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b. GT is the most robust statistic: less affected by false positives (than RAFS) and gaps (than MI)

d. Covariation detection improves with
              more aligned sequences 

         c.  A two component (WC/non-WC)
     covariation suitable for few sequences
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e. Covariation detection improves with 
          more divergent  alignments
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a. Corrected covariation statistics work better
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Supplementary Figure 1. Characterization of different covariation statistics on a positive testset of 104 RNAs. (a) Plots of the F measure – the
harmonic mean of sensitivity (SEN) and positive predictive value (PPV), F = 2SEN×PPV

SEN+PPV – for four different covariation statistics as a function of the
score’s E-value, over all alignments, using R-scape with default parameters. (b) Effect of alignment gaps on the different covariation statistics, seen by
including all alignment columns (right) as compared to the R-scape default (left). (c) Effect of measuring covariation using a binary classification (whether
a pair is canonical Watson-Crick/G:U or not) versus using the full sixteen-way classification. (d) Covariation detection as a function of the number of
sequences in the alignments. (e) The F measure for each of the 104 RNA Rfam alignments in the positive testset as a function of average percentage identity,
at an E-value threshold of 0.05.
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Supplementary Figure 2. Comparison to related methods CoMap and MICA [12] on the testset of 104 RNAs.
(a) Sensitivity (percentage of significant base pairs) and positive predictive value (percentage of significant pairs that
are base pairs) as a function of the score’s E-value. (b) Running times for the three methods (R-scape in black, CoMap
cyan, MICA red) on a log-log plot as a function of the number of sequences in the alignment (left) and as a function
of the alignment length (right). Running times are for a single 3GHz intel Core i7 with 8GB 1600GHz DDR3 RAM.
Running times for R-scape and CoMap include the cost of generating a phylogenetic tree using FastTree [26].
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Supplementary Figure 3. Examples of RNAs with significant covariation support for their proposed structures.
(a) R-scape analysis of a multiple sequence alignment of αr14, a putative regulatory small RNA in α-proteobacteria
[20,42]. (b) R-scape analysis of a multiple sequence alignment of Arisong RNA, a noncoding RNA identified in the
ciliate Oxytricha [41]. (c) Example of detecting an underannotated structure, an S15 mRNA leader in γ-proteobacteria
that autoregulates ribosomal protein synthesis [19]. Three out of the seven significantly covarying pairs are not in the
proposed structure. These covarying pairs support the existence of a conserved pseudoknot, which was already known,
but happened to not be annotated in the provided alignment [19]. (d) Example of using R-scape to improve a structural
annotation for the Rfam seed alignment for SAM-I riboswitch. The R-scape modified structure has seven significant
pairs not included in the Rfam-annotated SAM-I structure. The R-scape structure is in agreement with the secondary
structure derived from the SAM-I riboswitch crystal structure (RK Montange & RT Batey, Nature 441, 1172-1175,
2006). Notation is as in Figure 2.



37 broken pairs (not A:U,C:G,G:U)
27 apparent half-compensatory pairs
 3 apparent compensatory pairs

3 broken pairs
1 half-compensatory pair

Homo_sapiens               GAGUCUGAUGUUUACAAGACCAGAAAUGCCACGGCCGC-GUCCUGGCAGAGA--AAAGGCUGAAAUGGAGGAC-C
Mus_musculus               AAGUCCUGUGUUUACAAGACCAGAAAUGCCAGCGCUAA-GUCCUUCCAGAGA-gAAAGGCUGAAAUGGAGGAC-C
Rattus_norvegicus          AAGUCCUGUAUUUACAAGACCAGAAAUGCCAGCGCUCC-GUCCUUCCUGAGA-gAAAGGCUGAAAUGGAGGAC-C
Ailuropoda_melanoleuca     GAGUCCAGUGUUUACAAGACUAGAAAUGCUAUGGCCUU-GUCCCGGCAGAGA--AAAGGCUGAAAUGGAGGAC-C
Tupaia_belangeri           GAGCCUGGUGUUUACAAGAGCAGAAAUGCCACGGCCAC-GUCCUGGCAGAGA--AAAGGCUGAAAUGGAGGAC-C
Pteropus_vampyrus          GAGUUCAGUGUUUAC-AGACCAGAAAUGCCACGGCCAC-GUCCUGGCAGAAA--AAAGACUGAAAUGGAGGAC-C
Tursiops_truncatus         GAGUCCAGUGUUUACAAGACCAGAAAUGCCACGGCCAC-GUCCUGGCAGAAA--AAAGGCUGAAAUGGAGGAC-U
Canis_lupus_familiaris     GAGUCCAGUGUUUACGAGACUAGAAAUGCUACGGCCAC-GUCCUGGCAGAAA-gAAAGGCUGAAAUGGAGGAC-C
Dipodomys_ordii            GAGUCCAGUGUUUACAAGACCAGAAAUGCCACUGCUGC-UUCCUUCUAGAGA--AAAGGCUGAAAUGGAGGAC-C
Cavia_porcellus            CAGUCCAGUGUUUACAAGACCAGAAAUACCACUGCCAA-GUCCUUCUGGAGA--AAAGGCUGAAACAGAGGAC-U
Pongo_abelii               GAGUCCGAAGUUUACAAGACCAGAAAUGCCACGGCCGC-GUCCUGGCAGAGAgaAAAGGCUGAAAUGGAGGAG-C
Pan_troglodytes            GAGUCUGAUGUUUACAAGACCAGAAAUGCCACGGCCGC-GUCCUGGCAGAGA--AAAGGCUGAAAUGGAGGAC-C
Mustela_putorius_furo      GAAUCCAGUGUUUACAAGACUAGAAAUACUACGGCCUU-GUCCUGGCAGAAA--AAAGGCUGAAAUGGAGGAC-C
Choloepus_hoffmanni        GAGUCCGGUGUUUACAAGCCCAGAAAUGCCAUGGCCAC-GUCCUGGCACAGA--AAAGGCUGAAAUGGAGGAC-C
Callithrix_jacchus         GAGCCCGGUGUUUACAAGACCAGAAAUGCCACCGCCAC-GUCCUGGCAGAGA--AAAGGCUGAAAUGGAGAAC-G
Macaca_mulatta             GAGUCCGAUGUUUACAAGACCAGAAAUGCCACGGCCGC-GUCCUGGCAGAGA--AAAGGCUGAAAUGGAGGAC-C
Myotis_lucifugus           GAAUUCAGUGUUUACAAGAUCU----UG----------g-------CAGAAA--AAAGACUGAAAUGGAGGAC-C
Loxodonta_africana         GAGACCGGUGUUUACAAGUCCAGAAAUGCUACGGCCAC-GUCCUGGCAGAGA--AAAGGCUGAAAUGGAGGAC-C
Microcebus_murinus         GAGUCCGGUGUUUACAAGACCAGAAAUGCCACGGCCAC-GUCCUGGUGGAGA--AAAGGCUGAAAUGGAGGAC-C
Otolemur_garnettii         GAGUCCGGUGUUUACAAGACCAGAAAUGCCACGACCAC-GUCCUGGCAGAGA--GAAGGCUGAAAUGGAGGAC-C
Echinops_telfairi          GAGAUCGAUGUUUACAAGACCAGCAAUGCUACGGCCAC-GUCUUGGCGGAGA--AAAGGCUGAAAUGGAGGAC-C
Equus_caballus             GAGUCCAGUGUUUACAAGACCAGAAAUGCCACGGCCGC-GUCCUGGCAGAAA-gAAAGGCUGAAAUGGAGGACcC
Gorilla                    GAGUCCGAUGUUUACAAGACCAGAAAUGCCGCGGCCGC-GUCCUGGCAGAGA-aAAAGGCUGAAAUGGAGGAC-C
Ictidomys_tridecemlineatus GAAUCCAGUGUUUACAAGAUGAGAAAUGCCACUGCCGC-GUCCUUCUGGAGA--AAAGGCUGAAAUGGAGGAC-C
Nomascus_leucogenys        GAGUCCGAUGUUUACAAGACCAGAAAUGCCACGGCCGC-GUCCUGGCAGAGA--AAAGGCUGAAAUGGAGGAC-C
Oryctolagus_cuniculus      GAGUCCAGUGUUUACAAGACCAGAAAUGCCACAGCCGC-GUCCU-GCAGCGA-gAAAGGCUGAAAUGGAGGAC-U
Procavia_capensis          GAGACCAGUGUUUACAAGACUAGAAAUGCCACAGCCAC-AUCCUGGCAGAGA--AAAGGCUGAAAUGGAGGAC-C
                           ::<<<<--<<<<<-<-<<-<<-----<<<<<-<<<____>>>->>>>>--------->>>>>>>>>>-->>>>::

