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Figure S1. Isolation of pink bollworm resistant strain AQ65. The resistant strain AQ65 of pink
bollworm was originated from a single-pair cross between a field-collected male (#65) from Anging
in Anhui province of the Yangtze River Valley and a female from a CrylAc-resistant strain AZP-R
(cadherin genotype r1rl) from Arizona. Their Fi offspring (family #65) were screened with a
diagnostic concentration of Cry1Ac (10 pg CrylAc protoxin per mL diet). In view of the 40% survival
of the F1 progeny at the diagnostic concentration and recessive resistance to Cry1Ac of pink bollworm
described before [1,2], it indicated that the male parent of family #65 carried only one recessive allele
at PgCadl conferring CrylAc resistance. Sequencing of cDNA from the resistant Fi offspring
demonstrated that male #65 had only one transcript of cadherin allele, which we name r16 (Genbank
accession number KU254193) (Figures 1).

Survivors from family #65 are reared to adults, then each individual paired with a heterosexual
adult from APHIS-S susceptible strain (cadherin genotype ss) from Arizona to generate resistant
strain AQ65. PCR amplification was used to identify r1 allele for the parents of all single pairs in F2
generation [3], and only these single pairs that their parents did not carry r1 allele (r16s) were retained,
then the offspring larvae of these single pairs were selected on diet with the diagnostic concentration
of CrylAc. The individuals survived on the diagnostic concentration were homozygotes r16r16,
which were reared their offspring as strain AQ65, and feeding larvae of AQ65 with diet containing
the diagnostic concentration of CrylAc every fifth generation to maintain the resistance to CrylAc.
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r16 GGACCGACTGGCCTTTGATCCCGGCTGAGCC

s TGGRACCCCAGRARTIGICCAGCCGATGETTATAGGATCITITARCCIGCTARGTCCAGAGATCCGGARTGRARACGGGGCGTGGTACCTITATATAACCARTAGGCARGATTATGARACACCAACRATGCGTCGGTATACATICGACGTCCGAGTGCCA 4280
r16 TGGAACCCCAGRARTIGICCAGCCGATGETTATAGGATCITITARCCIGCTARGTCCAGAGATCCGGARTGRARACGGGGECGTGETACCTITATATARCCARTAGGCARGATTATGARRCACCAACAATGCGTCGGTATACATICGACGTCCGAGTGCCA 4280

CTCGACTAACTGACTGCGTTTACCAAG TTAGTA €40
CTCGACTAACTGACTGCGTTTACCAAGTGTCAGAC TTAGTA 640

s TCGAGCCCATGACATICCGCCICACA:
116 TCGAGCCCATGACATICCGCCICACAT

'CCGCTGCACATCITICAAAT 200

TICACATCITICARAT 800

s CACTGCTITGGACTCCIGGCCCAACAACCATACGGIGAC TGCARGTCC ACCGACCGCCGCGATGGATGGARATCTICGCAGTCCAGCAGT 960
r16 CACTGCTTTGGACTCCTGGCCCAACAACCATACGGTGACGGTGATGGTGCARGTCC ACCGACCGCCGCGATGGATGGARATCTTICGCAGTCCAGCAGT 960

s ACTGGCATC TATACACTATACCCIC ACTICCGGGCGGCCATGACGGAGC TCCGGC TICAGACTGICCCIGG 1120
r16 ACTGGCA TATACACTATACCCIC ACTICCGGGCGGCCAT CGGC TICAGACTGICCCIGG 1120

