SUPPLEMENTARY INFORMATION

SI RESULTS
Alteration of the model stem-loop formation by RNA antisense complementary to the 5’ sequence involved in stem formation.
A competition experiment assay was used to decrease accessibility of the wtSL-A7 sequence involved in forming the 5’ part of the stem component of the stem-loop. This assay used a 10 nt antisense RNA, “anti-5’stem”, complementary to the RNA template sequence located between 10 nt and 19 nt 5’ of the A7 motif  (Supplementary Figure S1, A). Consequently, a 9 nt linear spacing region should be created between the “anti-5’stem : wtSL-A7” hybrid and the A7 motif. The competition was tested with 1:2, 5:1 and 50:1 concentration ratios of [“anti-5’stem”]:[“wtSL-7A”], and also in the absence of antisense. In addition to the “standard” dNTP concentration (all dNTPs 500 (M each), we used the two optimal dNTP concentration conditions for realignment-mediated base addition or base omission. With the optimal dNTP ratio condition for base addition, (i.e [dTTP]500µM:[dGTP]5µM), increasing the relative concentration of antisense does not appear to inhibit slippage base addition. However, it affects the number of bases added – with increasing concentration of “anti-5’stem” antisense, the amount of product with one additional base declines with a concomitant increase of product with 2 additional bases (Supplementary Figure S1, B lane sets 1-4 and 13-16). Interestingly, a concomitant correlated increase of base omission was detected under the optimal dNTP ratio condition for base omission (i.e [dTTP]5µM:[dGTP]500µM), (Supplementary Figure S1, B lane sets 5-8 and 17-20). These results indicate that the “anti-5’stem” can, though poorly, inhibit formation of the stimulatory stem-loop. However, when it does, the efficiency and/or the directionality of the realignment are affected depending on the dNTP balance.  
RT catalytic center positioning: nt spacer distance between an intermolecular RNA structure and the A7 slippage motif.

To address if both effects of the RNA stem-loop formation on stimulation of slippage addition and on inhibition of slippage omission, are related to accessibility of the polymerase to the RNA template base 5’ adjacent to the motif, a parallel experiment was performed involving 10 nt antisense RNAs with their 5’ ends complementary to nucleotides 0, 1 or 2 at the 5’ end of the A run (anti-d0, anti-d1 and anti-d2 respectively, (Supplementary Figure S3, A). They are complementary to the 3’ side of the stem-loop – anti-d0 is the same antisense, “anti-3’stem”, as used above. The construct used was MUTsl-7A, i.e. the 5’ side of the cis stem-loop is mutated. The experiment was performed with a 50-fold molar ratio of antisense RNA to template.


At the dNTP ratio condition which favors slippage-mediated base omission, with the control MUTsl-7A template, anti-d0 strongly inhibits base omission (Supplementary Figure S3, B compare lanes 3&6 or lanes 16&19). However, both anti-d1 and anti-d2 modestly decreases the efficiency of base omission (Supplementary Figure S3, B compare lane 3 with 9&12 or 16 with 22&25). At the dNTP ratio condition which favors slippage-mediated base addition, with the control MUTsl-A7 template the presence of anti-d0, anti-d1 or anti-d2 still leads to base addition (Supplementary Figure S3, B lanes 5, 8&11 or 18, 21&24). However, at equimolar dNTP concentration, the presence of anti-d0 stimulates base addition, but not with anti-d1, anti-d2 or no antisense (compare lane 4 with lanes 7,10&1 or lane17 with 20, 23&14). [Supportive evidence for the inference from the “fuzzy” lane 1 result is provided by the clear repeats present in Figure 1 lane 18 and Figure 2 lane 9 as well as LPE analysis with the alternative terminator acyC (Supplementary Figure S3 lane 14).]

