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Blueberry Ploidy Level and Genome Size

= Naturally occurring 2X, 4X and 6X genomes

= Most commercial varieties are 4X and 6X

= Diploid blueberries are either ornamental or wild with no fresh or processed fruit commercial
production use, but they have been used in breeding

= |tis possible to cross a 2X with 4X and yet obtain a 4X progeny (unreduced gamete)
= |tis possible to obtain a 5X genome by crossing a 4X and a 6X genome
= But a 3X blueberry is rare or have not been successful
=  Most breeding efforts are focused on 4X and 6X genomes
= |tis believed that 4X blueberry is autotetraploid and 6X is a natural allohexaploid (2X + 4X ?)

. Dé\l%c':\%tent of a diploid genome is 2C ~1.37 pg, and the monoploid genome size is estimated
~67
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A Total of 54 RS Il SMRT Cells Were Used for Blueberry Diploid Genome Assembly

Tech Support Fies
Filtering

Metrics Pre-Filter Post-Filter
Polymerase Read Bases 55665028395 53234439147
Polymerase Reads 8115768 4540817
Polymerase Read NSO 16319 16562
Polymerase Read Length 6858 11723
Polymerase Read Quality 0.49 0.834
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A Total of 54 RS Il SMRT Cells Were Used for Blueberry Diploid Genome Assembly

SMRT Cells: 54 Movies: 54

Subreads

Mean Subread length 7,389 NSO 10,507
Total Number of Bases 53,109,345245 Number of Reads 7,187,303

Subread Filtering

120000

Print

100000 |-

&
o
(=]
o
o

10000 20000 30000 40000 50000 60000
Subread Length

Tech Support Files

Mb > Subread Length

Email




NC STATE UNIVERSITY @ E‘I\gé%?ENCESO

Blueberry Genome Assembly by Falcon — Falcon Unzip

Dovetail

Hi-C

Assembly Total length (>= 0 bp) # contigs Largestcontig Total length GC(%) NS5O L50
Run 1: Auto a_cg 36 39,382 361,803 39 9
p_ctg 2,666 137,366 21,119,817 40 377
Run2 a_cg 106,730,494 4,105 152,359 106,730,020 38 31,169 1,147
p_ctg 509,653,341 9,120 919,765  509,648244 38 123572 1,160
a_cg 84,496,567 3,930 106,558 84496093 38 25130 1,127 . .
Run3 p_ctg 442,011,250 9,629 743,506  442,005280 38 98281 1,303 Falcon Unzip Quiver
Rund a_ctg | 23833333 1267 63,821 23,833,086 38 [Hagidl 491 Assembly all_ p ctg all_h _ctg Consensus-P-quivered Consensus-H-quivered
] p_ctg 258,423,456 8004 512507 258401652 38 59,073 1,251 # contigs (>=0 bp) 2,939 10,479 2,939 10,479
a 127,543,692 4,328 246,408 127542942 38 35511 1,193 .
Run 5 .{2 7082 1104661 534674473 38 174233 889 # contigs (>= 5000 bp) 2,939 9,964 2,939 9,965
Run6 a_ctg ) 2,454 70,925 37,661,940 38 [17,074 772 # contigs (>= 10000 bp) 2,938 8,872 2,938 8,873
1 p_ctg 317,135,666 10,114 674,253 317,050,128 38 65,456 1,377 # Contigs (>= 50000 bp) 2,398 2,209 2,398 2,221
Run7 a_ctg [ se0512 | 473 74,955 5919651 38 150 B
p_ctg 166,123,075 9,797 610472 166,047,246 39 31,850 1,412 Largest contig 2,500,485 680,366 2,508,523 682,940 |
Run8 a_ctg 150,735,294 247,829 150,735,131 38 58,249 798 Total length 633,240,445 415,765,557 635,573,105 417,065,786
| p_ctg 536,345,139 2509334 636342635 38 304786 595 GC (%) 38 39 38 39
Run9 a_ag 28,422 536,363 38 B 14
p_ctg 120,648 16,382,771 41 256 N50 422,065 68,661 423,700 68,980
Run 10 a_ctg 1253761 ) 553;9;36 ﬁ 21:6 N75 185,127 29,958 185,727 30,071
p_ctg V ,497,
Run 11 a_ctg 84,803 33,120,618 38 629 L50 420 1,538 420 1,535
p_ctg 916,704 291,056,698 38 1,236 L75 987 3,891 987 3,886
Run 12 a_ctg 3 ] 84,803 33,523,658 38 638 #N's per 100 kbp 0 0 0 0
p_ctg 289,991,623 7,952 757,380 289,973,641 38 1,227
Run 13 a_cg 150,816,695 3,431 247,829 150816532 38 58249 797
pcig 6362876l 2650 2509334 636285169 38 |305,215 593
Run 14 a_cg 99,228,819 4,179 132,812 99228502 38 27,976 1,199
p_ctg 470,560,399 7,508 1,286,657 470,547,111 38 132,876 1,038 - - -
lRun1s acg | 33120855 194 84803 33120291 38 |18614) 631 P fraction of GS(%) A fraction of GS(%) A fraction of P(%)
p.ctg 291,267,619 7,953 635,651 291251415 38 67,268 1238
Run 16: Final acg 7m7 3,138 459,364 168,842,782 38 661 « 9‘4-86 62-25 65.62
pog  [INGSETEEI0NN 4536 2585193 658729482 ‘ 38 430
|
oz blueberry.contigs 811,103,462 10,783 1,097,648 811,103,462 39 123,295 1684
blueberry.bubbles 776,178 32 46,866 776178 37 24165 14
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code 3 (false insert on the genome and gap on the transcript)

000160F 647243 647244 000160F 647243 647264 000160F_pilon 647342 GAGAGAGAGAGAGAGAGAGAGA . 000160F 647173 647533
genomel exon 647173 647533 93 +
ID=c1138/f12p53/4042.mrnal.exon1;Name=c1138/f12p53/4042;Parent=c1138/f12p53/4042.mrnal Target c1138/f12p53/40421339 + 1

Note: after removing of the sequence on the unzip genome, the gap disappeared so the sequence was repeated 2 times.

