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Fig. 2 | RagTag enables new reference genomes for Sweet-100 and M82. a, Overview of RagTag “scaffold”,
“patch”, and “merge”. b, A more detailed diagram describing RagTag “patch”, highlighting how sequence from
the query assembly (orange) can be used to fill gaps in the target assembly (green). ¢, A more detailed diagram
describing RagTag “merge” showing how each contig is represented by a pair of nodes for the beginning and
end termini of the sequence with edges between contigs indicating the pair of contigs are adjacent in one of the
candidate scaffolds. The function /() maps contig terminus pairs to Hi-C scores (see Methods). d, nX plots
showing the minimum sequence length (y-axis, log scale) needed to constitute a particular percentage of the
assembly (x-axis). e, Ideogram showing contig boundaries (alternating color and gray) within the final
scaffolds. f, Circos plots comparing M82 to Heinz 1706 (SL4.0). Circos quantitative tracks a, b and c are
summed in 500 kbp windows and show number of genes (a, lower tick=0, middle tick=47, upper tick=94), LTR
retrotransposons (b, 0, 237, 474) and structural variants (c, 0, 24, 48). The inner ribbon track shows whole-
genome alignments, with blue indicating forward-strand alignments and red indicating reverse-strand
alignments (inversions). Darker colors indicate alignment boundaries. g, As for f but comparing Sweet-100 to
Heinz 1706 and showing number of genes (a, 0, 48, 96), LTR retrotransposons (b, 0, 269, 538) and structural
variants (c, 0, 30, 59) and whole-genome alignment ribbons.



bioRxiv preprint doi: https://doi.org/10.1101/2021.11.18.469135; this version posted November 19, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

Figure 3

a b e f
) an® T
-H—H—H— =) , kb] -1 -3 -4 -6 WT -
%'167#$%&'()*8,*-.***1 4++)-. %471)-. 3
>3
L] 0.3
c S —?—) 0.2
0 "#$%&'()*+,*-./0*1 0.1
kb] .1 -2 3 -4 -5 -7 -12 WT - 41+)-
2.0 '
1.0+ 9
0.54]
03 1"#$% "#$&
: AN CCTTCTAGTTTTCTGCCAAACAT29) AGTTAAACTGTTTACAAGEGG
TO-1 CC'IT% ----------------- (1529)---mmrmmemmenae 1AGTCGGG
*%476)-)<AK@
d 1"#$% "#$& "#$% 1"#S& h
SIAP3 G AAGAAATGGGCTATTCAMBETA(182)GGACCAACAATTGTTCGATCTGTBC ( anCR-1568 |
T0-01-51 G AAGAAATGGGE T (182)--mmmrmmm ATTGTTCGATCTGT&C))))))))))))))*&+) 2
T0-02-53G AAGAAATGGGCTATAAGMGETA(182)GGACCMAG-- GTTCGATCTGTAT %)-.  *5)-,
T0-03-s1 G AAGAAATGGGCTATTmGAAG(ETA(l82)GGACCAAACAATTGTTCGATCTGTQC 0
T0-03-52G  AAGAAATGGGCTATFF-----—-(182)--- CAAACAATTGTTCGATCTGTBO)))))))))*%12)-.
T0-04-s1 G AAGAAATGGGCTATTCAAG(B-‘G:TA(lSZ)GGACCA(-\AOAAATTGTTCGATCTGTB: ( 1$
T0-04-52G AAGAAATGGGCTATAGAGAGETA(182)GGACCMACAATTGTTCGATCTGTEC  /$ (
T0-07-s1 G AAGAAATGGGCTATTCAGMGETA(L82)GGACCAMAAAATTGTTCGATCTGTAC /3 I$
T0-07-52G  AAGAAATGGGCTATAAGMGETA(182)GGACCMAG-- GTTCGATCTGTAT %)-.  *5)-,
T0-07-s3G  AAGAAATGGGCTATTCAGMGETA(L82)GGACCAMAAAATTGTTCGATCTGTAC /3 I$
T0-12-51 G AAGAAATGGGCTAT- AAGETA(182)GGACCAACAATTGTTCGATCTGTBC — *4)-, (
T0-12-52 G AAGAAATGGGCTATTCAMBETA(182)GGACCAMACA- TGTTCGATCTGTAT ( 8)-.
T0-12-s3G  AAGAAATGGGCTATAGAGAGETA(182)GGACCMACAATTGTTCGATCTGTEC  /$ (
I N % modified reads m n O JE=9K@DE=
L) " 100 W?D<@>( — LAK@DE=

i |; QE?D<@> i M9:<@CK:<)CA:;N;!:).D=@K@DE

.
FHHSUE().+,*7-9.1 - -
- B 23+ 23+

» ‘{ b %+r—l -— —II— @3 3003 oo 3 OEE: oo 3 3 3 EE0 3 0-">:9:EC:
GH&%)
06&" ()* _g* —
23+#$%&()*7,..8-8*1 pyon 1 U I (s 200 oo < OOMME 0o 2 2 2 EEE s (- T5I118)BY05%8)0: <=
4+ (3330 030K 3000333 (3-117 82
« 2 033030 03(( 30(0333 I43-1I&4SB&7 F
» © C33/CE3o0 oz((-ao(usaa-.(z.&u _}
(330030 Ilao(naazl.(at- 46) <=F
P SN 4 s = I o SRS sofflosss (a(-%ml )B54%)3:<=F
0 i
() 4++)-.

