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Table S1. Plan of experiments defined by two-level full factorial design.

nr. Acentonitrile cont: pH Salt concentration
1 70 3 10
2 90 3 10
3 70 7 10
4 90 7 10
5 70 3 20
6 90 3 20
7 70 7 20
8 90 7 20
9 80 5 15
10 80 5 15
11 80 5 15
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Table S2. Coefficients of the obtained DoE models for 16 nucleosides and their statistical evaluation on
zwitterionic column.

Name of Bo B B,  Bs B. @ R* Radj
compounds ® ()  (®  (®  (p)

. . 3.23 1.32 0.08 0.64 0.07
2'-Deoxyadenosine 000) (000) (0000 (0.00)  (0.00) 1.00 1.00 1.00

. - 4.44 438 0.70 3.06 0.68
2'-Deoxycytidine 000) (000) (0000 (0.00)  (0.00) 0.99 1.00 1.00
2',3'- 2.86 0.73 0.28
0.00 0.00 0.95 0.99 0.98

Dideoxyadenosine (0.00)  (0.00) (0.00)
2'-Deoxyguanosine 4.38 4.88 0.67 347 0.6 0.98 0.99 0.99

(0.00) (0.00) (0.01) (0.00)  (0.01)

4.15 4.39 0.59 3.12 0.59
'- i 0. . .
3'-Deoxyguanosine (0.00) (000) (0.01) (0.00)  (0.01) 98 0.99 0.99

' .y 2.98 1.36 0.25 0.80 0.25
5'-Methyluridine (000) (000) (0000 (0.00)  (0.00) 0.98 0.99 0.99

) 350 194 023 111 023
1 1 1
Adenosine (0.00) (0.00) (0.00) (0.00)  (0.00) 00 00 00

. 501 684 162 515 160
. 1. 1
Cytidine (000) (000) (0.00) (0.00) (000) O%° 00 00

. 4.95 7.45 1.43 5.66 1.43
0.96 0.99 0.98
Guanosine (0.00) (0.00) (0.01) (0.00)  (0.01)

. 423 435 097 303 09
097 099 099
Inosine (0.00) (0.00) (0.00) (0.00)  (0.00)

. 266 075 008 037 009
099 100 099
Thymidine (0.00)  (0.00) (0.00) (0.00)  (0.00)

. 328 185 041 114 040
097 099 099
Uridine (0.00)  (0.00) (0.00) (0.00)  (0.00)

. 421 403 060 279 063
098 100 099
Acyclovir (0.00)  (0.00) (0.00) (0.00)  (0.00)

2.89 1.03 0.16 0.56 0.19

. idi 097 099 099
2'-Deoxyuridine (000)  (0.00) (0.01) (0.00)  (0.00)
227 031 0.13
"D idi 0.00 000 098 099 099
3'-Deoxythymidine 5o (0.00)
o 379 291 052 189 054
2'-Deoxyinosine 0.97 0.99 0.99

(0.00)  (0.00) (0.00) (0.00)  (0.00)
DoE modeliszz= Bo+ P1 x acetonitrile content+ B, X salt concentration+ 3 x (acetonitrile contenty +
B4 % (acetonitrile content X salt concentration). p is the significance of the variables in the model.




Table S3. Coefficients of the obtained DoE models for 16 nucleosides and their statistical evaluation on amide
column.

Name of Bo B, B, Bs B. @ R* R’adj
compounds M  ® (P

. . 3.15 1.11 0.06 0.57 0.06
2'-Deoxyadenosine 000)  (0.00) (0.00) (0.00)  (0.00) 1.00 1.00 1.00

. - 4.32 3.87 2.56
2'-Deoxycytidine ©000)  (0.00) 0.00 (0.00) 0.00 0.99 0.99 0.99
2',3'- 2.95 0.72 0.02 0.33

0.00 1.00 1.00 1.00
Dideoxyadenosine (0.00)  (0.00) (0.02)  (0.00)

. . 3.94 3.23 0.24 2.18 0.28
2'-Deoxyguanosine 000)  (000) (000) (0.00)  (0.00) 1.00 1.00 1.00

. . 3.86 3.12 0.24 2.13 0.29
3'-Deoxyguanosine ©000) (000) (000 (0.00)  (0.00) 1.00 1.00 1.00

