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AERAER A A ERE R L L. ZAR RN —F RADseq # A3 18 AR MR (15 AT AR, 3 AT M AH#

AT DNA R EASBEMNF, FIl $EMHIM, FELEE SHM, A LT SNP o £ T k-mer ik 8 2 A

VB T 75 AR T RAD-seq 2035 A F AR 32 51 49 A 52 W Fo st AR 2 4 3E B AT B) — MRANE 69 T AT 12, S5 R AW, 2 A%
TEARRE AR IRA SAFMEA MRER T, AT kmer MEW T E AR TR gL EEEZH T AT SNP

FHRXEMG STk, BHAET AN ZHIELESN BN T, RAD-seq # R 4 &% L8 5 7 = 49 551 h K do i 40

PEAE S ABAe C oAt 2 THYHIEHRERL 1.4 2 11, RIT TR b LMY W IESITH AR LT T % fn

—ANREREH, AR R RAAET R ERBEARER L S YT,
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BEE B R, — SRR RH S BT R . TEM AW Z AL, JF H W ML YIE A 3R
M 58, TEAE S5 TR AR AT SR MEE PR MR W JC LR A A b R BT R W UE T AR & A L. 2011 4F
DR T N LTI 5 AR IS ) p 20K, S B RO B 37 22 B F AL . AT BE 20 4t BT 4
BOA A E R W . JCHOE o Yre A A= Y pf . A 2 L 3R 8L 37 vh — b 2 A9 BR B M AR e Al 1 ELAR
Z R R B Y WL . X SR Y R WIIE R 2R TGIE R w0 07 I5 ok 4 ) 5 B B A4 DNA
TR T B AL W IR 9 R PRI S AT M0 . X0 T A PR A S AR L R 0T A 3 P AN 5w 4R AL T AT A (EL Y
HEHE . LR IA 7 A T B R R S EE AR Y T AR Sk, CBOL (AEW) SR 5 Wb 23) A4 T 20 X 24
550 WAl AT 51 iR . BB — A 304l G B DNA SRIE A ok 25 5 A 20 1 Fl o 3 SERAF 5 A R € 7 48 51
A . T "Af‘%ﬂﬁf‘/ﬁ A5 7 AR BN A P E A AU O TR BT SR IE AR £ AT
258 DNA 7» TARICE AR BEAT DNA Z38 X0 #r . BT [ — A 19 ) 28 80, H32% 5 vk xf LA B A 3
k. Ky g A X g A8 i HL 2% 1. BAT. A RAD-seq £ A e 78 47 4 90 0 30E A9 A 1A 51038 A DL 4f% i

1 P 2 R ZH 00 e S A 5 AR PP B R At b SR e B, R TR DI B P B4 38 A BOR Bl A

O WHHY. 2016-12-05
HAWH . BRI S AT AT R E (este2014jeyiA00012) 5 FERTT B Z R H AR H (KJ1501502) 5 ER TR A Z L& H4F
BB AN A K7 3737 K130 H (este2014kjre — qnre70003) 5 5P TT 1 A% A1 141 BA &2 % 31 %I 300 H (CXTDX201601041).
EH R o (1980 ), o, BgREH A, Wit YHIm, 3% S e 5 BOR 5T
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S T BERRAR Y P 3 R A O R B A R 3 R A R A XS A 0, 3 A S RS 4 35k TR 4 B 45 A AR R Y
AR B AR, HATE R IZ 0 771k J2 BRI B DDA OC A7 25 9 DNA ¥ (Restriction Association site
DNA sequencing, RAD-seq)™ . RAD-seq JIr 5 14 4 3 [ 413 Bl 45 5 6 U0 007 05 B3I B9/ i BE DNA BR %5, fiE
BT b AR R AS L K2 A P 0 ARAE . AT RE 68 76 K 2804 W h iR A5 B T 17 1Y S A% 15 1R 2 544 (Single Nu-
cleotide Polymorphism, SNP)##iC. RAD-seq £ R#EAEFTH, A2 S HHE ARG, IF o] #0524
HATC 2T T E M. R, Fh g i 45 S0, (B 7E A 9 P A PR 0501 )5 187 . RAD-seq B
FH 1 R 2 v LA 1) 552 58 St 0 43 BT O 0 3 75 BB R A Ak,

