
A B C

0 14

Color Key

RPM (log2)

5'-tRF
i-tRF

3'-tRF

N MT

< 20

20-21

22-23

24-25

> 25

Length (nt)

ACC
ESCA

UCS
UVM
KIRP

PCPG
OV

THCA
KICH

PRAD
LAML
LIHC

CHOL
UCEC
COAD
LUSC
READ
KIRC

BRCA
STAD
BLCA
PAAD
LUAD
SKCM
DLBC
CESC
HNSC

LGG
SARC
THYM
TGCT
MESO

No mismatches
allowed

(n=2823)

One mismatch
allowed

(n=3593)

Exclusive

Not
Exclusive

Exclusive

Not
Exclusive

-1 D loop Anticodon
loop

T loop CCA

0
25

50
75

10
0

10
0

75
50

25
0

N
or

m
al

iz
ed

 n
um

be
r o

f 5
'

en
dp

oi
nt

s 
of

 3
'−

tR
Fs

%
 o

f t
R

N
A

s 
w

ith
 m

od
ifi

ed
th

e 
i−

th
 p

os
iti

on

1 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75tRNA position

Anticodon
loop

CCAT loopD loop-1

0
25

50
75

10
0

10
0

75
50

25
0

N
or

m
al

iz
ed

 n
um

be
r o

f 5
'

en
dp

oi
nt

s 
of

 i−
tR

Fs
%

 o
f t

R
N

A
s 

w
ith

 m
od

ifi
ed

th
e 

i−
th

 p
os

iti
on

1 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75tRNA position

FD E

0
5

10
15

Nuclear HisGTG

R
P

M
 (l

og
2)

A
C

C
B

LC
A

B
R

C
A

C
E

S
C

C
H

O
L

C
O

A
D

D
LB

C
E

S
C

A
H

N
S

C
K

IC
H

K
IR

C
K

IR
P

LA
M

L
LG

G
LI

H
C

LU
A

D
LU

S
C

M
E

S
O O
V

PA
A

D
P

C
P

G
P

R
A

D
R

E
A

D
S

A
R

C
S

K
C

M
S

TA
D

TG
C

T
TH

C
A

TH
Y

M
U

C
E

C
U

C
S

U
V

M

0
5

10
15

Mitochondrial HisGTG

R
P

M
 (l

og
2)