' - 2.89 0.93 0.09 0.51 0.10
5'-Methyluridine (000) (000) (0.00) (0.00)  (0.00) 1.00 1.00 1.00

) 334 149 012 084 013
1.00 1.00 1.00
Adenosine (0.00)  (0.00) (0.00) (0.00)  (0.00)

. e 4.55 4,78 0.34 3.31 0.40
1.00 1.00 1.00
Cytidine (0.00)  (0.00) (0.00) (0.00)  (0.00)

) 426 433 040 308 048
1.0 1. 1
Guanosine (0.00) (0.00) (0.00) (0.00)  (0.00) 0 00 0o

. 3.58 2.37 0.25 1.52 0.29
1.00  1.00  1.00
Inosine (0.00) (0.00) (0.00) (0.00)  (0.00)

. 270 062 005 030 005
1. 1. 1,
Thymidine (0.00) (0.00) (0.00) (0.00)  (0.00) 00 00 00

. 295 102 011 056 013
Uridine (0.00) (0.00) (0.00) (0.00) (0.00) ‘90 100 100

. 368 253 023 165 027
Acyclovir (0.00) (0.00) (0.00) (0.00) (0.00) 0% 09 099

' - 2.77 0.71 0.07 0.34 0.07
2'-Deoxyuridine (000)  (000) (0.00) (0.00)  (0.00) 0.99 1.00 0.99

. - 2.48 0.33 0.02 0.14 0.01
3'-Deoxythymidine (000) (0000 (0.01) (0.00) (0.03) 0.99 1.00 1.00

337 179 018 108 021
" inosi 098 099 099
2'-Deoxyinosine (0.00) (0.00) (0.00) (0.00)  (0.00)

DoE modeliszz= Bo+ P1 x acetonitrile content+ B> x salt concentration + B3 x (acetonitrile contenty +
B4 % (acetonitrile content X salt concentration). p is the significance of the variables in the model.




Table S4. Coefficients of the obtained DoE models for 16 nucleosides and their statistical evaluation on amine
column.

Name of Bo B B, B B, @ R Radi
compounds ® ®  (®  ® (o
. . 3.34 1.43 0.23 0.74 0.18
2'-Deoxyadenosine 000) (000 (0.00) (0.00) (0.00) 0.99 1.00 0.99
. - 4.96 5.30 1.35 3.64 1.29
2'-Deoxycytidine (000) (000 (0.00) (0.00) (0.00) 1.00 1.00 1.00
2',3'- 2.91 0.81 0.09 0.36

0.00 0.98 0.99 0.99
Dideoxyadenosine (0.00)  (0.00)  (0.02)  (0.00)
2'-Deoxyguanosine 4.87 >82 1.49 4.27 1.45 0.99 1.00 1.00

(0.00) (0.00) (0.00) (0.00) (0.00)

462 533 136 394 131
1 i 098 100 099
3-Deoxyguanosine ;00 (000)  (0.00)  (0.00)  (0.00)

' - 3.29 1.80 0.56 1.19 0.53
5'-Methyluridine 000) (0.00) (0.00) (0.00) (0.00) 0.98 0.99 0.99

i 371 225 059 140 054
099 100 099
Adenosine (0.00) (0.00) (0.00) (0.00)  (0.00)

. 58 930 357 716 348
090 098 096
Cytidine (0.00) (0.00) (0.00) (0.00) (0.00)

. 569 953 348  7.64 331
092 098 097
Guanosine (0.00) (0.00) (0.00) (0.00) (0.00)

. 4,98 5.94 2.18 4.40 2.14
095 099 098
Inosine (0.00) (0.00) (0.00) (0.00) (0.00)

. 28 095 028 056 022
097 099 099
Thymidine (0.00) (0.00) (0.00) (0.00) (0.00)

3.64 244 0.99 1.72 0.91

Uridine (000) (0000 (0.00) (0.00) (000) O 0% 09
Acyclovir (g:gg) (3:3(5)) 0.00 ((2):83) 0.00 0.90 0.95 0.93
2'-Deoxyuridine (323(2,) (;:88) 0.00 (gzzg) 0.00 0.86 0.95 0.92
3'-Deoxythymidine ((2):2?)) (g:gg) 0.00 0.00 0.00 0.51 0.68 0.65
2'-Deoxyinosine (gjzg) ((Z)f);) 0.00 ((1):2(33) 0.00 0.89 0.96 0.94

DoE modelis tz= Po+ B1 % acetonitrile content+ B x salt concentration + B3 x (acetonitrile contenty +
B4 % (acetonitrile content X salt concentration). p is the significance of the variables in the model.
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Table S5. Coefficients of the obtained DoE models for 16 nucleosides and their statistical evaluation on bare silica
column.