These results show that the intra- or intermolecular “stem” structures need to be 5’ adjacent to the re-alignment motif for optimal stimulation of realignment-mediated base addition. They also need to be 5’ adjacent for maximal inhibition of realignment-mediated base omission. The “0 nt” spacing distance means that when the “roadblocking” stem-loop structure restrains forward translocation of the RT enzyme on the A7 motif, the closest possible realignment position of the RT catalytic center is at the base at the 5’ end of the motif. Stem-loop formation blocks accessibility of the RT catalytic center to the template base 5’ adjacent to the motif (Figure 6). Biasing the dNTP composition against the substrate base required by the template base has a parallel effect (Figure 6). Taken together, the results show that at the time of productive realignment, the catalytic center of RT is mostly located at the template position 3’ adjacent to the “stem” structure”. 
G-rich sequences 5’ to the A7 motif.
The 5’ leader (UTR) of eukaryotic initiation factor-4A (eIF4A) mRNA contains an RNA quadruplex 1
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. Cassettes with the G-rich sequence involved were used here, but the structure(s) potentially formed in the resulting transcripts may be different due to the pairing possibilities of the nucleotide sequence of the spacer, where present, between the G-rich sequence and the A7 slippage motif utilized. A test of the G-rich sequence, GGCGGCGGCGG is described in the main text. The variant considered now has the 5’ GG substituted to AA (AACGGCGGCGG). This variant was tested with each of the spacers, UC and UUC (Supplementary Figure S4, A). LPE analysis showed a similar slippage pattern for the AA-containing variants as for the parent GG-containing WT. (Supplementary Figure S4, B, inspect within lane sets 5-8, 13-16 and 21-24). The corresponding markers are shown in lanes 29-32.


A next set of four constructs had extended G-runs and different intervening non-G bases. The sequences of two were 5’-GGGAGGGGCGGGUCUGGG-3’ and 5’-GGGAGGGCGGGGAGGG-3’ with each being 3 nt (UUC) 5’ of the A7 motif (Supplementary Figure S4, A). In the 5’ leader (UTR) of eukaryotic NARS and trf2 mRNAs these sequences form an RNA quadruplex 2()
, but the same caveat as above about the unknown nature of the structures here applies. LPE analyses, performed as above, showed that, both sequences showed no significant stimulation of slippage, either resulting in base addition or omission, and no influence of the standard altered dNTP concentration ratios (Supplementary Figure S4, B lanes 1,9 &17 for NARS, lanes 3, 11 &19 for trf2). As described in the main text, A7-containing constructs without the G-rich sequence, one of the dNTP ratios utilized here promotes base addition and another promotes base omission. Due to the unknown nature of the structure formed here by the G-rich sequence, and in particular the positioning of the part of its structure closest to the oncoming RT, absence of an effect of a dNTP ratio alteration with the G-rich sequence may merely mean that a greater variety of spacer distances need to be tested.  
 
A variant of each of the two sequences had the 5’ GGG (underlined above) substituted with AAA (Supplementary Figure S4, A). Counterpart sequences in a NARS and trf2 mRNAs do not form G-quadruplexes. With an equimolar dNTP concentration, LPE analysis showed that both variants led to realignment-mediated addition of at least one base (Supplementary Figure S4, B lanes 2 & 4). The efficiency of base addition increased at the dNTP ratio condition previously shown to favor base addition (Supplementary Figure S4, B lanes 10 & 12). This result suggests that with these variant constructs, an alternative structure(s) likely forms. The dNTP ratio condition which favors realignment-mediated base omission does not influence slippage (Supplementary Figure S4, B lanes 18 & 20). This indicates that the template base located 5’ adjacent to the A7 tract is poorly accessible for the catalytic center of the RT polymerase. It suggests that the 5’ adjacent base is involved in potential template structure base pairing.

Comparative analysis of retroviral derived RT enzymes: WT or mut model stem-loop 5’ to A7 or A6 motifs.
The retroviral origins of the RT polymerases tested are WT Moloney Murine Leukemia virus (MuLV), as the parental source of SuperScriptTM III, Avian Myeloblastosis virus (AMV), HIV-1 and HIV-2. The RTs were tested with RNA template specifying the WT, or mut, model stem-loop 5’ to A7 motif and with derivative constructs containing the A6 motif.


