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Abstract: [Objectives] DNA-based research methods have been widely applied in the study of species
taxonomy and phylogeny, ecological genetics, and conservation biology, however, the comparative studies on
DNA samplings are generally scarce. In this study, we aimed to compare the performance and applicability of
different DNA sampling and extraction methods by using the captive-bred Chinese giant salamander (Andrias
davidianus) as study objects. [Methods] DNA samples were obtained by four sampling methods including
buccal swabbing, skin swabbing, shed skin sampling and tail venous blood sampling (Fig. 2). DNA was
extracted by four different methods including Kit method, high salt method, phenol-chloroform method and
magnetic bead method based on the most accessible skin swabbing samples. All the DNA qualities and
concentrations were detected by gel electrophoresis and nucleic acid protein analyzer, and each of the
sampling DNA was identified by PCR and sequencing of the mitochondrial COI fragments. In addition, the
daily and feeding behaviors of the experimental animals were observed after samplings. [Results] Our results
showed that the daily and feeding behaviors of A. davidianus didn’t change visibly, thus the four sampling
methods could belong to the category of non-disruptive DNA sampling that has minimal impact on the fitness,
behavior or welfare of the experimental animals. Among the four different sampling methods, the tail venous
blood sampling performs optimally, followed by buccal, skin swabbing, and then shed skin sampling in terms
of DNA quality and concentration (Fig. 3a, b). However, the DNA obtained by four different extraction
methods based on skin swabbing samples were generally similar (Fig. 3¢, d). Although different sampling
methods performed differences in obtaining DNA, all the extracted DNA could be amplified of the target COI
gene fragments (Fig. 3e, f). [Conclusion] By summarizing the advantages, disadvantages and precautions of
different DNA sampling and extraction methods (Table 1), we suggest that the most appropriate sampling
method should be selected according to the experimental purposes and specific conditions. In terms of
extraction methods, however, considering the toxicity of reagents, the complexity of operation, time and
economic costs, the kit method is what we recommended. This study could provide some guidance for
non-disruptive sampling and relevant molecular ecology studies of A. davidianus and other rare and
endangered animals in the future.
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Fig.1 Therelationship between non-disruptive, non-invasive and non-lethal
DNA sampling methods (from Lefort et al. 2022)
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The category of non-disruptive sampling is marked in dotted box, which means it would alter according to the ecological features of the different

experimental animals.
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Fig. 2 Photos of different sampling methods
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a. Buccal swabbing; b. Skin swabbing; c. Shed skin sampling; d. Tail venous blood sampling.
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Fig. 3 Resultsof gel electrophoresis, DNA concentration and BLAST from NCBI

a. 4 FHHUREJ7 1% DNA FIK s b, 4 FEURET % DNAKREEI: c. 4 FP4RHT % DNA HUIKI; d. 4 R ECT 7% DNA KB e. COIL 2E[H
PCR ¥ H§ MLk [&l; f. COI /751 BLAST HEXf 45 5.

a. DNA electrophoretogram of four sampling methods; b. DNA concentrations of four sampling methods; c¢. DNA electrophoretogram of four
extraction methods; d. DNA concentrations of four extraction methods; e. PCR electrophoretogram of COI gene; f. BLAST results of COI
fragments.

ik E: M. DNA 2 TEbxifE, M _EZE T4 4 500 bp. 3 000 bp. 2 000 bp. 1200 bpy 800 bp. 500 bp. 200 bp; A. T B. ¥
T C. BBl Y: D. EECRIL; B WA ok G FRMEME: HORERE. B f P MK177474 A1 KU131050
5509 As B. C il D REEE DNA FF41 NCBI LU e s 951, 3900 KB COT X3

Electrophoresis diagram: M. DNA marker. The DNA markers from up to down show lengths of 4 500 bp, 3 000 bp, 2 000 bp, 1 200 bp, 800 bp,
500 bp and 200 bp, respectively. A. buccal swabbing; B. skin swabbing; C. shed skin sampling; D. tail venous blood sampling; E. kit method; F.
high salt method; G. phenol-chloroform method; H. magnetic bead method. MK 177474 and KU131050 in Fig. f represent the best identify records
in NCBI of sampling method A, B, C and D, and all the queries hit with COI fragments of Andrias davidianus.
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different DNA sampling and extraction methods