False INSERTION causing gap

000160F
Sequence ID: Query_186133 Length: 764783 Number of Matches: 9 000160F _pilon
Range 1: 647173 to 656596 Sequence ID: Query_179209 Length: 764876 Number of Matches: 9
Range 1: 647272 to 656682
Score Expect Identities Gaps Strand Frame
Score Expect Identities Gaps Strand Frame
17219 bits(9324) 0.00 9402/9433(99%) 31/9433(0%) Plus/Plus
17379 bits(9411) 0.00 9411/9411(100%) 0/9411(0%) Plus/Plus
Features:
Features:
Query 1 CACTAGTCAAATGACAGCCGTTTTTTGATGCAACCATCGTTAGCCTCTCAGTATCTGAGT 60
FELLEEEERE e e e e bbb bbb el Query 1 CACTAGTCAAATGACAGCCGTTTTTTGATGCAACCATCGTTAGCCTCTCAGTATCTGAGT 60

Sbjct 647173 CACTAGTCAAATGACAGCCGTTTTTTGATGCAACCATCGTTAGCCTCTCAGTATCTGAGT 647232 TN N N N R N R R NN RN RN RN RN RN NRERNNY
Sbjct 647272 CACTAGTCAAATGACAGCCGTTTTTTGATGCAACCATCGTTAGCCTCTCAGTATCTGAGT 647331

Query 61 AATACTGTTT=-- gagagagagagagagagagagagagaga 98
FELEernnn FERLEEEER el Query 61 AATACTGTTTgagagagagagagagagagagagagagagTAGTTTGGAAGGAAAGTGAAG 120
Sbjct 647233 AATACTGTTTGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGA 647292 TN NN N N e
T — Sbjct 647332 AATACTGTTTGAGAGAGAGAGAGAGAGAGAGAGAGAGAGTAGTTTGGAAGGAAAGTGAAG 647391
Query 99 gTAGTTTGGAAGGAAAGTGAAGGAAAAAGGGATGGGGATCCAAAAGAAGAGCTTTGGGTC 158 |

. ll|||l|IllllllllllllllllllIIIIIIIIIIIIIII|l|l|lll1|||||||ll| Query 121 GAAAAAGGGATGGGGATCCAAAAGAAGAGCTTTGGGTCATTTCGATCCATTTTCATGCAT 180
Sbjct 647293 GTAGTTTGGAAGGAAAGTGAAGGAAAAAGGGATGGGGATCCAAAAGAAGAGCTTTGGGTC 647352 ll|l|ll|l||ll|Illllllllllllllllllllllll||l||ll||||||l|||l|ll
Sbjct 647392 AAAAGGGATGGGGATCCAAAAGAAGAGCTTTGGGTCATTTCGATCCATTTTCATGCAT 647451
Query 159 ATTTCGATCCATTTTCATGCATTCGGATGGCATTGATAAGCTGCTAATGGGACTCGGATT 218
FELEEERIEE et e et Query 181 TCGGATGGCATTGATAAGCTGCTAATGGGACTCGGATTCCTCGGGTCACTCGGCGACGGG 240

Sbjct 647353 ATTTCGATCCATTTTCATGCATTCGGATGGCATTGATAAGCTGCTAATGGGACTCGGATT 647412 FEREEEREE e e e e e e e b el
Sbjct 647452 TCGGATGGCATTGATAAGCTGCTAATGGGACTCGGATTCCTCGGGTCACTCGGCGACGGG 647511

Query 219 CCTCGGGTCACTCGGCGACGGGCTTTCTATGCCCGTCATGTTGCTCTTCACTAGCAAGAT 278
FELLREE R e et Query 241 CTTTCTATGCCCGTCATGTTGCTCTTCACTAGCAAGATTATGAACAATATCGGGGGCGCT 300
Sbjct 647413 CCTCGGGTCACTCGGCGACGGGCTTTCTATGCCCGTCATGTTGCTCTTCACTAGCAAGAT 647472 ||||||||1|||||||||||||||||||||||||||||||||||1|||||||||||||||
Sbjct 647512 CTTTCTATGCCCGTCATGTTGCTCTTCACTAGCAAGATTATGAACAATATCGGGGGCG! 647571
Query 279 TATGAACAATATCGGGGGCGCTTCCGCCGGGGCCAAAAACTTCTCTCATACCATCAACAA 338
FELLEEE Rt e e bbb bl Query 301 TCCGCCGGGGCCAAAAACTTCTCTCATACCATCAACAAGGTCCCTTCCCTCTCATAACE 360
Sbjct 647473 TATGAACAATATCGGGGGCGCTTCCGCCGGGGCCAAAAACTTCTCTCATACCATCAACAA 647532 ||||||||1|||||||||||||||||||||||||||||||||||1|||||||||||||||
Sbjct 647572 AAAAACTTCTCTCATACCATCAACAAGGTCCCTTCCCTCTCATAACTA 647631
Query 339 GGTCCCTTCCCTCTCATAACtatatatatatatatatatatatatatatatatatatata 398
FERREEEERE e e e e e bbb e r el Query 361 tatatatatatatatatatatatatatatatatatatatatatatatatatatatatata 420

Sbjct 647533 GGTCCCTTCCCTCTCATAACTATATATATATATATATATATATATATATATATATATATA 647592 FEELEEEEEE e e e e r e e bbb e e e e e el
Sbjct 647632 TATATATATATATATATATATATATATATATATATATATATATATATATATATATATATA 647691
Query 399 tatatatatatatatatatatatatatatatcacacatgcgtacatatgtatatatatCA 458
FELLEEE R e b e r bbb e bbb et Query 421 tatatatatcacacatgcgtacatatgtatatatatCACCACGCAATGAACTTTTGAGTA 480
Sbjct 647593 TATATATATATATATATATATATATATATATCACACATGCGTACATATGTATATATATCA 647652 TR N R R R R R N R R AN R R RN RN R RN RN RN N NN NN NENEEN LD

Chin+ C£ATEQY MATAPAMRMARALAANAAATLAATALMNATLPAMLPRDALAALAACALAMALAATIAPALANE £A77RY
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code 5 (false insert on the genome and stopping the transcript mapping to continue- partial mapping)
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000886F 22018 22019 000886F 22018 22053 000886F_pilon 22009 CAACAACAACAAAACATAACCATAGTCCCAAAGGGT . 000886F 21276
24514 000886F genomel exon 21276 98 -
ID=c18093/f2p28/4207.mrnal.exon1;Name=c18093/f2p28/4207;Parent=c18093/f2p28/4207.mrnal Target—c18093/f2p28/4207 13258 + 1

Note: in the unzip genome, the mapping stopped whenreached to the sequence at base 22017 but in the pilon version the mapping continues since that

sequence (interrupt) was removed so the gene is predicted complete.