                       ::<<<<--<<<<<-<-<<-<<-----<<<<<-<<<____>>>->>>>>--------->>>>>>>>>>-->>>>::

HOTAIR putative Helix 10

covariation score

Homo_sapiens               AGGU-CCUGCUCCGCUUCGC---AG---UGGA-AUGGA-------ACGG
Mus_musculus               AGGU-CCUUCUCCACUUUGCugcUG---UGGA-AUGGA-------AGGG
Rattus_norvegicus          AGGU-CCUUCUCCACUUUGC---UGccaUGGA-AUGGA-------AGGG
Ailuropoda_melanoleuca     GGGU-CCUGCUCCUUUUCCU---GG---UGGA-ACGGA-------ACGG
Pteropus_vampyrus          AGGA-UCUGCUCCUCUUCGU---GG---UGGA-AAGGA-------ACGG
Tursiops_truncatus         AGGU-UUUGCUCCGCUUCGC---GG---UGGA-AUGGA-------AUGG
Canis_lupus_familiaris     AGGUuCCUGCUCCUUU-CGU---GG---UGGA-AUGGA-------ACAA
Bos_taurus                 AGGU-CCCAUUCCGCUUCGU---GG---UAGC-AUGAA-------AGGG
Otolemur_garnettii         AGGU-CCUCCUCCGCAUCGC---AG---UGGA-AUAGA-------AGGG
Ictidomys_tridecemlineatus AGGU-CCUGCUCCGCUGGAC---GG---UGGA-AUAGA-------ACGA
Equus_caballus             AG-C-CCUGCUCCGUUUCGU---GG---UGAA-AUAGC-------AGGG
Procavia_capensis          AGGU-UCUACUCCUCUUGGC---GG---UGGA-AUGGG-------ACAG
Cavia_porcellus            GGGU-CCUGCUGCGCUUCGA---GG---UGAA-AUGAA-------ACAG
Pongo_abelii               AGGU-CCUGCUCCGCUUCUC---AG---UGGA-AUGGA-------ACGG
Pan_troglodytes            AGGU-CCUGCUCCGCUUCGC---AG---UGGA-AUGGA-------ACGG
Mustela_putorius_furo      AGGU-CCUGCUCCUUUUCCU---GG---UGGA-GUGGA-------ACGG
Choloepus_hoffmanni        AGGU-CCUGUUCUGCUUCGC---UG---UGGA-ACGGA-------ACGG
Callithrix_jacchus         AGGU-CCUGCUCCGCUUCGC---AG---UGGA-AUGGA-------ACGG
Macaca_mulatta             AGGU-CCUGCUCCGCUUCGC---AG---UGGA-AUGGA-------ACGG
Myotis_lucifugus           AG-U-CCUGCUCCGCUGCGU---GG---UGGA-AUGGA-------ACGG
Loxodonta_africana         AGGU-CCUGCCCCGCUUGGC---GG---UGAA-GUGGA-------ACCG
Microcebus_murinus         AGGU-CCUGCUCCGCUUCGC---AC---UGGA-AUGGA-------ACGG
Dipodomys_ordii            AG-C-UCUGCUCCGCUAGGC----U---UGGAuUUGGA-------ACGG
Schinops_telfairi          AGGU-CCGGCUUUGCUGGGC---GA---UGAA-ACGGA-------GAGG
Gorilla                    AGGU-CCUGCUCCGCUUCUC---AG---UGGA-AUGGA-------ACGG
Nomascus_leucogenys        AGGU-CCUGCUCCGCUUCGC---AG---UGGA-AUGGA-------ACGG
Oryctolagus_cuniculus      AGGU-CCUGCUCUGCUUCGC---GG---UGGA-AUGGAaacggauUCGG
Erinaceus_europaeus        G----CCUGCUCAGCUUCCU---GG---UGGA-AGGGG-------ACAG
                           ::<<--<<<-<<<<<<_______>>--->>>>-->>>-------->>::

                           ::<<--<<<-<<<<<<_______>>--->>>>-->>>-------->>::
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Supplementary Figure 4. Covariation analysis of HOTAIR putative helices H7 and H10. The structural align-
ments have been extracted from the HOTAIR Domain 1 alignment (with 37 sequences) provided in [13]. The H7 and
H10 alignments have 28 and 27 sequences respectively, after removing species for which the region does not include
any residues. For any two base paired positions, changes are annotated in color relative to the most frequent Watson-
Crick or G:U pair. Green arrows indicate the base pairs (one for H7 and 3 for H10) proposed as covarying in [13]. For
putative helix H7, the proposed covarying pair (columns 8:36 marked in green) has covariation score -0.16 (E-value
7.74). Gray arrows indicate the best scoring putative Watson-Crick pair (columns 10:30, with a consensus C:G) which
was not part of the proposed structure. This best scoring alternative pair would have one U:A compensatory and one
U:G half-compensatory changes, and covariation score 3.66 (E-value 5.52). For both alignments, the R-scape analysis
is shown to the right. For putative helix H10, the one covariation above the null hypothesis corresponds to a G:G/U:C
non-Watson-Crick covariation in a pair of adjacent columns that are not in the proposed structure and are too close to
be a base pair.



ncSRA putative helices H3 and H4
H3H4

covariation score

 