J71% Methods it &5 Advantages {k /5 Disadvantages VEE Tl Precautions
AR AlERT DNA Fi e, B He s s o, AREM T BERE, @G many o b
Sampling  Buccal B, BOREfRIOR, PRH. B THEAME DR R IS i
methods swabbing DNA with high quality, fragment Difficult to open the animal Handle the animal gently to avoid

length and integrity; sampling mouth, and not applicable for mouth bleeding
simple, fast and easy to carry out small or juvenile animals
R AR Las uuﬂ%iﬁf/v ICRERI S, PR, DNAREERUIS, fA7EREME, v FEBERURARATIHVEEh ik,
Skin swabbing  J5ff, &2 HARKL BRI [FAREREE S (SEE'S
Sample source abundant, sampling  DNA with low concentrations, Wash the skin surface before
simple, fast and easy, suitable for may degrade and contaminate swabbing to decrease the risk of
most non-fur/feather animals contamination
BBk v& 1) PSR, XEJLFETHE,  DNA JBUE, FRMREG™E, 57 B e 1 5 kv v
Shed skin i 2 EIE R IR N 5 ANFAE T RE A T 3R AE Collect the shedding skins as early
sampling T-343 Sample volume large, DNA fragments short with as possible
without disturbances, easy to severe degradation, not
collect in domestic conditions for ~ available in wild environment
skin-shedding animals
KR 1M DNA FELF, WEEE, ATHT & R E, MmgremORER SRS R IALREE, J8E G L HURE T
Tail venous B AT AL [EIF RO 5/¥55A SV i
blood sampling  DNA with good quality and high Operation requires professional Improve sampling proficiency and

concentration, suitable for
high-throughput sequencing

skills, blood samples can store
in relatively short periods

avoid repetitive freeze-thawing of
blood samples

WL wEk IR DNA JURLYF, SORERGEME R HARRES, BfF R ESH LREIRTERR, R
Extractio  Kit method Bm, BAE S g €4 FERET, LA Jo 2L S8
n methods Extracted DNA with good quality,  Need lots of reagents and Dry DNA thoroughly when using
high purity and stability, moderate ~ consumables, and multiple ethanol-containing rinse solution to
cost operation procedures avoid affect subsequent
experiments
e Ehik BARP BN BOVRI A IUE, £ WXFIR—E RN, JREUDNA  RIERRE R RIRR S, FE
High salt WL, A b, SRZ R
method Extracted DNA with the most Some reagents toxic, the Avoid drastic shaking during
simple and fast procedures, less extracted amount of DNA less, operation, dry DNA to alcohol free
time-consuming and low cost and with some impurities
ESULETR)IRFS PRSI HE RG], xsese skt MHFSEE . QOERRE—  Biaslnse, #eRiziEy,

Phenol-chlorof
orm method

TORAG, ARAR

Commonly reagents and
laboratory conditions required,
low cost

ERE, SRRBE
Reagents toxic such as phenol
and chloroform, with some
impurities

TOURH 73 J2 BF 3 G i FEE RN P YK
Prevent poisoning and avoid
drastic shaking, avoid excessive
imbibing the waste liquid layer

IR DNA 2 WEER, THERB  RESHI T ERER AR BRI R0 5 AT,
Magnetic bead i T-HLEALAT A ) LA B, GRS A T3 20 A B R I ) ZEAE 1
method Extracted DNA with high purity Need magnetic separation Separate the magnetic bead fully at

and concentration, the method
sensitive for operating massively
and automatedly

devices or automatic extractors,
kits with high cost

the first use, and keep proper time
for adsorbing in the magnetic shelf
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B AN RIA) SR G s I, 53 A R B A )
YA XN RS S AT IF D I E AR 5
(Pidancier et al. 2003, Ringler 2018),

BRI T RAE s BRIt R 3 2
N R b B A, T R A0 B R A3 S B
PRI U, BT T34 ) DNA & Al
B EAM AT, BAFE—ERERFE
fitt, XHHEANRIBFFTS R BB —F (Prunier
etal. 2012). HAL G FIREEMEE (Rana
temporaria) H, R T5 O EH T3R5 W
DNA =AY (Miiller et al. 2013). JZkIKF
SRAFE— AN E EL ) I ERE A 2 B3R
B FORG B R 48 B B AR RIS ) DNA J5 %%, iX
3 AL R A IS I 2 /K oA BE 3R /K sh ik 2
HATIBE.

