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Fig. S1. Aquilegia petal morphology and variation in the A. sibirica x A. ecalcarata F1 and F; generations. A. An example Aquilegia petal
demonstrating the blade, spur, nectary, and attachment point. B. An A. sibirica x A. ecalcarata F1 flower demonstrating spur morphology. C. Histogram of average spur length in
92 F» individuals showing a bimodal distribution and a break in the histogram between spurless individuals (lavender) and spurred individuals (blue). Measurements were made
along the proximal edge from the attachment point to the nectary using ImagedJ on all of the petals from two flowers per plant. Example petals are to scale. D. Examples of F»
petals scored as spurless or spurred. Petals were folded longitudinally and scanned on a flat bed scanner. Petal attachment points are on the left. In addition to differences in
length, spurless petals with a pocket were distinguishable from short spurred petals by the shape of the outgrowth: spurless petals had a rounded pocket whereas short spurred
petals formed a more narrow point.
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Fig. S2. Association between genotype and phenotype on chromosome 2 is caused by a deleterious interaction with genotypes on
chromosome 3. The scanone LOD score for the spur phenotype with no covariates considered (black) versus the LOD score when considering either the genotype at the
chromosome 2 LOD peak as a covariate (red) or the genotype at the chromosome 3 LOD peak as a covariate (purple) indicates that the peak on 2 is related to the genotype at
chromosome 3
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Fig. S3. Gene tree of the C2H2-zinc finger TF clade containing Aqcoe3G231100. Agqcoe3G23110 (arrow) is in a clade with Medicago truncatula
PALM!1. This clade is closely related to clades containing the Arabidopsis genes RABBIT EARS (RBE) and SUPERMAN (SUP). A clade containing the Arabidopsis genes

