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B 10 M AFF A IS R AR T (P> 0.05). ABFFEH) 95 HAKBIIEAALE 99 NS LN, A 30%%
o BE R S H0K 43.880 5, “F#5 Shannon’s {5 B F6 4N 0.930 6, “FIILAE RS8N 0.428 3, KPR
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Abstract: [Objectives] Forest Musk Deer Moschus berezovskii is first class protection wildlife in China. In
order to protect the wild Forest Musk Deer population and meet the demand for natural musk in traditional
Chinese medicine and other industries, China began to raise Forest Musk Deer artificially in the 1950s.
Maintaining high genetic diversity of the population is the key factor to realize the sustainable growth and
release of the captive Forest Musk Deer population into the wild. [Methods] In Fengxian County, Shaanxi
Province, we collected feces samples from 95 Forest Musk Deer in two captive populations and kept all the
samples in a lab refrigerator at - 20 ‘C until DNA extraction. We selected published tetranucleotide
microsatellite loci, then identified microsatellite loci that can be reliably amplified from fecal DNA. The
forward primers of these loci were colored with fluorescent dyes and used to analyze the genetic diversity of
95 captive Forest Musk Deer. [Results] Twenty-five tetranucleotide microsatellite loci of Forest Musk Deer
were obtained, of which 21 could be steadily amplified from fecal DNA, and two of them had chaotic peaks
that were not suitable for analysis (Appendix 1). For the 19 microsatellite loci, there were 7 loci with
polymorphism information content > 0.5, which were high polymorphism loci, and 10 loci were consistent
with Hardy-Weinberg equilibrium (P > 0.05) (Table 1). Among the two populations studied, 95 individuals
had 99 alleles and 43.880 5 effective alleles, the mean of Shannon’s index and polymorphism richness were
0.930 6 and 0.428 3 respectively. The mean observed heterozygosity was 0.449 4, and the mean expected
heterozygosity was 0.467 5. The genetic diversity of the Fumin farm population was higher than that of the
Haixing farm (Table 3). All the Forest Musk Deer individuals came from four gene clusters. The Forest Musk
Deer of the Fumin farm mainly came from gene cluster 1 and 2, and the Forest Musk Deer of the Haixing
farm mainly came from gene cluster 3 and 4 (Fig. 2). [Conclusion] The selected microsatellite loci were 13
more than the previous studies, which can provide a reference for future studies on genetic diversity of Forest
Musk Deer based on fecal samples. The captive Forest Musk Deer in Fengxian County, Shaanxi Province
showed high genetic diversity but a tendency to inbreed. The genetic differentiation of Fumin Forest Musk
Deer farm and Haixing Forest Musk Deer farm was small, and there was a large gene flow. It is suggested that
the provenance of each captive population can be changed to increase the degree of heterozygosity.

Key words: Forest Musk Deer, Moschus berezovskii; Noninvasive sampling technology; Fecal DNA;

Microsatellite; Genetic diversity
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S ABNH s VAL R R 2300 1 B 11 1) 44 (R
% 2006), #% IUCN FIN¥famh. B 5t
TR RO PR EAE G h R 25 K R,
FRREASCHE RN EZEAD (Ma et al.
2022). A T B IE B A RES IR K4, FRIE
1958 46 N TAa bk i CREAIR 2007) 6
HAr, FRETEEZRME 5 TH OIS T B3
B, MREFFRAE A R I PO R D K B
i 2020 FIRTFG T EE , TE N TR B AL
RO 3 HH, HApga 3o ke, 45

BREZ) 100 kg CRFEFIFE 2022). Hflith,
R R IR B A BRI 7 SR K20 1000 kg, By
IR BEHEANIK,  FREFFRFEIEAL T4 KA
FEER ] (Feng et al. 2023 ).

L 2 FEIE AT i R e i — AN Bk
it 2 8 A% W Jo B AR SR R SR AR T AR
(Ellegren et al. 2016, Leigh et al. 2019, De
Woody et al. 2021) . #Fl i 4 2 FEPEE &
LA TR, AT 4 53 HL S A B AR AL
Bt 71 (Forest et al. 2007, Pauls et al. 2013).
TSR BT RELKEANE R, JFHAEER
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T AR i 5 GO R 2 2 R B AR 1 IR
FE. BARIL. ETERE R R e bR, 3
fEARBETE /NP N 5, HZRhL (Wit
22015, Gauffre et al. 2022), #9AF) I Fa:
RS Z MR, WILMRAER .. BEE 2
T-251% M, (Robinson et al. 2023). FF, HT
FER ZREMERRAR, (= 30 ), Tk
PR Z AR FAEE, ARG PR T BEE [ TR
(Yousefi et al. 2022, Yang et al. 2023). ¥if&
VIR ERY (0 I ], MBS A SR,
i R H s e 2R, DAORIE A 1)K 4
H 17 (Laikre et al. 2020, Hu et al. 2021).

