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m Strategy for Profiling Poly A Tails in mRNA

* Gel electrophoresis

* Seqguencing

e Capillary electrophoresis
e Liguid chromatography

* Liquid chromatography-mass spectrometry (LC-MS)
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m Poly A Test by Gel Electrophoresis CATHC

* Rnase H/Oligo(dT) assay
* PCR amplification based assays
Rapid amplification of cDNA ends poly(A) test (RACE-PAT)
Ligase-mediated poly(A) test (LM-PAT)
Extension poly(A) test (ePAT)
Splint-mediated poly(A) test (sPAT)

Example work flow of PAT by Gel electrophoresis
+Oligo(dT) AAAA RT-PCR AAAA electrophoresis =
| m— n — - —
=== AAAA, mmm) TTTTnn —) TTTT, =

I Copyright © Catug Biotechnology

V4 o d

T -V"A ’



CATUG

s B £ M

m Poly A Test by Sequencing

Example work flow of TAIL-Seq

Total RNA (~100 pg)

size fractionation and
ribodepletion

Y
AAAAN,

ligation with 3' adapter

. o o AAAAN e
PAL-Seq Splint Ligation Rnase T1 ooty s agson
Y
TAIL-Seq Ligation Rnase T1 — AN
”Iumin a . . ) g&d;:nw\rai:; rs‘treptavidin beads
Ligation PCR-bias v
MTAIL-Sea | airpin DNA adapter Rnase T1 RT-bias e —
Extension with Technically bgaton win 5 acapior
PAT-Seq Polymerase Rnase T1 challenging e ARAAN, 5
FLAM-Seq Ligation N/A |
. G/l tailing —— AR
PacBio Extension with i
PAlso-Seq N/A paireckend
Polymerase sequencing
ONT i A
. . s
e DRS Splint Ligation N/A High error rate _mﬁ:WTUE
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m Pon A Test by Capillary electrophoresis CATUG

s | O£ M
Addition of , ,
ponG+I tail RT-PCR PCR '@ “ |
| -
=== AAAA, === AAAA GGGIGIGGG ====AAAA, GGGIGIGGG == .
====TTTT,CCCCCCCCCCy, m====TTTT,CCCCCCCCCC, CE analysis
CCCCCCCCCC&
Calibration with Standards Sample analysis
10 20 30 40 50 60 70 80 90 0 20 40 60 80 100 - 180
10000- A14 =200 -
ol i, : m.m...~..,m..kmmwwwmmﬂ«
0 0 % 40 0 e M w )0 40 e @ 0 160 180
4000- As,
. 400 -
ZDUE MMMMMMM mg.ﬂm
0. .
0 21] 4[!- 12[!- 140 160 180
1_D 2.0 3:'.} 4:0 E_D Ei.D ?FI ElEI' 9.[: . L " & "
4000- Azq %g:
EDDEI WMWWMM 100 1 wﬂmmmm ||||i"~ﬂ‘ 3 B
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m Poly A Test by Capillary electrophoresis

0.015

mRNA Sample

pd(A)40-60 Standard

RNase T1
Dlgestlon

Oligo dT

Purlfcatlon

Fragmented RNA

__UV-254nm
. pd(A)

0.014{ [

0.013
0.012
0.011
0.010
0.009
0.008
0.007
0.006
0.005
0.004-
0.003
0.002
0.001
0.000
-0.001
-0.002

J\M/\WI\MJ\VJ\AJLJ\J\,/\J\W/\%AMAW/\J\J\J\AJU\J\J\ﬁ

19 20 21 22 23 24 25 26 27

28

29 30
Minutes

31

32

33

Poly

0.00325
0.00300
0.00275
0.00250
0.00225
0.00200
0.00175

, 0.00150

" 0.00125
0.00100
0.00075
0.00050
0.00025
0.00000

-0.00025

-0.00050

Recovery

—>

A
CE

Sample analysis

28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94

Minutes
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m Poly A Test by Capillary electrophoresis

e (AAA...) ;) XGX(AAAA...) , XGX(AAAAA...),,

44 nt*
31nt* |
- ' 45nt
32 fit 'l e (AAAA...)40XGX(AAAAAAAAou)8o
; 55 nt*
‘ v 56 nt
PolyiAlo / 43 nt*