A
C

C
B

LC
A

B
R

C
A

C
E

S
C

C
H

O
L

C
O

A
D

D
LB

C
E

S
C

A
H

N
S

C
K

IC
H

K
IR

C
K

IR
P

LA
M

L
LG

G
LI

H
C

LU
A

D
LU

S
C

M
E

S
O O
V

PA
A

D
P

C
P

G
P

R
A

D
R

E
A

D
S

A
R

C
S

K
C

M
S

TA
D

TG
C

T
TH

C
A

TH
Y

M
U

C
E

C
U

C
S

U
V

M

0
2

4
6

8

HisGTG@−1T.i

Position i

R
P

M

●
●

●

●

●

● ●

●
●

●

● ● ●
●

●

●

●
●

●

●

●
●

●
●

●

● ●
●

●

●

*
*

* *

* *

15 17 19 21 23 25 27 29

●

●

BLCA
BRCA

G



Supplemental Fig. S1. (A-B) Barplots showing the number of discovered 3´-tRFs (A) or i-tRFs 
(B) starting at each position (normalized to 100% with reference to the highest peak of the 
barplot) and the frequency of modification of each position of the mature tRNA. The ‘tRNA 
position’ axis is split into domains delineating the D, Anticodon, and T loops, as per the 
alignments provided by MODOMICS, as well as the -1 nucleotide and the CCA tail. (C) Alluvial 
plot showing the number of 3 ́-tRFs identified when allowing no mismatches (left column) or ≤ 1 
mismatch (right column) when mapping. In (C), the height of each column is proportional to the 
number of tRFs and the columns are segmented to show the portion of the tRFs that are 
exclusive to tRNA space and ambiguous, respectively. The gray areas connecting the columns of 
(C) show the overlap of the respective categories. Note that despite the seeming gain in the 
number of identified tRFs, there is an important penalty in the form of a sharp increase in the 
number of molecules whose tRNA origin cannot be established unequivocally: indeed, the 
number of ambiguous tRFs more than triples. Recall here that by ‘ambiguous’ we mean that an 
identical copy of the sequence at hand can be found elsewhere on the genome (i.e. outside of 
tRNA space). In this case, ‘ambiguous’-sequenced reads that would map with a mismatch on 
tRNA space would be also found without a mismatch in non-tRNA locations of the human 
genome. (D) An example of average His(-1U) abundance (normalized, in RPM) in two different 
cancer types. Points represent mean and vertical bars the standard deviation. Asterisks indicate 
statistical significance (Mann-Whitney U-test; P-value<0.01) between the two cancer types as 
examined for the tRFs ending at positions 18-23. Recall that even though the absolute abundance 
of these tRFs differs between cancer types, their ratios is conserved. (E-F) Box-plot of the 
abundance of the nuclear (E) and mitochondrial (F) tRNA

HisGTG genes. The colored lines 
connecting the medians are the ones represented on Fig. 1C. Note that there are statistically-
significant abundance differences among cancer types (see also Fig. 1D). (G) Length 
distributions of the three structural fragment categories (5´-, 3´- and i-tRFs) for 32 cancer types. 
Data are shown as the mean expression of all respective tRFs across all samples of each cancer 
type. Hierarchical clustering (metric: Kendall’s tau distance) first separates mitochondrial (MT) 
and nuclear (N) tRFs and then tRFs by length.  
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Supplemental Fig. S2. (A) Ratio of His(-1U) 5´-tRFs across all 32 cancer types as well as in 
normal samples, where available. Axes and values are the same as Fig. 1B. (B) Ratios of 5´-tRFs 
from additional isoacceptors. Note that the see-saw pattern is not found in these examples.  
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Supplemental Fig. S3. Heatmap and Hierarchical Clustering (metric: Euclidean distance) of the
Spearman’s rho correlation coefficients between mtDNA copy number and tRF abundance levels. 
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Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

COAD (n=1245)
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3' terminus relative to 5' stem of A-loop (n=5)
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COAD (n=1245)
5'-tRF & exclusive (n=177)
5' terminus relative to 5' end of the tRNA (n=177)

0.00

0.25

0.50
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1.00
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o
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Frag5p_cX

Frag5p_Xd

Frag5p_de

COAD (n=1245)
5'-tRF & exclusive (n=177)
5' terminus relative to 5' end of the tRNA (n=177)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-
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N
o
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n position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

COAD (n=1245)
5'-tRF & exclusive (n=177)
5' terminus relative to 5' end of the tRNA (n=177)
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COAD (n=1245)
5'-tRF & exclusive (n=177)
3' terminus relative to 5' stem of D-loop (n=17)

0.00

0.25
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-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-
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Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

COAD (n=1245)
5'-tRF & exclusive (n=177)
3' terminus relative to 5' stem of D-loop (n=17)

0.00

0.25

0.50
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1.00
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o
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Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

COAD (n=1245)
5'-tRF & exclusive (n=177)
3' terminus relative to 5' stem of D-loop (n=17)
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COAD (n=1245)
5'-tRF & exclusive (n=177)
3' terminus relative to 3' stem of D-loop (n=150)

0.00

0.25

0.50

0.75

1.00
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Frag3p_cX

Frag3p_Xd

Frag3p_de

COAD (n=1245)
5'-tRF & exclusive (n=177)
3' terminus relative to 3' stem of D-loop (n=150)
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0.25
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Frag3p_cX

Frag3p_Xd
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COAD (n=1245)
5'-tRF & exclusive (n=177)
3' terminus relative to 3' stem of D-loop (n=150)
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COAD (n=1245)
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3' terminus relative to 5' stem of A-loop (n=6)
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0.50