B IR MV RAE: PIRIBH A B v 1 R Jk 2
EEARAREEAHL, &2—REFAHERE
KIFE AR IR, EA 058 i 24 (Xu
etal. 20200, #5 ERRIZET B R E N L
FRIASRAT TN W, ABLEES I — IR A 53R 1S,
X R T AT VG . ARBFRE, W
FEdL ) DNA B fif i 9™ =, SREUK DNA K
W R RE I, Wi ARSI DNA
53R AT LLIEAT A R PCR 1Y, 7E3 £ B 7T 75
R T, WA R — PP /N R
T

FEFIK M RAE : AHI 50 36 B IR A rh 28
I DNA JiERERL, B HKRES,
BE T ZT A0 M B A A% (R Bh T R S
o FEPRX S0 F BN, MR
AfRbE T —L%) DNA BiEA R mE KT
AT, K BOC PRI 5 . Bl SR I
THBRAHR MR RTEA, — B A 2 i
KHEARHI G ARGy, 0P A= A7 A R G5
WA K KB (Mendoza et al. 2012,
Lawrence et al. 2020) . {ER MY #EAEEE — €
IR EKR, FEMBE —ELN A RedEihk 2
H bR & 1AL E

3.3 AN[F] DNA $REU5 R Bk SORNE

EN e S RN DN ) S a2
W, R4 Bl PG DNA SR ETT B —
X LLiE 7. 5 RBoR, 4 FoOTikBReeE A
BAK AR DNA &7, X328 H §i s H
DNA B B BN E % Hod, SKEy &%
MIEERIESAZ) DNA RE e, MIX— gk
EHAE gk, B2, KE. 0548
A EY, HILRIUG DNA AN EHERE
P, Bk, HAEURIERA . BERiEZ
W JLEEA BRI DNA BT, BA R
PRI, (B BT BC 2 1) B AR AR X B s
H R B R e wet% . b AR &k
FrH2HL DNA WREEAHY, S REEHH 2 — I
EHT K. mIERIES AR, H2H
FEECRRE, BT iRz HHR L
BRAEIRGE, SCIRFERT A . R B H T
RIS DNA $20077:, REAFRAEY
AT T 2R ERAR & i, (IR
2 AR B A . B —Hh 5 DNA
R B A, B RS D LR B S A
R VeI SR AR B2l ) DNA W &k — A
THBY, HEREWAE, FERbET, kss
B, RAWRARGCHEER k. SR, EAE
B, DRSS FHLFE SRR A,
ANTRI T3 S R T B A — e w22 3K
JREE (2018) XFEFAMRAR IR R ALK
FERI R B, i A il SE R e A A
fH Xu &F (20200 X0 PR b 2 52 i 5T 3%
B, oSt ) RV BRI T 2Ky & A7 14
AT

ST H HTLE R AR SR T A R
HURE 7 V2 AR A B R AR, Rkik 75
TF R 24 RHURE 7 7 U AT S A A A7
&G R R T, DA KRR FE SR> T
LA B T RPAT . AR SCIET A [ R A 45
IR BRI B R 75 P A0 R R Ak
RS 4 FHEURET7v5, CLAGRFI &L i hik.
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YR ATEREERESE 4 Bl DNA $FEEUT 1
MRS s R R I, R R R LR FLA IS A
KA B s P AT S 1 401 A 25 A AT A
PRt

B AR SCrEdE. BENRERER T EY
KEFE R BRI E B HIZI R IR #f
s (T 2 AN S IG FR AR 21 T 5 1 K R IR
Pz, SRR FATIE KR A R 2 7 MR
SAH ELESE KR AR YRR PR A W RE B E 251
KATZHE, fE—FEE0.

HEY P E R, #2021 45 H 30
H 3% F-151 5 48 7 5 T Th St BB K i
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