JAGGED (JAG) and NUBBIN (NUB) was used to root the tree. The tree was generated using RAXML on aligned protein sequences. Bootstrap support of nodes greater than
50 are indicated. BLAST hits from the Aquilegia, (Aqcoe-), Arabidopsis (AT-), M. truncatula (Medtr-) and Vitis vinifera (GSVIVG-) genomes were included.
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A. ecalcarata ATGGCAGCTGACCTTGGCCTACTTTCTTTAAGCCAGCTTCAAAAACTTGCTCACTCTCAACAACAACAACAACAANAACAACAACA ARSI ACC CTAGCTCAACTGCAGGATCGTGGATGTGGAACACTACCAGGCAAAACACAGACGATGATGATTCATGGGAGGTACGGGCGTTTGCCCAAGATACTGGCA
A A s mm s K BN A FHE S FQUIQIIQIIQIIQIIQIQ QI QI Q@@ NT P S S T A TGS S WEMEW N T T R UQUN T FDSSDIDIDN S W MEMSVE R A F A SQUEDH T SGo
A. sibirica ATGGCAGCTGACCTTGGCCTACTTTCTTTAAGCCAGCTTCAAAAACTTGCTCAMTCTCAACAACAACAACAACAAGAACAACAACAA AACCCTAGCTCAACTGCAGGATCGTGGATGTGGAACACTACCAGGCAAAACACAGACGATGATGATTCATGGGAGGTACGGGCGTTTGCCCAAGATACTGGCA
A A s s K W A THE S ScENT P S s T ANGE S WEMEWONS T T R GQUNT T SDESDSSDSSDN S W MENSVE R A F A NQUEDN T KGu
A. J‘aponica ATGGCAGCTGACCTTGGCCTACTTTCTTTAAGCCAGCTTCAAAAACTTGCTCACTCTCAACAACAACAACAACAAAACAACAACAANEEE A CCCTAGCTCAACTGCAGGATCGTGGATGTGGAACACTACCAGGCAAAACACAGACGATGATGATTCATGGGAGGTACGGGCGTTTGCCCAAGATACTGGCA
A A S W s KEIN ACH S Q@ Q@ @ @ @ @ @ @ @ @ @ @ @ N P s s T A G S WHEMEW N T T RIQ@ N T iDDD D s wHEIVIR A F AQID T G
A. oxysepala ATGGCAGCTGACCTTGGCCTACTTTCTTTAAGCCAGCTTCAAAAACTTGCTCACTCTCAACAACAACAACAACAAIAACAACAACAAREE AACCCTAGCTCAACTGCAGGATCGTGGATGTGGAACACTACCAGGCAAAACACAGACGATGATGATTCATGGGAGGTACGGGCGTTTGCCCAAGATACTGGCA
A A s mm s KEE A H S Q@ QQ Qe QQaQ Q- NG P S S T ATGE S WEMEW NI T T R UQUN' T SDSSDSSDSSDN S W MEMEVE R A F A SQUEDN T SGH
A. aurea ATGGCAGCTGACCTTGGCCTACTTTCTTTAAGCCAGCTTCAAAAACTTGCTCACTCTCAACAACAACAACAACAAAABAACAACAAREE AACCCTAGCTCAACTGCAGGATCGTGGATGTGGAACACTACCAGGCAAAACACAGACGATGATGATTCATGGGAGGTACGGGCGTTTGCCCAAGATACTGGCA
A A s s K BEN A SHE S FQUSQUSQEIQUIQIQr G MENIQIQIQ- - << < NS P S S T A TGS S WEMEW NG T T R GQUN T SDSSDSSDSSDN 5 W MEMEVE R A F A SQUEDN T SGu
A. vulgaris ATGGCAGCTGACCTTGGCCTACTTTCTTTAAGCCAGCTTCAAAAACTTGCTCAMTCTCAACAACAACAACAACAAGAACAACAACAA AACCCTAGCTCAACTGCAGGATCGTGGATGTGGAACACTACCAGGCAAAACACAGACGATGATGATTCATGGGAGGTACGGGCGTTTGCCCAAGATACTGGCA
A A S W s K W A THU S NP S S T AG S WHEHMEW N T T RIQ N T DUDODODI S wHEEENWIR A F AQIDI TG
A. longissima ATGGCAGCTGACCTTGGCCTARTTTCTTTAAGCCAGCTTCAAAAACTTGCTCACTCTCAACAACAACAABAACAAGAACAACABICAA AACCCTAGCTCAACTGCAGGATCGTGGATGTGGAACACTACCAGGCAAAACACAGACGATGATGATTCATGGGAGGTACGGGCGTTTGCCCAAGATACTGGCA
A A s mm s K W A THT S 3 CNT P S S T ATGE S WEMEW ONIT T R SQUN' T SDSSDSSDSSDN S W MEMSVE R A F A SQUEDN T SGu
A. chrysantha ATGGCAGCTGACCTTGGCCTACTTTCTTTAAGCCAGCTTCAAAAACTTGCTCACTCTCAACAACAACAAIAACAAGAACAACAACAA AACCCTAGCTCAACTGCAGGATCGTGGATGTGGAACMCTACCAGGCAAAACACAGACGATGATGATTCATGGGAGGTACGGGCGTTTGCCCAAGATACTGGCA
A A s s K W A THT S 3 ONT P S s T AWGH S WEMEW NI P T R SQUNT T EDESDSSDSSDN 5 W EMEVE R A F A SQUEDN T SGu