0.75
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Frag3p_Xd
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COAD (n=1245)
5'-tRF & exclusive (n=177)
3' terminus relative to 5' stem of A-loop (n=6)
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3' terminus relative to 5' stem of A-loop (n=6)
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3' terminus relative to 3' stem of A-loop (n=4)
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i-tRF & exclusive (n=252)
5' terminus relative to 5' end of the tRNA (n=9)
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COAD (n=1245)
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5' terminus relative to 5' stem of D-loop (n=84)
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5' terminus relative to 5' stem of D-loop (n=84)
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5' terminus relative to 3' stem of D-loop (n=7)
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COAD (n=1245)
i-tRF & exclusive (n=252)
5' terminus relative to 5' stem of A-loop (n=57)
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COAD (n=1245)
i-tRF & exclusive (n=252)
5' terminus relative to 3' stem of A-loop (n=62)
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COAD (n=1245)
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5' terminus relative to 3' stem of A-loop (n=62)
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COAD (n=1245)
i-tRF & exclusive (n=252)
5' terminus relative to 5' stem of T-loop (n=33)

0.0

0.5

1.0
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2.0
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Frag5p_bc

Frag5p_cX
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COAD (n=1245)
i-tRF & exclusive (n=252)
5' terminus relative to 5' stem of T-loop (n=33)
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COAD (n=1245)
i-tRF & exclusive (n=252)
3' terminus relative to 3' stem of D-loop (n=4)

0.0

0.3

0.6

0.9
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3' terminus relative to 3' stem of D-loop (n=4)
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COAD (n=1245)
i-tRF & exclusive (n=252)
3' terminus relative to 5' stem of A-loop (n=72)

0.0

0.5

1.0
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Frag3p_bc

Frag3p_cX

Frag3p_Xd
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COAD (n=1245)
i-tRF & exclusive (n=252)
3' terminus relative to 5' stem of A-loop (n=72)
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i-tRF & exclusive (n=252)
3' terminus relative to 5' stem of A-loop (n=72)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 NA

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

COAD (n=1245)
i-tRF & exclusive (n=252)
3' terminus relative to 3' stem of A-loop (n=34)

0.0
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1.0
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dint

N
o
rm

 F
re

q

position
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i-tRF & exclusive (n=252)
3' terminus relative to 3' stem of A-loop (n=34)
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3' terminus relative to 3' stem of A-loop (n=34)
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COAD (n=1245)
i-tRF & exclusive (n=252)
3' terminus relative to 5' stem of T-loop (n=59)

0.00
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3' terminus relative to 5' stem of T-loop (n=59)
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3' terminus relative to 5' stem of T-loop (n=59)
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COAD (n=1245)
i-tRF & exclusive (n=252)
3' terminus relative to 3' stem of T-loop (n=49)

0.00
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-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-
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3' terminus relative to 3' stem of T-loop (n=49)
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COAD (n=1245)
i-tRF & exclusive (n=252)
3' terminus relative to 3' end of the tRNA (n=37)
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COAD (n=1245)
3'-tRF & exclusive (n=230)
5' terminus relative to 5' stem of T-loop (n=148)
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3'-tRF & exclusive (n=230)
5' terminus relative to 3' stem of T-loop (n=82)
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dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

OV (n=871)
5'-tRF & exclusive (n=97)
3' terminus relative to 5' stem of A-loop (n=1)
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0.25

0.50

0.75

1.00
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Norm_Expression

Norm_Freq

OV (n=871)
5'-tRF & exclusive (n=97)
3' terminus relative to 3' stem of A-loop (n=2)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

OV (n=871)
5'-tRF & exclusive (n=97)
3' terminus relative to 3' stem of A-loop (n=2)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

OV (n=871)
5'-tRF & exclusive (n=97)
3' terminus relative to 3' stem of A-loop (n=2)



0.00

0.25

0.50

0.75

1.00
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variable
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Norm_Freq

OV (n=871)
i-tRF & exclusive (n=194)
5' terminus relative to 5' end of the tRNA (n=2)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

OV (n=871)
i-tRF & exclusive (n=194)
5' terminus relative to 5' end of the tRNA (n=2)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