000886F

Sequence ID: Query_210919 Length: 200276 Number of Matches: 4
Range 1: 15008 to 22017

Score Expect Identities Gaps Strand Frame
12936 bits(7005) 0.00 7010/7012(99%) 2/7012(0%) Plus/Minus
Features:

Query 2462 TGTTCAGTCCACTATGATGTCTCCATGAATCTCTTATCAGCTCGAATCTTCAAAGAACTC 2521
X IIIIllllIIllIlIlIlIlIIlIIIIlIIlIlIlIlIIIIllIlIllllIlIIIlllIl
Sbjct 22017 TGTTCAGTCCACTATGATGTCTCCATGAATCTCTTATCAGCTCGAATCTTCAAAGAACT 21958

Query 2522 AGGTTGTTCAAGAAATCTCTATGGGCATTTCGCACTTTGGGGTATAGCGGTTGTTGCTGC 2581
R RNy nannnnynny:
Sbjct 21957 AGGTTGTTCAAGAAATCTCTATGGGCATTTCGCACTTTGGGGTATAGCGGTTGTTGCTGC 21898

Query 2582 TTGTTTCATTTCTTCTCTAAGACACTCACCCAGGCTCTTGTTTCTCATTATCAAATGTCT 2641
R RN RNy
Sbjct 21897 TTGTTTCATTTCTTCTCTAAGACACTCACCCAGGCTCTTGTTTCTCATTATCAAATGTCT 21838

Query 2642 TTTGATATGTGTTCTTTAGCCGATAAGTGATTACTTAACAATTACCTGTGTTAAGTTTCT 2701
R R RNy
Sbjct 21837 TTTGATATGTGTTCTTTAGCCGATAAGTGATTACTTAACAATTACCTGTGTTAAGTTTCT 21778

Query 2702 ACCTTTGTCTGACGGATGTGCACAATTATCCCAACTAGTATTAGTTCTGTGGTCCAACAG 2761
POERLEER R bbb e bbb el
Sbjct 21777 ACCTTTGTCTGACGGATGTGCACAATTATCCCAACTAGTATTAGTTCTGTGGTCCAACAG 21718

Query 2762 AACTCATGATGAGGCTTTCTGTTTCCTATTCAAGTATTGTGAAGAACTGAAGTTTGACTT 2821
R R N RN RN Ry
Sbject 21717 AACTCATGATGAGGCTTTCTGTTTCCTATTCAAGTATTGTGAAGAACTGAAGTTTGACTT 21658

Query 2822 CTTCAATAACTGCACTGATTTTGAGAAGACCATATCGGAGTGGTGCTTCTGTACCCTTCA 2881
FOEELEERREE e et r e bbb e e e e e el
Sbject 21657 CTTCAATAACTGCACTGATTTTGAGAAGACCATATCGGAGTGGTGCTTCTGTACCCTTCA 21598

Query 2882 ATTTGAGGATAAAGAGGACAAACATTCTTGAATTATTCATTTCATGAATGCAGCTTATAA 2941
FOEELEERRE bbb bbb bbb e e bl
Sbjct 21597 ATTTGAGGATAAAGAGGACAAACATTCTTGAATTATTCATTTCATGAATGCAGCTTATAA 21538

Query 2942 CTTAAGTCCCTTTCAACATTGGTGGAAAGAGATGTTCATTCAAAGATTTGGAAAATGTGG 3001

IIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIlIIIIIIIIllIIIIIIIIlIIIIIIII
Sbict 21537 CTTAAGTCCCTTTCAACATTGGTGGAAAGAGATGTTCATTCAAAGATTTGGAAAATGTG 21478

False INSERTION causing stop

000886F _pilon

Sequence ID: Query_245069 Length: 200282 Number of Matches: 3
Range 1: 14997 to 24469

Score Expect Identities Gaps Strand Frame

17494 bits(9473) 0.00 9473/9473(100%) 0/9473(0%) Plus/Minus

Features:

Query 1 CTTGTCAAAACGGGCGGTGTGCGATCTCCAATCGGTATAAACCGTCGCATACGAGACGAA 60

FOEELEEE bbb bbb e rrrnnl
Sbjct 24469 CTTGTCAAAACGGGCGGTGTGCGATCTCCAATCGGTATAAACCGTCGCATACGAGACGAA 24410

Query 61 TCTGTAAAACAGATAAAGGATCTGAGGTTGAAAATCTTTGACAATTTGAATCACGATCAG 120
IIIIIIIIIIIIIIIIIIIlIIIIIlIIIIIIIIIIIIIIIllIIIlIlIIIIIIlIIlI
Sbjct 24409 CTGTAAAACAGATAAAGGATCTGAGGTTGAAAATCTTTGACAATTTGAATCACGATCAG 24350

Query 121 GTAAAACGACAAACGTGAATTAGCATAATTGTGTCGATTTTATCACGCTTTAAGGTCATT 180
|||||l|||||||||||||I||||||||l|||||l||||||ll||||||l||||||||ll
Sbjct 24349 AAACGACAAACGTGAATTAGCATAATTGTGTCGATTTTATCACGCTTTAAGGTCATT 24290

Query 181 ATTTAGGGTTGCTGTAAATTAGATGATTGTCGTGTCTGACTAGTTCAATCGTGTGATTAA 240
POEEREERR e e e bbb e bbb rrrnrnnnl
Sbjct 24289 ATTTAGGGTTGCTGTAAATTAGATGATTGTCGTGTCTGACTAGTTCAATCGTGTGATTAA 24230

Query 241 GCGCATATGTTGTTACATTACAAGTTGTGAACTAGGATATTGAGGTGCTAGGGTTTGAGT 300
NN RNy
Sbjct 24229 GCGCATATGTTGTTACATTACAAGTTGTGAACTAGGATATTGAGGTGCTAGGGTTTGAGT 24170