Poly(A)sg | ,44 nt  Poly(A)g 85 nt”

T T T T T 1 | J BB Nt
18 20 22 24 26 28 | d
45t [[--8rnt
Time (min) Py

! |
| il
- A,
il i . ¥ i,
e LU | L PTTT e | T i A
1

! 1 1 1 I I
20 22 24 26 28 30 32

Time (min)

» Need synthetic poly(A) length markers;

» Single nucleotide resolution;

» Result comparable to LC-MS and Nanopore sequencing;
» Readily qualified as a release method.
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e (AAAAAAAAAAAA...) 50

PolyiA)izo 121 nt*

} J 122 nt

(min)
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m Poly A Test by Liquid chromatography CATHC

* Anion exchange chromatography (AEX)
* Reverse phase chromatography (RP-LC)

* Size-exclusion chromatography (SEC)

Negatively Charged
Anaclyte [Anion]

Aftracted to
Positive Surface

charge

polarity OO size

AEX RP-LC SEC
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|| Poly A Test by AEX CATHG
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Analyte: negatively charged nucleic acid
(AAA...)3XGX(AAAA...) ;o XGX(AAAAA...)5, Stationary phase: positively charged anion exchange resins
30 A 40A Mobile phase: buffer with various ionic strength

(AAAA...) ;o XGX(AAAAAAAA...)go

S0 A

,—"‘A,] pa—— J e (AAAAAAAAAAAA...) 5,
M 120 A

| 1
12 14 16 18 20 22
Time (min)
I I 1
16 18 20 22

Time (min)

I T T 1
20 22 24 26

Time (min)
» Good resolution for short poly A fragments.
» Hard to achieve single nucleotide resolution for longer poly A fragments.
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|| Poly A Test by RP-LC
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Analyte: polarity (hydrophobicity)
Stationary phase: non-polar medium
Mobile phase: aqueous solution of polar organic solvent

1 1-2022072 8-SM-PolyA distribution-1 #5 CTOO7-P22G00%-RMNase T1-0728-35C-30min UV_VIS_1 WWL:260 nm
f 2-20220728-5M-PolyA distribution-1 #7 CTOO7-P22G00%-RMase T1-0725-95C-1h UV_VIS_1 WWL:260 nm
& 3- 2022072 8-SM-PolyA distribution-1 #3 CTO0T7-P22G00%-RNase T1-0728-85C-2h UW_WVIS_ 1 WWL:280 nm
37— H4- 20220728-5N-PolyA distribution-1 #11 CTO007-P22G009-RNase T1-0728-95C-3h UV VIS 1 WVL:260 nm
| mald
# \ i
N, J
\ 700|94c: 0.0 %

N\ RNase T1
Digestion

—

MmRNA Sample

min

950 | 9.89

» Separate poly(A) fragments with other oligo fragments.

I Copyright © Catug Biotechnology

LAY Y



|| Poly A Test by RP-LC

AN
RNase T1 ' 1

“449.75.06.25.56.75.06.25.56.75.00.25.50.75.08.28.56. B591

RNase H digestion(SST)

l//be

Digestion
' 2
1. Tailless mRNA 3
mRNA Sample SST 2. Tailed mRNA 4
3. Poly(A)
4. Guide Oligo
y
'\ ! | Sample Analysis
\\\ ?%;5.0;.25.;5.7;.2‘5.58.75.00.25.50.75.08.28.5&;‘591 POIy(A) tailed 97'09%
A\ Direct . Tailed mRNA
Analysis
Tailless
mRNA Sample mRNA

I Copyright © Catug Biotechnology

CATUG

5

]