OV (n=871)
i-tRF & exclusive (n=194)
5' terminus relative to 5' end of the tRNA (n=2)



0.00

0.25

0.50

0.75

1.00
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variable

Norm_Expression

Norm_Freq

OV (n=871)
i-tRF & exclusive (n=194)
5' terminus relative to 5' stem of D-loop (n=69)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

OV (n=871)
i-tRF & exclusive (n=194)
5' terminus relative to 5' stem of D-loop (n=69)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

OV (n=871)
i-tRF & exclusive (n=194)
5' terminus relative to 5' stem of D-loop (n=69)
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0.75
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Norm_Freq

OV (n=871)
i-tRF & exclusive (n=194)
5' terminus relative to 3' stem of D-loop (n=8)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

OV (n=871)
i-tRF & exclusive (n=194)
5' terminus relative to 3' stem of D-loop (n=8)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

OV (n=871)
i-tRF & exclusive (n=194)
5' terminus relative to 3' stem of D-loop (n=8)
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Norm_Freq

OV (n=871)
i-tRF & exclusive (n=194)
5' terminus relative to 5' stem of A-loop (n=50)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

OV (n=871)
i-tRF & exclusive (n=194)
5' terminus relative to 5' stem of A-loop (n=50)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

OV (n=871)
i-tRF & exclusive (n=194)
5' terminus relative to 5' stem of A-loop (n=50)
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OV (n=871)
i-tRF & exclusive (n=194)
5' terminus relative to 3' stem of A-loop (n=54)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

OV (n=871)
i-tRF & exclusive (n=194)
5' terminus relative to 3' stem of A-loop (n=54)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

OV (n=871)
i-tRF & exclusive (n=194)
5' terminus relative to 3' stem of A-loop (n=54)
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Norm_Freq

OV (n=871)
i-tRF & exclusive (n=194)
5' terminus relative to 5' stem of T-loop (n=11)

0

1

2

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

OV (n=871)
i-tRF & exclusive (n=194)
5' terminus relative to 5' stem of T-loop (n=11)

0

1

2

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

OV (n=871)
i-tRF & exclusive (n=194)
5' terminus relative to 5' stem of T-loop (n=11)
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Norm_Freq

OV (n=871)
i-tRF & exclusive (n=194)
3' terminus relative to 3' stem of D-loop (n=2)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

OV (n=871)
i-tRF & exclusive (n=194)
3' terminus relative to 3' stem of D-loop (n=2)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

OV (n=871)
i-tRF & exclusive (n=194)
3' terminus relative to 3' stem of D-loop (n=2)
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Norm_Freq

OV (n=871)
i-tRF & exclusive (n=194)
3' terminus relative to 5' stem of A-loop (n=62)

0.0

0.5

1.0

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

OV (n=871)
i-tRF & exclusive (n=194)
3' terminus relative to 5' stem of A-loop (n=62)

0.0

0.5

1.0

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

OV (n=871)
i-tRF & exclusive (n=194)
3' terminus relative to 5' stem of A-loop (n=62)
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OV (n=871)
i-tRF & exclusive (n=194)
3' terminus relative to 3' stem of A-loop (n=23)

0.0

0.5

1.0

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

OV (n=871)
i-tRF & exclusive (n=194)
3' terminus relative to 3' stem of A-loop (n=23)

0.0

0.5

1.0

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

OV (n=871)
i-tRF & exclusive (n=194)
3' terminus relative to 3' stem of A-loop (n=23)
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Norm_Freq

OV (n=871)
i-tRF & exclusive (n=194)
3' terminus relative to 5' stem of T-loop (n=62)

0.0

0.3

0.6

0.9

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

OV (n=871)
i-tRF & exclusive (n=194)
3' terminus relative to 5' stem of T-loop (n=62)

0.0

0.3

0.6

0.9

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

OV (n=871)
i-tRF & exclusive (n=194)
3' terminus relative to 5' stem of T-loop (n=62)
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Norm_Freq

