRISPR construct. (+) samples are from CRISPR construct plasmid templates. D) An example 

Sanger sequencing chromatogram from line 3 produced with the AtU6-26 promoter for gRNA 

expression and grown at 24 °C. This is an example of a chromatogram signal which would be 

interpreted as a mutation. This line was determined to be mutated because a secondary peak 

appeared near the DSB (represented by a dashed line) of gRNA4 indicating a mixture of alleles. 
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Figure S4. LC-MS analysis of saponins extracted from wild-type and psbas1 seeds.  

A) MRM chromatograms for the saponin B standard and metabolite extracts from CDC Inca and 

psbas1 mutant seeds. The m/z values for parental and daughter ions were 943.7, and 423.3, 

617.4, and 797.5, respectively. B) MRM chromatograms for the DDMP saponin standard and 

metabolite extracts from CDC Inca and psbas1 mutant seeds. The m/z values for parental and 

daughter ions were 1,069.5, and 423.3, 743.3, and 923.5, respectively.  
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Figure S5. Wild-type (CDC Inca) and psbas1 mutant lines at different developmental 

stages.  

A) 4-day-old germinated seeds. B) 15-day-old seedlings. C) 66-day-old plants. 
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Table S1. Genotype of line 1 T2 progeny. 

Line Transgenic gRNA2 gRNA4 gRNA3 

1-1 + 

Insertion of inverted gRNA2 to gRNA3 region 

between gRNA2 and gRNA3 with a CGA deletion 

at gRNA2 and CAA deletion at gRNA4 in the 

inserted fragment 

1-2 + 

1-3 + 

1-4 + 

1-5 

(psbas1-1) 

- 

1-6 + 

12bp - deletion TC - deletion 8-bp deletion 

1-7 + 

1-8 + 

1-9 

(psbas1-2) 

- 

1-10 + 

Heterozygous mutations 

1-11 + 

1-12 + 

1-13 + 

1-14 + 

1-15 + 

1-16 + 

1-17 - 

1-18 - 
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Table S2. Primers used in this article. Underlined sequences represent overhanging sequences 

used for Gibson assembly which will not bind to the desired PCR template.  

Primer 

Number 
Sequences 

1 GCTGCAGGAATTCGAT ATGTGGAGGTTGAAGATAGCAGAAG 

2 CGGTATCGATAAGCTTGAT CTAGATTGAATGATCAAGTGTACCTGGTG 

3 CACACAGGAAACAGCTATGA 

4 CGTTGTAAAACGACGGCCAG 

5 
GAAATTAATACGACTCACTATAGGTTTCTACAACAACCGCTTCG 

GTTTTAGAGCTAGAAA 

6 
GAAATTAATACGACTCACTATAGGCACATGGCTTAACCTCGAAG 

GTTTTAGAGCTAGAAA 

7 
GAAATTAATACGACTCACTATAGGAAAGGAGGCATGAAAAATAG 

GTTTTAGAGCTAGAAA 

8 
GAAATTAATACGACTCACTATAGGAGAGGACCTGCAATTTGAGC 

GTTTTAGAGCTAGAAA 

9 
GAAATTAATACGACTCACTATAGGAGCTGGCCAATGACCATCAC 

GTTTTAGAGCTAGAAA 

10 AAAAAAGCACCGACTCGGTGC 

11 
AAAGGAGGCATGAAAAATAG 

GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAG 

12 CTTCGAGGTTAAGCCATGTG TGCACCAGCCGGGAATC 

13 
CACATGGCTTAACCTCGAAG 

GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAG 

14 GCTCAAATTGCAGGTCCTCT TGCACCAGCCGGGAATC 

15 
AGAGGACCTGCAATTTGAGC 

GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAG 

16 ACTGGTGATTTTTGCGGACT TGCACCAGCCGGGAATC 

17 GCACCGACTCGGTGC 

18 TGAGAATTAAGGGAGTCACGTTATGACC 

19 CGGCCATTTTCCACCATGATATT 

20 ACCGTCACCTCTTCACACAC 

21 GAACACCGAATCAAGATGTCC 

 

 


