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Abstract: [Objective] The aim of this study is to establish an method for cotton metabolites identification by ultra-performance
liquid chromatography-electrospray ionization-mass spectrometry (UPLC-ESI-MS) analysis, and to investigate the adduct types,
dominant adducts and appropriate ESI ion modes of cotton secondary metabolites under the determined UPLC and ESI
conditions. [Method] UPLC-ESI-MS was employed to analyze 18 cotton metabolite standards, Online XCMS software was used
to extract the nontargeted mass spectrum data, and MATLAB software was used to prepare calculation programs for the

identification method of cotton metabolite standards. [Result] A high-throughput identification method of cotton secondary
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metabolite, named POSid and NEGid separately for the positive and negative ESI modes, was established based on the

calculated accurate molecular weight. In the determined UPLC condition and positive and negative ESI mode, 14 cotton
metabolite standards were correctly identified. There found 6 adducts including [M+H]", [M+Na]‘, [M+NH,]", [2M+NH,]",
[2M+Na]" and [2M+H]" in positive ion mode, and 8 adducts including [M-H], [2M-H], [M+CI], [M+FA-HJ, [3M-HJ,
[M+Na-2H], [M-H,0-H] and [M+TFA-H] in negative ion mode, while 1 to 6 adducts were observed in the mass spectrum of a
single standard, and each metabolite standard had a dominant adduct of a preference for ESI mode. Melibose was suitable for
ESI positive ion mode detection, gossypol was suitable for both ion modes detection; and 12 compounds were suitable for
negative ion mode detection due to mass spectrum signals of their dominant adduct stronger in negative ion mode than positive
ion mode. [Conclusion] Based on the accurate molecular weight, the established identifying method can identify the 18 cotton
metabolite standards with their nontarget mass spectrometry data. Under the determined UPLC and ESI condition, the dominant
adducts of cotton secondary metabolites have the preference of ESI mode. These results provide technical and theoretical data
support for further study of cotton metabolomics.

Keywords: cotton metabolite; ultra-performance liquid chromatography-electrospray ionization-mass spectrometry (UPLC-ESI-

MS); mass spectrum identification; adduct
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Table 1 Information on cotton metabolite standards tested in presented study

BATR] L 2R e
wass T AT e
&Y JFE Molecu- CAS A BRI sy}
Compound Monoisotopic lar Type Suitable solvent Manufacturer
molecular  pormula number
weight

HRER A, 332.162374  CH,Os 468-44-0 ik e TLC Pharmaceutical

Gibberellin A, Diterpenoids Methanol Standards

KGR A 346.141 638  CH»Os 77-06-5 S PR demtdbor il

Gibberellin A, Diterpenoids Acetone ARHFFE %
Beijing North Weiye
Measurement
Technology Research
Institute

N7 13 138.031 694 CHO, 69-72-7 B2 TR RN AR

Salicylic acid Phenols Dimethylsulfox- FR/AH]

ide (DMSO) Shanghai Yuanye Bio-

Technology Co., Ltd
(SYBT Co. Ltd)