MuLV RT enzyme reactions were performed at 37oC. When this RT was tested with the wtSL-A7 template using 9 relative dNTP ratio concentrations (Supplementary Figure S5, A), similar results were obtained as those described in the main text for SuperScriptTM III. Slippage addition was stimulated by the presence of the model stem-loop and by increase of the relative dNTP ratio (Supplementary Figure S5, panel C compare lane sets 1-3, 4-6 and 7-9), but was only marginally detectable with MUTsl-A7 (lane sets 10-12, 13-15 and 16-18). This indicates that realignment associated slippage properties of its mutant RT (SuperScriptTM III) are not intrinsic to its genetically engineered thermostability feature. The MulV RT enzyme was also tested with the templates wtSL-A6 and MUTsl-A6 (Supplementary Figure S5, A & B), but only at an equimolar dNTP ratio (i.e. 500 µM). A high frequency of realignment-mediated base addition with wtSL-A6 was detected similar to that seen with wtSL-A7 (Supplementary Figure S5, in F compare lanes 3 &1, or 23 &21). This result shows that potential formation of the model stem-loop also acts as a realignment stimulator with the A6 motif. In contrast, the efficiency of realignment-mediated base omission was similar and marginal, irrespective of potential formation of the model structure 5’ of the A6 motif (Supplementary Figure S5, in F compare lanes 3 & 4 or 23 & 24). Importantly, the results show that realignment occurs at 37°C (different from the 52°C recommended for SuperScriptTM III), and led to the testing of other ambient temperature RTs at 37°C. 

RT reactions with AMV RT enzyme were performed with templates wtSL-A7 and MUTsl-A7 using 9 relative dNTP ratio conditions (5, 50 and 500 µM) for the substrate specified by the A7 slippage motif and for the template base, C, 5’ adjacent to the motif. With wtSL-A7, at the three equimolar dNTP conditions (5, 50 or 500µM), the signal of base omission was indistinguishable from that of the control marker and the signal for base addition was barely detectable (Supplementary Figure S5, in D compare lanes 1, 5 & 9 with 19), except at the lowest dNTP ratio, [dTTP]5µM:[dGTP]500µM (lane 3). In contrast, significant base addition is detected with increasing [dTTP]:[dGTP] ratio (Supplementary Figure S5, in D compare lane sets 1-3, 4-6 & 7-9). In contrast, with MUTsl-A7, the slippage directionality is reversed and exhibits greater efficiency. With this template, at all dNTP ratios, base addition is not detected (possibly marginal in some cases), though base omission is evident (Supplementary Figure S5, in D lanes 10-18). Its efficiency correlates with the molar ratio of [dTTP]:[dGTP] with the greatest being at the 1:100 ratio where nearly all the derived cDNA product lacks one base (lane 12). At the ratio 100:1 most of the product has the standard number of nt (lane 16).

Further to the experiments with the A7 motif, AMV RT was also tested with A6. Experiments with templates wtSL-A6 and MUTsl-A6 were only performed with equimolar dNTP. Realignment-mediated base addition occurs marginally with both templates (Supplementary Figure S5, in panel F acyG terminator chain reaction products lane 7(WT) and lane 8(MUT); acyC terminator reaction products lane 27(WT) and 28(MUT)), but base omission occurs at a modest level with the MUT sequence (compare lanes 8 & 7 or 28 & 27). Thus, slippage also occurs on an A6 tract and can be controlled by the potential formation of RNA template structure. 


Reverse transcriptase enzymes from HIV-1 and HIV-2 were also tested. Similar experiments using dNTP ratios and chemically synthetized RNA templates, specifying the wt or mutated stem-loop structure 5’ adjacent to A7 or A6 motifs, were tested. The 9 dNTP ratio combinations, [dTTP]:[dGTP], were tested only for HIV-1 RT enzyme with wtSL-A7 and MUTsl-A7 sequences. Otherwise, only the equimolar dNTP condition (with all dNTPs at 500 µM each) was tested. 


With templates wtSL-A7 and MUTsl-A7 tested with HIV-1 RT, similar results were obtained as those described for AMV RT enzyme with the following differences: with wtSL-A7, realignment-mediated base addition was slightly more detectable at three different concentrations with the same equimolar [dTTP]:[dGTP] ratios (Supplementary Figure S5, compare panel E lanes 1,5,9 with panel D lanes 1,5,9) and significantly more detectable with an increased molar ratio of [dTTP]:[dGTP] (Supplementary Figure S5 compare panel E lane sets 1-3, 4-6 & 7-9 with panel D lane sets 1-3, 4-6 & 7-9 respectively). In contrast, with MUTsl-A7 template, HIV-1 RT enzyme realignment-mediated base omission required at least a 10-fold lower [dTTP]:[dGTP] ratio than that of the AMV RT enzyme to yield a similar detection signal (for example compare Supplementary Figure S5, D and E compare the lowest dNTP ratio condition tested , [dTTP]5:[dGTP]500 lane 12). Again the concentration of the two other dNTPs, dATP and dCTP, were each at 500 µM.