A. pubescens ATGGCAGCTGACCTTGGCCTACTTTCTTTAAGCCAGCTTCAAAAACTTGCTCACTCTCAACAACAACAAIAACAAGAACAACAACAA AACCCTAGCTCAACTGCAGGATCGTGGATGTGGAACACTACCAGGCAAAACACAGACGATGATGATTCATGGGAGGTACGGGCGTTTGCCCAAGATACTGGCA
A A s s K B A CHO S K NP S S T AG S WHEMEW N T T RIQ N T DUDUDODI S wEEWVER A F AQUIDIT G
A. barnebyi ATGGCAGCTGACCTTGGCCTACTTTCTTTAAGCCAGCTTCAAAAACTTGCTCACTCTCAACAACAACAABAACAAGAACAACAACAA AACCCTAGCTCAACTGCAGGATCGTGGATGTGGAACACTACCAGGCAARACACAGACGATGATGATTCATGGGAGGTACGGGCGTTTGCCCAAGATACTGGCA
A A s mm s K W A THT S 3 NS P S S T ATGE S WEMEW NI T T R SQUN' T SDSSDSSDSSDN S W MEMSVE R A F A SQUEDN T SGu
A. formosa ATGGCAGCTGACCTTGGCCTACTTTCTTTAAGCCAGCTTCAAAAACTTGCTCACTCTCAACAACAACAAMAACAAGAACAACAACAA AACCCTAGCTCAACTGCAGGATCGTGGATGTGGAACACTACCAGGCAAAACACAGACGATGATGATTCATGGGAGGTACGGGCGTTTGCCCAAGATACTGGCA
A A s mm s K W A THT S 3 SENT P S S T CASGE S WEMEWONGT T R BQENT S WEENEVE R A F A FQUEDN T 1GU
200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390
c
Identity < 5 5 |
A. ecalcarata ATATAATGGGTACAACATGGCCTCCTAGATCCTATACTTGCACCTTTTGCAGGMIGAGAATTCCGGTCAGCACAAGCGCTTGGGGGTCACATGAATGTGCACCGTCGTGATCGGGCTAGACTTAGGCAATCCCCACCTGCATCCATCAATGACCCCTCATTGTCTTCCAATTCTTCATCTGCTATCCTCTTCCCAACTCA
NOWISEMECGY T T W P P R S Y T C T F C R REEF R S A NQiA BEGGUUHUEME N EVETHS R R SDN R A R BN R SQU S P P A S MM NEDI P S EES S ON'S S S AMMEEF P TQ
A. sibirica ATATAATGGGTACAACATGGCCTCCTAGATCCTATACTTGCACCTTTTGCAGGCGAGAATTCCGGTCAGCACAAGCGCTTGGGGGTCACATGAATGTGCACCGTCGTGATCGGGCTAGACTTAGGCAATCCCCACCTGCATCCATCAATGACCCCTCATTGTCTTCCAATTCTTCATCTGCTATCCTCTTCCCAACTCA
NOBISEMECGE T T W P P R S Y T C T F C R REENF R S A NQN A BECGGUUHUEME N EVESHS R R SDN R A R BEM R QU S P P A S MENEDS P s HENS S ONTS S5 5 A MMEEF P T EQ
A. japonica ATATAATGGGTACAACATGGCCTCCTAGATCCTATACTTGCACCTTTTGCAGGCGAGAATTCCGGTCAGCACAAGCGCTTGGGGGTCACATGAATGTGCACCGTCGTGATCGIIGCTAGACTTAGGCAATCCCCACCTGCATCCATCAATGACCCCTCATTGTCTTCCAATTCTTCATCTGCTATCCTCTTCCCAACTCA
N EME G T T W P P R S Y T C T F C R REEF R S A'Q ANNG G HEWENHIEH R RIDIR A RBERQ s P P A SEENID P sHEES s N S S S AWmESTF P TiQ
A. oxysepala ATATAATGGGTACAACATGGCCTCCTAGATCCTATACTTGCACCTTTTGCAGGCGAGAATTCCGGTCAGCACAAGCGCTTGGGGGTCACATGAATGTGCACCGTCGTGATCGGGCTAGACTTAGGCAATCCCCACCTGCATCCATCAATGACCCCTCATTGTCTTCCAATTCTTCATCTGCTATCCTCTTCCCAACTCA
NOSISEMECGS T T W P P R S Y T C T F C R REENF R S ANQA BECGGUUHUEME NEVESHS R R SDN R A R MEM R SQu S P P A S MM NEDS P S EENS S ONIS S 5 AMMEEF P T Q
A. aurea ATATAATGGGTACAACATGGCCTCCTAGATCCTATACTTGCACCTTTTGCAGGCGAGAATTCCGGTCAGCACAAGCGCTTGGGGGTCACATGAATGTGCACCGTCGTGATCGGGCTAGACTTAGGCAATCCCCACCTGCATCCATCAATGACCCCTCATTGTCTTCCAATTCTTCATCTGCTATCCTCTTCCCAACTCA
NOBISEMESGS T T W P P R S Y T C T F C R REENF R S A SQiA BECGGUUHUEME N EVETHS R R SDN R A R BEM R QU S P P A S MMNEDS P s MENS S ONTS S5 5 A MMEEF P T MQ
A. vulgaris ATATAATGGGTACAACATGGCCTCCTAGATCCTATACTTGCACCTTTTGCAGGCGAGAATTCCGGTCAGCACAAGCGCTTGGGGGTCACATGAATGTGCACCGTCGTGATCGGGCTAGACTTAGGCAATCCCCACCTGCATCCATCAATGACCCCTCATTGTCTTCCAATTCTTCATCTGCTATCCTCTTCCCAACTCA
N EME G T T W P P R S Y T C T F C R REEF R S A'Q ANNG G HEWENIIH R R R A RBSR Q@ s P P A SEENID P sEES s N S S S AmmESTF P TiQ