Name of Bo B B, B B @ R Radi
compounds ® M ®  ®  (

, . 1.74 0.61 0.04 0.30
2'-Deoxyadenosine 000)  (0.00) (0.02)  (0.00) 0.00 0.99 1.00 1.00

. - 2.05 1.93 0.50 1.41 0.49
2'-Deoxycytidine (000) (0.00) (0.00) (0.00)  (0.00) 0.94 0.99 0.98
2'3'- 1.72 0.39 0.14

0.00 0.00 0.95 0.97 0.96

Dideoxyadenosine (0.00)  (0.00) (0.01)
2'-Deoxyguanosine 1.89 L.77 0->2 130 0-50 0.93 0.98 0.97

(0.00)  (0.00) (0.00) (0.00)  (0.00)

, . 1.82 1.58 0.47 1.17 0.46
- . . .97
3'-Deoxyguanosine (0.00) (0.00) (0.00) (0.00)  (0.00) 0.93 0.98 0.9

. - 1.44 0.51 0.19 0.32 0.17
5'-Methyluridine (000) (000) (0.00) (0.01)  (0.00) 0.90 0.98 0.96

. 1.76 0.81 0.17 0.47 0.15
Adenosine (0.00) (0.00) (0.01) 000)  (0.01) 0.96 0.99 0.98

L 214 283 111 224 1.09
08 096 093
Cytidine (0.00) (0.00) (0.01) (0.01) (0.01)

. 196 250 102 198  1.00
. . 9
Guanosine (0.00) (0.00) (0.01) (001 (001 O°O& 0% 03

. 185 171 069 127 067
079 095 091
Inosine (000) (0.00) (0.01) (0.02) (0.02)

. 140 030 008 013 006
Thymidine (0.00) (0.00) (0.02) (003 (004 O 097 095

. 153 069 030 044 028
0.81 0.95 0.92
Uridine (0.00) (0.00) (0.01) (0.02) (0.01)

2.03 1.63 0.43 1.11 0.40

Acyclovir (0.00) (0.00) (0.00) (0.00) (000) 0% 099 098
. . 149 039 0.3 0.10
- 0.00 087 096 093
2'-Deoxyuridine (0.00)  (0.00)  (0.01) (0.03)
. . 135 013
3'-Deoxythymidine 0.00)  (0.00) 0.00 0.00 0.00 0.74 0.79 0.77
. 186 119 034 075 031
2'-Deoxyinosine 0.91 0.98 0.96

(0.00)  (0.00) (0.01) (0.00)  (0.01)

DoE modeliszz= Bo+ P1 x acetonitrile content+ B, x salt concentration + ;3 X (acetonitrile contenty +
B4 % (acetonitrile content X salt concentration). p is the significance of the variables in the model.
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Figure S1. DoE model term ranking chart for 16 nucleosides over (A) zwitterionic, (B) amide, (C) amine, and (D)
bare silica systems.



Table S6. Predictive performance of local GA-PLS models on internal validation under all 11 mobile phase compositions corresponding to the used DOE and over zwitterionic, amide, amine,
and bare silica HILIC stationary phases.