MR 316.058 305  C,H,;0; 603-61-2 AT Z IR SYBT Co. Ltd

Tamarixetin Flavonoids DMSO

N6- SSRGS 203117096 C,HpNs 2365-40-4 W8 THIEEHR SYBT Co. Lid

No6-(delta2-isopentenyl) Alkaloids DMSO

adenine
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Table 1 (Continued)
FAl i 2= U
WA A
=2 N . s
wEY i Molecu- CAS B 1 R AR
Compound Monoisotopic lar Type Suitable solvent Manufacturer
number
molecular ~ Formula
weight
o~ {111 204.187801 CyH,  6753-98-6 A ke fiF il LB SYBT Co. Ltd
a-humulene ES Ethanol
Caryophyllane
sesquiterpenoids
e 410391252  CyHy  7683-64-9  £RPE=TEk L SYBT Co. Ltd
Squalene Linear triter- Ethanol
penoids;
o 342,116 215 CpH,0, 585-99-9 Mk EETK SYBT Co. Ltd
Melibiose Carbohydrates ~ Deionized water
HEWE 342.116 215 C,Hy0, 585-99-9  BiJ EETK SYBT Co. Ltd
Sucrose Carbohydrates Deionized water
BRI 448.100 562  C,HxOy 480-10-4  KHEHEIA EETK SYBT Co. Ltd
Astragalin Flavonoids Deionized water
i % 264.136 159 CiHyO, 21293-29-8 Ffukjekefiiaf W SYBT Co. Ltd
(s)-(+)-abscisic acid Cyclofarnesane ~ Methanol
sesquiterpenoids
&t Ji R 3-O-caf- 354.095082 CiHO 327979 [k s SYBT Co. Ltd
feoylquinic acid Phenols Methanol
B 1F Quercetin 626.148 305 CyHy Oy 18609-17-1 ZEE{FEHZE HH B SYBT Co. Ltd
3-sophoroside Flavonoids Methanol
Wi R 180.042259  CH,0, 501-16-6 [k s SYBT Co. Ltd
Caffeic acid Phenols Methanol
ik C 246.125595 CiHsO, 41653-72-9  FHbakefikit SYBT Co. Ltd
Lacinilene C Cadinane Methanol
sesquiterpenoids
™ 3 - M| We O 1H-in- 145.052764  CJHNO 487-89-8  A:4ymds e SYBT Co. Ltd
1 dole-3-carboxaldehyde Alkaloids Methanol
Ee
i Hi 518.194 068  CyHyOg 303-45-7  AEANBEAG 21 i HEE SYBT Co. Ltd
g Gossypol Cadinane Methanol
8 sesquiterpenoids
9
o.
g =R 452459331  CyHyO, 506-50-3  Jig JIij 1% K 4R 7= HIEE SYBT Co. Ltd
. Triacontanoic acid LY Aliphatic nat- Methanol

ural products




-s,ﬁ;ﬁ

Cotton Science

ZEAE IS . UPLC-ESI-MS 4387 Ho A AR R A= AR 0B e & 1 2 AU A 9B i 453
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WeRE M 1.0 mg- L' (IR, VB A B Fr o i kil
V5 0 18 ASFRUE S TR A 0.1 mL T4 hE
TR G, P EERBENEAE 10mL,
TR A JE i £ LA BR o i B B R B R 1.0 mg- L
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) S B AR G 3 2 ARGV 4 o2 A
R IEAAAE 4 CUKFE &

12 e - Rk
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fitr B HAR A A 140 HT

ik s, %k R Shim-pack GIST C18
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FH A AR 0.1% (RT3 40 F R K W, it sl Al
B HIN 0.1% (RF 50 WIR CREVEW, ik
0.35 mL-min ", #1340 °C, H ShFRERHRIE 4 C,
ERER: 4 L, BAFER 3 IRER , VRS0~
1.0 min, 5% (A28, FIA))B; 1.0~6.0 min, 5%~
20% B;6.0 ~9.0 min,20% ~50%B;9.0 ~13.0 min,
50% ~95%B;13.0 ~15.0 min,95% B;15.0 ~
15.2 min, 95%~5%B;15.2~17.5 min, 5%B.

1F B 7L (Positive ion mode, EST) i & 46
M . 1555 <K (GAS1)344.7 kPa (50 psi) , % Bl fin
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500 C, 55K (CUR)241.3 kPa (35 psi), &5
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HL % (DP)100 V, fif {5t (CE)35 eV, ¥ R filf 48
AEE (CES)15eV,
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‘2'8000
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= 6000
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UPLC—ESI-MS TICs of cotton metabolite mixture in positive (A) and negative (B) ion mode
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Fig. 1
TR, HFZ I EYM+H] " (m/2265.142 9)
PREBEFEIA 9.96 min, GRS 1.76 X 10°(E1A),
T T EEINAYIM-H] (m/2263.129 4)
P EE FIE] A 10.01 min, W58 %k 5.62 X 10° (&
1B) . RHITEL XCMS #7351 X0 1E 2 F A
A B TR T SRAE (1 45 A if b 119 S 46 T 3
BRI T A PR TG AR B B, 450 S 2 xI-
sx SCHFH, B AR S A T ESTT R AR F
ESI ¥t S rBdE e S T4 B it
IFI]  m/z R EE e IR v ot 4 BB ) 5 14
i m/z e AR EHEIRTE], SRS TR 2,
22 WEMEENEERZ