TCCACTGTCGCTGAATTTIGCTGAACTITITGG 1280
TCCACTGICGCTGAATTTIGCTGAACTITIITGG 1280

CCTCCAGGCGT TTTTATATIGCGCCCACCGCAGGCT ATIC TGGATTAIGAG 1440

TCTIGGTGGAAATACAAGGCGAGAACCCTCCAGGCGT GTTTTATATIGCGCCCACCGCAGGCTICC ATTCGCCATAGGGAC ACCGAATGCTGGATTATGAG 1440

s GATGTTCCTTICC
rl6 GATGITCCITICC

TAATTGGAACGACGAGGAGCCGATCTT CAGCTCGTTGTCAAGTICARGGAGACTG 1600
ATTAAT GAGGAGCCGATCIT CAGCTGGTTIGTICAAGTICARGGAGACIG 1600

s TACCCARGGAC TGAGGGCTCACGACCGGGAC GAC TGGCGACATCTACGTAACTATIGATGACGCGTTCGATTATCACAG 1760
r16 TACCCARGGACTATCACGTCGGCAGACTGAGGGCTCACGACCGGGAC GTTGTGCAT GAC TGGCGACATCTACGTAGCTAT GCGTTCGATTATCACAG 1760
s AGGACACCATGTCGGAGCCAGAGTCCAGGCA ARCARCACACCTCCTACTCTGAGGCTGCCGCGCGTAAGT 1920
r16 AGGACACCATGTCGGAGCCAGAGTCCAGGCA ARCARCACACCTICCTACTCTGAGGCTGCCICGCGTAAGT 1920

s GIGCCAGAGGGCTTTGARRTCAACCGGGAGATAACCGCCACGGACCCTGACACCACAGCATACCTGCAGTTTIGAAATAGATIGGGACACATCCTTTGCCACTARRCAGGGGCGTGATACCARTCCARTAGAGTTCCACGGATGCGTGGATATAGARACCA 2080
r16 GIGCCAGAGGGCTTTGAAGTCAACCGGGAGATAACCGCCACGGACCCTGACACCACAGCATACCTGCAGTTTGAAATAGATIGGGACACATCCTTTGCCACTARACAGGGGCGTGATACCAATCCARTAGAGTTCCACGGATGCGTGGATATAGARARCA 2080

s TCTICCCARACCCAGCCGACACCAGAGARGCTGTGGGGCGAGTGGTAGC

rl6 TCTICCC

2240
2240

s TACCTTCACGATAATAATAATAGATATGAACGACAACTGGCCTATCTGGGCGTCTGGTTTCCTGAACCAGACCTTICAGTATICGGGAGCGATCATCTACCGGCGTCGTCATCGGGTCCGTACTCGCTACAGACATTIGATGGCCCACTTTACAACCAAGIC 2400
116 TACCTTICACGATAATAATAATAGATATGAACGACAACTGGCCTATCTGGGCGTCTGGTTTCCTGAACCAGACCTTCAGTATCCGGGAGCGATCATCTACCGGCGTCGTCATCGGGTCCGTACTCGCTACAGACATTIGATGGCCCACTTTACAACCAAGIC 2400

s CGGTACACCATTATCCCCCAGGARGATACTICCIGAAGGTCTAGICCAGATACACTICGTTACGGETCAGATTACAGTIGATGAGRATGGTGCARTCGACGCTGATATICCACCTCGTTGGCACCTCARCTACACAGTTATAGCCAGCGRACARATGTICCG 2560
r16 CGGTACACCATIATCCCCCAGGARGATACTCCIGAAGGTCTAGTCCAGATACACTICGTTACGGETCAGATTACAGTIGATGAGAATGGTIGCARTCGACGCTGATATICCACCTCGTTGGCACCTCAACTACACGATTATAGCCAGCGACARATGTICCG 2560

s ARGAAAA TGTCCCCCGGATCCAGTGTTICTGGGATACTCTGGGCGACARTGTA] ACCCGATITCACAAA 2720

ACCCGATITCACAAA 2720

116 RAGRAAA TGTCCCCCGGATCCAGTGTICTGGGATACTCTGGGCGACARTGTA]

s CGIGGICARGATATACTCCATCGACGARGACAGAGACGRARTATATCACACGGIGCGETACCAGATCARTTATGCTGIGAACCAGCGGCTGCGRGACTICTICGCCATAGACCTGGATICAGGCCAGGTGTACGTGGAGARCACCAACRATGAGCTCCTG 2880
r16 CGIGGICAAGATATACTCCATCGACGARGACAGAGACGAARTATATCACACGGTGCGETACCAGATCARTTATGCTGTGARCCAGCGGCTGCGAGACTICTTCGCCATAGACCTGGATICAGGCCAGGTGTACGTGGAGARCACCAACARTGAGCTCCTG 23380