A. longissima ATATAATGGGTACAACATGGCCTCCTAGATCCTATACTTGCACCTTTTGCAGGCGAGAATTCCGGTCAGCACAAGCGCTTGGGGGTCACATGAATGTGCACCGTCGTGATCGGGCTAGACTTAGGCAATCCCCACCTGCATCCATCAATGACCCCTCATTGTCTTCCAATTCTTCATCTGCTATCCTCTTCCCAACTCA
NOmISEMECG: T T W P P R S Y T C T F C R REEEF R S A QA BEGGUUHUEME N EVETHS R R SDN R A R BN R SQu S P P A S MM NEDI P S EENS S ON'S S 5 AMMEEF P T Q
A. chrysantha ATATAATGGGTACAACATGGCCTCCTAGATCCTATACTTGCACCTTTTGCAGGCGAGAATTCCGGTCAGCACAAGCGCTTGGGGGTCACATGAATGTGCACCGTCGTGATCGGGCTAGACTTAGGCAATCCCCACCTGCATCCATCAATGACCCCTCATTGTCTTCCAATTCTTCATCTGCTATCCTCTTCCCAACTCA
NOSISEMESGS T T W P P R S Y T C T F C R REENF R S A SQiA BEGGUHUEME N EVETHS R R SDN R A R BEM R QU s P P A S MENEDS P s MENS S ONTS S 5 A MMEEF P T Q
A. pubescens ATATAATGGGTACAACATGGCCTCCTAGATCCTATACTTGCACCTTTTGCAGGCGAGAATTCIIGGTCAGCACAAGCGCTTGGGGGTCACATGAATGTGCACCGTCGTGATCGGGCTAGACTTAGGCAATCCCCACCTGCATCCATCAATGACCCCTCATTGTCTTCCAATTCTTCATCTGCTATCCTCTTCCCAACTCA
NSISEMEG: T T W P P R S Y T C T F C R REENF R S ANQiA BEG - GUHUEME N EVETHS R R SDN R A R MM R QU S P P A S MM NGEDI P S EES S ON'S S S AMSEEF P T iQ
A. barnebyi ATATAATGGGTACAACATGGCCTCCTAGATCCTATACTTGCACCTTTTGCAGGCGAGAATTCCGGTCAGCACAAGCGCTTGGGGGTCACATGAATGTGCACCGTCGTGATCGGGCTAGACTTAGGCAATCCCCACCTGCATCCATCAATGACCCCTCATTGTCTTCCAATTCTTCATCTGCTATCCTCTTCCCAACTCA
NOBISEMESGE T T W P P R S Y T C T F C R REENF R S A NQi A BENGGUUHUEME NEVESHS R R SDN R A R BN R SQu S P P A S EENEDS P S EENS S ONTS S 5 A MSEEF P T EQ
A. formosa ATATAATGGGTACAACATGGCCTCCTAGATCCTATACTTGCACCTTTTGCAGGCGAGAATTCCGGTCAGCACAAGCGCTTGGGGGTCACATGAATGTGCACCGTCGTGATCGGGCTAGACTTAGGCAATCCCCACCTGCATCCATCAATGACCCCTCATTGTCTTCCAATTCTTCATCTGCTATCCTCTTCCCAACTCA
NOBISEMECGS T T W P P R S Y T C T F C R REENF R S A QA BEGGUUHUEME N EVETHS R R SDN R A R BEMR Qi S P P A S M NGDS P s HES S ON'S S 5 AMMEEF P T Q
400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590
c
Identity I
A. ecalcarata AGAATTTGTTGCTAATGGTGGTTTATGCCTTCTTTATTCTCTACCAAGTCCTAACAGTGTTTTCAATCCAAATTCCATGAATGGATGCGTAGATCCTTCCACTCTACTTTCCATTTCTCCTTATCAGACCAATAACCTGATGGCATCCTGCCCAACCCTCAATTTCACTCAGACGACAAATAATGTCCACGGCCATGGT
CEEN RV A CNOSGIUGUEEN C WIS Y S MEN P S P CNT S EVE F ONY P ONO S EMECNONGY C EVANDN P S T MENNEN S WIN S P Y QN T CNCNEENEME A S C P T MEEONT F T BQE T T CNUCNCEVERHESGHSHESGH
A. sibirica AGAATTTGTTGCTAATGGTGGTTTATGCCTTCTTTATTCTCTACCAAGTCCTAACAGTGTTTTCAATCCAAATTCCATGAATGGATGCGTAGATCCTTCCACTCTACTTTCCATTTCTCCTTATCAGACCAATAACCTGATGGCATCCTGCCCAACCCTCAATTTCACTCAGACGACAAATAATGTCCACGGCCATGGT
CEEN RV A CNOSGIUGUEEN C BESSNS Y S MEN P s P ONT S VA F ONY P ONS S BMECNOSGY C BVASDN P s T MENNEN S MIN S P Y BQN T CNCONEENEME A S C P T MENONT F T BQE T T CNCNCEVESHESGHSHESGH
A. japonica AGAATTTGTTGCTAATGGTGGTTTATGCCTTCTTTATTCTCTACCAAGT CCTAACAGTGTTTTCAATCCAAATTCCATGAATGGATGCGTAGATCCTTCCACTCTACTTTCCATTTCTCCTTATCAGACCAATAACCTGATGGCATCCTGCCCAACCCTCAATTTCACTCAGACGACAAATAATGTCCACGGCCATGGT
CEEN FOWVS A N GG EN C WINEN Y S WEN P S PN S EMEF N PN S EMEN G CEVIDIP S T I SEINS P YIQ TN NNEEEA S C P THEEN F TIQ T T N NEHGIHIG