Query 301 TGATTCTGAAAGCATTTAGATTGGCGGCCTTTGATTTGATTGAGCCTAGGTGAGTTGGCG 360
||l||l|||||||||||||||||||l|||||||||||||||l|||||||l||||||||l|
Sbjct 24169 CTGAAAGCATTTAGATTGGCGGCCTTTGATTTGATTGAGCCTAGGTGAGTTGGCG 24110

Query 361 TTTTCTTAGTTTTGAGTTCAATCTTGAATGCCAAGTATTTTAGATTTGGGTTTTGGGGCT 420
FOEREEEEREr e e e e e e e r e e e e e
Sbjct 24109 TTTTCTTAGTTTTGAGTTCAATCTTGAATGCCAAGTATTTTAGATTTGGGTTTTGGGGCT 24050

Query 421 AATTACTTGCTGAAGGAACAATCGTGGTGATTTCTATGTTCCTATGTCTTTTGGTGGCAG 480
|||||l|||||||||l||||||||||||I|||||l||||||l||||||||||||||||l|
Sbjct 24049 AATTACTTGCTGAAGGAACAATCGTGGTGATTTCTATGTTCCTATGTCTTTTGGTGGCA 23990

Query 481 GGGAGCATTGGGAATTGAGTTGGGTGTTGTTTCTGATGGGGCAACTGAAACTGAGTTGGG 540
TOLELRR e e e erennnny
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code 6 (false deletion on the genome and gap on the genome when mapping the tanscript)
000104F 111391 111392 000104F 111391 000104F_pilon 111417 111427 . TCTCTCTCTCT 000104F 110997 111584 000104F
genomel exon 110997 111584 98 -

ID=c13750/f25p70/3400.mrnal.exon1;Name=c13750/f25p70/3400; Parent—cl3750/f25p70/3400 mrnal;Target=c13750/f25p70/34001 591 + 1

Note: on the unizp genome, this sequence is missing which caused a gap on position 111391, when the sequence s inserted/corrected on the pilon genome,
the gap is removed and replaced with the matches.

False DELETION causing gap

000104F 000104F _pilon
Sequence ID: Query_213451 Length: 924261 Number of Matches: 5 Sequence ID: Query_221427 Length: 924449 Number of Matches: 5
Range 1: 99245 to 111584 Range 1: 99270 to 111624
Score Expect Identities Gaps Strand Frame Score Expect Identities Gaps Strand Frame
22718 bits(12302) 0.0 12340/12355(99%) 15/12355(0%)  Plus/Minus 22816 bits(12355) 0.00 12355/12355(100%) 0/12355(0%)  Plus/Minus
Features: Features:
Query 1 GTTGAAAAATACAGCTCATTGTGT TTTCAAGAAAAGAGGTTGCAAATCCAGCTATTAC 60 Query 1 AAGTTGAAAAATACAGCTCATTGTGTTTTCAAGAAAAGAGGTTGCAAATCCAGCTATTAC €0
|||||||||||||||||1|||||||||||||||||||||||||||||||||||||||||| . llllllllllllllllllllllllllllllllllllllllllllllIlllllllllllll
Sbjct 111584 TGAAAAATACAGCTCATTGTGTTTTCAAGAAAAG TTGCAAATCCAGCTATTAC 111525 Sbjct 111624 TGAAAAATACAGCTCATTGTGTTTTCAAGAAAAGAGGTTGCAAATCCAGCTATTAC 111565
Query 61 AGGACACTGGAAAAAATTCCTCACTGTCGATCATTCCACAAATCCCAAATCCCAATTGCC 120 Query 61 AGGACACTGGAAAAAATTCCTCACTGTCGATCATTCCACAAATCCCAAATCCCAATTGCC 120
PEEEEEEREE et e et bl . IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIIIIIIIIIIllIIII
Sbjct 111524 AGGACACTGGAAAAAATTCCTCACTGTCGATCATTCCACAAATCC-AAATCCCAATTGCC 111466 Sbjct 111564 AGGACACTGGAAAAAATTCCTCACTGTCGATCATTCCACAAATCCCAAATCCCAATTGCC 111505
Query 121 ATAAGATCTCTTCCCCCTCGGCGGCCTAATCTTTGACGTTTGCAATCTTATGTagagaga 180 Query 121 ATAAGATCTCTTCCCCCTCGGCGGCCTAATCTTTGACGTTTGCAATCTTATGTagagaga 180
RN RN AR RN R RN R R RN RN RN RN A N RN AR RN NN RS X FEEERREERR e b r e b b bbbl
Sbjet 111465 ATAAGATCTCTTCCCCCTCGGCGGCCTAATCTTTGACGTTTGCAATCTTATGTAGAGAG- 111407 Sbjct 111504 ATAAGATCTCTTCCCCCTCGGCGGCCTAATCTTTGACGTTTGCAATCTTATGTAGAGAGA 111445
Query 181 gagagagagagagagagagagagagagagagagGGTCCGTTTTAGTTGGGAGAGCCCACC 240 Query 181 gagagagagagagagagagagagagagagagagGGTCCGTTTTAGTTGGGAGAGCCCACC 240
FORERRTER e Fer e e e e e e el X IIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIlIlIIIII
Sbjct 111406 ==========- GAG-GAGAGAGAGAGAG-GAGAGGGTCCGTTTTAGTTGGGAGAGCCCACC 111359 Sbjct 111444 GAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGGGTCCGTTTTAGTTGGGAGAGCCCACC 111385
- e
Query 241 ACCAAGAGACGTGGTGATTGCTTCGATCTACCTTTTTACTTATCTTGATCAGATAGAGTT 300 Query 241 ACCAAGAGACGTGGTGATTGCTTCGATCTACCTTTTTACTTATCTTGATCAGATAGAGTT 300
FEEERREEEE e bbb bbb e e el X FEERRERRRE e bt bbb bbb et
Sbjet 111358 ACCAAGAGACGTGGTGATTGCTTCGATCTACCTTTTTACTTATCTTGATCAGATAGAGTT 111299 Sbjct 111384 ACCAAGAGACGTGGTGATTGCTTCGATCTACCTTTTTACTTATCTTGATCAGATAGAGTT 111325
Query 301 CTTTTGGGTTCTCTGTAGCCATTGACTTCTTTGGACTGGGAATTGAGARAATTTGGGATA 360 Query 301 CTTTTGGGTTCTCTGTAGCCATTGACTTCTTTGGACTGGGAATTGAGAAAATTTGGGATA 360
. AR RN AR RN R RN R R AR R RN R RN RN RN RN RN RN R R ! X IlIIlIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIlIIl
Sbjet 111298 CTTTTGGGTTCTCTGTAGCCATTGACTTCTTTGGACTGGGAATTGAGAAAATTTGGGATA 111239 Sbjct 111324 CTTTTGGGTTCTCTGTAGCCATTGACTTCTTTGGACTGGGAATTGAGAAAATTTGGGA 111265
Query 361 TTTGTTGTGGTGGTGGTGGTTT TGGTGGCTCAGTC TAGATGGGCTCGAAGCCGTTTTCTA 420 Query 361 TTTGTTGTGGTGGTGGTGGTTTTGGTGGCTCAGTCTAGATGGGCTCGAAGCCGTTTTCTA 420
AR R R R RN AR RN RN RN RN RN RN RN R RN RN R RN RN . PR e e e e e e el
Sbjet 111238 TTTGTTGTGGTGGTGGTGGTTTTGGTGGCTCAGTCTAGATGGGCTCGAAGCCGTTTTCTA 111179 Sbjct 111264 TTTGTTGTGGTGGTGGTGGTTTTGGTGGCTCAGTCTAGATGGGCTCGAAGCCGTTTTCTA 111205
Query 421 TCCGGCTCCGACCTATCGTTCT TTAGAGACTTACTGGGACACCGACGACGACGCCCCTGG 480 Query 421 TCCGGCTCCGACCTATCGTTCTTTAGAGACTTACTGGGACACCGACGACGACGCCCCTGG 480
|||||||||||||||||1|||||||||||||||||||||||||||||||||||||||||| . NN NN RNR NN nyy!
Sbject 111178 CCGGCTCCGACCTATCGTTCTTTAGAGACTTACTGGGACACCGACGACGACGCCCCTGG 111119 Sbject 111204 TCCGGCTCCGACCTATCGTTCTTTAGAGACTTACTGGGACACCGACGACGACGCCCCTGG 111145
Query 481 CCCACGCTGCGCCCACACTCTCACCGCCATCGCCGCTACTAAAACCCACGGCCCCCGCCT 540 Query 481 CCCACGCTGCGCCCACACTCTCACCGCCATCGCCGCTACTAAAACCCACGGCCCCCGCCT 540