For HIV-2 RT, with wtSL-A7 and MUTsl-A7 templates, experiments were performed only with all dNTP being equimolar (500 µM).  Similar results were obtained as those described for the HIV-1 RT enzyme (Supplementary Figure S5, in F compare lanes 13 & 14 with 9 & 10, or lanes 33 & 34 with 29 & 30 respectively). To explore potential differences from those obtained with the A7 motif, both HIV-1 and HIV-2 RT were tested with templates wtSL-A6 or MUTsl-A6 with all dNTPs each being present at 500 µM. Both RT enzymes give marginal realignment-mediated base addition but no significant base omission (Supplementary Figure S5, in F compare ladders lanes 19, 20 with HIV-1 lanes 11,12, or with HIV-2 lanes 15,16). These results indicate that HIV-1 and HIV-2 RTs are also stimulated by RNA template structure to perform realignment-mediated base addition.


In conclusion, MuLV, AMV, HIV1 and HIV2 reverse transcriptases are prone to realign and respond similarly to cis-acting RNA elements. Potential “roadblocking” RNA template structure formation mediates base addition and inhibits base omission. Slippage directionality is also sensitive to the relative ratio of the dNTP specified by the realignment motif, A-tract, and by the template base C which is 5’ adjacent to the motif. With the MUT-sl template, the RT enzymes show a relatively greater propensity for slippage resulting in base omission in response to the [dTTP]:[dGTP] ratio conditions. This highlights a potential divergence for RT enzyme translocation equilibrium between the pre-translocation state (with the RT catalytic center harbouring the cDNA base 3’) and the post-translocation state (with the RT catalytic center able to accommodate the next template-specified substrate base). Equilibrium differences for specific RT enzymes likely involve their substrate affinity and/or RT sequence-specific pausing. 
The TGIRT template switching protocol commonly used for NGS, has been used here for analysis of TGIRT slippage  


Experiments to test potential stimulatory effects of the model stem-loop on TGIRT enzyme slippage with A7, A6, and U6 motifs showed no significant differences between the motifs (Supplementary Figure S6, panels A & B). The templates had WT or mutated stem-loops (wtSL and MUTsl-), and LPE analysis showed slippage directionality dependent on the potential for formation of the “model” stem-loop (Supplementary Figure S6). The optimal dNTP ratio condition that favors slippage addition, yielded slippage base additions with an unexpected, yet significant difference from the retroviral RTs. In the presence of the potential “model” stem-loop in the mut-A7 construct, with equimolar dNTP concentration, it appears that more than 50% of the RT-PCR product contains from 1 to at least 5 bases added (Supplementary Figure S6, for A7 motif in C lanes 2 &10; for A6 motif in D lane 1 & in E lane 17, or for U6 motif in D lane 7 & in E lane 23). With dNTP ratio condition that favors base addition, the distribution of base additions range from 1 to more than 50 bases (Supplementary Figure S6, for A7 motif in C lanes 3 &11; for A6 motif in D lane 2 & in E lane 18, or for U6 motif in D lane 8 & in E lane 24). In contrast, the optimal dNTP ratio condition which favors realignment-mediated slippage omission, overcomes the stimulatory effect of the “model” stem-loop. Base addition is now mostly restricted to a single base and the higher distribution range does not occur (Supplementary Figure S6, for A7 motif in C lanes 4 &12; for A6 motif in D lane 3 & in E lane 19, or for U6 motif in D lane 9 & in E lane 25).