A. oxysepala AGAATTTGTTGCTAATGGTGGTTTATGCCTTCTTTATTCTCTACCAAGTCCTAACAGTGTTTTCAATCCAAATTCCATGAATGGATGCGTAGATCCTTCCACTCTACTTTCCATTTCTCCTTATCAGACCAATAACCTGATGGCATCCTGCCCAACCCTCAATTTCACTCAGACGACAAATAATGTCCACGGCCATGGT
CEEN RV A CNOSGIUGUEEN C WIS Y S MM P S P CNT S BV F ONY P ONS S EMECNOSGY C EVANDN P S T MENEN S WIN S P Y FQN T CNCNEEEEME A S C P T MENT F T BQE T T CNOCNCEVESHSSGHSHESGH
A. aurea AGAATTTGTTGCTAATGGTGGTTTATGCCTTCTTTATTCTCTACCAAGTCCTAACAGTGTTTTCAATCCARATTCCATGAATGGATGCGTAGATCCTTCCACTCTACTTTCCATTTCTCCTTATCAGACCAATAACCTGATGGCATCCTGCCCAACCCTCAATTTCACTCAGACGACAAATAATGTCCACGGCCATGGT
CEEN RV A CNOSGIUGUEEN C IS Y S MEN P s P ONT S VA F ONY P ONS S BMECNOSGY C BVASDN P s T MENNEN S MIN S P Y FQN T CNCONEEEME A S C P T MEECNT F T BQE T T CNCCNCEVESHESGHSHESGH
A. vulgaris AGAATTTGTTGCTAATGGTGGTTTATGCCTTCTTTATTCTCTACCAAGTCCTAACAGTGTTTTCAATCCAAATTCCATGAATGGATGCGTAGATCCTTCCACTCTACTTTCCATTTCTCCTTATCAGACCAATAACCTGATGGCATCCTGCCCAACCCTCAATTTCACTCAGACGACAAATAATGTCCACGGCCATGGT
CEEN PRV A CNOSGICGUEEN C WIS Y S MEN P S P CNO S EVE F ONY P ONY S EMECNCSGY C EVASDN P S T MENSNN S WNN S P Y QN T CNCNEENEME A S C P T MEENT F T RQE T T CNCNCEVERHSSGHSHESGH
A. longissima AGAATTTGTTGCTAATGGTGGTTTATGCCTTCTTTATTCTCTACCAAGTCCTAACAGTGTTTTCAATCCAAATTCCATGAATGGATGCGTAGATCCTTCCACTCTACTTTCCATTTCTCCTTATCAGACCAATAACCTGATGGCATCCTGCCCAACCCTCAATTTCACTCAGACGACAAATAATGTCCACGGCCATGGT
CEEN RV A CNOSGIUGUEEN C BENSDN Y S MEN P S P ONT S EVE F ONY P CNY S EMECNONGS C EVASDN P 5 T MENNDN S MIN S P Y QN T CNCNEENEME A S C P T MEECNT F T BQE T T CNCNCEVENHESGHSHS
A. chrysantha AGAATTTGTTGCTAATGGTGGTTTATGCCTTCTTTATTCTCTACCAAGTCCTAACAGTGTTTTCAATCCAAATTCCATGAATGGATGCGTAGATCCTTCCACTCTACTTTCCATTTCTCCTTATCAGACCAATAACCTGATGGCATCCTGCCCAACCCTCAATTTCACTCAGACGACAAATAATGTCCACGGCCATGGT
CEEN RV A CNOSGIUGUEEN C MENSS Y S MEN P s P ONG S BV F ONO P ONG S BMECNCSGH C EVASDN P s T MENNEN S MIN S P Y QN T CNCONEENEME A S C P T BEONT F T EQE T T o
A. pubescens AGAATTTGTTGCTAATGGTGGTTTATGCCTTCTTTATTCTCTACCAAGTIRCTAACAGTGTTTTCAATCCAAATTCCATGAATGGATGCGTAGATCCTTCCACTCTACTTTCCATTTCTCCTTATCAGACCAATAACCTGATGGCATCCTGCCCAACCCTCAATTTCACTCAGACGACAAATAATGTCCACGGCCATGGT
CEEN PRV A CNUGICGUEEN C WIS Y S MEN P S AN S EVE F ONY P CNT S BMENSGY C EVESDN P S T MENNEM S WIM S P Y QN T NN EENEME A S C P T EEENG F T RQE T T CNCNCEVESHSSGHSHESGH
A. barnebyi AGAATTTGTTGCTAATGGTGGTTTATGCCTTCTTTATTCTCTACCAAGTCCTAACAGTGTTTTCAATCCAAATTCCATGAATGGATGCGTAGATCCTTCCACTCTACTTTCCATTTCTCCTTATCAGACCAATAACCTGATGGCATCCTGCCCAACCCTCAATTTCACTCAGACGACAAATAATGTCCACGGCCATGGT
CEEN RV A CNOSGIUGNEEN C WENSDN Y S MEN P S P ONT S EVE F ONY P ONO S EMECNOSGY C EVANDN P 5 T MENNEN S MIN S P Y NQN T CNOONCEENEME A S C P T MEEONT F T BQE T T CNGCNCEVERHESGHSHESGH
A. formosa AGAATTTGTTGCTAATGGTGGTTTATGCCTTCTTTATTCTCTACCAAGTCCTAACAGTGTTTTCAATCCAAATTCCATGAATGGATGCGTAGATCCTTCCACTCTACTTTCCATTTCTCCTTATCAGACCAATAACCTGATGGCATCCTGCCCAACCCTCAATTTCACTCAGACGACAAATAATGTCCACGGCCATGGT