(SIS RANNNS
ALI_L 111118 AR AL AAARAAAAAAL AL ARARALAAAAALMAAAAAARSARS LLLAAALAAARAAAAAAAR  T1aAEA QhiA+ 111142 CORCCADECCN ACACCCAPOCrCLATRCTE

LLERRRERR el
AAASCOR

AOCOCOCACAT 111008
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Comparison of Base Correction Using Different Methods
3,000,000 Only Piloned
_ & Only Quivered
2,500,000 _
77 = Pilon after quiver ¢ |
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Worth to mention that:

The total number of bases Pilon corrected was < of the total genome size assembled

So if believe in Pilon, after Falcon assembly and Quivering, we already have a genome
assembled of over accuracy.



CE N ) -
Iso-Seq Project

Things to consider

1. Choice germplasm source for RNA extraction
* Diploid (for genome annotation as well as comparison)
* Tetraploid
* Hexaploid
2. Variety or cultivar
* W85-20 V. caesariense (N.J. blueberry)
* O’Neal V. corymbosum (native to north east of the U.S.)
* Premier V. virgatum or ashei (native to southern eastern U.S.)

3. Tissues
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Iso-Seq Project
Tissue Samples Were Collected from Field Grown Blueberries; Leaf, Flower, Fruit, Root

o

Fruit Stage 1 Fruit Stage 2 Fruit Stage 3  Fruit Stage 4
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Total RNA Extraction Was Attempted by Different Kits

= Sigma Plant RNA extraction Kit

= Bioanalyzer was used to check the quality of RNA

= The same RNA for both lllumina and Iso-Seq libraries

= |so-Seq libraries were made with size selection option
= KAPA stranded RNA-Seq Kit to make Illumina libraries

WG-F/Dnasel

[FU] i
- |
8 |
6 |
I ! -
4 [t |
| ‘ l |
2] [ | Iy |
I n_ o "J—"Ilﬂ_ — el lll"‘l I‘ 4ot ’ﬂ'\lmc?vud»”""--‘h’!db, Jl -
L i e T ] LY I —
I I I I I I
25 200 1000 4000 [nt]
Overall Results for sample 3 : WG-F/Dnasel
RNA Area: 46.8
RNA Concentration: 36 ng/pl
rRNA Ratio [28s / 18s]: 2.3
RNA Integrity Number (RIN): 9.7 (B.02.08)
Result Flagging Color: ]:'
Result Flagging Label: RIN: 9.70
Fragment table for sample 3 : WG-F/Dnasel

Name Start Size [nt] End Size [nt] Area %o of total Area

185 1,651 2,091 7.2 15.4
283 2,836 3,733 16.2 34.7
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Barcoded Library Construction for PacBio Iso-seq Sequencing

[bp)

= 2 8 -
I Mom oo 2 2 o ow
= — (ot} (e} ] o [=4 =4
= 2 g g —- & 5 B
[~ [~ (=8 (g} (5]
BluePippin Size Selection
B — —— > — ——
2000 — —= - —
1000 — ——
700 — —
500 —
300 — —

5{:‘——- —
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Making Barcoded Iso-Seq Libraries

PACIFIC
BIOSCIENCES®

There were (are) six barcoded adapters available to make pooled libraries

dT_BC1
dT_BC2
dT_BC3
dT_BC4
dT_BC5
dT_BC1

Primer Sequence 16-mer barcode oligo dT
AAGCAGTGGTATCAACGCAGAGTACtcagacgatgegtcat TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN
AAGCAGTGGTATCAACGCAGAGTACctatacatgactctgc TTTTTTTTTTTTTTTTITTTITTTTTITITTTTITVN
AAGCAGTGGTATCAACGCAGAGTACtactagagtagcactcTTTTTTTTTTTTTTTTTTTTITTITTTTITTTTVN
AAGCAGTGGTATCAACGCAGAGTACtgtgtatcagtacatgTTTTTTTTTTTTTTTTTTTTTTTTTTTITTITVN
AAGCAGTGGTATCAACGCAGAGTACgatctctactatatgcTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTVN
AAGCAGTGGTATCAACGCAGAGTACacagtctatactgctgTTTTTTTTTTTTTTTTTTTTTTTTTTTTITTVN