3+

3
i j2 ej2 lin® T, Yot = R O M - O W 00 < S 9EC:
[kb] -1 -6 -8 -9 -17-20-21-29 -32 WT - " TER OO |28)B677 )9 i<=| F
0.44 H < 0 AREEE Bl s p 0 3 .- %ISEB E Sy
. G o o o0 3
03]y s s Y iy e 2 ..oE.o . 3..%%48 B. +,6°__

®
z
@ 684
BRI 4
® Bas(Cco 3
S [ ER 1E%EIBOS:
0.24= = J2 2 W 3 3000 0 LB <
L Iaw CCo £1,18)B78%)
0.34 S
= 45" B;?.A@QCDE)%F 3+
0.24 E32) g %y EEENEBERER as&i!m-(za(a(aa-o-(l(u(3(.—";>:9:EC:
1.0+ U 4o 33 (3 103 3 SIS o ENSICI0 0 [0 3 (OS5, I&SB)B%%&&S
[ ————— 3 33 Lieseok
0.64 LIN © 33 _riyés,z% BY60655)!
33
o 33 &|612)3)Bz4%)9 i<=F

45 B;? A@CDE)& 45" B;?.A@CDE)%F
(

o o OO 3 B o B3 BNOE 3 (O o B8l o B >:9:EC:

| |
&)
R O R

8)9:;<=

)J: g

1 ﬁ
—'l'l
\

-~ o

we Qw

Fo

45" B;?. A@QCDE)&F

+= CENE] LR EREICE] | CIENCCEOGER] | Reed-H={od
EP6 %65 &5 %7%7%7.& 6 %7.&
€ g%sgugﬁz‘wq 01#156)
- = = = > =
TFE% =3 383355838 gopme gL R T
[CEN < [
8o (%)>?@A@:= (zzlvumo-zouz-oz(ouzs-|%|51)5504)9<|=

Fig. 3 | Assessment of genome editing capabilities in Sweet-100. a, CRISPR-Cas9 targeting of SI4P3 using
two gRNAs. Black boxes, black lines, and blue boxes represent exonic, intronic, and untranslated regions,
respectively. b, Images of detached inflorescences (top) and flowers (bottom) from wild-type (WT) and seven
independent first-generation (T0) ap3CR transgenic plants. ¢ and d, CRISPR-induced mutations in S/AP3
identified by agarose gels (c¢) and Sanger sequencing (d). gRNA and PAM sequences are indicated in red and
black bold letters, respectively; deletions are indicated with blue dashes; sequence gap length is given in
parenthesis. e, Full gene deletion of AN by CRISPR-Cas9 using two gRNAs. f and g, Detection of complete
deletion of the AN gene by agarose gel electrophoresis (f) and Sanger sequencing (g). h, Images of WT and
an®R mutant plants in the non-transgenic second (F2) generation. i, CRISPR-Cas9 targeting of the SEP4 gene
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family using five gRNAs. j, analysis of j2 ¢j2 [in¢R TO plants by agarose gel electrophoresis, k, images of T0
plants showing j2 ej2CR double (T0-6) and j2 ej2 linCR triple (T0-17) mutant phenotypes. 1, High-throughput
discovery of CRISPR-Cas9 mutations in J2, EJ2, and LIN by multiplexed amplicon sequencing. Heatmap
shows the percentage of modified reads in 184 T1 and 8 WT control plants. Red arrowheads indicate WT
control individuals. m, Quantification of editing efficiency (percentage of modified reads) in WT, all T1, and
individual T1 families; n equals the number of individual plants. n, Sequences and frequency of edited alleles

identified from in the T1 generation. Scale bars indicate 1 cm.
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Supplementary Figure 1
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Supplementary Fig. 1 | Phenotypic characteristics of the tomato cultivars M82 and Sweet-100 (S100),
and the experimental variety Micro-tom (MT). a, Images of mature leaves from M82, MT, and S100. b,
Images of detached inflorescences from M82, MT, and S100 plants and quantification of flower number per
inflorescence. n equals the number of inflorescences. ¢, Images of detached fruit clusters from M82, S100 and
MT. d, Quantification of days from anthesis to breaker fruit (left) and red fruit (right panel) in M82, MT, and
S100. e, Images of fruits from M82, MT, and S100 and quantification of fruit weight. f, Images of fruits and
quantification of seed number per fruit in MT and S100. n equals the number of fruits. g, Quantification of fruit
sugar content in MT and S100. n in d-g equals the number of fruits. Scale bars indicate 1 cm. Letters in c and e

represent post-hoc Tukey’s HSD tests. P values in f and g represent two-tailed, two-sample #-tests.
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Supplementary Figure 2
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Supplementary Fig. 2 | Hi-C heatmaps confirm reference assembly structural accuracy. Hi-C heatmaps
for the M82 v1.0 and the Sweet-100 v2.0 reference assemblies. The 12 chromosomes are sorted from largest
(top left) to smallest (bottom right).
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Supplementary Fig. 3 | Plant transformation and CRISPR-Cas9 genome editing in Sweet-100. a and b,
Number of weeks for obtaining transgenic plants, determined in weeks from sowing to transfer to soil. Data is
shown for eight independent transformation experiments. n equals number of transgenic plants. ¢, PCR-
genotyping for deletions in S/AP3 in the non-transgenic second (F2) generation. d, Images of detached
inflorescences (left) and flowers (right) from wild-type (WT) and ap3¢R F2 plants. e, Sequence of CRISPR-
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