Human                       GGGCU      CCA GCCGG GG             CC CUGGC UGGAGCCC
Chimp                       GGGCU      CCA GCCGG GG             CC CUGGC UGGAGCCC
Gorilla                     GGGCU      CCA GCCGG GG             CC CUGGC UGGAGCCC
Orangutan                   GGGCU      CCA GCCGG GG             CC CUGGC UGGAGCCC
Gibbon                      GGGCU      CCA GCCGG GG             CC CUGGU UGCAGCCC
Rhesus                      GGGCU      CCA GCCAG GG             CC CUGGU UGGAGCCC
Crab-eating_macaque         GGGCU      CCA GCCAG GG             CC CUGGU UGGAGCCC
Baboon                      GGGCU      CCA GCCAG GG             CC CUGGU UGGAGCCC
Green_monkey                GGGCU      CCA GCCGG GG             CC CUGGU UGGAGCCC
Marmoset                    GGGCU      CCA GCCGG GG             CC CUGGU UGGAGCC-
Squirrel_monkey             GGGCU      CCA GCCGG GG             CC CUGGU UGGAGCCC
Bushbaby                    GGGCU      CCA GCUGG GG             CC CUGGU UGGAGUCC
Chinese_tree_shrew          GGGCU      CCA GCUAG GG             CC CCUGU UGGAGCCC
Squirrel                    GGGCU      CCA ACUGG GG             UC CCAGA UGCAGCCC
Lesser_Egyptian_jerboa      GGGCU      UCA ACUGG GG             CC CUGGU UGGAGCUC
Prairie_vole                GGGCU      UCA ACUGG GG             CU CUGGU UGGAGCUC
Chinese_hamster             GGGCU      UCA ACUGG GG             CU CUGGU UGGAGCCC
Golden_hamster              GGGCU      UCA ACUGG GG             CU CUAGU UGGAGCCC
Mouse                       GGGCU      UCA ACUGG GG             CU CUGGU UGGAGCCC
Rat                         GGGCU      UCA ACUGG GG             CU CUGGU UGGACCCC
Naked_mole-rat              GGGCU      CCA ACUGG GG             CC ACAGU UGGAACCC
Guinea_pig                  GGGCU      CCA ACUGG GG             CC CCAGU UGGAACCC
Chinchilla                  GGGCU      CCA ACUGG GG             CC CCAAU UGGAACCC
Brush-tailed_rat            GGGCU      CCA ACUGG GG             CC CCAGU UGGAACCC
Rabbit                      GGGCU      CCA ACUGG GG             CC CUUGU UGGUGCCC
Pika                        GGAUU      GCA ACUGG GG             CU CCUGU UGGAGUCU
Pig                         GGGCU      CCA GCUGG GG             CC CCAGC UGGAGCCC
Alpaca                      GGGCU      CCA GCUGG GG             -C CCAGC CACAGCCC
Bactrian_camel              GGGCU      CCA GCUGG GG             CC CCAGC CACAGCCC
Dolphin                     GGGCU      CCA GCUGG GG             CC CCAGC UGGAGCCC
Killer_whale                GGGCU      CCA GCUGG GG             CC CCAGC UGGAGCCC
Tibetan_antelope            GGGCU      CCA GUUGG GG             CC CCAGA UGGAGCCC
Cow                         GGGCU      CCA GCUGG GG             CC CCAGA CGGAGCCC
Sheep                       GGGCU      CCA GUUGG GG             CC CCAGA UGGAGCCC
Domestic_goat               GGGCU      CCA GCUGG GG             CC CCAGA UGGAGCCC
Horse                       GGGCU      CCA GCUGG GG             CC GCAGU UGGAGCCC
White_rhinoceros            GGGCU      CCA GCUGG GG             CC CCACU UGGAGCCC
Cat                         GGGCU      CCU GCUGG GG             CC CCAGU UGGAGCCA
Dog                         GGGCU      UCU GCCGG GG             CC CCAGU UGAAGCCA
Ferret                      GGGCU      CCU GCUGG GG             CC CCAGU CGGAACCA
Panda                       GGGCU      CCU GCUGG GG             CC CUGGU UGGAGCCA
Pacific_walrus              GGGCU      CCU GCUGG GG             CC CCAGU UGGAGCCA
Weddell_seal                GGGCU      ACU GCUGG GG             CC CCAGU UGGGGCCG
Black_flying-fox            GGGCU      CCA GCCGG GG             CC CCAGU UGGAGCCC
Megabat                     GGACU      CCA GCCGG GG             CC CCAGU UGGAGCCC
Microbat                    GGGCU      CCA GCCGG GG             CC CCACU UGGAUCCC
Big_brown_bat               GGGCU      CCA GCCGG GG             CC CCACU UGGAUCCC
Hedgehog                    GGGCU      GCA GCUGG GG             CU CCAAU UGAAGCCC
Shrew                       GGGCU      CCA GCGGG GG             CC CCAGU UAGAACCU
Elephant                    GGGCU      CCA GCUAU GG             CC CCAGU UUGAGUCC
Cape_elephant_shrew         GGGCU      CCA GCUGG GG             UC CCAGU CGGAUCCU
Manatee                     GGGCU      UCA GCUGU GG             CC CCAGU UGAAGCCC
Cape_golden_mole            GGACU      CCA GCUGU GG             CC CUAGU UAGAGCCC
Tenrec                      GGCCU      CCA GCGGU GC             GU CAAGU UAGAACCC
Aardvark                    GGGCU      CCA GCUGU GG             CC AUAGU UGGAGCCU
Armadillo                   GGGCU      CCA AUUGG GG             CC CUGGU UGGAGCCC
Opossum                     GGGUU      CCA GCUAG AG             CC UGAGG UGGAACCU
Tasmanian_devil             GGGUU      CCA GGGAG AG             CC UGAGG UGGAACCC
Wallaby                     GGGUU      CCA GCUGG AG             CU UGAGA UGGGACCC
Platypus                    GGCCU      CCA ACCGG GG             CG UGAGG CGGGCCCG
                            <<<<<      <<< <<<<< <<             >> >>>>> >>>>>>>>