£

m

Y Y)Y e

=25



|| Poly A Test by RP-LC-mrnA

i) 2 2123032 NI AT HTIR A A RWIU T
JRY

: -
| EA. RNA (~1k nt) 1

“011.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.2

1. Tailless mMRNA 3
2. Tailed mRNA
3. Poly(A)

4. Guide Oligo Sample

SST

= NN
X

RNA (~2k nt)

“011.0 2.0 3.0 40 5.0 6.0 7.0 8.0 9.0 10.2

1. Tailless mRNA
2. Tailed mRNA
3. Poly(A) 2 3

4. Guide Oligo Sample

SS3T
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NA (~1.2k nt)

mil
07110 2030405060 7080090 10.2

1. Tailless mRNA
2. Tailed mRNA
3. Poly(A)

4. Guide Oligo

RNA (~4.5k nt)

mil
“0711.0 2.0 3.0 4.0 5.0 6.0 7.0 80 9.0 10.2

1. Tailless mRNA
2. Tailed mRNA
3. Poly(A)

4. Guide Oligo

4
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|| Poly A Test by RP-LC-sarnA

FLuc saRNA
(>5k nt)

EGFP saRNA
(>5k nt)

L

—

1. Tailless mRNA
2. Tailed mRNA
3. Poly(A)

4. Guide Oligo

1 JUU -

mi

-0/11.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0111.5

1. Tailless mRNA
2. Tailed mRNA
3. Poly(A)

4. Guide Oligo

mi|
“6’11.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.01110.5

Sample
SST

Sample
SST

4

» Mobile phases has
no strong ion-
pairing reagents,
such as TEA.

> Applicable to RNAs
of various length.
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|| Poly A Test by RP-LC vs IPRP-LC CATUG

B | £ M
no strong ion-pairing reagents with strong ion-pairing reagents
BBt TR GH ] B0
3 l _ 2 | “w Tailed mRNA
1 : Tailed mRNA [= —
%3 20 4.0 6.0 8.0 101.0 8200.501.001.502.002.503.00
Tailless mRNA Tailless mRNA
Sample 1
Sample 1
Sample 1 SST Sample 1 SST
AgHm-RIata-RH %ﬁmmﬁ%o
3 \\
7 | | —
-0 2.0 4.0 6.0 8.0 101.0 Tailed mRNA ~07600.501.001.502.002.503.00 Tailed mRNA
Tailless mRNA
Tailless mRNA
Sample 2
Sample 2 Sample 2 SST
Sample 2 SST

> lon-pairing reagents reduce the separation between tailed and tailless mRNA
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m Poly A Test by IPRP-LC

RNase T1 SPE
Dlgestnon Purification
mRNA Sample Fragmented RNA Poly A
100 nt oligo(A) EPO mRMNA
RMA poly(A) Lail
0.10- 124 nt
A) ‘ 123 :‘25
ﬂ'nn 128t Fluc-beta mRNA
o 0.05- | fINUI”p paly(A) tail
E4 || ||!I
] | % & w 9559| '\J1”\ ‘-".
dil\’whrlrlﬁllrhqlﬂ'ﬂl'.lwwl'ﬂl-nnmrltﬂWA t\ﬂ‘ .z-fjf Ao N'U NM
[ s — ] ——

0.00+ |
5.0 125

150 L {nt) = 3.3566 t, + 52,227

R? = 0.9992
130 @*(
= 110 o 100nt
En E,Jﬁp ¥ Fluc Beta mRNA
90 E,,G" O EPO mRNA
‘,,Er‘ -—-—-calibration
70
5 10 15 20 25

Time (minutes)

20.0

I | |
275 350

Time {minutes)

Plotted
Recovery calibration curve

‘/‘

IPRP-LC

CATBG
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Length estimate
based on retention
time of rA, olgios

» Hydrophobic OAA ion-pairing mobile phase (not compatible

with MS)

» Optimized for the separation of 100-150 nt poly(A) tail

oligonucleotides.

» Visualize the poly(A) tail heterogeneity, but cannot archive

baseline separation.