Zwitterionic amide amine baresilica

RMSECV qQ?,, RMSECV @, RMSECV @Q°, RMSECV Q2
1 0.01 0.99 0.00 0.99 0.01 0.99 0.01 0.99
2 0.09 0.98 0.09 0.98 0.12 0.98 0.04 0.99
3 0.01 0.99 0.01 0.99 0.01 0.99 0.00 0.99
4 0.16 0.97 0.06 0.99 0.10 0.98 0.03 0.99
5 0.01 0.99 0.01 0.98 0.03 0.97 0.01 0.99
6 0.17 0.98 0.09 0.98 0.31 0.98 0.09 0.98
7 0.01 0.98 0.01 0.99 0.01 0.99 0.01 0.99
8 0.18 0.98 0.07 0.99 0.21 0.99 0.12 0.99
9 0.02 0.98 0.02 0.99 0.03 0.98 0.01 0.99
10 0.02 0.99 0.02 0.98 0.02 0.98 0.01 0.99
11 0.02 0.99 0.02 0.98 0.02 0.99 0.01 0.99
Average 0.06 0.98 0.03 0.98 0.08 0.98 0.03 0.99

Numbers in row are operating conditions of the full factorial design (Table S1).
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Table S7. The predicted retention times of test compounds on the chromatographic conditions correspondingto the used DoE matrix over zwitterionic HILIC column by using QSRR-DOE
models.

Predicted Retention Factors

K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11
2'-Deoxyadenosine 0.58 1.74 0.63 2.01 0.60 2.13 0.64 2.34 0.94 0.93 0.94
2'-Deoxycytidine 0.97 4.97 0.92 5.49 1.01 7.19 0.96 7.05 1.74 1.81 1.79
2',3'-Dideoxyadenosine  0.57 1.53 0.53 1.37 0.57 1.71 0.57 1.45 0.94 0.87 0.90
2'-Deoxyguanosine 0.87 5.30 0.93 5.90 0.93 8.23 0.96 8.75 1.77 1.86 1.82
3'-Deoxyguanosine 0.83 5.09 0.95 6.46 0.89 7.40 0.96 7.10 1.73 1.84 1.78
5'-Methyluridine 0.54 1.74 0.55 2.07 0.56 2.76 0.60 2.70 0.91 0.97 0.95
Adenosine 0.65 2.50 0.67 2.52 0.69 3.02 0.72 3.04 1.20 1.21 1.21
Cytidine 1.09 6.45 0.98 7.56 1.08 11.68 1.09 11.67 1.90 2.01 2.01
Guanosine 0.84 5.98 0.98 8.92 0.98 10.81 0.93 10.84 1.86 2.00 1.83
Inosine 0.89 5.72 0.92 6.08 0.86 7.80 1.01 7.22 1.66 1.80 1.92
Thymidine 0.43 1.12 0.51 1.25 0.46 1.45 0.49 1.43 0.66 0.67 0.68
Uridine 0.55 1.92 0.66 2.21 0.59 3.74 0.63 2.92 0.95 1.02 0.97
Acyclovir 0.82 4.14 0.93 5.22 0.86 6.34 0.91 6.06 1.47 1.54 1.57
2'-Deoxyuridine 0.51 1.35 0.56 1.65 0.53 2.20 0.58 2.08 0.82 0.84 0.85
3'-Deoxythymidine 0.39 0.57 0.40 0.75 0.41 0.90 0.44 0.90 0.57 0.57 0.52
2'-Deoxyinosine 0.71 3.07 0.80 3.45 0.77 4.69 0.81 5.01 1.35 1.41 1.39

Numbers in row are operating conditions of the full factorial design (Table S1).
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Table S8. The predicted retention times of test compounds on the chromatographic conditions correspondingto the used DoE matrix over amide HILIC column by using QSRR-DOE models.