Human                  CAUACGGGCUGCAGACCCAGGCCGGCGGACCC    UCCUGCCUCUGGCGUGGAGCCCACAAG
Chimp                  CAUACGGGCUGCAGACCCAGGCCGGCGGACCC    UCCUGCCUCUGGCGUGGAGCCCACAAG
Gorilla                CUUACGGGCUGCAGACCCAGGCCGGCGGACCC    UCCUGCCUCUGGCGUGGAGCCCACAAG
Orangutan              CAUACGGGCUGCAGACCCAGGCCGGCGGACCC    UCCUGCCUCUGGCGUGGAGCCCACAAG
Gibbon                 CAUACGGGCUGCAGACCCAGGCCGGCGGACCC    UCCUGCCUCUGGUGUGCAGCCCACAAG
Rhesus                 CAUACGGGCUGCAGACCCAGGCCAGCGGACAC    UCCUGCCUCUGGUAUGGAGCCCACAAG
Crab-eating_macaque    CAUACGGGCUGCAGACCCAGGCCAGCGGACAC    UCCUGCCUCUGGUAUGGAGCCCACAAG
Baboon                 CAUACGGGCUGCAGACCCAGGCCAGCGGACAC    UCCUGCCUCUGGUAUGGAGCCCACAAG
Green_monkey           CAUACGGGCUGCAGACCCAGGCCGGCGGACAC    UCCUGCCUCUGGUAUGGAGCCCACAAG
Marmoset               CCUACGGGCUGCAGACCCAGGCCGGCGGAACC    UCCUGCCUCUGGUGUGGAGCC---AAG
Squirrel_monkey        CAUACGGGCUGCAGACCCAGGCCGGCGGACCC    UCCUUCCUCUGGUGUGGAGCCCACAAG
Bushbaby               CAUAUGGGCUGCAGACCCAGGCUGGUGGGCCC    UCCUGCCUCUGGUGUGGAGUCCACAAG
Chinese_tree_shrew     CUUACGGGCUGCAGACCCAGGCUAGCGGACCC    UCCUGCCCCCUGUGUGGAGCCCAUGAG
Squirrel               CUUACGGGCUGCAGACCCAGACUGGCGGACCC    UCCUGUCUCCAGAGUGCAGCCCACAGG
Lesser_Egyptian_jerboa CCUACGGGCUGCAGACUCAGACUGGCGGAGCC    CCCUGCCUCUGGUUUGGAGCUCAUAAG
Prairie_vole           CUUAUGGGCUGCAGACUCAGACUGGUGGACCC    UCCUGCUACUGGUGUGGAGCUCCAAAC
Chinese_hamster        CUUAUGGGCUGCAGACUCAGACUGGUGGACCC    UCCUGCUACUGGUGUGGAGCCCCCAAG
Golden_hamster         CGUACGGGCUGCAGACUCAGACUGGUGGACCC    UCCUGCUGCUAGUGUGGAGCCCCCAAG
Mouse                  CCUACGGGCUCCAGACUCAGACUGGUGGACCC    UCCUGCUACUGGUGUGGAGCCCCCAAG
Rat                    CCUACGGGCUGCAGACUCAGACUGGUGGAACC    UCCUGCUUCUGGUGUGGACCCCCCAAG
Naked_mole-rat         CUUACGGGCUGCAGACCCAGACUGGCGGACCC    UCCUGCCCACAGUGUGGAACCCAUGGG
Guinea_pig             CUUACGGGCUGCAGACCCAGACUGGCGGACCC    CCCUGCCUCCAGUGUGGAACCCAUGGG
Chinchilla             CUUACGGGCUGCAGACCCAGACUGGCGGACCC    CCCUGCCUCCAAUGUGGAACCCAUGGG
Brush-tailed_rat       CUUACGGGCUACAGACCCAGACUGGUGGACCC    CCCUGCCUCCAGUGUGGAACCCAUGGA
Rabbit                 CCUACGGGCUGCAGACCCAGACUGGCGGACCC    UCCUUCCUCUUGUGUGGUGCCCACAAG
Pika                   CGUACGGAUUGCAGACGCAGACUGGCGGGCCC    UUCCUCUUCCUGUGUGGAGUCUACAAG
Pig                    CAUACGGGCUGCAGACCCAGGCUGGCGGACCC    UCCUCCCUCCAGCAUGGAGCCCACACA
Alpaca                 CAUACGGGCUGCAGACCCAGGCUGGCGGACCC    UCU---CUCCAGCACACAGCCCACAAA
Bactrian_camel         CAUACGGGCUGCAGAUCCAGGCUGGCGGACCC    UCCUCCCUCCAGCACACAGCCCACAAA
Dolphin                CAUACGGGCUGCAGACCCAGGCUGGCGGACCC    UCCUCCCUCCAGCAUGGAGCCCACAAA
Killer_whale           CAUACGGGCUGCAGACCCAGGCUGGCGGACCC    UCCUCCCUCCAGCAUGGAGCCCACAAA
Tibetan_antelope       CCUAUGGGCUGCAGACCCAGGUUGGCGGACCC    UCCUCCCUCCAGAAUGGAGCCCAUGGC
Cow                    CCUAUGGGCUGCAGACCCAGGCUGGCGGACCC    UCCUCCCUCCAGAACGGAGCCCAUGGA
Sheep                  CCUAUGGGCUGCAGACCCAGGUUGGCGGACCC    UCCUCCCUCCAGAAUGGAGCCCAUGGA
Domestic_goat          CCUAUGGGCUGCAGACCCAGGCUGGCGGACCC    UCCUCCCUCCAGAAUGGAGCCCAUGGA
Horse                  CCUACGGGCUGCAGACCCAGGCUGGUGGACCC    UCCUGCCUGCAGUGUGGAGCCCACAAA
White_rhinoceros       CCUACGGGCUGCAGACCCAGGCUGGCGGUCCC    UCCUGCCUCCACUGUGGAGCCCACAAA
Cat                    CCUACGGGCUGCAGACCCUGGCUGGUGGUCUC    UCCUGCCUCCAGUGUGGAGCCAGCAAA
Dog                    CCUACGGGCUGCAGACUCUGGCCGGUGGACCU    UCUUGCCUCCAGUGUGAAGCCAGCAAA
Ferret                 CCUACGGGCUGCAGACCCUGGCUGGUGGACCC    UCCUGCCUCCAGUGCGGAACCAACAAA
Panda                  CGUACGGGCUGCAGACCCUGGCUGGUGGACCC    UCCUGCCUCUGGUGUGGAGCCAAUAAA
Pacific_walrus         CCUACGGGCUGCAGACCCUAGCUGGGGGACCC    UCCUGCCUCCAGUGUGGAGCCAACAAA
Weddell_seal           CCUACGGGCUGCAGGCACUGGCUGGGGGACCC    UCCUGCCUCCAGUGUGGGGCCGACCAA
Black_flying-fox       CCUACGGGCUGCAGACCCAGGCCGGCGGACCC    UACUGCCUCCAGUGUGGAGCCCACAGA
Megabat                CCUACGGACUGCAGACCCAGGCCGGCGGACCC    UACUGCCUCCAGUGUGGAGCCCACAGA
Microbat               CCUAUGGGCUGCAGACCCAGGCCGGCGGACCC    UCCUGCCUCCACUGUGGAUCCCAUAGA
Big_brown_bat          CCUAUGGGCUGCAGACCCAGGCCGGCGGACCU    UCCUGCCUCCACUGUGGAUCCCAUAGA
Hedgehog               CUUACGGGCUGCAGACGCAGGCUGGCGGAUCC    UCCUGCUUCCAAUGUGAAGCCCACAAA
Shrew                  CGUACGGGCUGCAGACCCAGGCGGGCGGACCC    UCCUGCCUCCAGUCUAGAACCUACAAA
Elephant               CUUACGGGCUGCAGACCCAGGCUAUUGGGUCC    UCCUGCCUCCAGUGUUGAGUCCCCAAA
Cape_elephant_shrew    CUUACGGGCUGCAGACCCAGGCUGGCGGGUCC    UCUAGUCUCCAGUACGGAUCCUGUAAA
Manatee                CUUACGGGCUACAGACUCAAGCUGUCGGGUCC    UCCUGCCUCCAGUGUGAAGCCCCCAAG
Cape_golden_mole       CUUAUGGACUGCAGACCCAAGCUGUCGGGUCC    UUCUGCCUCUAGUGUAGAGCCCACAAG
Tenrec                 CUUACGGCCUGCAGACCCAGGCGGUGGCCUCC    UCCUGGUUCAAGUGUAGAACCCUUAAG
Aardvark               CUUACGGGCUGCAGACCCAGGCUGUGGGGUCC    UUCUACCUAUAGUGUGGAGCCUACAAG
Armadillo              CUUACGGGCUGCAGAACCAGAUUGGCGGGCCC    UCCCACCUCUGGUUUGGAGCCCACAAG
Opossum                CUUAUGGGUUGCAGACCCAGGCUAGCAGUAAU    UUCUCCCGUGAGGUUGGAACCUUCCAG
Tasmanian_devil        CUUACGGGUUGCAGACCCAGGGGAGCAGUCAU    UUCUCCCUUGAGGGUGGAACCCGCCAG
Wallaby                CGUAUGGGUUGCAGACCCAGGCUGGCAGUCAC    UUCUCCUUUGAGAUUGGGACCCGCCAG
Platypus               ...ACGGCCUGCAGACCCAGACCGGGGGGCCC    CUCCCCGCUGAGGACGGGCCCGACCAG
                       :::::<<<<<------<<<-<<<<<-<<....    .....>>->>>>>->>>>>>>>:::::