N1 RIS I8 A% 2 FE I, R AR
AT T2 A SRR . R THFEARE S
A RERIRIEAE ZREE L, T EURE SR 22
S, AW AR5 A 2R A
BRI 20 (BKA7EE 2004, RIS
2021). Cai & (20200 RET 5 MEARKHFE
MRBEFE S, IRARMEBHE R R L TREA K
WAL ZFEEE R, SRERIZEHEEER
St Re UMK B OR B = B AR 2 R . GRS
(2021) 1§ ] NET Framework HEZ2 %1 B/S 42
IR B E E - &, LB IR MR B B2 IR 15
BALEH, BT (2022) FIAM T ERD
P g T MRBZ O R, AR EE
PROCIRE RIS S . WA A SR AR B R f 384
R GUK A B F O A R s 2R
(Ahmad et al. 2016, Yang et al. 2022), DNA
AL AR 2 18 F B30 1% 2 M 1B 7L
i, A E KRS /) (Frankham 2010)

IR R FARl, 8 fiERKE
B, TR R, 2R, R
P8 A% 2 A1 B IR id 2 — (Salipante
et al. 2014), EREEWFHEAK HI, AL
K AR AE AR A i o %5 58 KB B R AL
HSCNTTRE (Di Rienzo et al. 1994). Qi %%
(2020 FIJ FH i 52 0 A o) A B 25k R 41 ik
ATINFE , MOPR B33 R 4 R 3 F 8 R LR 751
IR F] 680 635 NEFEBM RN . BlIE

(2020) fFHFEFANFHA, XFpRE & 2
MIFEAT I, 3R15 5 777 M B EALE. 5
B =R TR AR, DO A
AL RAE PCR EFE A B B I iy BB sy, &
K43 B 2E B E RS (Guichoux et al. 2011). H
B OA B 2 0 T R B T2 1 8t 4% 2 R P10t
Fi, HFTABFE A ZEE DNA 95 (1) DY
T B R S . AT SeiE R i A SCHER
SRAGRBF VORI TR A7 i, PR 5 DNA
FEARY 1Y, 13200 T-AE8 0t 7 1k A7
M IR R EREEZ 27 BRIERE 2 N EA
RN B 7 AT 8% Z RV 0T, IR
BB — & TARSR AL R TR 5 8L =Kk 4E,
PRI ] 7] 7 bR B 1 9 DA % T AR ARG (1) b
WA o

1 MR5T5E

11 sSERAE

HELR R BT E E09T, JbKRE . FHs
LA, JEBRE A AR, 2017 4, #E S
Mk m B AR = TP EREE 2 27
MRERS . B RE (33°4508" N,
106°33'09" E, ¥k 1 132 m) s& X B Fdar
WY W48 (33°43'25" N, 106°34'58" E,
Wk 1222 m) R EL SR KBS0 2
MBS SRS T B 2 IR, FRIEAR L,
AN TAAFR R, KhEA R 4 0 1 R Lk
ATBCAN

12 & BB I A B 37 7 I AL R &R 42
30 53 4 AR BF FE (AL, B HIE R 5:00 22 6:00
IEREHEE I, AT BN . rh
FEMIIARICAR BRI B S . ), DARCRAE S
FEHE], B Sk R E G E T - 20 C
UKFEIORAE#S L, TR 5E 1 DNA $2HL,
12 SERFE
1.2.1 DNA 3RELK PCR i S g%
(2018) FIJ7VE, K FS(EAFE o AL BE N 41 i iz
W, FEHEHTE4E DNA $RE. B2 0.5 g AR
FEF (29 5 RFE) FEf T 15 ml BOEH, 0
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A 3 ml PBS ZZMW, §#E 1 ~3 min, {5 HBER
EGURZIE Y 30 ~ 45 s, WRHI 4 BB AR T 5T
) 15 ml 20 %, 2 000 r/min &0 10 min, 3F
3 A 0.2 ml PBS 2RO UTTE R,
W 5 BT 1.5 ml B0, R OB SR
st 2 [ PR Ji7p 8 b e 4 i A 3 Rl 4 B o A8
FH /4 /4L 2R FE IR 2 DNA - $EBGRFI G [ R
MRAEARHE (Jb50) A R 2w R EUMR 5% 25 K1 41
DNA . 25 > T 22 R 8% DU B = sk T A2 A7 i AL
PSR 1.