Copyright © Catug Biotechnology
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|| Poly A Test by SEC

Al AU

AU

Log MW

» dA; ,;,separation with columns packed with different

0.30 -

0157

125A

0.00-
0.207

0o 3.0 7.0 10.5 14.0
55 Minutes
4 125A
| [ ]
45 K.."- . .'o... = 250A
s A "a . . ® 4504
35 4 A .I [
A = .
25
0 0.2 0.4 0.6 0.8 1
Vr/\ic
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120 |

e “5° 10

0.20

1so '] “
] U‘\-UUUU’. | "U'\ I‘LW" DNA dA,
Y SSEEER—

0101 m ‘luu DNA dT,

120 80
| .
10
M AT

AU

0.00 - (1 | |
0.0 40 8.0 12.0
Time (minutes)
2-30 nt
oligonucleotides
0.10 - FLuc-beta 3
miRMA f A
i ‘l Poly{A) tail
E 0.05 | y(A)
i rA 120 nt
standard
0.00 —I‘-‘_ I 1 I
0.0 4.0 B.0 12.0

Mirites

» Multiple poly(A) tail species coeluting as a single peak

pore size sorbent ) )
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|| Poly A Test by LCMS CATUG
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x10 4 |-ESI Scan (rt: 6.578-7.459 min, 54 scans) Frag=200.0V 20231025 CT038S-1.d

‘ 754 ESI Scan
\\ RN ase T1 651 1033.9883

\\ 37°C, Digestion 1h ]

@‘ §.

805.9857

1315.5757
14 657.0975

bt kLA il A Ak

- 1 T T
600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
Counts vs. Mass-to-Charge (m/z)

mRNA Sample

v

%10 5 |-ESI Scan (rt: 6.412-7.393 min, 60 scans) Frag=200.0V 20231025 CT038S-1.d Deconvoluted (Isotope Wicth=10.8)
o 5 s20.1954 6 Deconvoluted Spectrum
x10 2 |-ESI TIC Scan Frag=200.0V 20231025 CT038S-1.d 54 329.2132
0% 48 34889.1143
TIC 4.6 20,2851 7
14 44
421 8 -
0ol 2] , Agg - A,y Observed
38
329.1541
0.8 261 9
34 34559.9011
329.3305
0.7 ol ) ’
3 |
0.6 o
281 329.3938 329.0756 i
E 26 34230.7470
0.5 24 ‘ 35547 5848 1
044 22 329.2548 1
29 328.8203
0.3 18- 1 ;
‘ 1.6 329.2363 35876.7648 13 I
0.2+ 1.4 ‘ ‘ 329.6937
124 14
0.1 f/LwJ 1 33901 3532 36206.0953 329.0515 15
0.8 |
0- 0.6 ‘ 329.5581
T T T T T T T T T T 7 T T ‘ ‘ 36535.1709 |
5 55 6 65 7 75 8 85 9 95 10 105 M 04 35751160 b ‘ | \ oo ’
Counts (%) vs. Acquisition Time (min) 0»2(?) | | ‘. | ‘.\n i “‘f‘ ) i . | | 571932460 | 38181.5495
33000 33500 34000 34500 35000 35500 36000 36500 37000 37500 38000 38500

Counts vs. Deconvoluted Mass (amu)
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|| Poly A Test by LCMS

x10 6
1.7
1.6+
1.5+
1.4
1.3
1.2
1.14

1
0.9+
0.8
0.7+
0.6
0.5
0.4+
0.3+
0.2

0.1

0

-ESI Scan (rt: 4.262-4.494 min, 15 scans) Frag=200.0V CT084-0.4U TI-G1-MS-full.d Deconvoluted (Isotope Width=11.0)

Deconvoluted Spectrum

4 5
329.2901
4202835 0
3 201411 [
329.0583
3201891 8
329.6804
329.3204
20,1670 10
1 28684111
328.9347 3302074 12
LA J b L\x Ut\L N )b\\ | J )

.
34250 34500 34750 35000 35250 35500 35750 36000 36250 36500 36750 37000 37250 37500 37750 38000 38250 38500 38750 39000

