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Supplementary Figure S1

Figure S1: A) Table showing total number of tRNA genes predicted in planaria and the number of 
genomic loci for these tRNAs. B) Mature tRNA lengths across different species shows a median length 
of 72 nucleotides with planarian tRNAs showing a median of 75 nts.  C) tRNA anticodon table decpict-
ing all the anticodons and the number of tRNA genes identified for each anticodon (in green) and pseu-
dogene (in grey). 
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Supplementary Figure S2

Figure S2: A) Number of tRNA genese for the standard 20 amino acids across the animal kingdom. Predicted 
planarian tRNA gene numbers are comparable across the species. B) Codon frequency across 1000 codons in the 
transcriptome and the abundace of its cognate anticodon tRNA  in S.mediterranea genome. The red arrows examples of 
codon:anticon pairs that show opposite correlation.  C) Correlation between tRNA gene copy number and amino acid 
usage in planarians. 

ALA ARG ASN ASP CYS GLN GLU GLY HIS ILE LEU LYS MET PHE PRO SER SUP THR TRP TYR VAL

C
odon_Frequency

G
enom

e_loci

AG
C

C
G

C
G

G
C

TG
C

AC
G

C
C

G
C

C
T

G
C

G
TC

G
TC

T
AT

T
G

TT
G

AT
G

TC
AC

A
G

C
A

C
TG TT

G
C

TC TT
C

C
C

C
G

C
C

G
G

T
TC

C
C

AT
G

TG AA
T

AT
C

TA
T

AA
G

C
AA

C
AG C
TC TA
A

TA
G

C
TT TT
T

C
AT

AA
A

G
AA

AG
G

C
G

G
G

G
G

TG
G

AC
T

AG
A

C
G

A
G

C
T

G
G

A
TG

A
C

TA
TC

A
TT

A
AG

T
C

G
T

G
G

T
TG

T
C

C
A

AT
A

G
TA

AA
C

C
AC

G
TC TA
C

0

20

40

60

0

2

4

6

Amino Acids

C
od

on
 U

sa
ge

 p
er

10
00

 c
od

on
s

G
en

om
ic

 lo
ci

as
 p

er
ce

nt
ag

e

C

ALAARG ASN

ASP

CYS

GLN

GLU

GLY

HIS
ILE

LEU

LYS

MET
PHEPRO

SER

THR

TRP
TYR

VAL

0

1

2

3

4

5

6

7

8

9

10

11

12

0 10 20 30 40 50 60 70 80 90
Amino acid usage per 1000

tR
N

A
 g

en
e 

lo
ci

 a
s 

%

Pearsons Correlation = 0.539



B

0

1

2

3

4

5

6

7

miRNA 18−24
tRFs

25−35
tsRNAs

Lo
g 1

0 
(N

or
m

al
iz

ed
 E

xp
re

ss
io

n 
Va

lu
es

)

47 41

3

25

0

12
11

itRFs tRF-5s

5’- tsRNAs

tRNAs that produce small RNAs 
-filtered based on read numbers

12 13

24

itRFs tRF-5s

5’- tsRNAs

24

71

117
8

tRNAs that produce small RNAs 
-unfiltered (all read numbers)

D

C

0

5

10

15

20

25

30

18 19 20 21 22 23 24
Read length

Pe
rc

en
ta

ge
 o

f R
ea

ds

D’

A

0

10000

20000

30000

40000

50000

60000

70000

80000

0 20000 40000 60000 80000
Normalized Values Whole Animal

N
or

m
al

iz
ed

 V
al

ue
 S

al
am

i s
ec

tio
n(

Av
g)

y = 140 + 0.429 x   R2 = 0.93 (Pearson)

R = 0.87 (Spearman)2

Figure S3: A) Correlation between small RNA reads mapping to tRNA in ‘Uncut’ and the cumulative of small 
RNA reads mapping to tRNA from Salami Sections. B) Normalised expression of all miRNAs compared to the 
reads mapping to tRNAs. The red dotted like indicates that the top 20 25-35 nt tsRNA species are expressed 
at higher levels than most miRNAs. C) Size distribution of itRFs and tRF-5s and the over all 18-24 reads map-
ping to tRNA. D) Venn diagram of tRNA that prodice itRFs, tRF-5s and 5’-tsRNAs. D’) Venn diagram of tRNA 
that prodice itRFs, tRF-5s and 5’-tsRNAs using stringent criteria.
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Supplementary Figure S4