TE LC-ESI-MS 4317 H 73 B 4 s 298 W L
MIIE . T FREING Y5500k 32 ASF 15 A4S,

FRYE L i A PR B, 0t ARSI & 19
J far b S AER AR X - B A 51T 3R 3,
AW FFH MATLAB #8444l 2 A~ B85
POSid F1 NEGid (AT, 23 5 IE 8 F B
B AR X A B A9 o B A T AR 4
HAGEGR . XS A 3 2P0
(1) FRATTH54 19 HE 6 AH X 43 F i3 & (Calculated
molecular weight, CM); R 45 45 K I 2] 2 ¥ 19
m/z, AR X RFITA ] RE A HERG AR
XPorf e, HREAXIE 3;(2) HFiFRE
(AM) : IHEA BTN T2 5 & bR
S ER AR XS T R (MM, % 1) R i3 22 i1
N AM= (CM— MM)/MM,; (3) H 4 A X431
o A (L )RS I 158 2 TR 1R 22 R, AR 22 A
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Table 2 A survey of UPLC-ESI-MS data of cotton metabolite standards

115 T3, Positive ion mode 1718 F#3X, Negative ion mode

&Y BT {REA Bt ] BT B k1)
Jifar He ) Jifar He )
Compound Amount Retention Amount Retention
m/z m/z
of ions time/min of ions time/min
KR Salicylic acid 2165 59.0520~1431.2943 0.13~17.47 1523 61.9932~1405.0128 0.68~17.44

A1 ¥ Z Tamarixetin 2165 59.0520~1431.2943 0.13~17.47 1523  61.9932~1405.0128 0.68~17.44

NO— 57 I3 I i 1504 1977 59.052 1~1431.796 0 0.22~17.47 1560 61.9934~1418.9912 0.68~17.45
N6-(delta2-isopentenyl)

adenine

o- A1 a-humulen 1410 59.0556~12223418 0.14~17.47 1225 61.9916~1405.0036 0.69~17.44

ff % % Squalene 1480 60.083 7~1223.3383 0.70~17.47 1149 61.993 1~1470.0009 0.16~17.47
% i Melibiose 1945 59.0554~1223.3365 0.14~17.47 1797 61.9903~1487.0992 0.16~17.48
TJHEHE Sucrose 1945 59.0554~1223.3365 0.14~17.47 1797 61.9903~1487.0992 0.16~17.48
LU Astragalin 2071 59.0554~1431.8940 0.14~17.47 1709 61.9901~1487.0992 0.16~17.48
Wiv& B2 (s)-(+)-abscisic 1920 59.0554~1431.7914 0.14~17.47 1450 61.990 1~1488.0968 0.16~17.48
acid

LRIRIR 1920 59.0554~1431.7914 0.14~17.47 1450 61.990 1~1488.0968 0.16~17.48

3-O-caffeoylquinic acid

=V78:) 1668 60.0832~1431.7921 0.23~17.47 1406 61.9927~1488.0968 0.18~14.48
Quercetin 3-sophoroside

MIHERR Caffeic acid 1997 59.0557~1431.7914 0.14~17.47 1451 61.990 1~1488.0968 0.16~17.48
THiM C Lacinilene C 1957 59.0555~1431.7914 0.14~17.47 1522 61.9938~1488.0968 0.70~17.47
3- M5| FH I 1H- 1670 60.0832~1431.7914 0.74~17.47 1421 61.992 8~1488.0968 0.68~17.48
indole-3-carboxaldehyde

JREEE A,GibberellinA, 1694 60.0833~1431.7914 0.74~17.47 1612 61.9904~1488.0968 0.18~14.48
il Gossypol 1936 60.0834~1431.7914 0.74~17.47 1481 61.9937~1488.0968 0.68~14.48
JREEE A;GibberellinA; 1911 60.082 7~1431.7914 0.05~17.47 1574 61.990 5~1488.0968 0.18~14.47
= bR 1647 59.0553~1150.3192 0.14~17.48 911 61993 1~1403.0017 0.61~17.45

