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Fig. S1.  SimPlots illustrate the similarity of recombinants R1 to R5 to either parental element CRM1A or CRM1B in different regions of the element. BioEdit
was used to generate an 80% consensus sequence for each CRM1 subgroup using separate multiple sequence alignments generated by ClustalX from each of
the two parental (CRM1A and CRM1B) and five recombinant (R1-R5) subgroups. The similarity of each recombinant to CRM1A (green) and CRM1B (orange) was
plotted using SimPlot with a sliding window of 200 nt and a step size of 20 nt. Detailed recombination breakpoints for all recombinants are shown in Fig. S2.
(a) Recombinant R1 more closely resembles parent CRM1B along most of its length, with the exception of the RNAseH region (circled). The R1 consensus was
derived from all 89 R1 sequences. Note that the sequence similarity is close to 100% to one or the other parent, except for the region around 1,100 nt (arrow)
and 1,900 nt (arrowhead). The former is a highly variable AT-rich region of the UTR containing a duplication within the R1 consensus that results in a big gap
in the alignment of A and B with R1, while the latter is a UTR region with high sequence variation. High sequence variation among individual B sequences in
part of the UTR indicates that the consensus B sequence is not representative of the B parent in this region. (b) The R1 consensus for this figure was derived from
three of the four oldest R1 sequences. One R1 sequence was not included because of the presence of a duplication in the UTR. Note that the consensus derived
from these oldest R1 elements shows high sequence similarity with "’B” because they lack the duplication (arrow) and the ambiguous region of the UTR
(arrowhead), resulting in a much cleaner (and slightly shorter) SimPlot (compare with Fig. S1 a). (c—f) SimPlots of recombinants R2 to R5 demonstrate sequence
similarities of each recombinant to either parent CRM1A or CRM1B in different regions of the element, as represented schematically in Fig. 1.
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Figure S1. Continued
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Fig.S2. Recombination breakpointsin CRM1and CRM4 elements. Multiple sequence alignments of the recombinant CRM 1 and CRM4 subgroups with their respective
parents are shown. The consensus sequence of the recombinant is shown in the middle and those of the parents are at the top and bottom of each alignment. Identities
to the top-most sequence are indicated by (.) dots. The recombinant sequence derived from A and B lineages is highlighted in yellow and gray, respectively. The
recombination breakpoints identified by *“2 parental, 1 derived”” Maximum Chi Squared Test is marked by asterisk *“*"* for each recombinant. Note: The A polyprotein
consensus was generated using the A polyproteins associated with the A and R3 LTRs, while that for the B polyprotein was generated from B polyprotein associated
with the B LTRs and their deletion derivatives. The B, indicates subgroup Ba12a3a, while R1, R2, R3, R4 and R5 represent different recombinant groups. (a) Two
recombination breakpoints flank the RHa in CRM1 R1 (middle sequence). The flanking RT and Integrase domains (black and blue underline, respectively) are included
in this alignment to better visualize the recombination breakpoints. Both recombination breakpoints map upstream of a region of high sequence similarity shared by
CRM1 A and B. (b—e) The recombination breakpoints determined for CRM1 recombinants R2, R3 and R5, as well as CRM4 R1.
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b. CRM1 R2 polyprotein (integrase)

4120 s

sesefessalevan]oans

4140 4150 {160 4170 418 IL9 420 422 22 423
sosslosesfossafocaalanan|oncalenaclanan|ea®alanaclavanfocnalanenlavanlocnalacanlocen]onealacealanas
Rl GCICITOTlﬂlTCcTUCTUClCl"11ﬂllClll10lTTlﬂCATICI!‘IACAIIG‘IAICI‘AACAY?OCTOC?ICTIITUCIllllA1Clﬂ'!1Cc“ﬂfl'llllﬂﬂllﬂllllcl!
R2 seees ChivevraMieTivonnns . cevee AeCiCrvvnrnnnnne TCiveelececcnnnne B R T T RS
A sesesChAiceaied.CL. ......................A?C Cocvencsenca®CicicliccccvocsosBavass FEETETE TETTTT DIy VNP . - - SIS 7 |