FEAE Osmanthus sp. FEERMX AR, FEATE . . B RXBEAN AT W, A8 0] LUAFE S AE 45 5,
HAEMBK, SAOTHH W AEEHHER, DR R GEER K. A SCMBFFR N Rk R A S %
B DR 2 1 AR AR Ay R P A R TR R R A, R D 1 A R PR 2R e bl AR e 3 A R ERL 0 O N 43 A 0 5 %
JEE 2 T R A ) 0 TR LA S (A R TR B 2 i R R 3 A 100 R ) 0 R R A TR — AN AR T i
NG SR RAD-seq $ A 354748 97 0 UE 59 >4 56 14 118 0] 5 1 0 7k 0 S0 4%

1 EHR
R RE FERE fh 28T 2015 48 10 J1R A PRI K BBl 9« JEBEHLR 4 15 BEEEAERS BT f A4
FERBELRAE 2~4 ot Fr o AP A BB, 1 1~ 15 UF SR, BT 4 Cu AL

2 DNAREESH

PEEC B RE 28 DNA #1708, JEREHNLR B2 19 15 AREEAER 0 B )7 S BEAL P B /0. 5
77, 7E£ CTAB(Hexadecyltrimethy Ammonium Bromide) 357 i 35 ilt | W& g e ik A2 BUAS B 34 DNA. % H
NanoDroP 2000 {ll i A260/A280 AT H: DNA ¥ 5F & 4l i

3 RAD-seq #&ill

Ped EcoR1 7 B33 Bl o 10 U Btk 5 R 24 DNA B8 5 AT BE DD . R 7 2 19 RAD 47 i fig 0% 7 52 14 41
HIAT A TR AR 9 RAD 4310 80 BE 45 05 B 50 30 BT 77 (M R . % PCR R 7= 4 645 DNA H BE Al
St J5k M 5 1 SC AR I, I A S TlluminaHiseqd000. % 7 0 75 F) S50 06 KA 3447 3o 8 o 3
BRWEN . A SNP i A REE AR FAST 4, W SNP %22 4 %0 I 0k bf BROL VRS ARk T2 T 2. i WS 1Y
FEFIARE index J7 5180 43 B FLAA A . 18T J5 884097

4 H#REHSW
4.1 MEEXEENH

TR AR AR AR 15 AN C AR AR AR B 3 AN R A M W UERE S EE AL Y B A DNA JF A, AR SCHCHE Gn
bR AR JE G B AT U8 . O AU A Hind 1T YIRS 8 Readl 751 @ R Q30 #Rifx 1751
B AT ITAL 5 © BTARF I BIET 50 bp RAEEARTERIEL:; @ BATFIDAHEMEASZ T 34, LIk
J& reads B H @I Q& 1 Fras. IEUE & R RK B B A RBCR EA 97, 28 %0, Zad B IR 33K 6,638 bp,
587,602 bp HYJ Clean data, X584 414 1 FiR.
4.2 SNP WER KN FNEE

FIFH RAD AN ik 58 J5 8005 2647 IR ZSF SNP 28 4%, JFXF 15 ASFE Sl i SRR 01 1 SNP 17
Wt E, 153 SNP it 1197085 4~ (3R 2).
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x1 TRBEESFITR
AR SFIEJE Y reads B VB S A B SE AL FEA I UEJE 0 reads 30 A IS A ORSEEL
Osmanthus sp. 1 1, 930, 652 362, 962, 576  ||[Osmanthus sp. 11 2, 013, 516 374, 513, 976
Osmanthus sp. 2 1, 644, 692 312, 491, 480  ||[Osmanthus sp. 12 1, 265, 587 232, 868, 008
Osmanthus sp. 3 1, 656, 527 308, 114, 022 ||[Osmanthus sp. 13 2, 002, 268 376, 426, 384
Osmanthus sp. 4 1, 606, 295 295, 558, 280  ||Osmanthus sp. 14 1, 960, 908 372, 572, 520
Osmanthus sp. 5 2, 758, 437 518, 586, 156  ||[Osmanthus sp. 15 2, 260, 074 418, 308, 332
Osmanthus sp. 6 2, 791, 362 530, 358, 780 Osmanthus sp. A 1, 895, 016 356, 263, 008
Osmanthus sp. 7 3, 662, 058 681, 142, 788 Osmanthus sp. B 1, 960, 789 372, 549, 910
Osmanthus sp. 8 353, 502 65, 044, 368 Osmanthus sp. C 2, 354, 668 436, 015, 002
Osmanthus sp. 9 1, 748, 449 328, 708, 412 Bt 35, 423, 240 6, 638, 587, 602
Osmanthus sp. 10 1, 558, 440 296, 103, 600
£2 ZFWERFESNPEE
FEAR . SNP 4l 45 1) SNP ai G/ % It SNP RER/ N
Osmanthus sp. 1 93, 463 75, 897 81. 21 17, 566 18.79
Osmanthus sp. 2 77, 768 61, 304 78.83 16, 464 21.17
Osmanthus sp. 3 80, 994 62, 544 77.22 18, 450 22.78
Osmanthus sp. 4 39, 629 6, 529 16. 48 33, 100 83.52
Osmanthus sp. 5 83, 420 66, 103 79.24 17, 317 20. 76
Osmanthus sp. 6 63, 774 52, 570 82.43 11, 204 17.57
Osmanthus sp. 7 68, 167 55, 654 81. 64 12, 513 18. 36
Osmanthus sp. 8 3, 373 2, 835 84.05 538 15.95
Osmanthus sp. 9 158, 467 129, 413 81.67 29, 054 18. 33
Osmanthus sp. 10 127, 311 101, 440 79. 68 25, 871 20. 32
Osmanthus sp. 11 125, 369 102, 350 81. 64 23, 019 18. 36
Osmanthus sp. 12 61, 719 50, 821 82. 34 10, 898 17. 66
Osmanthus sp. 13 69, 229 56, 272 81. 28 12, 957 18. 72
Osmanthus sp. 14 65, 116 53, 650 82.39 11, 466 17. 61
Osmanthus sp. 15 79, 286 64, 002 80. 72 15, 284 19. 28