Triacontanoic acid

T I (0 7 (R )4 0 A A R o ) 4
REL
23 WEREFYEERMEYRE

I 2.2 v gy, AR A 2145 Fr o i
B m/z, 3T UPLC-ESI-MS il 21 it 4% 55
T 4 B AT RE R HER A X 2 T R R S
A BRI it P T B AR X 20 IO ) ) 1R 25 5 AR UK
DU ARG 43 o e i g0 1 22 Ok 21 X 1070, #ffi
20X 107 iR BEH T T B PHEE .

XPIE () B T BT Rl 2] 09 8+ x50
D7 RRES IR 14 AFRiE S, (HI5 AR 5
a- AT FEIEA = 5e R 3 F T, S AN E
B AR A 3] 3- mgl e F | £ 2 A OR A
E BT C, FEEE ML S Y, S WL £
1~6 FORNRIE G4, IR 2 5 600 LA || TE B
FEERZE —29~3.1, iR 2E—13.5~
16.8(F 4 fME 5),
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Table 3 Common adducts of the tested compound in LC-ESI-MS detection
IEE FHR X Positive ion mode 1T Negative ion mode
mawA e T BOHERRAR X 707 B mEwA T BOHERRAR X 707 B
Adduct name Calculated molecular weight (CM) Adduct name Calculated molecular weight (CM)

[M+3HP* 3X (m/z—1.007 276) [M—3H]~ 3X (m/z+1.007 276)
[M+2H+Na]** 3X (m/z—8.334590) [M—2H]*~ 2X (m/z+1.007 276)
[M+H+2NaP* 3X (m/z—15.7 661 904) [M—H,0—H]"~ m/z+19.01 839
[M+3Na]** 3X (m/z—22.989 218) [M—H]™ m/z+1.007 276
[M+2H}* 2X (m/z—1.007 276) [M+Na—2H]~ m/z—20.974 666
[M+H+NH,]J** 2X (m/z—9.520 550) [M+CI]™ m/z—34.969 402
[M+H+Na]** 2X (m/z—11.998 247) [M+K—2H]~ m/z—36.948 606
[M+H+KP* 2X (m/z—19.985 217) [M+FA—H]~ m/z—44.998 201
[M+ACN+2HP* 2X (m/z—21.520 550) [M+HAc—H]~ m/z—59.013 851
[M+2Na]** 2X (m/z—22.989 218) [M+Br]~ m/z—78.918 885
[M+2ACN+2HP** 2X (m/z—42.033 823) [M+TFA—H]~ m/z—112.985 586
[M+3ACN+2HP* 2X (m/z—62.547 097) [2M—H]~ (m/z+1.007 276) +2
[M+H]* m/z—1.007 276 [2M+FA—H]~ (m/z—44.998 201) +2
[M+NH,]* m/z—18.033 823 [2M+HAc—H]~ (m/z—59.013 851)+2
[M+Na]* m/z—22.989 218 [3BM—H]~ (m/z+1.007 276)+3
[M+CH;OH+H]* m/z—33.033 489
[M+K]* m/z—38.963 158
[M+ACN+H]* m/z—42.033 823
[M+2Na-H]* m/z—44.971 160
[M~+IsoProp+H] " m/z—61.06 534
[M+ACN+Na]* m/z—64.015 765
[M+2K-H]* m/z—76.919 040
[M+DMSO-+H]* m/z—79.02 122
[M+2ACN+H]* m/z—83.060 370
[M~+IsoProp+Na-+H]" m/z—84.05 511
[2M+H]* (m/z—1.007 276) +2
[2M+NH,]* (m/z—18.033 823)+-2
[2M-+Na]+ (m/z—22.989 218)+2
[2M+3H,0+2H]* (m/z—28.02312)+2
[2M+K]* (m/z—38.963 158)+2
[2M+ACN+H]* (m/z—42.033 823)+-2
[2M+ACN+Na]* (m/z—64.015 765)+2