¢. CRM1_R3 LTRs

13 141 150 1€ 170 18 19 2 21 22 23 24

sevelossnionanfoanalonenlanas |esealocee ®cece|oss

mmmmmwmtm—wmtwnm

B,
R3 NIEY T S 28 I O e - B T . O I T T T et L e L T LR
A R PP \ 1N - FUAPD VO VAPIPRNPRPN -, ) VRPN SR PApapepipa eeresTuee A .TOGC, . .ACAGGAAG. .. .GGA. .G...6.C...C.A.GTOGTGAACAGTA. . TCTG. TAC

SINPAS

d. CRM1 RS polyprotein (integrase)

4200 4210 §22 4230 4240 §25 §260 4270 §2 4290 43 N
R I I I I I T T R B T T e B R D T P P P P TR R R

X1 TOCWAAAAATCAGGT TOCTOGTAGT AAMGGAAGALAACATGT TACT T T TGAGCCAGGTGATATOGT T TOGT TOCACT TGAGAALGGA TO0G T T TOCTACT T TOCOOCG T ICTAMATTAAY

RS sRecsvnvnrnsnnssnnsnnnsnsnnnnnsnnsnsnonscrcrocscsosMeTanvnncncancnsnsncnseTionnnnnnenrcraT i rnrnrsnsrnnnnnes G

A T TR L L L O - T T T N L T oo O..

e. CRM4_R1 polyprotein (at the LTR border)
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Figure S2. Continued
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Fig. S3. Deletion derivatives of B LTR. Each deletion derivative of the CRM1B LTR is defined by a characteristic deletion as indicated on this multiple sequence
alignment of the 5’ end of the CRM1B LTR and its deletion derivatives. The deletions are numbered (1, 2, or 3) based on the region with the deletion, followed

by a letter to indicate different extent of deletion. Ba12a3a’ differs from Ba12a3a by two additional trinucleotide deletions and base changes.
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Fig. S4. Allele composition of 75 CRM1 elements lacking TSD and presumed to have resulted from DNA recombination. Each column represents a region of
the element, including: 5'LTR, translation start-gag domain, gag domain, gag domain-RT domain, RT domain, RT domain-integrase domain (contains RH),
integrase domain, integrase domain-recombination point R2, recombination point R2-recombination point R5, recombination point R5-LTR, LTR. Pink highlight
marks the 29 elements that are chimeric based on containing different LTRs or a chimeric polyprotein gene. Note that the LTRs are grouped based on type,
including A, B, AB, AB,, ABA and BA. ch, chimeric region.
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Fig. S5. Evidence for recombination breakpoints in Opie elements. Full-length and partial Opie elements were identified in a BLAST search of 15,101 Zea
mays inbred B73 BACs representing 2,503,489,719 nt using GenBank accession U68408 as a query. Regions (3,500-6,000 nt) flanked by two Opie LTRs (from
U68408, AF050450, AF050451, AF050452 or AF050453) in the same orientation represent potential complete Opie elements, which were excised from the
genomic BACsequences including 1,500 flanking nt. Two identical duplicate elements were removed and the remaining 65 full-length elements were aligned
using ClustalW and trimmed to the length of the full-length element (alignment available from the authors upon request). Presence of TSDs was determined
visually using the alignments, and insertion times for elements flanked by TSDs were estimated using the method of SanMiguel et al. [SanMiguel P, Gaut B,
Tikhonov A, Nakajima Y, Bennetzen JL (1998) The paleontology of intergene retrotransposons of maize. Nat Genet 20:43-45]. All elements retrieved in this
manner had been inserted recently. The alignment was scored for polymorphicsites consisting of at least four transversions. Dashes (-) and gray boxes indicate
deletions and missing data, respectively. Lack of polymorphism is indicated in pink highlights.
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Putative Recombination Breakpoints in the Opie Polyprotein region
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Fig. S6.
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Recombination breakpoints in Opie polyprotein. Multiple sequence alignments of two recombinant Opie subgroups with two “parents’ are shown.

The consensus sequence of the recombinants is shown in the middle and those of the parents are at the top and bottom of each alignment. Note that in these
highly recombined elements, the parental and recombinant designations are arbitrary. Identities to the top-most sequence are indicated by (.) dots. The sequence
derived from A and B lineages is highlighted yellow and gray, respectively. The recombination breakpoints identified by "2 parental, 1 derived”” Maximum Chi
Squared Test is marked by asterisk for each recombinant (after 136 for AB and after 162 for BA).
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