McCarroll %A RE(R A Y 22 5 22 Tl
AL ZREVE R A A . AE YRR AE AR B SNP $it ) 3373 F) 158 467 A%, FEA I SNP Hikt ol 79 805 4~
SNP %t 5 2 0 R AH P W IEREAERE T 9, S /D I 2 AH Y1 W) UEAE AE AR ) 8.
MER Z . 225 B R A ORI WEREIERE S 4, ik 83.52%.

4.3 BRGEHLWOHT

il it RAD % AR 315
(e B . 4l SNPIREZE /DK 4, 244 SNP IRIFIRE 2
90 0 E R S BB A AE A9 SNP 37 45 (118) T & /D AE 17 AN FE P W0 IEAE AL R S B A7 A 1 SNP 705 (797) AR B,
FIJH MEGAG6 - R kK & W (& D).
BT Al IS, SRR A AE P UERE S SR 1R S R R R

SNP i

TR A B A R

HEAT I

Ik X FOREAR B SNP AL A5 B i, Rt

B SNP 22 5 P S e 1

» RIIH) B AP YL FE b S HAE 4

18 AN (15 AMAE Y WUk B RIAE il AL 3 SR R W) W UE A ) BEAE SNP %8l . AR X
Ay 2y, Eea s EAE 18 A

(RN
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FEM IO SR IT , RAE C ALY YIERE & S AL 11 FE ik
ik, NI AT 904k 3 ALBLC 3 AL Wy W0 3E KE 5 43 5 %
BEAE 1, BEAE 4 FEEAE 113X 3 ANFRAL. AR 12 FIEEA, 15
ARSI AR — 43 32 1y BHMEN . O EATEAEARE 15
GRFR; © FrAe sy KRR B DT AE X7 8 B2 5
4.4 EBELXDHIE
ik fENT I RIE R K E R A R, A S —
A ST SNP KR FE R AR 40 0 TR R S Y SNIP A AR
oSk 4% HAT X 43 8% J1 B9 SNP T4, i RAD HAR K
15 AHEAERE S Y SNP Bl 45 . JOF X e 30 4 E 17 0 ik 4K
%1 182 /> SNP i &, #R 5 I S 54 45 # 1 (i 3k i )
s SNPIREE/D R 4, Z44 SNP IRIFIREE /DR 2), 0
ZAE 14 AW W) UEFE AR HAFAE (9 SNP 7 g Pk 1 o i
S FE P PR A AR A S Y SNP B P
it RAD $ AR 3R T3 3 AN AR FIARE 5L A9 SNP BdlE 4 . FLL L R0 —REEAT 0 8 . AR5 4645 B 1Y SNP
P8BS SNP FEM X, 43 g i a5 5 (& 3.
£3 KRAEYWYITHES A,B,CHSNP I AEESHELEBERELMHER