H3 H4

91 broken pairs (not A:U,C:G,G:U)
77 apparent half-compensatory pairs
32 apparent compensatory pairs

all 60 sequences, all 30 paired columns:

8 9 525117 21 23 494543393827 28

      <<<<<      <<< <<<<< <<             >> >>>>> >>>>>>>> :::::<<<<<------<<<-<<<<<-<<....    .....>>->>>>>->>>>>>>>:::::
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Supplementary Figure 5. Covariation analysis of putative helices H3 and H4 of ncSRA. Color annotation as in
Supplementary Figure 4. Green arrows indicate the seven base pairs identified in [21] as significantly covarying. At
right, the R-scape analysis for all pairs in this partial ncSRA alignment.



ncSRA putative helices H19-H21

                               ::::::((((((((((<____><<<<<<----------------<<<-<<<<____>>>>--->>>--------------->>>>>>))))))))))::::
        Human                  AAAAGAGGAGUCUGUUUUCAGAGGAGGCAGCCAAUGAAGAGAAAUCUGCAGCCACAGCUGAGAAGAACCAUACCAUACCAGGCUUCCAGCAGGCUUCAUAA
        Chimp                  AAAAGAGGAGUCUGUUUUCAGAGGAGGCAGCCAAUGAAGAGAAAUCUGCAGCCACAGCUGAGAAGAACCAUACCAUACCAGGCUUCCAGCAGGCUCCAUAA
        Gorilla                AAAAGAGGAGUCUGUUUUCAGAGGAGGCAGCCAAUGAAGAGAAAUCUGCAGCCACAGCUGAGAAGAACCAUACCAUACCAGGCUUCCAGCAGGCUCCAUAA
        Orangutan              AAAAGAGGAGUCUGUUUUCAGAGGAGGCAGCCAAUGAAGAGAAAUCUGCAGCCACAGCUGAGAAGAACCGUACCAUACCAGGCUUCCAGCAGGCUCCAUAG
        Gibbon                 AAAAGAGGAGUCUGUUUUCAGAGGAGGCAGCCAAUGAAGAGAAAUCUGCAGCCACAGCUGAGAAGAACCAGACCAUACCAGGCUUCCAGCAGGCUCCAUAA
        Rhesus                 AAAAGAGGAGUCUGUUUUCAGAGGAGGCAGCCAAUGAAGAGAAAUCUGCAGCCACAGCUGAGAA---CCACACCAUACCAGGCUUCCAGCAGGCUCCAUAA
        Crab-eating_macaque    AAAAGAGGAGUCUGUUUUCAGAGGAGGCAGCCAAUGAAGAGAAAUCUGCAGCCACAGCUGAGAA---CCACACCAUACCAGGCUUCCAGCAGGCUCCAUAA
        Baboon                 AAAAGAGGAGUCUGUUUUCAGAGGAGGCAGCCAAUGAAGAGAAAUCUGCAGCCACAGCUGAGAA---CCACACCAUACCAGGCUUCCAGCAGGCUCCAUAA
        Green_monkey           AAAAGAGGAGUCUGUUUUCAGAGGAGGCAGCCAAUGAAGAGAAAUCUGCAGCCACAGCUGAGAA---CCACACCAUACCAGGCUUCCAGCAGGCUCCAUAA
        Marmoset               AAAAGAGGAGUCUGUUUUCAGAGGAGGCAGCCAAUGAAGAGAAAUCUGCAGCCACACCUGAGAAGAAUCAGACCAUACCGGGCUUCCAUCAGGCACCAUGA
        Squirrel_monkey        AAAAGAGGAGUCUGCUUUCAGAGGAGGCAGCCAGUGAAGAGAAAUCUGCAGCCACAGCUGAGGAGAACCAGACCAUACCGGGCUUCCAGUAGGUGCCAUAA
        Bushbaby               AAAAGAGGACUCUGUCUUCAGAGGAGGC---CAGUGAAGAGAAAUCUGCAGCCACAGCUGAGGAGAACCAGACCAUACCAGGCUUCCAGCAGGCUCCAUAA
        Chinese_tree_shrew     AAAAGAGGAGUCUGUCUUCAGAAGCGGC---CAAUGAAGAGAAAUCUGCAACUACAGAUGAGGAAAACCAGGCCAUACCAGGCUUCCAAUAGGCUCCAUAA
        Squirrel               AAAAGAGGAGUAUGUCUUCAGAGGAGGAGGCCAAUGAAGAGAAAUCUGCAGCAGCUGCUGAGAA---CCAAACUAUACCAGGCUUUCAAGAGGCGCUAUAA
        Lesser_Egyptian_jerboa AAAAGAGGAAUCUUUCUUCAGAGGAGU---CUAAAGAAGAGAAAUCUGCAGUGGCAGCUGAGAA---CCCGAUGAUAGCAGGCUUACAACAGGCUUCAUAA
        Prairie_vole           AAAAGAGGAGUGUGUCUUCAGAGGAGG---CCAAAGAAGAGACACCUACAAUGGCACCUGAGAA---CCAGACAGUACCAGGCUUCCAACAGUCUUCAUAA
        Chinese_hamster        AAAAGAGGAGUCUGUCUUCAGAGGAGG---CCAAAGAAGAGAAAUCUACAGUGACACCUGAGAA---CCAGACAGUACUGGGCUUCCA-UAGUCUUCAUAA
        Golden_hamster         AAAAGAGGAGUCUGUCUUCAGAGGAGG---CCAAAGAAGAGAAGUCGACAGUGACACCCGAGAA---CCAGACAGUACUGGGCUUCCA-CAGCCUUCAUAA
        Mouse                  AAAAGAAGAGUCUAUCUUCAGAGGAGA---CCAAAGAAGAGAAAUUUACAGUGGAACCUGAGAA---CCAGACAAUACCAGGCUUCCAACAGCCAUCAUAA
        Rat                    AAAAGAGGAGUCUAUCUUCAGAGGAGA---ACAAAGAAGAGACAUCUACAGUGGCACCUGAGAA---CCAGACAAUACCAGGCUUCCAACCAUCUUCAUAA
        Naked_mole-rat         AAAAAAGGAGUAUGUCUUCCAAGAAAGAAACCAAUGAAGAGAAAUCUGAAGCGGCAGUUGAGAA---CCGGACCAUACCAAGCUUUCAAGAGGCUCUAUAA
        Guinea_pig             AAAAAAGGAGUCUAUCUUCAGUGGAAGAGACAAAUGAAGAGAAAUCUGAAGCAGCAGCUGAGAU---CCAGACCAUACCAGGCUUUCAGGAGGCUCAAUAA
        Chinchilla             AAAAAAGGAGUCUGUCUUCAGAGGAAGAGACAAAUGAAGAGAAAUCUGAGGUAGCAGCUGAGAA---CCAGACCAUACCAGGCUUUCAAGAGGCUCUAUAA
        Brush-tailed_rat       AAAAAAGGAGUCUGUCUUCAGAGGAAGAGACAAAUGAAGAGAAAUCUGAAGGAGCAGCUGAGGA---CCAGACCAUUCUAGGCUUCCAAGAGGCUCUGUAA
        Rabbit                 AAAAAAGGAGUUUAUCUUCAGAGGAGGCAGCCAAAGAAGAGAAAUCAGCAGCUGCAACCGAGAA---UGAGACCAUGUCAGGCCUUCAACAAGCUCCAUAA
        Pika                   AAAAGAGGAGUCUAUCUUCAGAGGAGGCCGCCAACGAAGGGAGAUCUGAAGCCGCAGCUGAGAA---UGAGACCAGGCCAGGCUUUCAGCAGGUGCCAUAA
        Pig                    AAAAGAGGAGUCUUUCUUCAGAAGAGGAGGCCAAUGAAGGGAAAUCUACAGCCGCAGCUGAGCAGAACCAGACCUUGCCAGGCAUCCCACACACCCCAUAG
        Alpaca                 AAAAGAGGAUUCUGUCUUCAGAGGAGGAGGCCAAUGAAGAGAAAUCUACAGCCACAGCUGAGCAGAACCAGACUGUACCAGGCAUCCAGCAGGCUCCAUAA