Nine tissues for each variety (4X and 6X)
Only 4X and 6X libraries were barcoded (RSIl Sequencing)
2X library was not barcoded (2 Sequel SMRT cells to date)
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We defined sets (A, B and C)

= Qur approach
= Make groups of six and having an indexing convention

All1l

= Alll, Al22, A133, Al44, Al155, Ale66 (1-2, 2-3, 3-6 kb)
B171, B182, B193, B214, B225, B236 (1-2, 2-3, 3-6 kb)
c241, Cc252, C263, C274, C285, C296 (1-2, 2-3, 3-6 kb

Set’s Name L Barcode

=  SMRT analysis 2.3.0 to analyze the data

Variety Tissue
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On Average We Ran 9.5 SMRT Cells Per Library (87 RSII total)

Number of SMRT Cells Per Library

14
12

10

Number of SMRT Cells
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Quiver Was Used to Obtain HQ and LQ Data

=  Full Length Non-Chimeric (FLNC) = 1,624,690 Lengths distribution
=  Tetraploid Genome LQ = 773,571 ]
=  Tetraploid Genome HQ = 141,399 (351,343,616 nt) 4
g 3
5
P
S
E ‘ ‘ ‘
0 ..unllnl|||||||| Jual | “‘"L
N 7o 6\00\;000\ 7‘5‘00\ ‘3000\ ‘3‘5‘00\ 0000\ U25‘00\ s7000\ Yzc"“oo\
o o oo, s, %9, %, Yo, %

o % %o %o %o % %o %
sequence length
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Quiver Was Used to Obtain HQ and LQ Data

Lengths distribution

=  Full Length Non-Chimeric (FLNC) = 1,302,432 8
= Hexaploid Genome LQ = 614,378
= Hexaploid genome HQ = 110,050 and (250,964,213 nt)

(o}

i

% sequences

M

0 |I|“ “ ||I| H ‘lllll.

O 8y 75 76 5 S Uy Ga ¥y Yo Oy Su 6

s O O, S N0, NS, T, TS 7O, TS O, T8 O
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sequence length
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Data analysis pipeline (RSIl Data)

All SMRT cells of each cultivar were used to output FLNC, LQ and HQ reads

v

Reads Of Insert
(.fasta, .ccs.h5)

4 \

Full-length, non- Non-full-length, non-
chimeric Rols chimeric Rols

0 o
l ICE pbtranscript.py cluster l

Cluster Consensus —)  Quiver

HQ, Full-length,
Polished Consensus

https://github.com/PacificBiosciences/cDNA_primer/wiki/RS_|soSeq-%28v2.3%29-Tutorial-%231.-Getting-full-length-reads
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Proportion of LQ and HQ Reads in 4X and 6X Blueberry Genotypes

Separated by Different Tissues

NC STATE UNIVERSITY @

Flower_1 Flower_3 Flower_5 Fruit_1

Fruit_2 Fruit_3

Fruit_4 Leaf

Root

2e+05

< Quality
3 Mhg
O Mg
1e+05
0e+00
ON PR ON PR ON PR ON PR ON PR ON PR ON PR ON PR ON PR
Cultivar
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Demultiplexing Full Length Non-chimeric Reads (FLNC)

PERCENT OF BARCODES FOR EACH TISSUE TYPE OF O'NEAL PERCENT OF BARCODES FOR EACH TISSUE TYPE OF PREMIER

Flower Stage 1, Root
8%

Flower Stage 1
13%

Root, 16% 16%

Leaf
10%

Fruit Fully Ripe

Leaf, 10%
6%

Flower Stage 5

Fruit Red 11%

0, 0,
Fruit Fully Ripe, Flower Stage 5, 9% 8%

10%

Fruit Red, 6% . ‘ .
Fruit Green, 9% ’ Fruit Green

25%
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Overlap of all PacBio Isoforms in Four Tissues of 4X and 6X Genotypes

Flower Leaf
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Overlap of all PacBio Isoforms in Three Flower
Development Stages of 4X and 6X Genotypes

. O’Neal
. Premier

Flower Stage

Flower Stage 3

Flower Stage 5
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Number of Iso-Seq Sequences Separated by Tissue Type in 4X and 6X Genomes

Fruit 2 Fruit 3

Fruit 1
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GMAP Was Used to Map HQ Reads to the Reference Sequence

Two versions of reference sequence was used
Quivered genome
Pilon corrected Quivered genome
(https://qgithub.com/broadinstitute/pilon/wiki)

Mapping was done to primary contigs

It ran once with default parameters only for 4X and 6X iso-seq data

It ran for the second time with the following parameters for 2x, 4X and 6X
* --min-trimmed-coverage = 0.95 & --min-identity=0.95
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GMAP Default Values

No. of Iso-Seqs Mapped to Quivered Genome No. of Iso-Seqs Mapped to Quivered — Piloned Genome
2X 4X 6X 2X 4X 6X
- 140,664 109,672 - 140,096 109,099
(99.48%) (99.63%) (99.07%) (99.13%)

No. of Iso-Seqs Uniquely Mapped to Quivered Genome No. of Iso-Seqs Mapped to Quivered — Piloned Genome

i 100,441 71,146 _ 103,106% 77,613%

The increase in the number of uniquely mapped sequences to the Pilon corrected genome, may indicate that
it is better to make this correction.
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GMAP Run With min cov 0.95 and min identity 0.95

No. of Iso-Seqs Mapped to Quivered Genome No. of Iso-Seqs Mapped to Quivered — Piloned Genome
2X 4X 6X 2X 4X 6X
- 127,312 96,681 - 127,307 96,709
(90.00%) (87.85%) (90.00%) (87.87%)

No. of Iso-Seqs Uniquely Mapped to Quivered Genome No. of Iso-Seqs Mapped to Quivered — Piloned Genome

29 512 100,428 74,097 29,509@ 100,329@ 74,074@
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Should We Correct The Genome with Pilon?