B1 BANEEVIIERNEZLZEH

A B C

FEA fHEH FE B fE % HE B A &z
Osmanthus sp. 1 148 12.52% 86 7.28% 25 2.12%
Osmanthus sp. 2 116 9.81% 94 7.95% 37 3.13%
Osmanthus sp. 3 120 10.15% 87 7.36% 39 3.30%
Osmanthus sp. 4 107 9.05% 116 9.81% 41 3.47%
Osmanthus sp. 5 116 9.81% 86 7.28% 41 3.47%
Osmanthus sp. 6 121 10. 24 % 98 8.29% 34 2.88%
Osmanthus sp. 7 118 9.98% 96 8.12% 33 2.79%
Osmanthus sp. 8 12 1.02% 7 0.59% 6 0.51%
Osmanthus sp. 9 118 9.98% 85 7.19% 38 3.21%
Osmanthus sp. 10 123 10.41% 90 7.61% 34 2.88%
Osmanthus sp. 11 34 2.88% 38 3.21% 112 9.48%
Osmanthus sp. 12 89 7.53% 64 5.41% 62 5.25%
Osmanthus sp. 13 87 7.36% 76 6.43% 62 5.25%
Osmanthus sp. 14 79 6.68% 68 5.75% 66 5.58%
Osmanthus sp. 15 88 7.45% 66 5.58% 63 5.33%

NFE 3 AT LIA H, RAHEYPIERE S A B SNP {7 515 B S BEE TS . FE4E 1 5 R MY
WAERE A FLLXSRF & s . A 148 DMLEAT G, a8 12.52% ; ARAEYYIER: & B #Y SNP {7
vl B S AR BUR I LU IS AR AL 4 SRAE Y PIERE S B A LSRR A RS, A 116 ML S, S
RIKF] 9. 8100 ARAEYYIUERE & C (9 SNP 7 515 B 5 RE AL B 2 Lu x5, B AR 11 5 R A 9 W uERE i
CHY XA B B . AT 112 MMLSAEA AR 9. 48%. MM HED H ALB.C X 3 A A HIEE 43 7
BEAE 1. BEAE 4, BRAE 11, H5CbrfEmm&.



%7 JE . F . RAD-seq 3 A 24 M P i A RN P 89 5 R 5

4.5 Hjellyfish it E XL F R LB 7

RAD-seq M (4 1 Bt J2 A RAD B§VIJG 1979, U8 J5 19 clean data W93 & 4 A0 R 09 B U007 5. e VIBR
reads W 3 (1 i U1 )7 5] (readsl YIBR 5 bp, reads2 YIBR 15 bp) , W ik o il V1T 51 1 A kmer fi & ¥ 485 A
9 bp(kmer) FW S 0, H jellyfish 38 A reads kmer B AHIEC , 2 fe 20k 50 RO, 4990
B AL O R AR iR ST A 14 01 2% 38 FH R B 3 A ST SRR ) 10 22 5 B BB, R 2 SRR B I 3 15 A
RLRE G . 5 i ) FH 2 5 8 6 R ok 8 2 57 5 R O K RE A RIS 2 AR i 25 R B DN, FE RS P Y
7 BT BRI B R R M R R kmer 7E SRR S 25 5 R PR B S AR (R S 1 5 B R (N po-
loA) Fl PCR 4" 48 1o 2 45 H K 23 1 UK 28 kmer IUEC RN K. TR S0 25 58 Bk, 18115 2 55
Z s FAT g E A kmer (KT 0,005 %).

N 2 sh Rl A, E IR 3 ANEE GBS AEAR L My A0 X R AT R, A RESL S REAR A | BRI B el
B R SREAREAE 4 RBFH B R, CRER SHEARESE 11 RIS IR B RO, 1 H. 3 241 F WU AE & 32 (I
JP AR SE T HARE &, ULRH 3 AR 0 AL BE B R B Y, RRAS AR AR A b R SRR T A

Height

le-04 2e-04 3e-04 4e-04 S5e-04 6e-04
L 1 L 1 1 1

L8

114

12

dis
helust(*, “ward”)