OV (n=871)
i-tRF & exclusive (n=194)
3' terminus relative to 3' stem of T-loop (n=32)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

OV (n=871)
i-tRF & exclusive (n=194)
3' terminus relative to 3' stem of T-loop (n=32)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

OV (n=871)
i-tRF & exclusive (n=194)
3' terminus relative to 3' stem of T-loop (n=32)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

sortedoffsets

va
lu

e

variable
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Norm_Freq

OV (n=871)
i-tRF & exclusive (n=194)
3' terminus relative to 3' end of the tRNA (n=16)

0.0

0.3

0.6

0.9

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

OV (n=871)
i-tRF & exclusive (n=194)
3' terminus relative to 3' end of the tRNA (n=16)

0.0

0.3

0.6

0.9

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

OV (n=871)
i-tRF & exclusive (n=194)
3' terminus relative to 3' end of the tRNA (n=16)
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variable
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Norm_Freq

OV (n=871)
3'-tRF & exclusive (n=235)
5' terminus relative to 5' stem of T-loop (n=141)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

OV (n=871)
3'-tRF & exclusive (n=235)
5' terminus relative to 5' stem of T-loop (n=141)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

OV (n=871)
3'-tRF & exclusive (n=235)
5' terminus relative to 5' stem of T-loop (n=141)
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variable
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Norm_Freq

OV (n=871)
3'-tRF & exclusive (n=235)
5' terminus relative to 3' stem of T-loop (n=95)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

OV (n=871)
3'-tRF & exclusive (n=235)
5' terminus relative to 3' stem of T-loop (n=95)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

OV (n=871)
3'-tRF & exclusive (n=235)
5' terminus relative to 3' stem of T-loop (n=95)
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Norm_Freq

OV (n=871)
3'-tRF & exclusive (n=235)
3' terminus relative to 3' end of the tRNA (n=235)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

OV (n=871)
3'-tRF & exclusive (n=235)
3' terminus relative to 3' end of the tRNA (n=235)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

OV (n=871)
3'-tRF & exclusive (n=235)
3' terminus relative to 3' end of the tRNA (n=235)
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PAAD (n=413)
5'-tRF & exclusive (n=81)
5' terminus relative to 5' end of the tRNA (n=81)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

PAAD (n=413)
5'-tRF & exclusive (n=81)
5' terminus relative to 5' end of the tRNA (n=81)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

PAAD (n=413)
5'-tRF & exclusive (n=81)
5' terminus relative to 5' end of the tRNA (n=81)
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PAAD (n=413)
5'-tRF & exclusive (n=81)
3' terminus relative to 5' stem of D-loop (n=2)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

PAAD (n=413)
5'-tRF & exclusive (n=81)
3' terminus relative to 5' stem of D-loop (n=2)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

PAAD (n=413)
5'-tRF & exclusive (n=81)
3' terminus relative to 5' stem of D-loop (n=2)
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PAAD (n=413)
5'-tRF & exclusive (n=81)
3' terminus relative to 3' stem of D-loop (n=77)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

PAAD (n=413)
5'-tRF & exclusive (n=81)
3' terminus relative to 3' stem of D-loop (n=77)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

PAAD (n=413)
5'-tRF & exclusive (n=81)
3' terminus relative to 3' stem of D-loop (n=77)
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Norm_Freq

PAAD (n=413)
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dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
5'-half & exclusive (n=5)
3' terminus relative to 5' stem of A-loop (n=5)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

READ (n=1281)
5'-tRF & exclusive (n=189)
5' terminus relative to 5' end of the tRNA (n=189)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

READ (n=1281)
5'-tRF & exclusive (n=189)
5' terminus relative to 5' end of the tRNA (n=189)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

READ (n=1281)
5'-tRF & exclusive (n=189)
5' terminus relative to 5' end of the tRNA (n=189)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

READ (n=1281)
5'-tRF & exclusive (n=189)
3' terminus relative to 5' stem of D-loop (n=16)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
5'-tRF & exclusive (n=189)
3' terminus relative to 5' stem of D-loop (n=16)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
5'-tRF & exclusive (n=189)
3' terminus relative to 5' stem of D-loop (n=16)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

