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Undergraduate innovation training experiment: zooarchaeology
by mass spectrometry for species identification of
paleontological remnants

XU Yang, JIANG Liyan", YANG Shasha
(College of Life Sciences, Jilin University, Changchun 130012, China)

Abstract: Against the educational backdrop of deep interdisciplinary integration and empowering
new models for cultivating composite talents, this innovative training experiment focuses on the
hot interdisciplinary field of molecular archaeology, targeting the fragmented state of paleontological
remains that do not have morphological identification characteristics and cannot be accurately
identified for species. We developed a zooarchaeology by mass spectrometry (ZooMS) method based
on matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS),
utilizing collagen peptide mass fingerprinting (PMF). This approach was successfully applied to
species identification of late pleistocene fragmented paleontological samples. ZooMS offers significant
advantages including operational simplicity, high identification accuracy, broad applicability, low
testing costs, high-throughput analysis and stringent contamination control, making it highly valuable
for species identification and the extraction of “hidden information” from fragmented paleontological
remains. Through this innovation training experiment, we enhanced interdisciplinary collaboration
between humanities and sciences, stimulated students’ scientific thinking, and improved their

research competencies, laying a solid foundation for cultivating interdisciplinary and innovative
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Fig.2 Photos and radiocarbon dating data of Camelus samples used for method establishment



%011 1 %

PH A5 AR A BRI GRS 56 - Bl % i T oo A T ol AR W 38 7 e 9 i R A

< 1271 -

DY R AL I X5 U1 R 2 A MRS Ak B £ R R AR 1)
BTSRRI 6 Y 2 B RO i
KZ R A BRI, AT BA B 5T i S 6 1
BEXT U AR MR A B R 0 O YR EAT TR AL, —
7 T A PRI A S5 Y A PR R R A AR T R R R
A, 5 — 7 G B T AR B BTG e A Bk
133 REZARRT EHAL

JBE D £ P 0 AR 5 R i LA ZooMS R TE
A B AR NP v Y ERARRR I X R bl Tl AR
SRR R R A AR LB, H A E AT B
PR A A DI A 4R U R R A AT A
b B R AR S U R A A LR LA R BR L (D BT

W +AmBic
Washing

4

+HCl

Sample

: Demineralization
collection emineraiizatia

TECE SEE FE 5L RS 1.5 mL EP & i A 500 pL
HCL % Wi, 25 iR # B 2~5 K5 (2) $E: A MR A IR
PR3 ICT5 1 0 REAS v (0 2 LR AT AR I, R AR T
20 000 ref B0 1 min, W5 FIER KA 5 DL
A AmBic PE¥% 3 R 2 M Bl S A 100 pL Am-
Bic, & T 65 CFWH 1 h i jg LI AL" s (3) il
il M H RGO 1 min, ¥ LIS RES E S
S O BB B VA, T 37 CCAE IR AR il i
12~18 h J& , B0 1 min, 3 i1 A 5% B = 50 & B &
1B AR (4) BRBE D 2 3 ok C18 [ AH A Bk 4l £k

fity i BK B, B 2R A9 BT W R DU Y RC D BE FORK
Br(El 3).
+AmBic +Trypsin
Gelatinization Digestion Peptide
extraction

B3 HEMEBEFIREZEANRER
Fig. 3 Extraction of collagen protein in paleontological remnants
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Fig. 4 Peptide mass fingerprint of test samples
a. Camel-1; b. Camel-2; c. Camel-3; d. blank control.
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Table 1 Results of ZooMS identification of late pleistocene paleontological remnants (40 samples)

Sample Subsample- Peptide mass fingerprint data (m/z)* Morphological Species identi-
No. weight/ mg pj A A’ B C P2 D E F F' G G’ identification” fied by ZooMS
LPO1 43.6 1105.5 1182.6 1198.6 1453.7 1550.7 2145.1 2869.4 - Rhino/Tapir
LP02 49.5 1105.5 1427.7 2145.1 2883.3 2983.5 2999.5 - Equus
LP03 30.7 1105.6 1192.7 1208.7 1427.7 1648.8 2131.1 2853.5 3018.5 3033.5  Cervus Bos/Bison
LPo4 Cervidae/Anti-
34.9 1105.5 1196.6 1427.7 1550.7 1648.8 2131.1 2883.4 3018.3 - lopinae/Capri-
nae
LPO5 42.1 1105.6 1182.7 1427.8 1550.8 1649.9 2145.2 2883.6 2899.6 2983.7 2999.7 - Equus
LP06 30 1105.7 1208.7 1427.8 1648.9 2131.2 2853.5 2869.5 3033.6 Bos Bos/Bison
LPO7 26 1105.6 1453.8 2143.2 2869.5 2869.5 3000.6 - Rodentia
LPO8 17 1105.6 1453.8 2145.3 2869.6 3000.7 - Rhino/Tapir