Counts vs. Deconvoluted Mass (amu)
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e GXXX(AAAAAAAA...) XXXXG ==

» Linearize pDNA with

O 00O NOULL B WN L X

[ S Y
N B O

Theoretical Sequence

XXXAgsXXXXGp
XXXAgoXXXXGp
XXXA100XXXXGp
XXXA10:XXXXGp
XXXA10.XXXXGp
XXXA103XXXXGp
XXXA10.XXXXGp
XXXA10sXXXXGp
XXXA106XXXXGp
XXXA107XXXXGp
XXXA10sXXXXGp
XXXA10sXXXXGp

Observed M.W.

34854.7988
35184.0051
35513.2115
35842.4179
36171.6243
36500.8307
36830.0371
37159.2435
37488.4496
37817.6560
38146.8623
34854.7988

Calculated M.W.

34856.3840
35185.3187
35514.6481
35843.7063
36172.9965
36502.2800
36831.4211
37160.6101
37490.2906
37819.4584
38148.1425
34856.3840

Signal Intensity

14093
147209
404918
950296
1186539
823897
563095
256851
104339
63268
69505
14093

Signal Intensity (%)

0.3
3.2
8.8
20.7
25.9
18.0
12.3
5.6
2.3
1.4
1.5
0.3

>

>

Copyright © Catug Biotechnology

restriction enzyme that
produces blunt or 5’
overhanging ends can lead
to additional 3’ nucleotide
sequence from the
restriction site in mRNA
synthesis.

Rnase T1 digestion results
in a 2’ or 3’ phosphate on G.
General mass difference
between observed and
calculated M.W. is around
1-2 Da
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x102 [-ESITIC Scan Frag=200.0v 20230800 SAQ06-EGFP-SaRNA-P23H003-01.4
11

TIC

S —

saRNA with two-tail structures connected by a linker sequence:

e GXXXXXXXXXXXXX(AAA...), GXXXXXGXXX(AAAAAA...) GXX=

TIC

Fragment 1 Fragment 2
%104 |-ESI Scan (rt: 5.415-5.997 min, 36 scans) Frag=200.0v 20230809 SAQ0E-EGFP-SaRNA-P23H003-01.d Deconvoluted (Isctope WWidth=0.0) X135 -ES| Scan (rt: 6.213-6.535 min, 24 scans) Frag=200.0v 20230808 SADDG-EGFP-5aRNA-P23H003-01.d Deconvoluted (lsotope \width=0.0)
71 i
51 > 29-32 A observed i > 68-74 A observed
& 1 2 : 3 4
554 329.2520 3 65 )
51 3291871 [ — 3292769 AF 138 5
45 55 [ 328.1978 —
4 5 1 ¢
1e) 4 4_i 329.3724 — I
34 3281258 a5 7
259 3 328.8394
2 25
15 2
N !\ 15
054 !
0 T T T n T T L T T = T T - - = = it = - Di Ill A I L A n i ﬂ
12700 12800 12800 100 3000 1300 1300 TR0 1500 : ‘)35‘3‘” 13700 13800 13800 14000 14100 21200 21400 21600 21800 22000 22200 22400 22600 22500 23000 23200 23400 23600 23800 24000 24200
ounts vs. Leconvolus ass (amu Counts vs. Deconvoluted Mass (amu)
# Theoretical Sequence Observed M.W. Signal intensity (%)
# Theoretical Sequence Observed M.W. Signal intensity (%) ; ixﬁﬁgp ;;gi:?i;g 12461
1 XXXXXXXXXXXXXA,Gp 12970.6990 6.6 3 XXXA64Gp 22372.9965 37'9
2 XXXXXXXXXXXXXA;,Gp 13299.9510 66.9 4 XXXAGSGp 22702'1359 28.8
3 XXXXXXXXXXXXXA;,Gp 13629.1381 23.8 s XXXAGst 23031'3337 12'2
4 XXXXXXXXXXXXXAS,Gp 13958.2638 2.6 672P ' )
6 XXXAgsGp 23360.4497 3.8
7 XXXAg,Gp 23689.2891 0.6