        Bactrian_camel         AAAAGAGGAUUCUGUCUUCAGAGGAGGAGGCCAAUGAAGAGAAAUCUACAGCCACAGCUGAGCAGAACCAGACUGUACCAGGCAUCCAACAGGCUCCAUAA
        Dolphin                AAAAGAGGAGUCUGUCUUCAGAGGAGGCGGCCAAUGAAGAGAAAUCUGUAGCCACAGCUGAGCAGAACCAGACCAUGCCAGGCAUCCAACAUGAUCCUUAA
        Killer_whale           AAAAGAGGAGUCUGUCUUCAGAGGAGGAGGCCAAUGAAGAGAAAUCUGUAGCCACAGCUGAGCAGAACCAGACCAUGCCAGGCAUCCAACAUGAUCCUUAA
        Tibetan_antelope       UAAAGAGGAGUCUGUUUUCAGAGGAGGAGGCCAAUGAAGAGAAAUCCAUAGCCACAGCUGAGCAGAACCAAACUGUACCAGGCAUCCAGCAUGACCUGUGA
        Cow                    UAAAGAGGAGUCUGUUUUCAGAGGAGGAGGCCAAUGAAGAGAAAUCCAUAGCCACAGCUGAGCAGAACCAAACUGUACCAGGCAUCCAGCAUGACCUGUGA
        Sheep                  UAAAGAGGAGUCUGUUUUCAGAGGAGGAGGCCAAUGAAGAGAAAUCCAUAGCCACAGCUGAGCAGAACCAAACUGUACCAGGCAUCCAGCAUGACCUGUGA
        Domestic_goat          UAAAGAGGAGUCUGUUUUCAGAGGAGGCGGCCAAUGAAGAGAAAUCCAUAGCCACAGCUGAGCAGAACCAAACUGUACCAGGCAUCCAGCAUGACCUGUGA
        Horse                  AAAAGAGGAGCCUGUCUUCAGAGGA---GACCAGUGAAGAGAAAUCUACAGCCACAGCUGAGGAGCACCAGACCGUACCAGGCAUCCA-CAGGCUCCAUAA
        White_rhinoceros       AAAAGAGGAGCCUGUCUUCAGAGGA---GGCCAAGGAAGAGAAAUCUACAGCCACAGCUGAGGAGCACCAGACUGUCCCAGGCGUCCAACGGGCUCCAUAA
        Cat                    AAAAGAGGAAUCUGUCUUCAGAAGAAGAGGCCAAUGAAGAAAAAUCUACAGACACAGCUGAGGAGAACCAGAUGGUACCAGGUGUCUAAGAGGUUCCAUAA
        Dog                    AAAAGAGGAACCUGUCUUCAGAGGAAGAGGCCAAUGAAGAGACAUCUACAGCUACAGCUGAGGAGUUCCAGACAGUACCAGGCGUCCAAGAGGCUCCGUAA
        Ferret                 AAAAGAGGAAUCUGUCUUCAGAGGAAGAGGCCAAUGAAGAGAAAUCUACAGCCACAGCUGAGGAGAACCAGACAAUACCAGGUGUCCAAGAGGCUCCAUAA
        Panda                  AAAAGAGGAAUCUGUCUUCAGAGGAAGAGGCUGACGAAGAGAAAUCUACAGCCACAGUUGAGGAGAACCAGAUGGCACCAGGCGUCCAAGAGGCUCCAUAA
        Pacific_walrus         AAAAGAGGAAUCUGUCUUCAGAGGAAGAGUCCAAUGAAGAGAAAUCUACAGCCACAGCUGAGGAGAACCAGACGGUACCAGGCGUCCAAGAGGCUCCAUAA
        Weddell_seal           AAAAGAGGAAUCUGUCUUCAGAGGAACAGUCCAAUGAAGAGAAAUCUACAGCCACAGCUGAGGAGAACCAGACGGUACCAGGCGUCCAAGAAGUUCCAUAA
        Black_flying-fox       AAAAGAGGAGUCUGUCUUCAGAGGAGGAAGCCAAUGGACAGAAAUCUACAGCCACAGCUGAG---AACCAGACUGUACCAGGCGUCCAACAGGCUCCAUAA
        Megabat                AAAAGAGGAGUCUGUCUUCAGAGGAGGAAGCCAAUGGACAGAAAUCUACAGCCACAGCUGAG---AACCAGACUGUACCAGGCGUCCAACAGGCUCCAUAA
        Microbat               AAAAGAGGAGUCUGUCUUCAGAGGAGGAGGCUAAUGAAGAGAAAGCUGCAGCCACAUCUGAG---AACCAGACCGUACCAG------AACAGGAUCCAUAA
        Big_brown_bat          AAAAGAGGAGUCUGUCUUCAGAGGAGAAGGCUAAUGAAGAGAAAGCUGCAGCCACAGCCGAG---AACCAGACCGUACCAG------AACAGGAUCCAUAA
        Hedgehog               AAAAGAGAACUCUUUCUUCAGAAGAAGAGACCAAUGAAGAAGAG------GCCAUGGCUGAGGAAAACCAGACUGUACCAGUUAUCUAACAAGUUCCAUAA
        Shrew                  AAAAGAAGAGUCUGUCUUCAGAGGAGAC---CAAUGAAGAGAAGCCUCUGACCACAGCUGAGGAAAACCAGACCGUACCAGGUGUCCAGCAGGCUCUAUAA
        Elephant               AAAAGAAGAAUCUGUCUUCAGAGGAGGAAGCCACUGAAGAGAAAUCUGCAGCCACAACUGAACAGAACCAGACUGUACCAGGCUUCCUUGGGGCUCCAUAA
        Cape_elephant_shrew    AAAGGAAGAGUCUGUCUUCAGAGGA---AGCCACUGAAGAGAAAUC------CACAACUGAAGAGAACCAGACUGUACCAGUGUUCCUUG---UUCCAUAA
        Manatee                AAAAGAAGAGUCUGUCUUCAGAGGAGGAAGCUGCUGAA---AAAUCUGCAGCCACAACUGAAGAGAACCAGACUGUACCAGGCUUCUUUGGGGCUCCAUAA
        Cape_golden_mole       AAAAGAAGAGUCUAUCUUCAGAGGAGGAAGCCACUAAAGUUCUAACUGAAGUUACAACUGAAGAGAACCAGACUGUACCAGGCUUCCUUGGGGCUCCAUAA
        Tenrec                 AAAAGAAGACUCUGUCUUCAGAGGAGGAAACCACUGAAGAGAAAUCUGAAGCCACGCCUGAAGAGACCCAGACUCCACCAGGCGUCCCUGGAGCUCCAUAA
        Aardvark               AAAAGAAGACUUUGUCUUCAGAGGAGGAAGCCACUGAAGAGAAAUCUGCAGCUACAACUGAAGAAAGCCAGACUGUACCAGGCUUCCUUGGGGCUCUAUAA
        Armadillo              AAAAGAGGAGUCUAUCUUCAGAGGUGGCGGCCACUGAAGAGAAAUCUGCAGCUGCAGCUGAAGAGAUCCAGACCUUCCCUGCCUUUUUCCAGGCUCCAUAA
        Opossum                AAAGGAGGAGUCUGCCUUCAGGGGAAG---CCGAUAAGGAGAAGCCUACUACAACA---GAGGAGAAUGAGGAGGUCUCAGGCCUCUCUACAACUCUGUGA
        Tasmanian_devil        AAAGGAGGAGCCUGCCUUCAGGGGAAG---CUGCUGAGGAGAAGCCUACUACUACA---GAGGAGAAUGAGGUCAUCUCAAGCCUCUCUGCAACUCUGUGA
        Wallaby                AAAGGAGGAGCCUGCCUUCAGGGGAAA---CUGCUAAGGAGAAGUCUACUACUACA---GAGGAGAAUGAGGAGGUCUCAGGCCUGUCUACAACUCCGUAA
        Platypus               AGAAGAAGAGCGUGUCCGUGGCCGCCGCCGCCGCCGAGGAGAAG---------------GAAGAGGGCGAGGCGGCCCC-GGCCCCCGGCCCCCUCCCCGG
        Collared_flycatcher    AGACGCGGGACCUGCCCACAGAGGCGGACGGCAGCGCU---GACACCGAGCCCGCGAGUGAGAGGA-CC--G--ACACCAGGCUCACCACUGUGAGGGCCA
                               ::::::((((((((((<____><<<<<<----------------<<<-<<<<____>>>>--->>>--------------->>>>>>))))))))))::::