BT AU EREM R A A R A F &
B G, AE GRS A2 ELY DNA
17 PCR 3, TR RILWHFE (carboxy
fluorescein, FAM) H/5& 2% t2 (hexachloro
fluorescein, HEX) 4 v] LA Dh3 48 /Y 5] ) 1E 1E
) ) 5" 0 28 Y8 i . AN[R 5 Y RE S T HEAT
RFENT . 265 G EAVETE, HrER
FEALHE, G O PR

PCR 334 4 25 pl: DNA F54) 30 ~ 50 ng,
10 umol/L HJIE. K5I¥# 1 ul, 2 x Es Taq
Master Mix 12.5 plo MNAEFH: 94 CHIARYE
5min; 94 ‘CA1E 305, Bk 30s, 72 CiEf
30s, &35 72 ‘CHE{#H 10 min.

¥ PCR =¥ 5 _EFE22 hifi (loading buffer)
BE, & 1%tk ks, B
2174 200 ~ 300 bp, HIE H A BN
UM EREFES, AR AR
WA BRA T AT IR 43 2
122 ¥\ L LIZ-500 AbrdEN S, f#
A Gene Mapper 4.0 (Applied Biosystems, CA,
FED o BYE BIKEI AT i, GRES
{E =T 400 bps JoA40&. [H AL m R A AL
s, Mg E A 2 s HE s i POPGENE 1.31
(Yeh et al. 1998) THEEE ZFEMESE. 185C
RE. BUEMME R Fy. Nei's AL E Mt
FEIE M. R (NG ARHE N, = 025 (1 -
Fo) /Fo it . MR Nei’s 4% BE B 3T 1 A8 bR
53 #7 (principal coordinate analysis, PCoA); [
Fl GENALEX 6 (Peakall et al. 2010) jE47 M-

A0 k% ( Hardy-Weinberg  equilibrium ,
HWE) 4% f1 4> F 7 2 0 7 Canalysis of
molecular variance, AMOVA). f#iH] Structure
2.3.3 (Pritchard et al. 2000) #fth3E T 5 /R ELHR
B 55 K% (Markov chain Monte Carlo,
MCMOC) VE5r TP 45, Bk R R =
N K, a1~ 10, 84 KEBSLIEAT 10 K,
FEAMEH I B A B E D 100 000 I,
7 Structure Harvester (Earl et al. 2012) W3
RIS KAE. X 2 NEF I s L S 80T
AR RIS, P <0.05 REERIERE, P<
0.01 R Z RT3 .

2 #3

21 MEERAM RS

TR 25 M s, A 21 AT T3
fHRE R4 DNA #7388 (B3 1D, % 21 Moz
KA RSIEEH, HET PCR ¥4 KL R 437
B R 5 AT Gene mapper 4.0 31T
M-S B, AL LS-2-1 Al Mbl6 T
RUIZEL (B 1), R TRRC.
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Fig.1 Peaksplotsof microsatelliteloci

$Z5638 B Fluorescent inten:

HAR 19 ML ATE 95 MFEAM A LA
99 ANEATIERINL AT, AR B R S E
43.880 5, Shannon’s {5 248 4-F-31H 4 0.930 6,
ZAEETENTER 04283, Hig 74
FEEZEEMN S (ZEEESEBL 0.5, 6
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MHEZEEMS (ZEEEEEN 025 ~
0.50) f1 6 MEEZESHEMS (ZEEEEE
T 0.25) WLl 2= & & FHHAEE 2 45 FE 35018 43 Sl
90.449 4 F10.467 5. FFEMGIRPH AL S (P>
0.05) A 10 />, 35 i S a7 (0.01 <
P<0.05) A 1A, H 5 25 i 25 0 11 (1) 467 A
(P <001 H8A4 (GR1. FEENIERZRE
SEEMER 0.015 9, SITAE RECFAME N 0.033 1,
WAL RECEIIE N 0.017 6, FEFF-FAME
J913.9914 (£ 2).
22 PhEssfE 2 REEEE
B IR AT 2 bR B I S A R . A
ZEA7FEK L. Shannon’s {5 B850, MM 44 & 1
RV A & B ¥ T B3 A R ik Eg, B
ZRMEEZE (P<0.05). & REZOFRRENIL