LP09 37.2 1105.6 1182.6 1427.8 1550.8 1649.8 2145.2 2883.6 2899.5 2984.6 2999.6 Equus Equus
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Table 1 (Continued)
Sample Subsample- Peptide mass fingerprint data (m/z) Morphological Species identi-
No. weight/ mg pj A A’ B C P2 D E F F’ G G’ identification” fied by ZooM$S
LP10 34.7 1105.6 1192.7 1208.7 1427.8 1580.8 1648.9 2131.2 2792.4 2853.5 3033.7 - Bos/Bison
LP11 17.8 1105.6 1427.7 1648.8 2131.1 2853.4 2869.4 3033.5 - Bos/Bison
C ta/Pan-
LP12 32 1105.6 1207.6 1453.6 2147.2 2853.5 2999.6 - rocutaszan
thera
Cervidae/Anti-
LP13 31 1105.6 1427.8 1648.9 2131.2 2883.6 3034.6 - lopinae/Capri-
nae
LP14 17 1105.6 1233.7 1453.8 2163.1 2853.5 2957.6 - Ursus
LP15 44 1105.6 1198.7 1427.8 2145.2 2883.5 2999.6 - Equus
LP16 14 1105.6 1196.7 1453.8 2131.1 2821.4 2883.5 3033.6 Bos Sus
LP17 17 1105.7 1192.7 1208.7 1427.8 1648.9 2131.2 2853.5 3033.6 - Bos/Bison
LP18 29 1162.6 - -
LP19 87 1105.7 1182.8 1427.9 2145.5 2821.2 2884.4 3000.6 Equus Equus
LP20 23 1105.6 1453.8 2145.3 2869.6 3000.7 - Rhino/Tapir
Cervidae/Anti-
LP21 32 1105.6 1180.7 1196.7 1427.8 1648.9 2131.2 2792.4 2883.5 2899.5 - lopinae/Capri-
nae
LP22 25 1105.7 1208.8 1427.8 1648.9 2131.3 2853.6 2869.6 3033.7 - Bos/Bison
Cervidae/Anti-
LP23 28.1 1105.6 1427.8 1580.8 1648.9 2131.2 2883.5 3033.6 Hyaenidae lopinae/Capri-
nae
LP24 17.4 1105.6 1453.8 2145.2 2853.4 2869.5 2999.6 - Rhino/Tapir
LP25 19.1 1105.6 1182.6 1198.6 1427.7 1649.8 2145.1 2899.4 2999.5 - Equus
LP26 64 1105.7 1453.9 2115.4 2854.2 Mammonteus FElephantidae
LP27 49 1105.7 1454 2145.6 2869.8 Coelodonta Rhino/Tapir
LP28 47 1105.7 1209.8 1427.9 1649 2131.4 2854.9 Bison Bos/Bison
LP29 21 - -
. Cervidae/Bovi-
LP30 49 1105.7 1427.9 1649.1 2131.5 2884.5 Caprinae d
ae
LP31 72 - -
LP32 26.9 1105.5 1210.5 1226.5 1453.6 1566.6 2130.9 2853.2 2999.3 Hyaenidae Canidae
Mustelidae/ Fe-
LP33 16.9 1105.5 1453.6 2147 2853.1 2999.3 - lidae/ Hyaeni-
dae
LP34 28 1105.6 1427.8 1550.8 2145.2 2883.5 2999.6 - Equus
Bos/Bison/Ovi-
LP35 40 1105.7 1192.6 1427.9 2131.4 3034.5 Cervus b
0s
LP36 60 1105.7 1453.8 2145.5 2870 3000.7 - Rhino/Tapir
LP37 50 1105.7 1427.9 2145.6 2884.2 3000.4 Cervus Equus
LP38 11 - -
LP39 20 1105.6 1427.8 2145.2 2883.5 2999.6 - Equus
LP40 26 1105.7 1208.7 1427.8 1580.8 1648.9 2131.2 2853.5 3033.6 - Bos/Bison

a) ZooMS peptide markers: A=COL1a2 978-990, B=COLla2 484-498, C=COLla2 502-519, D=COLI1a2 793-816, E=COLla2 454-
483, F=COLlal 586-618, G=COLla2 757-789, P1=COLlal 508-519, P2=COLIla2 292-309. Three diagnostic markers (A, F, G) exhibit
dual m/z peaks (denoted A’/F'/G’), indicating post-translational modifications. b) The results of morphological identification were pro-

vided by Chen Jun and Li Xiaobo from the College of Earth Sciences, Jilin University. ¢) Samples that cannot be identified at the species

level.
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