s GATCGGGACAGAGGCGAAGACCAACACAGGATATICATTAACCTCATIGACAACT ARACACT T ARCGCTCCTGAATTGCCGACTCCAGAAGAGC 3040
116 GATCGGGACAGAGGCGAAGACCARCACAGGATATICATTAACCTCATIGACAACTTITATAGC TGTARACACTACAGAGGTGC TATT AACGCTCCTGAATIGCCGACTCCAGAAGAGC 3040
s TGAGTIGGAGCATTTCCGAGAATT 3200
r16 TGAGTIGGAGCATTIC 1T 3194
s TCCGAGACTICTCAACATGCIGTCGCCTAACAACGTAACCGGATTCCTTCAGACAGCARTGCCTT ATTGGGGTACTTACGATATARGTATACTGGCGTTCGACCACGE TCAGCAGATATCTC 3360
r16 GGARATCTIT TACCATA----TGIARRGGCGTTCGACCACGE TCAGCAGRCATC 3281

s CGACCTTACAATTACAATCCTCCCCAGTICGTTTTICCTGARTCCGGGACGATICTACGACTGGCTTIGGARCGCGCAGTGGTARATARTGTTTTIGTCACTIGTARACGGTGACCCGTTAGACAGGATACAAGCARTTIGACGACGATGGTCTIGATGCTG 3520
r16 CGACCTTACAATTACAATCCTCCCCAGTICGTTITICCTGAATCCGGGACGATICTACGACTGGCTTTGGAACGCGCAGTGGTARATAATGTTTTGTCACTTGTAAACGGTGACCCGTTAGACAGGATACAAGCAATTGACGACGATGGTCTIGATGCTG 3441

s GCGIGGTGACTITCGATATIGTTGGAGATGCIGATGCA CTACTICAGAGTAA: GGCGACAACTTTGGARCCTIGTTGCTGACACAGGCGCTTCC ARGGAATTTGAGGT 3680
r16 GCGIGGIGACITICGATATIGIIGGAGATGCIGATGCA ACTICAGAGTAA! GGCGACAACTTTGGARCCTIGTTGCTGACACAGGCGCTICC TIGAGGT 3601
s ACCICGATCA ARCAGTGCTCTICGTTCCGACTTIGGE TCTTTCARGATARCACTTAC ATICTT TGGCTTGACTGAGAGGTTCTCGCTC 3840
r16 ACCTCGATCA ARCAGTGCTCTICGTTCCGACTT CGATCTTTCARGATAACACTTACTCAGTAGCATICTT TGGCTTGACTGAGAGGTTCTCGCTCCCACATGCAGAGGACCCTAAGAAC 3761
s TGACGACTGICACGATATTIACTACAGGATCTITG TACGAGCCATTTGACCTGGACCCGGTGACGAAC TCAGAACTAGACCGGGAGACCACTGCTACG 'GGTGCAAGIGGCAGCCAGTA 4000

r16 MTCTGCICTGICGICIG‘!CACGIIA‘HUCnCIGGHCmGGIGG‘IG!GGh‘lﬂCGDGCCl‘lﬂGlCC!GGLCCCGGIGICGMCG‘lGITCTKCCTGIMICAGMCUGACCGGGIGACCICIGCCICGCHGIGGTGCMGRGGCIGCCWA 3921

s ATTCGCCCACAGGAGGCGGAATACCACTCCCTGGGTCTCTTCTCACCGTCACTGTCACTGTACGAGAAGCGGATCCACGGCCTGTGTTCGAGCAGCGTCTGTACACGGCTGGCATTTCCACTICCGATARCATCAACAGGGAACTACTCACCGTTICGTGC 4160
r16 ATTICGCCCACAGGAGGCGGAATACCACTCCCTGGGTCTCTTCTICACCGTCACTGTCACTGTACGAGAAGCGGATCCACGGCCTGTGTTCGAGCAGCGTCTGTACACGGCTGGCATTTICCACTICCGATAACATCAACAGGGAACTACTCACCGTICGTIGC 4081