TREUC Ty, HAUEZ R IEARE (P>
0.05) 2 B I (A 8055 o7 ik R BUIG T~ S5k
R, WA BRI G (GR 3D,
2.3 ThEESE i

ST IS, PR AR AL S o AR
T 96%, FHEEI IS AL AR T AL (5 AR 71 4%
2 ANFREE RIS 4 RECH 0.044 0, Fy < 0.05,
FERALN 54319, FRB 2 NFEEAICEE 1L,
EAERREE R AT
2.4 ThEEEL IR IG5 AT

1E Structure Harvester AHit2315 3 )3 K
AR KN 4, R 2 AMEEPH 4 AR
TRIAEALE . 2 DNFIBFAAE RIS A IS (B 2D,
B DB 37 MR 85 11 22 DR 2 ol 32 R VR T SRR % 1

(0.243 2%) FIFEAI%E 2 (0.399 8%); g5

F1 19N BEEM A SEME

Tablel Polymorphism of 19 microsatellite loci

N s SR EER s € R TSk SEaHI}OI?"S EEERTE WG WA ”%i@—iﬁ1ﬁf§¥?§@f
7 Effective number IERSEiE Polymorphism Observed Expected Hardy-Weinberg
Locus Numbcz;\lo)f allele of allele Shannon’s index information heterozygosity heterozygosity equilibrium

: (Ne) 0) content (PIC) (Ho) (He) (HWE)
LS-6-1 5 1.653 9 0.785 6 0.3650 0.3617 0.397 5 0.690 9
LS-7-1 3 1.2723 0.390 7 0.1933 0.1579 0.2151 0.044 7
LS-8-1 7 47125 1.6456 0.755 5 0.7979 0.792 0 0.8577
LS-9-1 5 1.2290 0.440 0 0.180 4 0.178 9 0.187 3 0.000 0
LS-13-1 9 42257 1.6715 0.728 9 0.565 2 0.767 5 0.000 0
LS-14-2 11 52855 19333 0.788 9 0.884 2 08151 0.509 9
LS-16-1 6 24218 1.1839 0.544 7 0.670 2 0.590 2 0.2344
LS-18-1 3 1.787 5 0.769 6 0.3917 0.473 7 0.4429 0.466 7
LS-24-1 5 23929 1.0273 0.496 9 0.6105 0.5852 0.695 4
LS-27-1 6 1.3211 0.5722 0.2352 0.2340 0.244 3 0.001 1
LS-28-1 2 1.194 7 0.3013 0.149 7 0.1789 0.163 8 0.3539
LS-29-1 8 3.026 5 1.465 2 0.638 4 0.600 0 0.673 1 0.000 0
LS-30-1 5 2.006 0 09521 0.460 0 0.263 2 0.504 1 0.000 0
LS-31-1 2 1.4899 0.5106 0.274 7 0.3511 0.3306 0.543 7
LS-35-1 3 1.296 7 0.4537 0.213 4 0.2128 0.230 1 0.444 6
LS-47-1 6 24315 1.076 1 0.509 1 0.6277 0.5919 0.000 0
LS-50-1 6 3.0189 1.2899 0.622 1 0.694 7 0.672 3 0.000 0
LS-56-1 4 1.8290 0.759 5 0.379 6 0.4316 0.455 6 0.000 0
21353 3 1.2851 0.453 4 0.209 7 0.244 7 02231 0.628 3
1 Mean 52105 2.3095 0.930 6 0.428 3 0.449 4 0.467 5 0.2880
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Table2 Inbreeding coefficient, genetic differentiation coefficient, and gene flow of 19 microsatelliteloci
b I R IR BRI _—
Locus Inpreedmg qoefﬁment Total m_breedmg Genetic dlfferentlatlon Gene flow (No)
in population (Fis) coefficient (Fy) coefficient (Fy)
LS-6-1 0.076 6 0.083 4 0.007 3 33.926 0
LS-7-1 0.268 6 0.269 0 0.000 5 5413515
LS-8-1 -0.0218 -0.004 8 0.016 6 14.767 6
LS-9-1 0.0324 0.049 8 0.0179 13.694 6
LS-13-1 0.240 2 0.2613 0.027 8 8.7277
LS-14-2 -0.100 5 -0.094 1 0.005 8 43.0713
LS-16-1 -0.166 1 -0.140 8 0.021 6 11.309 4
LS-18-1 -0.0949 -0.0913 0.003 3 75.536 6
LS-24-1 - 0.064 4 -0.056 8 0.007 1 34.884 6
LS-27-1 0.028 1 0.040 3 0.012 6 19.602 5
LS-28-1 -0.1256 -0.091 6 0.0302 8.027 1
LS-29-1 0.094 0 0.1013 0.008 1 30.662 4
LS-30-1 0.492 6 0.500 2 0.014 9 16.503 5
LS-31-1 -0.0702 - 0.068 7 0.001 4 173.431 8
LS-35-1 0.047 6 0.047 8 0.000 2 1.000.000 0
LS-47-1 -0.0776 - 0.068 4 0.008 6 28.957 1
LS-50-1 -0.084 8 -0.040 0 0.0413 5.800 7
LS-56-1 -0.0419 0.040 3 0.078 9 29188
21353 -0.1142 -0.106 3 0.007 1 34.873 4
P45 Mean 0.0159 0.033 1 0.017 6 13.991 4
&3 2MEAFREFR KR LS SN
Table3 Genetic diversity parameters of two captive Moschus berezovskii populations
- SUOME  AHOERE Shanors RS WIRAE  magen  FTERE
Pomltin O ramyaa (H0) htrony (4ot
N ¢ © ¢ population (F;)
w R
Fumin Forest Musk 4.6316 2.3763 0.924 8 0.467 3 0.4718 0.0193
Deer farm
HisSay 377
Haixing Forest Musk 43158 2.1836 0.866 9 0.4352 0.4450 0.023 5
Deer farm
P {& P value 0.022'5 0.026 9 0.020 6 0.022 6 0.0186 0.062 3