M, YIRS ACN, Z )i ; DMSO, — UL TFER  FA, W R ; HAc, Z8 ; TFA , =92 ; IsoProp, S N ; CH;OH, H!
> R R AR O 23 BT HE AR I ST LA
Note: *M, compound molecular; ACN, acetonitrile; DMSO, dimethylsulfoxide; FA, formic acid; HAc, acetic acid; TFA, tri-

this column.

fluoroacetic acid; IsoProp, isopropanol; CH;OH, methanol. ® The formula for calculated molecular weight derived from n/z in
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Table 4 Putative identification of cotton metabolite standards in positive ion mode

TR - WA 58 B8 (49 £ mife

BT e S %
14 Compound Bt it Retention e Calculated ot Peak int)ensity
m/z Adduct )/
time/min molecular » (mean *standard
weight (CM) deviation)
KH¥ Salicylic acid 139.039 372 9.40 [M-+H]" 138032096 —29  7978.8+6954
FEMN B % Tamarixetin 317.064 865 1099  [M-+H]*  316.057589 23  79834.0+2961.4
N6- 5 30475 HE AR NS 204.124 352 752 [M+H]*  203.117076 0.1 122130.84:3291.5
N6-(delta2-isopentenyl) adenine
% —H% Melibiose 365.104 807 0.82 [M+Na]® 342115589 1.8 109513.7£5559.8
360.149 727 [M+NH,]" 342115904 0.9 209629.9+6917.8
343.123 083 [M+H]* 342115807 1.2  12543.4+919.6
BEHH Sucrose 365.104 807 0.82 [M-+Na]®™ 342.115589 1.8 29171.7%£676.7
360.149 727 [M+NH,]" 342.115904 09 63 866.2+4974.6
343.123 083 [M+H] 342.115807 12 11979.9£519.5
LY Astragalin 471.088 494 9.14 [M-+Na]® 448099276 29  11338.0%362.1
449.106 679 [M+H]* 448099403 2.6 70894.7+28358
BRTETR (s)-(+)-abscisic acid 287.124907  10.05 [M-+Na]*  264.135 689 1.8 10936.94+945.2
265.143 275 [M+H]* 264135999 0.6  26010.4+499.2

546.305 596 10.03  [2M-+NH,]" 264.135 887 1.0 14 020.0£420.6

551.260 231 [2M+Na]"  264.135506 2.5  25030.7+1001.2
529.278 663 2M+H]*  264.135694 1.8  177563+754.8
282.169 968 [M+NH,]* 264.136145 0.1  6672.3£333.6
4R 3-O-caffeoylquinic acid 355.102 131 622 [M+H]" 354094855 0.6 85454.1+4272.7
377.083 865 [M+Na]* 354094537 12 19178.5+392.8

377.083 755 6.94 [M+Na]® 354.094725 1.5 12596948944

355.102 001 [IM+H]* 354094647 1.0 35417.9+1376

372.128 286 [M+NH,]" 354.094463 1.7 20344.4+1831.0
F1BEH Quercetin 3-sophoroside 649.136 524 798 [M+Na]® 626147306 1.6  7629.1%1772

627.154 853 [M+H]*  626.147 577 12 113288.4+6797.3
MIMERR Caffeic acid 181.049 082 679 [M+H]" 180.041 806 2.5 14140.3+289.6 "
Hifif# C Lacinilene C 247132676 1250  [M+H]*  246.125400 0.8 514 004.6+20 560.2 2
510.284 037 RM-+NH,]" 246.125107 2.0 22745.4+884 i
515.239 456 [2M-+Na]® 246.125 119 1.9 146 961.4+4 408.8 g
R A, Gibberellin A, 333.169 188 11.19 [M-+H]* 332161912 14 7749.0£180.0 %
Hil Gossypol 519.199 742  14.63 [M-+H]* 518192466 3.1 334371.6%20062.3 §
HEE 2 A, Gibberellin A, 347.148 415 8.56 [M+H]"  346.141 139 14 6354.0+24.7 .