H19 H19H20 H20H21
                       ::::::((((((((((<____><<<<<<----------------<<<-<<<<____>>>>--->>>--------------->>>>>>))))))))))::::
Human                        G  G C   U      G   GC                     A        U                      GC   CA   G C  C
Chimp                        G  G C   U      G   GC                     A        U                      GC   CA   G C  C
Gorilla                      G  G C   U      G   GC                     A        U                      GC   CA   G C  C
Orangutan                    G  G C   U      G   GC                     A        U                      GC   CA   G C  C
Gibbon                       G  G C   U      G   GC                     A        U                      GC   CA   G C  C
Rhesus                       G  G C   U      G   GC                     A        U                      GC   CA   G C  C
Crab-eating_macaque          G  G C   U      G   GC                     A        U                      GC   CA   G C  C
Baboon                       G  G C   U      G   GC                     A        U                      GC   CA   G C  C
Green_monkey                 G  G C   U      G   GC                     A        U                      GC   CA   G C  C
Marmoset                     G  G C   U      G   GC                     A        U                      GC   CA   G C  C
Squirrel_monkey              G  G C   U      G   GC                     A        U                      GC   CA   G U  C
Bushbaby                     G  C C   C      G   GC                     A        U                      GC   CA   G C  C
Chinese_tree_shrew           G  G C   C      A   GC                     A        U                      GC   CA   G C  C
Squirrel                     G  G A   C      G   GA                     A        U                      GC   CA   G C  U
Lesser_Egyptian_jerboa       G  A C   C      G   U-                     A        U                      GC   CA   G C  C
Prairie_vole                 G  G G   C      G   G-                     A        U                      GC   CA   G C  C
Chinese_hamster              G  G C   C      G   G-                     A        U                      GC   CA   G C  C
Golden_hamster               G  G C   C      G   G-                     A        C                      GC   CA   G C  C
Mouse                        A  G C   C      G   A-                     A        U                      GC   CA   G C  C                   
Rat                          G  G C   C      G   A-                     A        U                      GC   CA   A C  C
Naked_mole-rat               G  G A   C      G   GA                     A        U                      GC   CA   G C  U
Guinea_pig                   G  G C   C      G   GA                     A        U                      GC   CA   G C  A
Chinchilla                   G  G C   C      G   GA                     G        U                      GC   CA   G C  U
Brush-tailed_rat             G  G C   C      G   GA                     A        U                      GC   CA   G C  U
Rabbit                       G  G U   C      G   GC                     A        C                      GC   CA   A C  C
Pika                         G  G C   C      G   GC                     A        U                      GC   CA   G U  C
Pig                          G  G C   C      A   GA                     A        U                      GC   CA   C C  C
Alpaca                       G  U C   C      G   GA                     A        U                      GC   CA   G C  C
Bactrian_camel               G  U C   C      G   GA                     A        U                      GC   CA   G C  C
Dolphin                      G  G C   C      G   GC                     A        U                      GC   CA   U A  C
Killer_whale                 G  G C   C      G   GA                     A        U                      GC   CA   U A  C
Tibetan_antelope             G  G U   U      G   GA                     A        U                      GC   CA   U A  U
Cow                          G  G C   U      G   GA                     A        U                      GC   CA   U A  U
Sheep                        G  G C   U      G   GA                     A        U                      GC   CA   U A  U
Domestic_goat                G  G C   U      G   GC                     A        U                      GC   CA   U A  U
Horse                        G  G C   C      G   --                     A        U                      GC   CA   G C  C
White_rhinoceros             G  G C   C      G   --                     A        U                      GC   CA   G C  C
Cat                          G  A C   C      A   GA                     A        U                      GU   UA   G U  C
Dog                          G  A C   C      G   GA                     A        U                      GC   CA   G C  C
Ferret                       G  A C   C      G   GA                     A        U                      GU   CA   G C  C
Panda                        G  A C   C      G   GA                     A        U                      GC   CA   G C  C
Pacific_walrus               G  A C   C      G   GA                     A        U                      GC   CA   G C  C
Weddell_seal                 G  A C   C      G   CA                     A        U                      GC   CA   A U  C
Black_flying-fox             G  G C   C      G   GA                     A        U                      GC   CA   G C  C
Megabat                      G  G C   C      G   GA                     A        U                      GC   CA   G C  C
Microbat                     G  G C   C      G   GA                     A        U                      --   -A   G A  C
Big_brown_bat                G  G C   C      G   AA                     A        C                      --   -A   G A  C
Hedgehog                     G  C C   C      A   GA                     -        U                      UU   UA   A U  C
Shrew                        A  G C   C      G   AC                     G        U                      GU   CA   G C  U
Elephant                     A  A C   C      G   GA                     A        U                      GC   CU   G C  C
Cape_elephant_shrew          A  G C   C      G   --                     -        A                      UG   CU   - U  C
Manatee                      A  G C   C      G   GA                     A        U                      GC   UU   G C  C
Cape_golden_mole             A  G C   C      G   GA                     A        U                      GC   CU   G C  C
Tenrec                       A  C C   C      G   GA                     A        U                      GC   CC   A C  C
Aardvark                     A  C U   C      G   GA                     A        U                      GC   CU   G C  U
Armadillo                    G  G C   C      G   GC                     A        U                      CC   UU   G C  C
Opossum                      G  G C   C      G   G-                     U        -                      GC   UC   A C  U
Tasmanian_devil              G  G C   C      G   G-                     U        -                      GC   UC   A C  U
Wallaby                      G  G C   C      G   A-                     U        -                      GC   UC   A C  C
Platypus                     A  G G   C      C   GC                     -        -                      GC   CG   C C  C
Collared_flycatcher          G  A C   C      G   GA                     G        U                      GC   CC   G G  G
                       ::::::((((((((((<____><<<<<<----------------<<<-<<<<____>>>>--->>>--------------->>>>>>))))))))))::::