READ (n=1281)
5'-tRF & exclusive (n=189)
3' terminus relative to 3' stem of D-loop (n=158)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
5'-tRF & exclusive (n=189)
3' terminus relative to 3' stem of D-loop (n=158)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
5'-tRF & exclusive (n=189)
3' terminus relative to 3' stem of D-loop (n=158)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

READ (n=1281)
5'-tRF & exclusive (n=189)
3' terminus relative to 5' stem of A-loop (n=11)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
5'-tRF & exclusive (n=189)
3' terminus relative to 5' stem of A-loop (n=11)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
5'-tRF & exclusive (n=189)
3' terminus relative to 5' stem of A-loop (n=11)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

READ (n=1281)
5'-tRF & exclusive (n=189)
3' terminus relative to 3' stem of A-loop (n=4)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
5'-tRF & exclusive (n=189)
3' terminus relative to 3' stem of A-loop (n=4)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
5'-tRF & exclusive (n=189)
3' terminus relative to 3' stem of A-loop (n=4)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

READ (n=1281)
i-tRF & exclusive (n=272)
5' terminus relative to 5' end of the tRNA (n=7)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

READ (n=1281)
i-tRF & exclusive (n=272)
5' terminus relative to 5' end of the tRNA (n=7)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

READ (n=1281)
i-tRF & exclusive (n=272)
5' terminus relative to 5' end of the tRNA (n=7)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

READ (n=1281)
i-tRF & exclusive (n=272)
5' terminus relative to 5' stem of D-loop (n=98)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

READ (n=1281)
i-tRF & exclusive (n=272)
5' terminus relative to 5' stem of D-loop (n=98)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

READ (n=1281)
i-tRF & exclusive (n=272)
5' terminus relative to 5' stem of D-loop (n=98)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

READ (n=1281)
i-tRF & exclusive (n=272)
5' terminus relative to 3' stem of D-loop (n=7)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

READ (n=1281)
i-tRF & exclusive (n=272)
5' terminus relative to 3' stem of D-loop (n=7)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

READ (n=1281)
i-tRF & exclusive (n=272)
5' terminus relative to 3' stem of D-loop (n=7)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

READ (n=1281)
i-tRF & exclusive (n=272)
5' terminus relative to 5' stem of A-loop (n=54)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

READ (n=1281)
i-tRF & exclusive (n=272)
5' terminus relative to 5' stem of A-loop (n=54)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

READ (n=1281)
i-tRF & exclusive (n=272)
5' terminus relative to 5' stem of A-loop (n=54)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

READ (n=1281)
i-tRF & exclusive (n=272)
5' terminus relative to 3' stem of A-loop (n=72)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

READ (n=1281)
i-tRF & exclusive (n=272)
5' terminus relative to 3' stem of A-loop (n=72)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

READ (n=1281)
i-tRF & exclusive (n=272)
5' terminus relative to 3' stem of A-loop (n=72)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

READ (n=1281)
i-tRF & exclusive (n=272)
5' terminus relative to 5' stem of T-loop (n=34)

0.0

0.5

1.0

1.5

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

READ (n=1281)
i-tRF & exclusive (n=272)
5' terminus relative to 5' stem of T-loop (n=34)

0.0

0.5

1.0

1.5

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

READ (n=1281)
i-tRF & exclusive (n=272)
5' terminus relative to 5' stem of T-loop (n=34)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

READ (n=1281)
i-tRF & exclusive (n=272)
3' terminus relative to 3' stem of D-loop (n=3)

0.0

0.4

0.8

1.2

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
i-tRF & exclusive (n=272)
3' terminus relative to 3' stem of D-loop (n=3)

0.0

0.4

0.8

1.2

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
i-tRF & exclusive (n=272)
3' terminus relative to 3' stem of D-loop (n=3)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

READ (n=1281)
i-tRF & exclusive (n=272)
3' terminus relative to 5' stem of A-loop (n=81)