CEEN RV A CNOSGICGUEEN C WIS Y S MEN P s P ONO S VA F ONY P ONY S BMECNCSGY C EVASDN P s T MENNEM S MIN S P Y QN T NN EEEME A S C P T MEEONT F T BQE T T CNCNCEVESHESGHSHESGH
600 610 620 630 640 650 660 670 680 690 700 710 720 730 740 750 760 770 780783
o
Identity -
A. ecalcarata TCAGTATGTCAAACTGATAAGCTTGATGAGCCTACTGTTTCTGTCAATAACAATATCCAAGATGATAACAACCATATTACCAGCAATGAGGAAACCAACAATGATAAGATGGAAGTTGTTGAAGAAT TGGATCTTGAGCTACGACTTGGATCATCAAGACCACCCCGACCCCAAAAACAGGTTTAG
S EVE C mQW T WDN K EENSDSEEN P T BV S T s T K REEEG: S S R P P R P NQU K SQUEVAN
A. sibirica TCAGTATGTCAAACMGATAAGCTTGATGAGCCTACTGTTTCTGTCAATAACAATATCCAAGATGATAACAACCATATTACCAGCAATGAGGAAACCAACAATGATAAGATGGAAGTTGTTGAAGAATTGGATCTTGAGCTACGACTTGGATCATCAAGACCACCCCGACCCCAAAAACAGGTTTAG
S BVE C mQW T WDN K EENSDSEEN P T BV S T s T 3 REENG S s R P P R P QK
A. japonica TCAGTATGTCAAACTGATAAGCTTGATGAGCCTACTGTTTCTGTCAATAACAATATCCAAGATGATAACAACCATATTACCAGCAATGAGGAAACCAACAATGATAAGATGGAAGTTGTTGAAGAAT TGGATCTTGAGCTACGACTTGGATCATCAAGACCACCCCGACCCCAAAAACAGGTTTAG
S BVE C 5QY T FDN K EESCDUNEN P T BVA S T s T X REEEG: S S R P P R P NQY K OUEVEN
A. oxysepala TCAGTATGTCAAACTGATAAGCTTGATGAGCCTACTGTTTCTGTCAATAACAATATCCAAGATGATAACAACCATATTACCAGCAATGAGGAAACCAACAATGATAAGATGGAAGTTGTTGAAGAATTGGATCTTGAGCTACGACTTGGATCATCAAGACCACCCCGACCCCAAAAACAGGTTTAG
S EVE C mQW T WDN K EENSDSEEN P T BV S T s T K REEEG: S S R P P R P NQN K NQUEVANE
A. aurea TCAGTATGTCAAACTGATAAGCTTGATGAGCCTACTGTTTCTGTCAATAACAATATCCAAGATGATAACAACCATATTACCAGCAATGAGGAAACCAACAATGATAAGATGGAAMTTGT TGAAGAATTGGATCTTGAGCTACGACTTGGATCATCAAGACCACCCCGACCCCAAAAACAGGTTTAG
S BVE C 5QN T NDN K EENSDSEEN P T BV S T s T 3 REEEG: S s R P P R P SQU K COUEVENEE
A. vulgaris TCAGTATGTCAAACHGATAAGCTTGATGAGCCTACTGTTTCTGTCAATAACAATATCCAAGATGATAACAACCATATTACCAGCAATGAGGAAACCAACAATGATAAGATGGAAGTTGTTGAAGAAT TGGATCTTGAGCTACGACTTGGATCATCAAGACCACCCCGACCCCAAAAACAGGTTTAG
S BVE C SQU T FDN K EENCDUNEN P T BVA S T s T X REENG S s R P P R P LQIK
A. longissima TCAGTATGTCAAACTGATAAGCTTGATGAGCCTACTGTTTCTGTCAATAACAATATCCAAGATGATAACAACCATATTACCAGCAATGAGGAAACCAACAATGATAAGATGGAAGTTGTTGAAGAATTGGATCTTGAGCTACGACTTGGATCATCAAGACCACCCCGACCCCAAAAACAGGTTTAG
S EVE C mQW T WDN K EENSDSEEN P T BV S T s T K REEEG: S s R P P R P IQUK
A. chrysantha TCAGTATGTCAAACTGATAAGCTTGATGAGCCTACTGTTTCTGTCAATAACAATATCCAAGATGATAACAACCATATTACCAGCAATGAGGAAACCAACAATGATAAGATGGAAGTTGTTGAAGAATTGGATCTTGAGCTACGACTTGGATCATCAAGACCACCCCGACCCCAAAAACAGGTTTAG
S EVE C SQW T NDN K EENSDSEEN P T BV S T s T X REEEG S S R P P R P 5QU K O VAN
A. pubescens TCAGTATGTCAAACTGATAAGCTTGATGAGCCTACTGTTTCTGTCAATAACAATATCCAAGATGATAACAACCATATTACCAGCAATGAGGAAACCAACAATGATAAGATGGAAGTTGTTGAAGAAT TGGATCTTGAGCTACGACTTGGATCATCAAGACCACCCCGACCCCAAAAACAGGTTTAG
S EVE C 5QW T WDN K EENSDSEEN P T BV S T s T K REEEG: S S R P P R P NQN K NOUEVAN
A. barnebyi TCAGTATGTCAAACTGATAAGCTTGATGAGCCTACTGTTTCTGTCAATAACAATATCCAAGATGATAACAACCATATTACCAGCAATGAGGAAACCAACAATGATAAGATGGAAGTTGTTGAAGAATTGGATCTTGAGCTACGACTTGGATCATCAAGACCACCCCGACCCCAAAAACAGGTTTAR
S EVE C moW T NDN K EENSDSEEN P T BV S T s T K REEEG: S S R P P R P NQN K NQUEVAEEE
A. formosa