Interestingly, in the absence of the potential “model” stem-loop in the mut-A7 construct, with optimal dNTP conditions for slippage-mediated base addition, a significant distribution range of base addition still occurred, but only from 1 to about 10 bases and not to ca. 50 (Supplementary Figure S6, for A7 motif in C lanes 7 &15; for A6 in D motif lane 5 & in E lane 21, or for U6 motif in D lane 11 & in E lane 27). However, in the dNTP condition where the concentration ratio of the substrate specified by the slippage site and the substrate specified by the RNA template base 5’ adjacent to the motif is 1:1, the slippage-mediated addition is mostly of one base (Supplementary Figure S6, for A7 motif in C lanes 6 &14; for A6 motif in D lane 4 & in E lane 20, or for U6 motif in D lane 10 & in E lane 26).  When the ratio is made 1:100 slippage-mediated base omission occurred and mostly involved a single base (Supplementary Figure S6, for A7 motif in C lanes 8 &16; for A6 motif in D lane 6 & in E lane 22, or for U6 motif in D lane 12 & in E lane 28). Importantly, the relative position of the markers for the LPE reactions using acyC or acyG chain terminators, excludes Taq and Vent exo- DNA polymerases as the source of slippage mediated multiple base addition (Supplementary Figure S6, for A7 markers in C lanes 1, 5, 9 and 13; for A6 markers in D lanes 13-14 & in E lanes 29-30; and for U6 markers in D lanes 15-16 & in E lanes 31-32). To summarize, the roadblocking RNA template and dNTP ratio rules also apply to the non-retroviral RT enzyme, though with a surprising latitude of slippage-mediated base addition distribution, ranging from 1 to more than 50 bases.

SI DISCUSSION

Influence of reaction conditions on RT slippage. 

This work shows that for each RNA template, irrespective of whether it has potential for structure formation or not, and each relative substrate conditions tested, all the RT enzymes tested have similar slippage behavior, including directionality. This is evidence that though there are variations in the salt conditions in the buffers for the different enzymes and RNA structure is sensitive to salt concentration, the same predicted intramolecular base pairing occurs in each case. Since high temperature can limit base pair formation, it could be relevant that for the enzymes derived from AMV, MulV, HIV-1 and HIV-2 retroviruses, the RT reactions were performed at 37 oC whereas SuperScriptTM III and TGIRT containing reactions were performed at 52 oC and 60 oC respectively. For each enzyme a common test sequence yielded a similar slippage pattern. Even with TGIRT where the reactions were performed at 60 oC in high salt buffer, the wt-SL cassette exhibits slippage-derived base additions. Variants with the potential G:C at the bottom of the wt stem with potential for A:U bp formation, also yield base additions. 

Hybrid length.

The length of the template DNA:RNA product hybrid in transcribing DNA-dependent RNA polymerases oscillates between 9 and 10 base pairs, with slippage motif length being similar. The corresponding length for the template RNA:cDNA hybrid in reverse transcriptase is about 18 bp 3
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. It extends from the RNaseH catalytic center to the polymerase catalytic center (Figure 6). The length of the RT slippage motifs investigated here are much shorter than the length of the hybrid, suggesting that only a portion of the 18 bp is involved in the realignment. A portion of the hybrid between the slippage motif and the RNaseH catalytic center may also affect slippage, perhaps due to its helical topology. However, this was not explored here, though the relevance of a conserved 3’ GGG in HIV-1 gag is explored in the accompanying ms (5). 

SI MATERIALS AND METHODS

T7 RNA polymerase in vitro Transcription, DNase I treatment & RNA purification.

Double-stranded DNA templates, for T7 RNA polymerase, were generated by an overlapping DNA oligonucleotide strategy (Supplementary Table S1) and 3’ extended with Vent DNA polymerase. RNA was generated by T7 RNA polymerase in vitro in 20 μL reaction volumes with a Promega kit (T7 RiboMAXTM large scale RNA production system) according to the manufacturer’s instructions. Reaction products were treated with 2 units of DNase I turbo (Ambion) in 50 μL reaction volumes at 37 oC for 30 min. 500 μL Trizol (Invitrogen) was added to the reaction and incubated for 2 min. Then, 100 μL chloroform was added and incubated for 5 min at room temperature, before centrifugation at 12,000 x g for 15 min at 4oC. The upper aqueous phase was extracted, and an equal volume of 100 % ethanol was mixed with it before it was loaded on a silica column (Anachem PCR purification kit). After centrifugation at 12,000 x g for 30 s, the column was washed with 600 μL of a low salt wash buffer (Anachem’s “PCR clean up” kit wash buffer to which ethanol was added to 80% concentration). The column was then treated with DNase I turbo, 10 units in 100 μL volume for 1 h incubation at 37oC. This was followed by 600 μL of a high salt wash buffer (Anachem’s “PCR clean up” kit wash buffer to which ETOH was added to 40 % concentration) and centrifugation. It was then washed twice, via centrifugation, with the low salt buffer, 600 μL and 300 μL. The final centrifugation was at 12,000 x g for 2 min to dry the column before elution with 100 μL of RNase free water.