covariation score

H21

R-scape analysis

279 broken pairs (not A:U,C:G,G:U)
 87 apparent half-compensatory pairs
 19 apparent compensatory pairs

all 74 sequences, all 48 paired columns:
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Supplementary Figure 6. Covariation analysis of putative helices H19, H20, and H21 of ncSRA. Color annotation
as in Supplementary Figure 4. Green arrows indicate eight base pairs identified in [21] as significantly covarying. The
R-scape analysis for all pairs in this partial ncSRA alignment is shown below.
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rep1 rep2 rep3 rep4 rep5 rep6 rep7 rep8

Mouse        CCAUGGAUACCUGCUUUUUGUAAAAAAAAAAAAAAAAACAAAAAAACCUUUCUCGGUCCAUCGGGACC
rat          CCAUGGAUACCUGCUUUUUACCAAAAAACGCC-------------GUAUUUCUCGGUCCAUCGGGACC
vole         UAAUGGAUACCUGCUUUUUU--ACAAGAAAAC-------------GUAUUUCUUUGUCCAUCGGGACC
E.lutescens  CCAUGGAUACCUGCCUUUUUUUACAAGAAAAC-------------GUAUUUCUUGGUCCAUCGGGACC
human        UGACGGAUAUCUGCUUUUUAAA-----------------------UCUUUUUUUGGCCCAUCGGGGCU
macaque      UGGCGGAUACCUGCUUUUUAAA-----------------------UGUUUUUUUGGCCCAUCGGGGCU
rabbit       CAACGGAUACCUGUUUUUGUGGUGUUUUUGAA-------------UUGGCUUUUGGCCCAUCGGGGCC
dog          CAAUGGAUACCUGCUU---------AAAAAAA-------------AUUACUUUUGGCCCAUCGGGGCU
Guinea_pig   CAAUGGAUACCUGCUUUUUUUUUUUAAUUAUGUGUGUGUUUGUUUGUUUGUUUUGGCCCACCGGGGCC
squirrel     CUGUGGAU---------------------------------------------UAGCCCAUCGGGGCC
cow          CAAUGGAUACCUGCCUCUUUUUUAAAUGUGUU-----GUUUUUUUUUUUUUCCUUGCCCAUCGGGGCC
Sus_scrofa   UAAUGGAUACCUGCUUUUUUAUUUAAAAAAAA-------------AUUUUUUUUGGCCCAUCGGGGCC
Sheep        CAAUGGAUACCUGCCUCUUUU--------------------UUUUUUGUUUUUUUGCCCAUCGGGGCC
             ===============                                      ===============

Mouse           U                                                             A
rat             U                                                             A
vole            U                                                             A
E.lutescens     U                                                             A
human           C                                                             G
macaque         C                                                             G
rabbit          C                                                             G
dog             U                                                             G
Guinea_pig      U                                                             G
squirrel        U                                                             G
cow             U                                                             G
Sus_scrofa      U                                                             G
Sheep           U                                                             G
             ===============                                      ===============

     end of rep4 begin of rep5

 208  270

a

b

Supplementary Figure 7



Supplementary Figure 7. Apparent covariations in 13 aligned Xist RepA region sequences [23]. (a) An alignment
column pair was counted as covarying in [23] if it is entirely consistent with Watson-Crick or G:U base pairing, and
at least one substitution and no more than two gaps are observed in each column. The dot plot shows 541 column
pairs that satisfy these criteria in the RepA alignment used in [23], including (in blue) three of the four cited as support
for the secondary structure in [23] (the other has a A:A noncanonical pair, thus does not strictly satisfy the rule), 454
pairs that consist of a U+C column and a G+A column (red), and 84 other pairs (black). (b) Example of how single
substitutions in conserved U+C and G+A columns can create apparent covariation.
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ecruosANR in structure sequences identity (%) length

)297(625)17(4773941)srohtuaybdedivorp(]31[1niamoDRIATOH
)497(515)37(4713341)srohtuaybdedivorp(]31[2niamoDRIATOH
)175(864)86(8643521)srohtuaybdedivorp(]31[3niamoDRIATOH
)488(736)86(9613561)srohtuaybdedivorp(]31[4niamoDRIATOH
)1811(788)77(8767432]12[otralimisANRcnARS

XIST )065(024)77(2801)35(05]22[morfdevired0erutcurtSApeR
XIST )065(024)77(2801)09(47]22[morfdevired1erutcurtSApeR
XIST )065(024)77(2801)27(96]22[morfdevired2erutcurtSApeR
XIST )065(024)77(2801)38(97]22[morfdevired3erutcurtSApeR
XIST   RepA Targeted Structure-Seq          derived from [23] 88 (99) 13 76 (75) 442 (481)

)051(56)56(665902)srohtuamorfdetadpu(]41[ANRgnosirA
α )681(081)68(781325)srohtuamorfdetadpu(]42,02[54r
α )641(44187554)srohtuamorfdetadpu(]42,02[53r
α )921(211)17(371592)srohtuamorfdetadpu(]42,02[51r
α )351(321)16(268913)srohtuamorfdetadpu(]42,02[41r
α )171(641)67(876204)srohtuamorfdetadpu(]42,02[9r
α )861(441)46(566253)srohtuamorfdetadpu(]42,02[7r

)27(13)45(75307)51(9]19[ANR1L
)913(87)64(94508)95(61]19[ANR01L
)721(78)36(5605143]19[ANR02L
)823(791)85(1627195]19[ANR4L

)901(18)76(866617]19[ANR51S
)971(711)06(1679142]19[ANR1S

)972(69)34(74416)54(71]19[ANR2S
)921(011)37(4787101]19[ANR4S
)971(401)97(218851)43(33]19[ANR7S
)801(5012876103]19[ANR8S

)811(17)44(54459125 [15]0000FRANRt
)699(763)85(068542010 [15]1000FRlairetcaBANRPesaNR
)311(20155331227 [15]6100FRhctiwsobiReniruP
)132(801)36(46334722 [15]6100FRhctiwsobiRM-I AS

)697,61(181)83(82000,201 [43]200000FDnosopsnartANDeilrahC-TAh
Alu-related SINE/putative ncRNA DF0000073 [43]                           0 456 84 (83) 133 (403)
Long Terminal Repeat of retrovirus HERV1 DF0000167 [43]                           0 13 85 (84) 520 (562)

Supplementary Figure 8. Properties of the structural alignments used in this study. The alignments we analyzed
are derived from the original alignments such that columns with less than 50% occupied positions are not considered.
Information for the original alignments is given in parentheses if different from the analyzed alignment. Alignments
are available as Stockholm files in the online Supplementary Information.