0.0

0.5

1.0

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
i-tRF & exclusive (n=272)
3' terminus relative to 5' stem of A-loop (n=81)

0.0

0.5

1.0

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
i-tRF & exclusive (n=272)
3' terminus relative to 5' stem of A-loop (n=81)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 NA

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

READ (n=1281)
i-tRF & exclusive (n=272)
3' terminus relative to 3' stem of A-loop (n=39)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
i-tRF & exclusive (n=272)
3' terminus relative to 3' stem of A-loop (n=39)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
i-tRF & exclusive (n=272)
3' terminus relative to 3' stem of A-loop (n=39)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 NA

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

READ (n=1281)
i-tRF & exclusive (n=272)
3' terminus relative to 5' stem of T-loop (n=55)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
i-tRF & exclusive (n=272)
3' terminus relative to 5' stem of T-loop (n=55)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
i-tRF & exclusive (n=272)
3' terminus relative to 5' stem of T-loop (n=55)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

READ (n=1281)
i-tRF & exclusive (n=272)
3' terminus relative to 3' stem of T-loop (n=56)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
i-tRF & exclusive (n=272)
3' terminus relative to 3' stem of T-loop (n=56)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
i-tRF & exclusive (n=272)
3' terminus relative to 3' stem of T-loop (n=56)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

READ (n=1281)
i-tRF & exclusive (n=272)
3' terminus relative to 3' end of the tRNA (n=41)

0.0

0.3

0.6

0.9

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
i-tRF & exclusive (n=272)
3' terminus relative to 3' end of the tRNA (n=41)

0.0

0.3

0.6

0.9

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag3p_bc

Frag3p_cX

Frag3p_Xd

Frag3p_de

READ (n=1281)
i-tRF & exclusive (n=272)
3' terminus relative to 3' end of the tRNA (n=41)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

READ (n=1281)
3'-tRF & exclusive (n=218)
5' terminus relative to 5' stem of T-loop (n=145)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

READ (n=1281)
3'-tRF & exclusive (n=218)
5' terminus relative to 5' stem of T-loop (n=145)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

READ (n=1281)
3'-tRF & exclusive (n=218)
5' terminus relative to 5' stem of T-loop (n=145)



0.00

0.25

0.50

0.75

1.00

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

sortedoffsets

va
lu

e

variable

Norm_Expression

Norm_Freq

READ (n=1281)
3'-tRF & exclusive (n=218)
5' terminus relative to 3' stem of T-loop (n=73)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o
rm

 F
re

q

position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

READ (n=1281)
3'-tRF & exclusive (n=218)
5' terminus relative to 3' stem of T-loop (n=73)