Predicted Retention Factors

K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11
2'-Deoxyadenosine 0.41 1.42 0.41 1.54 0.40 1.59 0.44 1.74 0.72 0.68 0.66
2'-Deoxycytidine 0.57 4.02 0.59 3.82 0.56 4.65 0.63 4.48 1.23 1.18 1.14
2',3'-Dideoxyadenosine  0.39 0.98 0.37 1.24 0.39 1.33 0.40 1.26 0.68 0.65 0.61
2'-Deoxyguanosine 0.58 4.07 0.59 4.01 0.58 4.27 0.62 4.32 1.25 1.20 1.15
3'-Deoxyguanosine 0.56 3.61 0.55 3.43 0.55 4.27 0.58 4.25 1.11 1.10 1.05
5'-Methyluridine 0.35 1.21 0.33 1.19 0.34 1.53 0.35 1.40 0.59 0.58 0.56
Adenosine 0.44 1.71 0.43 1.73 0.43 1.98 0.46 1.98 0.83 0.80 0.77
Cytidine 0.63 5.34 0.67 5.18 0.63 5.93 0.74 6.02 1.51 1.46 1.39
Guanosine 0.61 4.47 0.61 4.50 0.60 5.70 0.65 5.42 1.11 1.07 1.03
Inosine 0.55 3.19 0.52 3.19 0.51 3.81 0.53 3.77 1.24 1.21 1.18
Thymidine 0.32 0.89 0.28 0.96 0.31 1.09 0.33 1.04 0.48 0.48 0.46
Uridine 0.35 1.28 0.34 1.29 0.34 1.51 0.36 1.55 0.61 0.60 0.58
Acyclovir 0.55 3.29 0.60 3.23 0.55 3.56 0.60 4.01 1.12 1.11 1.02
2'-Deoxyuridine 0.31 0.97 0.30 0.95 0.31 1.10 0.32 1.14 0.52 0.51 0.49
3'-Deoxythymidine 0.27 0.56 0.27 0.60 0.26 0.63 0.28 0.70 0.40 0.40 0.40
2'-Deoxyinosine 0.45 2.14 0.44 2.09 0.44 2.46 0.47 2.72 0.86 0.85 0.81

Numbers in row are operating conditions of the full factorial design (Table S1).
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Table S9. The predicted retention times of test compounds on the chromatographic conditions correspondingto the used DoE matrix over amine HILIC column by using QSRR-DOE models.

Predicted Retention Factors

K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11
2'-Deoxyadenosine 0.66 1.73 0.72 1.91 0.70 2.34 0.71 2.33 0.98 0.96 0.98
2'-Deoxycytidine 1.11 5.54 1.23 5.28 1.01 9.05 1.20 8.34 2.12 2.05 2.04
2',3'-Dideoxyadenosine  0.62 1.58 0.61 1.36 0.65 1.41 0.61 1.58 0.91 0.93 0.91
2'-Deoxyguanosine 1.15 6.16 1.24 6.05 1.15 10.97 1.20 9.45 2.20 2.07 2.08
3'-Deoxyguanosine 1.20 6.03 1.23 5.86 1.32 10.18 1.17 8.45 2.21 2.05 2.05
5'-Methyluridine 0.75 2.10 0.76 1.88 0.72 3.39 0.78 3.37 1.15 1.10 1.09
Adenosine 0.82 2.47 0.84 2.48 0.76 4.06 0.84 3.54 1.30 1.30 1.27
Cytidine 1.25 8.11 1.35 7.52 1.19 16.35 1.37 13.13 2.45 2.51 2.27
Guanosine 1.23 7.21 1.29 7.00 1.29 16.61 1.26 12.82 2.42 2.24 2.10
Inosine 1.23 5.21 1.33 5.72 1.26 12.23 1.28 10.11 2.22 2.08 2.22
Thymidine 0.60 1.27 0.60 1.29 0.68 1.70 0.57 1.67 0.76 0.77 0.75
Uridine 0.80 2.20 0.82 2.06 0.92 3.90 0.79 3.70 1.22 1.17 1.09
Acyclovir 0.98 4.62 1.12 4.65 0.99 6.24 1.08 6.01 1.77 1.74 1.84
2'-Deoxyuridine 0.70 1.65 0.69 1.56 0.82 2.40 0.70 2.09 0.97 0.95 0.96
3'-Deoxythymidine 0.51 0.91 0.53 0.74 0.62 0.97 0.50 0.90 0.67 0.57 0.54
2'-Deoxyinosine 0.99 3.77 1.12 3.88 1.86 5.20 1.07 4.54 1.79 1.67 1.64

Numbers in row are operating conditions of the full factorial design (Table S1).
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Table S10. The predicted retention times of test compounds on the chromatographic conditions corresponding to the used DoE matrix over bare silica HILIC column by using QSRR-DOE
models.