s AmCl'ﬂCCGMMCGCHCM'nGlCl‘n‘uCCl‘lCGAAGMZGG‘K!CIAIGGCGGIGGMTCCAC‘KCTGGMGCCG'KCMGDC1CGGCG‘HCCITC‘KGAKGCGC&GNCCGGCGICCTG!ACIGAGGIIKAICCIKIGCCMTGCAGGGQ‘IG 4320

r16 AACICAT GCACAA' A CATC AGGACTCGGC 'CTGARCGCGCAGACCGGC TACTGC AGGGCATG 4241
s TICGAGTICAACGTICATCGCTACTGATCC GCAGAAACGTTCAGCG 4480
r16 TTTGAGTICAACGTCATCGCTACTGACCC GCAGRARCGTICAGCG 4401

GCAGTGACACTCAGCT 4640

GC TCAGCT 4561

ACGGCTGTTGGTCCTGARCGACCTGGTGAC TCAGCCCTGATC TGTGCCTTATICIGCTIC 4800

TGIGCCTTATICIGCIC 4721

TTGARCCAACGGCTGTIGGTCCTGAACGACCTGGTGACGGGGGTCAGCCCTGATC

s ATCACATICAIC CCGAGCTCTGAACCGCCGTTTGGARGCAC

r16 ATCACATICAIC 'GAGCTCTGAACCGCCGTT ACTC

TAGCGGCCCCAGGAACCARCAARCACGCCATCGAAGGCTCCAACCCCATCTGGARCGAGC 4960

'GGCC CAACCCCATCTGGAACGAGC 4881

s AGATCARGGCCCCGGACTICGATGCCATCAGTGACACATCTGACGAGTCTGATCTGATCGGCATCGAGGATCTACCACARTTCAAGAGCGACTATITCCCGCCTGAGGACTCGGARTCCGCTCACGCCGCCTTTAGCGACCGCACGCCACGCGGGAACGA 5120
16 AGRTCARGGCCCCGGACTICGATGCCATCAGIGACACATCIGACGAGICTGATCTIGATCGGCATCGAGGATCTACCACARTTICARGAGCGACTATITCCCGCCTIGAGGACTCGGARTCCGCTCACGCCGCCTTTAGCGACCGCACGCCACGCGGGAACGA 5041

s TGCGCCTATIGCACACAGTAGCARCAACTTICGGTTTCARCACCAGTCCTTTTAGCGCGGAGTTCACTARCAGGCGCATGCGACCATAG 5208
r16 TGCGCCTATTGCACACAGTAGCAACARCTICGGTTICAACACCAGCCCTTITTAGCGCGGAGTTICACTAACAGGCGCATGCGACCATAG 5129

Figure S2. Alignment of the full-length cDNA of s and r16 alleles. Underline letters TAA and TAG
indicate termination codon of 16 and s, respectively.
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Figure S3. Predicted amino acid sequence of pink bollworm cadherin protein PgCadl for alleles s
(GenBank accession number MF276974) from susceptible strain APHIS-S; and r16 (GenBank accession
number KU254193) from resistant strain AQ65. The s was sequenced in 2015 from the subset of
APHIS-S reared in China [4]. Shown are the signal sequence (SIG), cadherin repeats (CR1-CR12),
membrane-proximal region (MPR), transmembrane region (TM) and cytoplasmic region (CYT). The

short dashes for r16 indicate the sequence is the same as for the s allele. The asterisk at position 1074

in r16 indicates that, because of the premature stop codon (Figure S2), the r16 allele encodes only 1073

amino acids.
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Figure S4. Alignment of g and cDNA sequences of r16 and s alleles. The red letters indicate exon sequences. The green background represents the consistent sequence of

introns in r16 and s. The blue background GT/AG indicate splicing site. The yellow background ACCT indicate target site duplicates (TSDs). The grey background indicates
the inserted transposon sequence. The red and underline letters TAA indicate premature stop codon in r16.
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Figure S5. PCR detection of PgCad1 genotype using primers in Table S1. Primers for r16 (r16allF
and r16R) generate a single band of 1211 bp in r16r16 from AQ65 (lanes 1-3) and in r16s (F1
progeny of APHIS-S x AQ65; lanes 4-6); and no band in ss from APHIS-S (lanes 7-9). Primers
for s (r16allF and notr16R) generate no band from r16r16 (lanes 10-12) and a single band of
1431 bp from r16s (lanes 13-15).