TCAGTATGTCAAACTGATAAGCTTGATGAGCCTACTGTTTCTGTCAATAACAATATCCAAGATGATAACAACCATATTACCAGCAATGAGGAAACCAACAATGATAAGATGGAAGTTGTTGAAGAATTGGATCTTGAGCTRCGACTTGGATCATCAAGACCACCCCGACCCCAAAAACAGGTTTAG
S EVE C QW T EDN K EENSDSEEN P T EVE S TS T 3 REENG s S R P P R P QK

Fig. S4. Aqcoe3G231100 sequence alignment. The coding sequence and amino acid translation alignment of Aqcoe3G231100 from the cross parents and nine
additional Aquilegia species from Eurasia and North America showing high conservation. A. ecalcarata is spurless while all other species included have spurs.
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Fig. S5. The relationship between Aqcoe3G231100 expression and spur length (mm) in spurred F> individuals. The expression level of
Aqcoe3G231100 is not significantly correlated with spur length in the spurred F individuals examined (R? = 0.21, p = 0.058, n=14). Individuals heterozygous at Aqcoe3G231100

(ES, n=9) are in magenta, homozygous A. sibirica individuals (SS, n=5) are in blue. While RNAseq was conducted on 10 ES individuals, there was no scan for one individual
and thus there are only 9 length measurements.
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Chro3 27,452,000 . 27,453,000 . 27,454,000 . 27,455,000