Ll ov =S

File Genomes View Tracks Regions Tools GenomeSpace Help

Vcaesariense_PacBio_Pione_... v | | 000000F-quiver_pilon v‘ 000000F-quiver_pilon:1,400,926-1,401,019 |Go T « » @ I = v | (= REARARNARRARNARY! |

95bp

1,400,930 bp 1,400,940 bp 1,400,950 bp 1,400,360 bp 1,400,870 bp 1,400,980 bp 1,400,930 bp 1,401,000 bp 1401010 bp 1,401,
I 1 I 1 } 1 I 1 I 1 I IF I 1 I I | 1

vs_piloned-res:25 sorted.bam

Veaesariense_PacBio_Primany_|
igs_06_08_2017_PilonCort_vs_
_all_sizes_hq_soted.bam

Veaesariense_PacBio_Primary_{
igs_08_08_2017_PilonCorr_vs_|
ier_all_sizes_hq_sorted.bam

Adding extra bases, causes misalignment

Veaesariense_PacBio_Primary_{
igs_Pilon_08_0B_2017_vs_ONe.
lum_assy_b31_wG50_sorted.ban]

Veaesariense_PacBio_Primany_|
n_Contigs_06_06_2017_vs_Pre
llum_assy_b31_wG50_sorted.bal

Sequence
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Aligning Iso-Seq to Only Quivered Genome

L 16V - Session: C: i -85-20_PacBio_Falcon_Unzip_Quivered_03312017\igv_session.xml =8 85 @

File Genomes View Tracks Regions Tools GenomeSpace Help

Vcaesariense_PacBio_Primary... v | |000000F|quiver | |00000OF|quiver:1,400,599-1,400,652 o Bt <« » @O = 2| IS RRRRARARRRARARRY |

95bp

1,400,800 bp 1,400610 bp 1,400,620 bp. 1.400.630 bp 1,400,840 bp. 1,400,650 bp. 1,400,880 bp. 1,400,670 bp. 1,400830 bp 1,400,630 bp.
1 1 1 1 I} 1 1 1 | 1 1 1 | 1 1 | 1

vs_quiverred-es-95 sorted.bam

1
PasBio_assy_D3312017_to_0nd | e
0seq_hq_sorted.bam [

PacBio_assy_03312017_to_Prel
isoseq_hq_sorted.bam

_PacBio_Primary_{ (|
igs_03_31_2017_vs_ONeal_lilu
5y_b31_B50_sorted bam

Veaesariense_PacBio_Primary_f I I
igs_03_31_2017_vs_Premier_lll i E
asey_b31_n380_sorted.bam i i
Sequence =[[[AanATAAAAAATAAGAAATAAATTACAARAMTGGAATAAATCAGTGGTTCCATTTCTCCGCTCTITICTTGCCAAARAAAAMAMAAMGGAATAAAGCCAALRALT:

[ tracks loaded | fooooooFiuiver:1,400,689 || |Jps71 of 7591
~——T T =

e me L E B s B e e T =T
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Five Alternative Splicing Modes

Altemative 3'splice sito IEEEEEEN] I

Mutually exclusive exon mmmm—_ \\' ':;/«;\F

Alternative 5 splice site -“ ol _
Intron retention L - - ===

Wang et al. (2016) https://www.nature.com/articles/ncomms11708
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Polymorphisms in hexaploids not in 2X
Introns in lllumina assembly

Lid 1V - Session: C:\Users\Hamid Ashrafi\Documents\Blueberry\W-85-20_PacBio_Falcon_Unzip_Quivered_03312017\igv_session.xml =0 =0

File Genomes View Tracks Regions Tools GenomeSpace Help

Veaesariense_PacBio_Primary... v | |000000F|quiver ~ | |000000F |quiver: 1,432,922-1,438,975 o ft « » @O & Q1 | | ‘ [=RREREARARR] KRNRAE
|~
[ 1] |
6,048 bp
m_n‘nu bp LBA.DIIJD bp . uss_n‘nu bp u:s_n‘nu bp . 1,457 ‘ulnn bp . 1,438,000 bp. 1,431
1 1
w & |
2X Iso-Seq o _
4X Iso-Seq ‘ ‘
4 ] = o
A I | R L
I 2 9
4X Illumina {11 - = [IAE T | - Lot II\; . . . —
Il
I I H ! ?
6X I umina s a— T : L S —
—— I

f tracks loaded [ looooooFiquiver1,438972 || |[1.059m of 1,177
~— T ™ _— e R
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L 16v

File Genomes View Tra

acks_Regio

ns Tools GenomeSpace Help

Veaesariense_PacBio_Pione_... v

000000F-qiver_pilon

F-quiver_pion:1,399,975-1,412,083 (Go BT « » @ B = 2 |

g m=

' 6X 150-S

2X Iso-Seq - . =l === = = —
I !
aXIso-Seq  B= : 88 I EEY T = =

Intron retention in 6X confirmed by
both Iso-seq and lllumina assembly

4X lllumina

' 6X lllumina

il

llnnnnanc muiar minn-a
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[ 16V - Session: ClUsers\Hamid Ashrafi\Documents\Blueberry\W-85-20_PacBio_Falcon_Unzip_Quivered_03312017\igv_session.xml (=@
File Genomes View Tracks Regions Tools GenomeSpace Help
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Vcaesariense_PacBio_Primary... v | |000000F|quiver v | (00000OF |quiver:266,878-291,094 o Bt « » @O = @ | I=ERERARER] RNRRRAA
1
24 kb
268 kb 270 kb 272 kb 274 kb 276 kb 278 kb 280 kb 282 kb 284 kb 286 kb 288 kb 290 kb

| | 1 1 ! 1 1 | ! ! | | I 1 ! | | 1 ! 1 1 | 18
- - | A
4 | = +
& BB G

'+ 2X Iso-Seq

4X Iso-Seq . =

Vitis vinifera gamma-tubulin complex component 5 (LOC100247210),
transcript variant X5 80% iden.