Figure S6. Western blot of cadherin fusion proteins sPgCad1-GFP (lane 1) and r16PgCad1-GFP
(lane 2) produced in Hi5 cells transfected with vectors containing the s and r16 alleles,
respectively.
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Table S1. Primers used for cloning and genotyping of PgCad1.

Name= Primer sequence (5-3") Template Strain Size (bp)
F1 CATACTGGTGACGGTGCTTCT APHIS-S 2384
R1 GGACTTGGTTGTAAAGTGGGC cDNA AQ65 2384
F2 GACCTTCAGTATTCGGGAGCG APHIS-S 2890
R2 CATGCGCCTGTTAGTGAACTC cDNA AQ65 2811
gF65 AGAAATGTAAACACTACAGAGGTGC aDNA APHIS-S 2470
gR65 AACGAACTGGGGAGGATTGTAATTG AQ65 3664
r16allF GATGAAAATGACAACGCTCCTG APHIS-S None
r16R CGAGTAAGTGAGGTGCCTACAG gDNA AQ65 1211
rl6allF GATGAAAATGACAACGCTCCTG DNA APHIS-S 1431
notr16R CTCGGAACAGTGTCCAGGTCT 8 AQ65 None
PgCADF CCGfGAATTCSggéf (f (1? :1(,3 CCCCCTCA cDNA APHIS-S 5205
PgCADR TCCCCGCGGACCGCCTCCGCCACCG DNA AQES 3219

CCCATATGGTAGCAAAAGATTTCCGT

aF indicates forward and R reverse.

Table S2. Responses to Cry2Ab of pink bollworm larvae from a resistant strain (AQ65) and a
susceptible strain (APHIS-S).

Strain.  Slope (SE)2  LCso (95% FL)® RRe
APHIS-S 2.69 (0.339) 0.157 (0.125-0.188)
AQ65  3.42(0.402) 0.408 (0.350-0.467) 2.60

aSlope of the concentration-mortality line with its standard error in parentheses.

bConcentration killing 50% with 95% fiducial limits in parentheses, in ug Cry2Ab per ml diet.
Resistance ratio, the LCso for AQ65 divided by the LCso for APHIS-S.

Table S3. Genetic linkage between resistance to CrylAc and cadherin gene PgCad1.

Larvae with 16716 (%)
Backcross family Control diet CrylAc diet

1 43 100
2 53 100
3 55 100
4 43 100
5 46 100
Mean 48 100

We used PCR (Fig S3) to determine the genotype for a total of 250 larvae: 147 on control diet
(30, 30, 29, 30 and 28 larvae from backcross families 1-5, respectively) and 103 on diet treated
with the diagnostic concentration of CrylAc (20, 20, 21, 22 and 20 larvae from backcross
families 1-5, respectively).
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Table S4. Survival of AQ65 and APHIS-S larvae reared on Bt cotton and non-Bt cotton.

Insect Cotton Bolls Entry holes  Survivors/ Survival(%) » Relative
strain type per boll boll survival (%) P
AQ65 Bt 48 5.6 (0.3) 1.1(0.1) 19.4 (1.6) 50.6 (2.7)
APHIS-S Bt 35 5.6 (0.1) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
AQ65 Non-Bt 44 5.2(0.3) 2.0(0.1) 38.3 (2.8)
APHIS-S Non-Bt 43 5.5 (0.2) 1.7 (0.1) 31.1(0.9)

Values are means with their standard errors in parentheses. ?Larvae surviving per boll divided
by entry holes per boll multiplied by 100%. *Survival on Bt cotton divided by survival on non-
Bt cotton.