I Copyright © Catug Biotechnology
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|| Poly A Test by LCMS

[£51TIC Scan Frag=200.0v 20230515-P23D035-1-CTO15-CK-LICI-1.d

TIC

I

i=fagment 1

x10 6 |-ESI Scan (rt: 5.300-5.616 min, 20 scans) Frag=200.0V 20230515-P23D035-1-CT015-CK-LiCl-1.d Deconvoluted (Isotope Width=0.0) x10 5 |-ESI Scan (rt: 6.380-6.912 min, 33 scans) Frag=200.0V 20230515-P23D035-1-CT015-CK-LiCl-1.d Deconvoluted (Isotope Width=0.0)
A i > -
N [ > 29-32 A observed s > 63-69 A observed
329.2939 7.5
0.9 74
329.2856 6.5 329.2811
0.8 I .
64 320.2638 N 329.2322
074 5.5 l 328.9465
5 l
0564 4 329.3264 329.5326
328.8341 51 ‘
4
0.5 328.7200
3.5 ‘
0.4+ 34
‘ 329.0458
034 2.5
4 S
024 1.5 ‘ [
\ I I ‘ ‘
0.1 " \ I L I ‘. T I
051 ’\ ) (L U b L A N
0 A 0 i I\ 1| AN I | LY ] )\ |

10000 10200 10400 10600 10800 11000 11200 11400

Counts vs. Deconvoluted Mass (amu)

11600

11800

: mRNA with two-tail structures connected by a linker sequence: g

: e GX(AAA...), GXXXXXGXXX(AAAAAA...) XXXXG = :

CATBG
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x102 |-ESI TIC Scan Frag=200.0V 20230515-P23D035-1-CTO15-CK-LiCI-1.d
1

TIC

5 55 6 65

Fragment 2

75 8 85
Counts (%) vs. Acquisition Time (min)

[ 95 10 105 11

25600 25800 26000 26200 26400 26600 26800 27000 27200

Counts vs. Deconvoluted Mass (amu)

24600 24800 25000 25200 25400

27400 27600 27800

# Theoretical Sequence Observed M.W. Signal intensity (%)
# Theoretical Sequence Observed M.W. Signal intensity (%) 1 XXXAgXXXXGp 24978.2827 33
1 XA,4Gp 10215.5255 8.1 2 XXXAsgXXXXGp 25308.6914 12.3
2 XA3,Gp 10544.8193 53.0 3 XXXA7pXXXXGp 25637.9059 27.6
3 XA;,Gp 10874.0117 31.4 4 XXXA7XXXXGp 25967.1503 28.7
4 XA;,Gp 11203.2685 7.6 5 XXXAXXXXGp 26296.3389 17.0
6 XXXAXXXXGp 26625.4378 7.9
7 XXXA74XXXXGp 26954.8764 33

Sl B I

the molecular weight of the discarded phosphate can be observed
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|| Poly A Test by LCMS CATBG

g | £ M
PolyA Tail “A30” Chromatograms
D C[QAHG PolyA Tail “L70” E PolyA Tail “L70” F
.. ACV[A], ACVI[A],
Original Py
31 ,,, iE: PolyA Tail “L70”
o) .
n *%.  Original
29m < 5 Original
33A o7 gféﬁ
]L —— __agggs
. wé 249 250 ?rﬁ'l 0 25}2 253 254
Delta xoe
BTA
BEA
Delta ~ 85A o
83A —
w“.rn.rlu"‘ﬁ“ B2A e
T O —
Omicron 984
T8A
TTA ‘.
Omicron :: -
| “ a8 » Additional distribution of
TIA
Mwﬂ'k H - poly (A) fragments are
a3 240 245 250 249 250 251 252 253 254
Time (min) 22000 24000 ZEwZ]lZIMIZIass (2;3:;0[) 30000 Time (min)

I Copyright © Catug Biotechnology DOI:10.1038/541598-023-36193-2
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Thanks You!
Q&A
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