364.175 788 8.57 [M-+NH,]" 346.141638 —0.9 10071.32+906.4
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Table 5 Putative identification of cotton metabolite standards in negative ion mode

‘ RN e e (iAot
1R ER B ] N Sy F R
&%) Compound Tt Lt Retention s Calculated Error ) £>
m/z . . Adduct (AM)/ Peak intensity (mean =+
time/min molecular o
. - standard deviation)
weight (CM)
JK#% IR Salicylic acid 137.025 536 943 [M—H] 138032812 —8.1  198088.9+5942.7
FEMI B E Tamarixetin 631.108934 1095 [2M—H]~ 316058105 0.6 109455244 060.1
315051258 1095 [M—H] 316058534 —0.7  816319.8422000.2
N6- 5 S HE AR RS 202.110473 754 [M—H]” 203.117749 —32  189001.7£9595.2
N6-(delta2-isopentenyl) adenine
2 M Melibiose 341.109 546 084 [M—H] 342116822 —1.8 24 146.5+796.8
387.114 900 0.84 [M+FA—H]™ 342.116699 —14 327622+2401.8
B Sucrose 341.109 546 084 [M—H] 342116822 —1.8 2793255464800
387.114 900 084 [M+FA—H]™ 342116699 —14  315114.6+245445
LW Astragalin 447.092 879 919 [M—H] 448100155 09 706 162.4+30621.1
895.194 237 919 [2M—H]" 448100757 —0.4 61671.941969.9
IS 527262734 1004 [2M—H]~ 264135005 44  820955.1+328382
(s)-(+)-abscisic acid 263.129076  10.04 [M—H]" 264136352 —0.7 566 054.745 660.5
299.104968  10.06 [M+CI] 264135566 22 11299.5+216.9
2R 3-O-caffeoylquinic acid ~ 353.086 885 6.10 [M—H]" 354094161 2.6  160270.3%+4808.1
707.181 308 6.18 [2M—H]~ 354.094292 22 8307.3+332.3
375.067 942 6.18  [M-++Na—2H]" 354.093276 5.1 6738512864
353.087 136 690 [M—H] 354094412 19  214170.1-42834
707.181 680 690 [2M—H]" 354094478 1.7 12 790.6+639.5
375.068 452 690 [M+Na—2H]" 354.093786 3.7 17 940.0+367.4
FRRET 625.140 555 798 [M—H]” 626.147831 0.8 14337248%372768
Quercetin 3-sophoroside 661.117307 798  [M+CI” 626.147905 0.6  171675.8%667.0
1251.287805 798 [2M—H]” 626.147 541 12 20615.0+1855.4
739.123 388 799  [M+TFA—H] 626.137802 1638 7925.14184.1
MHMERR Caffeic acid 179.035 573 671 [M—H]~ 180.042849 —33  247971.9+14878.3
179.035 500 695 [M—H]" 180.042776 —2.9 96 644.4+1979.3
3- | 144.047 447 923 [M—H]” 145054723 —13.5 781 825.7%£31273.0
1H-indole-3-carboxaldehyde
R ZE A,Gibberellin A, 663315967 1120 [2M—H]~ 332161622 23 1681786.4165343
331154800 1120 [M—H]~ 332162076 0.9  872433.9426173.0
995475686 1120 [3M—H]~ 332160987 42 5614.1+130.4
] 377159456 1120 [M+FA—H]" 332161255 34 66 434.1+3 986.0
z 367.130460 1120  [M+CI]” 332.161058 4.0 80332.5+312.1
i Hi} Gossypol 499.173942 1439 [M—H,0—H]™ 518.192332 34 34406.0+3 096.5
o 517.184256 1469 [M—H]~ 518191532 49  322041.7£7471.0
§ FREEZE A; Gibberellin A, 691.273 483 852 [2M—H]” 346.140380 3.6 1338600.756221.2
§ 345.133 419 852 [M—H]~ 346.140 695 27  936088.3%40591.3
2 1037412910 852 [3M—H]~ 346.140 062 4.6 12 650.3£404.1
381.109 261 852  [M+CI” 346.139859 5.1 85 687.1+3427.5

391.138 037 852 [M+FA—H]™ 346.139836 52 412853+14163
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Fig. 2 Peak intensity ratios, in logarithmic scale, of the strongest signal ion (peak intensity) obtained in positive and

negative ion modes for some cotton metabolite standards
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