Wy bR M R DR AH R EJE TR R 3
(0.398 6%) FIFERF % 4 (0.342 5%).

2 MM Nei’s AL EE BN 0.030 6, &
B[R —1%4 0.030 6. FET Nei’s BEFEER, X
95 ANFESLHAT T F AR BT, B 2 NP
MEMEIRG (B 3), [FFERHAEA PN M)

TR R, 2 ANFIRE AAETE B R A
3 W
#r N TrFefhe, #HTEsIN, Ry

B R — DA A eGR4 (Shan et al.
2014, Barbanti et al. 2019), 5| X T/EE{RP
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Fig. 2 Genetic structur e of two captive Moschus berezovskii populations
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Fig. 3 Principal coordinate analysis result of two
captive Moschus berezovskii populations

W H D (Equus ferus przewalskii) (Liu et al.
2014, AE5*4% 2022) FIEEJE (Elaphurus davidianus)
(Zhang et al. 2021) 5B+ T IR .
HARAH AR A TR MEE, R
P B, 2 IR K g AR AR R

(Frankham 2008, Gaughran et al. 2018).

DU DB A s N R B S T
Je VAL L Z FEPER) 4 F AR id (Hauser et al.
2021). AHF 7T 6 1% BT\ 70 2 i DU Bl A
R W AT UAZE(E DNA HfssEd 8 i h 1
BALRL 225 NERFALETAE 19 AT LUK
DIMZEERE sy 3, H AR 40 B2 R R 4F,
SHIAWFHEL, Hhn T 13 SFEE DNA U6

R B REAL A (BREE 2020, BKEAZE 2021),
TEA Ja B 50 i i) B8 )2 o AR B A R AR B
BB T F A . Ho, 7 M
HEREZAE (ZAEEHGERT 0.5, &
Wt FC 1A% 2 BEME ) 1 38 47 55 (Botstein et al.
1980). MBI (P < 0.05) MIALMA 9
A, PP AEREALAC BC T e 5 B0 TR AL R
i 29 1A UL P4 1) & R