Ipomoea nil gamma-tubulin complex component 5 (LOC109153295),

L L1 LTl 1] ]]]] IIIIII
0

N NNENNNNENNNNNNN NNNNNN

6X lllumina

”m
[7 tracks loaded | looooooriquiver-285 621

— . . .
transcript variant X2 78% iden
” L e B : ] fa
4X lllumina - | E
. e i ! | | — B
—) . - HH- —ma [ =

|Jpsst of 757m
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Alternate Splicing of Start Site of a Transport Protein in 4X

L 16v [E=N ==

File Genomes View Tracks Regions Tools GenomeSpace Help

Veaesariense_PacBio_Pione._... v | |000000F-quiver_pion v | 000000F-quiver_pion:2,126,9332,175,404 (G0 X « » @ [ = {2 | [ EERRARN] IRRRNRRNR

Vitis vinifera protein transport protein Sec24-like At3g07100 (LOC100252042), transcript variant X4, mRNA (61% Cov — 81% iden)

48 kb

o 2440k 2450 kb 2480 kb 2470 kb
| | I I 1 I | | I 1

. 2X Iso-Seq The diploid is different from both

| 4X Iso-Seq / / ' - ;

Alternate splicing of start = 'a 5 ==
site in tetraploid = ; m—
| lllumina assembly is in congruity ] : . -
- 6X1s0-5eq  ith 1soforms but fractioned

H 3 ] =

=

-“ 44X I"umina - “ B o, - PETTI TL T {_l/
:

|

: 6X lllumina - e o ' :
C ||

f tracks loaded |[ooooooquiver_pion:2,165....|| |l2.9331 of 3,208
~— o E e
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Isoform Analysis Unrevealed Other Forms of Variation (1/3)

PACIFIC
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@ 1ev D A - - — P ——
File Genomes View Tracks Regions Tools GenomeSpace Help
Vcaesariense_PacBio_Pione_... v] [UDWW‘QLI'V&‘ _pilon v‘ 0D0000F-quiver_pilon: 1,419, 109-1,420,622 ‘Gn T <« » @ O = @pl = RERRNARRANARY [NAN
|
1,514 bp
21 A0 419,801 420,000 by 42 bp 420,401 1,420,600
| | | | | | | | | | | | | | |

2X Iso-Seq

12 bp InDel *
4X 1so-Seq s

6X Iso-Seq

4X Illumina

6X lllumina

[7 tracks loaded | [o00000F—quiver_pion:1,420,..

[1.0971 of 1,630M
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Isoform Analysis Unrevealed Other Forms of Variation (2/3)

Tools GenomeSpace Help

000000F |quiver: 1,419,356-1,419,449 ‘Gu B o« » @O x A (S RERRARRRRRNRNARY! |

File Genomes View Tracks Regions

Vcaesariense_PacBio_Primary... . ] [ooootxfmvu v‘

95 hp

1,413,380 bp 1,419,370 bp 1413380 bp. 1413.330 bp. 1,419,400 bp 1,413,810 bp 1413.420 bp 1,419,430 bp 1,413,440 bp 1419,
1 | | 1 1 | 1 | | 1 | | 1 | | 1 | |

2% ISO_S(E

12 bp InDel

ax ISO'Seq e Here

6X Iso-Seq

]

I

4X lllumina o

[ tracks loaded |looooooFiquiver: 1,419,444 || fpa11 of s00M
= = T T T = T T T
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Isoform Analysis Unrevealed Other Forms of Variation (3/3)

@ 16v o6 [

File Genomes View Tracks Regions Tools GenomeSpace Help

000000F-quiver_pilon: 1,419,696-1,419,789

7 < >¢J[D]#V-|m =R |

Vcaesariense_PacBio_Pilone _... vJ [uooouuF-qiver_pion vJ

95bp

1419700 bp 1419710 bp 1419720 bp 1419730 bp 1419740 bp 1419750 bp 1.419.760 bp 1419770 bp 1419780 bp 1,418,
| | | | | | | | | | |

2X Iso-Seq

n

4X Iso_seq [AGACTTATACGAGATCTTGTTAAGGAAARMACCHAG -

6X Iso-Seq

4X lllumina

6X lllumina

Pterostilbene_us_WB5_Pilon_so!
d.bam
Sequence -

[7 tracks loaded | lo00000F-quiver_pion:1,419,..|[ |[1.619M of 1,708M
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Tissue Specific Iso-Forms
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Tissue Specific Intron Retention

pilon corrected Pacbio assembly -~ | 000003F-quiver_pilon ~ | |000003F-quiver_pilon:424, 153-437,690 Go =r == - &2z [ > 43 |
|
&g 13 kb
==
w T 426 kb 4232 kb 430 kb 432 kb
=== 1 1 1 1 1 1 1 1
=353
Flower 1 I = & ==
Flower 2
= - 1
e
Flower 3

Fruit1

Fruit 2

Fruit 3

Fruit 4

Leaf

Root : Iill

:’!!E'!
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pilon corrected Pacbio assembly + |  000114F-quiver_pilon | 000114F-quiver_pilon:417,870-444,055 Go ﬁ < > @ [D] - ;] |
1 |
gy 26 kb
LIJEE 420 kb 430 kb
353 : ' l |
« Flower 1 —4X e s
J o
Flower 3 —4X = . =
!II‘ - :
. Flower 5 — 4X Intron retention only i -
Flw : in 4X and not in 6X - v - =i
" Flower 1 — 6X )
|
B _
* Flower 3 — 6X
=
n =
' Flower 5 — 6X - -
==
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pilon corrected Pacbio assembly | | 000002F-quiver_pilon v | |000002F-quiver_pilon:1,174,486-1,189,453 | Go ﬁ 4 » ID] H oA |
Ll
Alternative intron retention?
. Some retains only intron 3 and some has intron 2 and 3 .
w = E 1,176 kb 1178 kb 1,180 kb 1,182 kb
254 | | | | | |
| 2 3 |
Flower 1 -4X
|
‘ - - - i
Flower 3 - 4X : B ;
| - — !
Flower 5 —4X
[ . . |
Flower 1 - 6X : ;

|
Flower 3 — 6X II S - - | -

Flower 5 — 6X . : i
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Conclusions

= Using 54 SMRT RSII cells we were able to achieve a decent assembly of
blueberry genome.

= Barcoding the RNA-Seq libraries helped us to save for the cost of the project.
= What makes different blueberries is more than simple SNP in the genes.

= We believe alternative splicing, Iso-forms and structural variants are
responsible for a large proportion of variations and evolution of blueberry.

= We need to use the term “autoployploidy” with caution for blueberry and
maybe other plants species.

= Although the chromosomes can pair during meiosis, this does not mean that
sub-genomes are identical at the gene and iso-forms levels.

= Defining the iso-forms to have a biological meaning and connecting them to
the actual function of the genes remains a challenging task.
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Thank You
Questions?