TGIRT reverse transcription template switching. TGIRT RT template switching (6) involved, as a first step, annealing of a chemically synthesized initial 41-nt RNA template (RNA_TGIRT_1640) to a 42-nt DNA primer  (DNA_TGIRT_1641) in Tris-HCl, pH 7.5 at 82 oC for 2 min, following by a 10 % temperature decrease every 30 seconds until 25 oC was reached (6). The DNA primer contained a 3’ end base, C, overhang complementary to the base located at the 5’ end of the test RNA construct. A pre-mix for the template switching reaction contained template switching buffer [(450 mM NaCl (Ambion), 5 mM MgCl2 (Ambion) and 20 mM Tris-HCl (Ambion)], 5 mM DTT (Invitrogen), the annealed template-primer 100 nM, RNA 100 ng, TGIRT enzyme 500 nM, in 19 μL volume reaction. The premix was pre-incubated at room temperature for 30 min and then warmed in a thermocycler to 60oC. Then, reaction was initiated by adding substrate dNTPs as indicated (using 1.25 mM equimolar dNTPs as standard) and incubated for 10 min. The 20 μL reaction was stopped by adding 1 μL of 5 M NaOH and incubated at 95 oC for 3 min, before being cooled to room temperature and neutralized with 1 μL of 5 M HCl. 58 μL H2O was added followed by 720 μL binding buffer (“PCR clean up kit”, Anachem) and 8 μL, of sodium acetate 5.3 M pH 5.2. The mix was loaded on a silica column (a component of the “RNA clean and concentrator TM-5 kit”, Zymo Research). The column was centrifuged at 10,000 x g for 30 s. Then the column was washed with 700 μL washing buffer (Anachem), and subsequently by two 400 μL washes with the same buffer. The column was dried by centrifugation at 10,000 x g for 2 min, and elution was with 20 μL H20. 
SI TABLE AND FIGURES
Table S1. Oligonucleotides
Figure S1. Inter-molecular structural counterparts of the stimulatory stem-loop for reverse transcriptase slippage. (A) Inhibition of the stem-loop structure formation by antisense RNA (purple) which anneals to the wtSL-A7 RNA template sequence specifying the 5’ stem. (B) LPE analysis of the RT-PCR products derived from the cDNA template, and of the PCR products derived from the synthetic DNA template. The location of the standard length product without base addition or omission is indicated by an orange arrowhead. 
Figure S2. Spacing between the stimulatory stem-loop structure and the A-tract motifs. Cartoon of utilized RNA test sequences with potential for the “model’ stem-loop structure 5’ to the A7 (A) or A5 (B) motifs. The nt spacing distance (from 0 to 3 nt) between the bottom of the stem-loop and the motif is indicated below. RNA sequences were generated with T7 RNA polymerase using as template a PCR product annotated “PT7 DNA” (top of cartoon). The same “PT7 DNA” was also used in parallel to generate a PCR product marker for the LPE analysis. (C) LPE analysis of the RT-PCR product derived from the cDNA template, and of the PCR product derived from the “PT7 DNA” template, was performed with the same strategy as shown in Figure 1. The location of the standard length products is indicated by arrowheads that appear staggered due to spacer length variation. 
Figure S3. Spacing between the antisense generated structure and the A-tract. (A) Varying the nt spacing between a bound antisense mimic of the stimulatory stem-loop structure and the A7 motif. The RNA sequence utilized, MUT-sl-A7, has the sequence that in WT forms the 5’ side of the stem, mutated to prevent stem-loop formation. The 10 nt antisense RNA complementary to the RNA sequence 5’ adjacent, or 1, or 2 nt 5’, to the motif is indicated in red. RT reactions were performed using 3 relative dNTP concentrations conditions in the absence or presence of antisense RNA. (B) LPE analysis of the RT-PCR product derived from the cDNA template, and of the PCR product derived from the synthetic DNA template. Standard LPE products (whose synthesis did not involve slippage and reflect the original length of the motif in the chemically synthesized template) are indicated by orange or purple arrowhead. 