11
HHC

Cluster Dendrogram

1B
o
TS
=i
HIEA }

B2 18 NETEYYIER & kmer SAHE X E

5 mRSi

A SO PR O R A R DNA L IR AR B B 0, 2 — B B AR S . BRSSO s i A ]
RAD-seq £ AR R Y Y UERE LA A, IFi8 3 3 0 3 B J7 35 A0 T LR S R 51 2 0 A8 AL 49 00k e AE 1
UEE LT AFAE R —VEHE R o (HRAE SRS F T A W) RS 2 A B il 2 e/ HL L BRE L M, A
R RE 4] 2 7 AE WA B R B DR RO R R W i DN 382 3507 125 9 1803 A S e o2 6 2 T 90 5
Wi B AR, AR SCIE S X 25 P 4 DNA SR BT k54T T OB KB R B CTAB 3 H— i fie 4
DNA $#2BUG0] & 4815 & DNA g 2, HaifE s, (HR2HERELRE A, R K. 754550 TAeEH,
B X AN T R A0 0 I A G BRI A R A ST T Y PR O U T R S R

AR B AR A R B 2 B N R LA A T IR 2D B B ARSI 3 A T T
AR T AR R AE R BRI LR B AL B, C XN AN REEE 1,4, 11, 78 22 Hb 43 T ik 9 7 A%
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SR 2 MAETT . BB TIR R 3 AR AR AR S AR S AR AE 8 1 DT B S AL X U AR A A ik
1 £ 2 AN T, AF 2 B804 1) S I06 P o AR e b 2 e 1 MR R o 3k — 25 U B T B o A 1 T SR . M AR N
BF k-mer SHER TR T jellyfish pF o BRI 28 55 802 T BO 803 HEA7 AL RT3, b 1 8080 43
MR 22, B0 T B0 LA 9 W E 4 590 1o i v

MM RE R F » 38 AN RE XA~ 5 502 S 75 A7 A 190 (IR 7545 0 e S 0 D 0 L o o s A X 4
Breb, RABEYIAE S A SEAE 1A 148 25 SNP (R fF RAHWI &, FFEEERH T 12.5%, X 12. 50 Y&
JEE S A5 T LA A HRE A S AEAE 1 AR — DA M8 S e T, E A R OR R R AR R B B g R, RS
AT LA B — A B M1 ) {20 A0 eI b o . 56 T k-mer SR B9 7 v 40 1 T 2 SR K R B 07 3T O 4T [ — A
S AR B B 3 2 /0 A A R [ — A R WA TS L XS ER A TR — A B AE . SR T R
B K BN LR AR EEBREHEN 2SS, @ AT TR, e m AR, R
TEBSC AU, AT 42 B AN A% B 2 5 . A T BRI B R ST VA MR 252

6 & &

RAD-seq $ AR 45 G 1% SCHY 7387 7 12 BE 48 U0 oK AL W) WD ERE b AL B A C 3 S X R FAEAE 1.4 F0
11, 2B 1 rh SC IR AR B W E R A7 K6 A 360 48 72 B9 J7 06 A — A /N M e S ] (B HGRUBI BE 0 A 1 37 i 3
BRFEALEME Z Y Ffh,
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Application of RAD-seq Technology in Individual

Identification of Plant Material Evidence

ZHUANG Yan', KONG Qing-bo', CHEN Xin-ping', LU Hai-xin®,
WANG Xiao-li*, WANG Chong-zhi*, SUN Hai-lu®

1. Scientific Research Office s Chongqing Police College s Chongging 401331, China ;
2. Shenzhen BGl, Shenzhen Guangzhou 518000, China

Abstract: Plant evidence related to the suspect/victim found at the crime scene can provide valuable evidence or
clues for investigation and evidence collection of the case. In a study reported in this paper, an RAD-seq (re-
striction-site associated DNA sequencing) technique was used to build a database and make high-throughput
sequencing for 18 samples of Osmanthus (15 known samples and 3 blind samples) , analyze their sequence
polymorphism and evaluate their genetic diversity. Two kinds of comparative analysis method, one based on
SNP (single nucleotide polymorphism) and the other on k-mer spectrum, were employed to discuss the scien-
tific nature of RAD-seq data for individual identification and the feasibility of identity identification of plant ma-
terial evidence. The results showed that both methods could successfully identify the three blind samples.
Comparatively, the k-mer spectrum-based method was superior to the analysis method based on the SNP ge-
netic relationship tree in stability and automation degree. It was easier to apply to the public security material
evidence of identification. In conclusion, the RAD-seq technology used in combination with the analysis method
successfully identified the three unknown plant material evidence samples A, B and C, and they corresponded
to the sweet scented osmanthus 1, 4 and 11, respectively. It has provided a method for accurate examination
and identification of related plant material evidence in a case and a small identification example, but its ability
of identification is to be extended to a larger set of samples and more plant species.

Key words: plant evidence; RAD-seq; SNP; individual identification; Osmanthus sp.
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