A. ecalcarata
A. sibirica

A. oxysepala

A. aurea

A. glandulosa

A. barnebyi

A. formosa

A. pubescens

A. longissima

variable upstream region Aqcoe3G231100

Fig. S6. Upstream sequence variation at Aqcoe3G231100. Sequence depth from an A. ecalcarata individual related to the parent and the A. sibirica parent
along with sequence from seven additional Aquilegia individuals from various Eurasian and North American taxa as captured using the Integrative Genomics Viewer (1). A.
ecalcarata is spurless while all other species included have spurs. Grey indicates that sequence reads are the same as the Aquilegia v3.1 reference genome while colored
reads indicate single nucleotide variants and gaps in coverage indicate deletions. While there are very few unique variants in the ~1 kb just upstream of Aqcoe3G231100 in A.
ecalcarata, the region ~1.5-2 kb upstream is highly variable across the genus.
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Fig. S7. Spatial expression of Aqcoe3G231100 during floral and vegetative development in A. coerulea ‘Origami’. A. This panel shows
meristems at three separate phases of development. In the lowermost left (bottom arrowhead), a stage 1 pre-floral meristem (all stages reference Ballerini and Kramer 2011)
shows constitutive Aqcoe3G23110 expression, while immediately adjacent to the right is a stage 4 floral meristem with similarly broad expression (upper arrowhead). In the
large stage 9 meristem (top), Aqcoe3G231100 is detected throughout the petal and in the placental tissue of the carpel (car). B. Again, this panel shows several different
stages of floral meristems. At the bottom center (arrowhead), a stage 2-3 floral meristem shows expression throughout. Adjacent to the left, a stage 7 floral meristem has
Aqcoe3G23110 expression in all early petals, stamens, staminodes and carpels (car). In the upper right, a stage 9 floral meristem shows strong expression throughout the petal.
C. An early stage 10 floral meristem with Aqcoe3G231100 expression detected in most of the petal but starting to show signs of concentration in the initiating spur cup. D. A
stage 11 carpel with expression in initiating ovules. E. Stage 10-11 floral meristem with concentrated Aqcoe3G231100 expression in the developing spur cup. F-G. Expression
of Aqcoe3G231100 in developing vegetative leaflets (asterisks). Scale bars: A, B, and E = 500 um; C, D, F, and G = 200 um. Arrows = early floral meristems, asterisk =
leaves, p = petals, car = carpels.
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Fig. S8. Aqcoe3G231100 expression and cell lengths in A. coerulea ‘Origami’ VIGS KD vs. WT. A. Percent expression of Aqcoe3G231100 in
VIGS KD petals relative to paired WT petals (n=13, mean=36.1%, +/- SE presented on the right). We suspect that the KD and WT samples may have been mistakenly switched
during tissue collection, RNA isolation, or cDNA preparation in the outlier sample (black dot). B. Spur length (mm) plotted against average cell length (1sm) in several WT (red)
and KD (grey) spurs showing no significant correlation between cell length and spur length (R2 =0.02, p = 0.60).
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Fig. S9. Leaf phenotype of Aqcoe3G231100 VIGS knock-down in A. coerulea ‘Origami’. A.Leaves on the same plant with examples of wild type
leaves that began developing prior to VIGS treatment (circled in red) and those exhibiting a phenotype with more highly dissected leaflets and lanceolate laminae that developed
following VIGS treatment (circled in white). B-C. Scans of individual leaflets from separate leaves. B. Wild type leaflets. C. VIGS leaflets exhibiting various degrees of
morphological perturbation.
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Table S1. Genotype counts at LOD peaks on chromosome 2 and chromosome 3 indicative of a deleterious interaction

between A. ecalcarata and A. sibirica alleles.

Chr03 QTL
EE ES SS NA
EE |25 0 0 0
Chr02 "QTL" ES | 46 95 1 1
ss |12 51 55 0
NA|jO o0 0 0

Evangeline S. Ballerini, Ya Min, Molly B. Edwards, Elena M. Kramer, and Scott A. Hodges
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Table S2. Counts of spurred and spurless F3 individuals by genotype at the LOD peak on chromosome 3

Genotype at Chr03 QTL

EE ES SS NA
spurred 8 141 55 1
spurless 71 0 0 0
not phenotyped 4 5 1 0
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Table S3. Dunnett modified Tukey-Kramer test showing a significant difference in mean expression of Aqcoe3G231100
by each genotype in F3 plants, confidence intervals (CI, o = 0.05) do not overlap with 0

Genotype comparison Difference in mean Lower CI

Upper CI
EE-SE 5.32 3.05 7.60
SE-SS 3.42 0.13 6.71
EE-SS 8.74 6.68 10.81
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Table S4. Cross reference of Aquilegia floral stages as used for describing in situ hybridization (from (2)), RNAseq (from
(3)), aRT-PCR, and petal phase (from (4))

Description Floral developmental RNAseq stage A. coerulea ’Origami’ Petal phase
stage spur length (mm)

Petal primordia arise 4 NA NA |

Stamen primordia begin arising 5 NA NA |

Sepals enclose bud, stamen primordia con- 6 NA NA |

tinue appearing

Carpels initiate, staminodia distinguishable, 7 NA NA |

first whorl of stamens becoming stalked at

base

Petal primordia begin to differentiate, first 8 NA NA |

whorl of stamens begin to differentiate locules,

folded carpels remain open

Petals continue to differentiate and elongate 9 1-2 NA |
to same length as first whorl stamens, all sta-

mens differentiating, staminodia still filamen-

tous, carpels elongated to same height as

innermost stamens but remain open, stamin-

odia begin to flatten

Spur formation initiates on petals, all organs 10 3-5 ~0-8 |
elongating

Spur elongation continues, carpels close, sta- 11 NA ~8-40 1l
mens become apiculate

Spurs and all floral organs reach final length 12 NA ~40-45 1l

14 of 15 Evangeline S. Ballerini, Ya Min, Molly B. Edwards, Elena M. Kramer, and Scott A. Hodges



15

7

8

19
20
21

22
23
24

25

SI Dataset S1 (gen.w.phen.csv)
The genotype and phenotype file used to conduct QTL mapping. A alleles correspond to the A. sibirica allele and B alleles
correspond to the A. ecalcarata allele. The file is formatted as a .csvr file for reading into R/qtl.
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