0.00

0.25

0.50

0.75

1.00

-- -A -T -C -G AA AT AC AG TA TT TC TG CA CT CC CG GA GT GC GG A-

dint

N
o

rm
 E

xp
re

ss
io

n position

Frag5p_bc

Frag5p_cX

Frag5p_Xd

Frag5p_de

READ (n=1281)
3'-tRF & exclusive (n=218)
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Supplemental Fig. S4. Plots showing how the endpoints of the tRFs we discovered across the 
TCGA samples are distributed along the length of mature tRNAs. The results are shown 
separately for each tRF structural category. The plots also show the results for the tRFs’ 5´ and 
3´ termini separately. Each plot shows the relative position of the tRFs with regard to 
recognizable landmarks along the mature tRNA including: its 5´ terminus; the 5  ́end of the D-
loop; the 3´ end of the D-loop; the 5 ́ end of the A-loop; the 3´ end of the A-loop; the 5´ end of 
the T-loop; the 3´ end of the T-loop; and, the mature tRNA’s 3´ terminus. In each case, we 
additionally report the dinucleotide composition of the mature tRNA at the position at hand. In 
all cases, we list two plots: one plot considers the normalized abundance of the tRFs; the second 
plot considers the diversity of the tRFs independent of their abundance. The plots are shown 
separately for each of 32 TCGA cancer types.  
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Supplemental Fig. S5. (A-G) Heatmaps and hierarchical clustering (metric: Euclidean distance) 
of Jaccard indices among cancer types. (A-C) Jaccard indices of the background mRNAs (A), 
nuclear tRFs (B), and mitochondrial tRFs (C), i.e. the transcripts that participate in the tRF-
mRNA correlations that are part of our analyses. Note that in almost all cases, the Jaccard indices 
are high. (D-G) Jaccard indices of the nuclear tRFs (D), mitochondrial tRFs (E), mRNAs that 
participated in the significant correlations (F), and the pathways enriched in each correlation 
group (G). Note how much lower the Jaccard indices are when compared to the background ones 
in panels A through C. For (F), the mRNAs that participated in correlations in the same cancer 
type were considered separately, e.g. ‘OV.N_tRNA_fragment.Pos’ captures the set of genes that 
were positively correlated with nuclear tRFs in ovarian cancer. Note the tendency of clustering 
based on the origin of tRF that the mRNAs are correlated with but the high distances among 
them (dendrogram heights). (H-I) Percentage of tRF-mRNA pairs that are commonly- and 
differentially-correlated, respectively, in the rest of the cancer types with reference to LUAD (H) 
and KIRC (I). The fewer differential correlations and the more common correlations exist 
between two cancer types, the more similar their underlying molecular biology is. LUSC’s 
comparative closeness to LUAD suggests that there is a modest tissue-specific contribution to 
the observed correlations.  
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Supplemental Fig. S6. Boxplots showing the distributions of mRNA lengths in the background 
(expressed mRNAs) and in the mRNAs that are correlated positively (Pos) or negatively (Neg) 
with nuclear (N) or mitochondrial (MT) tRFs.  
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Supplemental Fig. S7. Heatmap and hierarchical clustering (metric: Euclidean distance) of the Z-scores of
mean intronic length for mRNAs participating in tRF-mRNA correlations, compared to the observed length
distribution of the transcribed mRNAs. Purple color indicates statistically significant depletion whereas
gold means statistically-significant enrichment. 
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Supplemental Fig. S8. (A) Distribution of the enriched GO Biological Process (BP) terms 
across cancer types. Note that while most terms are enriched in a few cancer types only there are 
several terms that are enriched and recur in multiple cancers. (B) Number of correlations with 
nuclear and MT tRFs for ribosomal proteins. (G) Jaccard indices of the GO BP terms enriched in 
the gene sets with which the nuclear and MT tRFs are correlated. We included terms that are 
enriched in more than 10 cancer types. Despite the relatively low Jaccard indices, the clustering 
based on the type of the correlated non-coding RNA is more evident. This indicates that although 
there is considerable variation at the gene level across cancer types, at the pathway level tRFs 
control similar processes (as compared to Fig. S3G). 
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Supplemental Fig. S9. (A-D) Tree-maps as produced from the REVIGO analysis for each of the 
GO clusters of Supplemental Fig. S8C. The names of each of the four groups, also shown in Fig. 
4B, were selected from among the most representative groups defined in the above maps.  

 

  



abs(rho(Males)) − abs(rho(Females))

De
ns

ity

−1.0 −0.5 0.0 0.5 1.0

0
1

2
3

4
5 Observed

Simulated

Median distance from diagonal

Fr
eq

ue
nc

y

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

0
5

10
15

20
25

30

●

A B

Supplemental Fig. S10. Monte Carlo simulations – sex disparities in BLCA. (A) The expected distribution of the
median distance of the isoacceptors from the diagonal of Fig. 6A. The orange dot at the bottom right represents
the median distance that is actually observed (Fig. 6A). Compared to the expected distribution, its Z-Score is > +20.
The simulation comprised n=100 iterations. (B) Distribution of the expected difference (cyan bars) in the correlation
coefficients obtained following a Monte Carlo simulation where we shuffled the expression values of tRFs and
mRNAs. For comparison purposes, we include the actual distribution of differences in the coefficients as is
calculated between male and female subjects in BLCA (gold bars). 