Predicted Retention Factors

K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11
2'-Deoxyadenosine 0.44 1.41 0.46 1.50 0.47 1.56 0.47 1.79 0.71 0.67 0.70
2'-Deoxycytidine 0.54 3.23 0.54 3.37 0.57 5.13 0.56 6.20 1.04 1.00 1.04
2',3'-Dideoxyadenosine  0.44 1.43 0.48 1.29 0.48 1.40 0.44 1.12 0.74 0.69 0.73
2'-Deoxyguanosine 0.43 2.88 0.48 3.10 0.47 4.86 0.51 6.16 0.92 0.87 0.92
3'-Deoxyguanosine 0.40 2.69 0.44 3.00 0.46 4.70 0.49 5.62 0.90 0.88 0.91
5'-Methyluridine 0.24 0.89 0.28 0.94 0.24 1.55 0.30 2.03 0.47 0.40 0.46
Adenosine 0.40 1.58 0.44 1.68 0.42 2.06 0.46 2.39 0.76 0.68 0.74
Cytidine 0.54 3.60 0.55 3.71 0.57 6.33 0.57 7.96 1.08 0.97 1.12
Guanosine 0.38 2.97 0.48 3.40 0.44 6.20 0.51 7.61 0.93 0.90 0.96
Inosine 0.38 2.56 0.46 2.79 0.43 4.40 0.49 6.27 0.85 0.82 0.88
Thymidine 0.27 0.77 0.30 0.76 0.29 0.94 0.31 1.03 0.38 0.41 0.40
Uridine 0.24 0.94 0.29 1.03 0.29 1.67 0.32 2.15 0.49 0.51 0.49
Acyclovir 0.47 2.67 0.50 3.05 0.50 3.61 0.51 4.99 0.89 0.82 0.90
2'-Deoxyuridine 0.26 0.84 0.30 0.89 0.33 1.30 0.32 1.66 0.45 0.52 0.47
3'-Deoxythymidine 0.26 0.53 0.27 0.50 0.28 0.66 0.30 0.62 0.32 0.40 0.39
2'-Deoxyinosine 0.39 2.05 0.45 2.23 0.45 3.06 0.47 3.81 0.82 0.81 0.82

Numbers in row are operating conditions of the full factorial design (Table S1).
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Figure S2. The residual plots of prediction errors using dual-filtering-based GA-PLS models for testsetof 16
nucleosides over all experimental conditions corresponding to the used DOE matrix for zwitterionic, amide,

amine, and bare silica systems.
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Table S11. The experimental retention data and predicted retention times of test compounds on the selected working conditions overzwitterionic, amide, amine, and bare silica HILIC columns
by using QSRR-DOE models.

Zwitterionic Amide Amine Bare Silica
Observed tp Predicted t g Observed tp Predicted t Observed tp Predicted t Observed t Predicted t
2'-Deoxyadenosine 491 5.08 4.46 4.74 4.94 5.06 2.24 2.12
2'-Deoxycytidine 10.79 12.21 9.10 8.89 12.61 12.97 3.46 3.64
2',3'-Dideoxyadenosi 3.62 4.19 3.83 3.96 3.47 4.15 2.07 2.03
2'-Deoxyguanosine 11.60 13.89 7.77 7.65 13.97 14.63 3.09 3.51
3'-Deoxyguanosine 10.70 13.15 7.57 8.49 12.96 14.67 2.90 3.47
5'-Methyluridine 491 5.62 3.92 4.37 6.12 6.54 1.81 2.01
Adenosine 6.17 6.10 5.06 5.15 6.68 6.55 2.37 2.32
Cytidine 15.00 16.07 10.31 11.07 19.50 18.04 3.96 4.07
Guanosine 16.29 17.79 9.24 10.09 21.48 19.67 3.45 3.89
Inosine 10.66 12.55 6.17 8.04 14.38 15.19 2.90 3.40
Thymidine 3.65 3.95 3.43 3.84 4.16 4.23 1.61 1.75
Uridine 5.94 5.68 4.06 4.46 7.57 6.15 1.97 2.05
Acyclovir 9.89 10.42 6.54 8.47 11.32 10.52 3.14 3.12
2'-Deoxyuridine 4.26 4.78 3.53 3.91 4.89 5.58 1.74 1.94
3'-Deoxythymidine 2.61 3.08 2.90 3.26 2.77 3.57 1.40 1.61
2'-Deoxyinosine 7.80 8.31 5.32 5.99 9.51 8.99 2.70 2.79
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