AHEFL 2 ADNFEE 95 RMREFAMAS, P12
SEEEERN 04283, BT HhEZEN, T
WA AN 0.467 5, 22 B B 75 R B 52 4 S
PR IR AL 2 FE . IR & FEA T
WIEAG R, WSHMBEN AL EY, 4
HFEENIE A BB, HIEAK AR . Fl
HEIBAE 734 7 T 3R BB A% A0 S 2 Bk [ TR
PR, FREEE AN, 2 NFIEEEE R ROR
MIFERIAL: AR AT RIRER B 2 AN 2
BRILECR, PERIMATAE S R G, BRI
B 2 ANFREEAR Y BB AE 7346 . Structure 434
R, X2 AMFEERIMRESR AT 4 AR,
BAR 2 ANFREERI AN, (HA2 2 NPT
MEFMAESKIEAFE, & KB RS £ 2k H
TR 2 R, MBI EERA T 3
A4 FERE . Bl vh LR IR B B e L A
ZHVEE, HUEFERN AR, KibRisE 2
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Appendix 1 Information of 25 tetranucleotide microsatellite loci
(DA S1YF%) (5—3" BRI 1B KR Y AT Whether KR
Locus Primer sequences Repeat unit  Annealing temperature (‘C)  or not amplification Source
LS-2-1 F: GATCGAGTTGCAGGAGTC (GCAG) 10 57 7 Yes
R: CACCATTCAATTCAGAGAAGC
LS-6-1 F: CAGGATCTGCTTCTGACATT (GATG) 8 59 7 Yes
R: ACCAAATCCAACAAGATCCG
LS-7-1 F: TAATTAGAGGGGTGTAAGCG (AGGA) 8 57 7 Yes
R: GGACCGAGCAAGTAGTAAC
LS-8-1 F: TGTTCCTGGGATTCTTGAAG (AGAC) 8 55 & Yes
R: CATAATTGCCAAAGTGCTGT
LS-9-1 F: ATGAATCAACTCAGTCCCTG (ATAG) 8 59 & Yes
R: GTGGTTAGGACTCAGCATTT
LS-12-3 F: GCGGGATCATGAGAATAGGT (CAGA) 8 61 7 No
R: CCACATTCTCAAGTTATCCG
LS-13-1 F: TTGATCCAGTTCAGCAAAGT (AGAA) 8 61 & Yes
R: TTTGCAACTTCAATCCACTG
LS-14-2 F: GGTCTTTCCTG TCACTCCTC (TGCG) 8 57 & Yes
R: GTCGCAGCTAC TAATGCTTT
LS-16-1 F: AGCCATATTCTCAAACCATTC (AGAC) 8 57 7 Yes
R: CAGAGAGAGACCAGGAACAAC .
Qi et al. 2020
LS-17-1 F: TTAACATGACATATGGGAGAG  (TATG) 8 57 7 No
R: TCCAGCATTTTATCATTATTG
LS-18-1 F: CATCCATTCATCTGTCCCTT (CCAT) 8 57 & Yes
R: TCCATCCTCCTATCCAAAC
LS-24-1 F: TTAAACATATGCCTAAGAGTCC (TTGG) 7 57 7 Yes
R: GCCCAGCAATTCTACTTCT
LS-27-1 F: CAGGGTAGCTCTAGATTTGT (ATGG) 7 55 72 Yes
R: GAACTGGCTACTGACATTCT
LS-28-1 F: CCTAATTTTCCAGCTTGCAG (ATCC) 7 57 7 Yes
R: AACTGGTGCATGAGTGTATT
LS-29-1 F: GGAAACACACATCAGAACTC (TTTA) 7 57 & Yes
R: GATTCATGTCACTGTATGGC
LS-30-1 F: CATCACTGAAGCGACTTAGA (ATCC) 7 57 & Yes
R: CTGACTTTCCATTGCTACCT
LS-31-1 F: GTGCTGTATTAGGCTTCAGA (ATGG) 7 57 & Yes
R: ATACACACTCATTCCCATCC
LS-35-1 F: CCCTCAATTCCCTTCGATAG (TGGA) 7 57 & Yes
R: TTTGGAGATGATGGACCTTG
LS-47-1 F: GCCCAGCAATTCTACTTCTA (CCAA) 15 59 7 Yes Qi et al. 2020
R: AACATATGCCTAAGAGTCCA
LS-50-1 F: GGGTTGGTATGGAAAGTTCT (TCCA) 12 61 & Yes
R: GAATGGGCTTTTATGATGGC
LS-56-1 F: GTACAGTACCATGCAGTCTT (CATA) 12 59 7 Yes
R: AAGTTATCCATCTCCCAACC
Mb16 F: AATTCCGTGCACAGAGGAAC (GCAC) 7 61.9 72 Yes HOHT7 5% 2022
R: TGGGAAAGTCTGAACTCGCT
W4 F: CCTGGCAGGATACAGTCCAT (AACT) 4 61.9 7 No
R: TGGCAAACTCCTGGTCAACT
W10 F: GATGCCACTGAGCAACTGAA (CACT) 4 61.9 75 No
R: TGGCTCTGTTCTTGGAGTGA
21353 F: GGGGTGAGAACAAGGCACTA  (GTGC) 5 57 %2 Yes B 2020
R

: CCAAGCTGACAGGTCGATTC