Figure S4: A) Expression clusters of miRNAs across planarian body axis identifies 4 clusters of expression. 
B) Expression of miR-124 family of miRNAs that are expressed in the brain shoes enrichments in the anterior 
sections of planaria. C) Expression of transcripts expressed in neoblasts across the different salami sections. 
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Supplementary Figure S5

Figure S5: A) Size distribution of 18-35 nt small RNA reads that map to planarian tRNAs across regeneration 
timepoints. B) Perbase coverage of 18-24 nts of small RNA reads mapped to the tRNA length identifies two 
species of tRNA fragments - itRFs and tRF-5s. B’) Perbase coverage of 25-35 nts of small RNA reads 
mapped to the tRNA length shows reads arise only from the 5’ arm of tRNA. 
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Supplementary Figure S6

Figure S6: A) Heatmaps of 5’ tsRNAs during 
posterior regenerating (PR). A’) Heatmaps of 5’ 
tsRNAs in anterior regenerating worms (AR).  B) 
Percentage of tRNA-derived fragments that are 
common and unique in early (3hrs -1day) and 
late (3days - 7days) regeneration of head 
(HT)and tail fragments (TH). 
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Supplementary Figure S7

Figure S7: A) Size distribution of reads associating with SMEDWI-1, -2 and -3 that map to tRNAs. B) Base 
preference for the first base of all itRfs and tRF-5s during regeneration timepoints. C) Base preference across 
the length of tRNA-derived fragments identified in the study. D) Start positions of itRF fragments on the 
respective tRNAs from which they are processed. E) Base preference for the positions (from which itRFs are 
processed) across all tRNAs. 

051015202530

18
19

20
21

22
23

24
25

26
27

28
29

30
31

32
33

34
35

R
ea

d 
Le

ng
th

Percentage of Reads

SMEDWI1

SMEDWI2

SMEDWI3

A

tRF−5sitRFs

Unc
ut
3H

rs
6H

rs
12

Hrs
1D

ay
3D

ay
5D

ay
7D

ay
3H

rs
6H

rs
12

Hrs
1D

ay
3D

ay
5D

ay
7D

ay
0

20

40

60

80

100

First Base Positions

Pe
rc

en
ta

ge
 o

f O
cc

ur
en

ce
s

Head to Tail Tail to Head

Unc
ut
3H

rs
6H

rs
12

Hrs
1D

ay
3D

ay
5D

ay
7D

ay
3H

rs
6H

rs
12

Hrs
1D

ay
3D

ay
5D

ay
7D

ay

Head to Tail Tail to Head

C

A

C
G
U

A

C
G
U



GFP
(control)

Dicer Ago1 Ago2

20/20 20/20 4/20 20/20
0

5

10

15

20

GFP Normal Ago1 Ago2 Dicer

Samples

Pe
rc

en
ta

ge
 o

f r
ea

ds

miRNA

piRNA

itRF_ARG−TCG_tRNA_1

itRF_Pseudo_UNDET_Arg_47

itRF_Pseudo_SUP−CTA_tRNA_2

itRF_UNDET_Glu_1

itRF_ASP−GTC_tRNA_8

itRF_UNDET_Gln_23

itRF_Pseudo_ASP−GTC_tRNA_1

itRF_GLY−TCC_tRNA_6

itRF_GLN−TTG_tRNA_2

itRF_ASN−GTT_tRNA_5

itRF_ALA−AGC_tRNA_1

2

0

-2

Fold 
Change

GFP Normal Ago1 KD Ago2 KD Dicer KD

Supplementary Figure S8

BA

C

Figure S8: A) Phenotypes observed in planarians upon Ago1, Ago2 and Dicer Knockdown experiments. 
Inset shows then number of animals that showed phenotype out of the total animals tested (20). The arrow-
heads depict head regression, lesions or lysis. B) miRNA and piRNA levels observed in different knockdown 
conditions. C) Expression of top 10 expressed itRFs in various knockdown conditions tested. Ago1 KD 
showed a decrease in the itRFs.