Figure S4. G-rich sequences are slippage stimulators. (A) Cartoon of the RNA templates generated in vitro using T7 RNA polymerase (“T7 RNAP”) and PCR product template (“pT7 DNA”). Constructs contain a wild type (wt) or mutated (MUT) G-rich sequence, from eIF4A, NARS or trf2 mRNAs 5’ to the A7 motif (top). The nt spacing distance (from 2 to 3 nt) is between the last (3’) G of the G-rich sequence and the A7 motif (bottom). Combination of the G-rich sequence with different spacer lengths was tested as indicated in (B). LPE analysis of the RT-PCR product derived from the cDNA template, and of the PCR product derived from the “PT7 DNA” template. The location of the standard length products is indicated by orange arrowheads that appear staggered due to spacer length variation. 3’-acyC-nt-T7-5’ signifies the 3’ part of the extended primer to the template termination site: the acyC terminator base; nt, product base(s) specified by the template spacer, and T7, bases specified by the A7 motif in absence of slippage. Bands above and below the “acyC-nt-T7” product correspond to product length which contain addition or omission respectively of T in T7. 
Figure S5. Divergent retroviral RT enzymes feature similar slippage patterns. The strategy used for superscript III (Figure 1) was employed. (A, B) Chemically synthesized RNA template with presence (A) or absence (B) of stem-loop structure 5’ adjacent to A7 or A6 tract motifs. (C, D &E) LPE analysis of the RT-PCR products derived from cDNA synthesized by MuLV, HIV-1 or AMV RT enzymes. The templates were wtSL-A7 or MUTsl-A7 RNAs and 9 relative dNTP concentrations were used. (F) LPE analysis of RT-PCR products derived from cDNA synthetized by M-MulV, AMV, HIV-1 or HIV-2 RTs using equimolar dNTP concentration with wtSL-A7, MUTsl-A7, wtSL-A6 or MUTsl-A6 RNA templates. Chemically synthesized DNA counterparts of the corresponding RNA were used to generate a PCR product that served as template for LPE analysis. Red stars indicate mis-incorporation. Terminator chain reaction is indicated to the right of the gel. Standard LPE products (whose synthesis did not involve slippage and reflect the original length of the motif in the chemically synthesized template) are indicated by an orange or purple arrowhead. 
Figure S6. Retrotransposon TGIRT enzyme slippage. Chemically synthesized RNA template with the presence (A) or absence (B) of the model stem-loop structure, or variant, 5’ adjacent to an A7, A6, or U6 motif. In vitro TGIRT RT reactions were performed with 3 dNTP ratio concentration conditions between the substrate specified by the motif and for the substrate specified by the base 5’ adjacent to the motif (12.5 μM, 125 μM or 1.25 mM). The corresponding substrates are noted under their respective constructs and were at either 12.5 μM, 125 μM or 1.25 mM each (with each of the two other dNTPs at 1.25 mM). (C) LPE analysis of the WT (in A) and mutant model stem-loop (in B) with C 5’ adjacent to the A7 motif. Red stars indicate the main position of product with base mis-incorporation. (D) LPE analysis of the WT (in A) and mutant (in B) model stem-loop 5’ adjacent to an A6 or U6 motif. Standard LPE products (whose synthesis did not involve slippage and reflect the original length of the motif in the chemically synthesized template) are indicated by a black, purple or red arrowhead. 
Figure S7. Retrotransposon slippage candidate genes. Sequence of the Drosophila frameshifting candidates (7) (A) Dme1_Chr3_26087113 with motif 5’-GA4U4C-3’ with two potential slippage sub-motifs, A4 or U4. This RNA was chemically synthesized. (B) Sequence of the Maize frameshifting candidate gi_7262818_71383_R (motif 5’-UA4C3A-3’ with two potential slippage sub-motifs, A4 or C3). Its RNA was synthesized in vitro by T7 RNA polymerase. RT reactions were performed with TGIRT enzyme using 3 relative dNTP concentrations conditions for each motif (or sub-motif) between the substrate specified by the motif and the substrate specified by the template base 5’ adjacent to it (indicated below each RNA sequence). (C-D) LPE analysis of the RT-PCR (using cDNA as template) and PCR (using synthetic DNA as template) products, were performed with similar strategy as shown in Figure 1 using specific primers for each candidate. The motif tested with the relevant relative dNTP ratio is indicated in upper case letter. Standard LPE products (whose synthesis did not involve slippage and reflect the original length of the motif in the chemically synthesized template) are indicated by a black arrowhead. 
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