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Molecular identification of Dalbergia species based on ITS barcode with machine
learning approaches
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Abstract: Objective To improve the identification success rate of Dalbergia and screen out the best ITS analysis methods,
compare the machine learning methods with the traditional distance-based and phylogenetic tree-based methods to screen the
optimal ITS barcode analysis method. Methods A total of 402 ITS sequences of Dalbergia species used in this study were
collected by experiments (three ITS sequences) and downloaded from NCBI (399 ITS sequences) for a total of 96 species. The
barcode ITS was used as a molecular marker to compare the success rate of distance method, phylogenetic tree method and
machine learning method in the identification of Dalbergia species. Results In the analysis based on machine learning
methods, the average identification success rate of Dalbergia species was 39.59%, of which 42 Dalbergia species could be
recognized by BLOG, and the percentage of their correct sequence classification was 95.75%. In addition, SMO, Naive Bayes,
JRip and J48 can identify 34 species with the correct sequence distribution rate of 79.10%, 58.71%, 72.64% and 76.37%,
respectively. The distance-based and phylogenetic tree-based methods obtained the species identification success rate of 36.46%
and 28.13%, respectively. Conclusion ITS barcoding identification of Dalbergia based on machine learning approaches has
higher identification success rate and socio-economic than traditional methods. It is recommended to prioritize the use of
machine learning approaches to identify Dalbergia based on ITS barcode.

Key words: ITS; Dalbergia; machine learning; DNA barcoding; species identification

RS EHER: 2023-12-06

ERWB: | RSN AR T4 B AR SRS EHE (2022A1515011268)

TEEENY: TR, B, RN PETE%E. Tel: 18575771352 E-mail: 2830783107@qq.com

HBIEEE: & K BRI, @IER, WA RNTE ST TS EE. Tel: (020)39352021  E-mail: 15683727@qq.com
IRER, WA SIW, B, BT RN R ST, Tel: (020)39352136  E-mail: gaoxxia91@163.com



* 3826 «

FEH 2024F 67 £55% B UM Chinese Traditional and Herbal Drugs 2024 June Vol. 55 No. 11

& Dalbergia L. £AEY))E T & F} (Fabaceae)
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FITS BEAT DU AT R0,
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Moy Hr—Lib it BT LA S “% 207 A, X
SRR — RIS PR, IR X S R A
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BT —, STAHREERESE, AEK) DNA %
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P H CORERSD MR T, HEB i THLaR
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distances), FF¥R4h 2 AU AT “Barcoding
gap” 7T KHBHAEVLAL (bestmatch, BM) Flfx



FEH 2024F 67 £55% B UM Chinese Traditional and Herbal Drugs 2024 June Vol. 55 No. 11

= 3827 »

&1 M NCBIREVNEIERENF
Table 1 Sequences of Dalbergia obtained from NCBI

WFHL T 4 ExT
D. miscolobium EF451059~EF451070. AB828666. MH465109. DQ787405
K1 D. foliolosa EF451067. AF189022

D. miscolobium haplotype
D. congestiflora

ENEHHE D. sissoo

VM #EKE D. latifolia

P& #5 8 D. lanceolaria

WA F WA D. lanceolaria

HRAEEIEN D. melanoxylon

WL PhEIE D. spruceana
D. ecastaphyllum
JFEFIE D. tonkinensis
D. frutescens

D. decipularis

D. brasiliensis

CLF BB D. nigra

D. monetaria

D. villosa

D. elegans

D. cuiabensis

D. acuta

D. boehmii subsp. boehmii
MW HHE D. volubilis
D. tamarindifolia
BT D. rubiginosa
D. horrida

D. cenatensis

D. sissoides

W& HHE D. odorifera
FEM#HE D. stipulacea
Y HHE D. velutina
D. trichocarpa

D. subcymosa

EMEIE D. sericea
LR D. rimosa

ZZEEA R D, rimosa var.

FHHERE D. pinnata
YRRt D. ovata
RICHIE D. oliveri

D. nigrescens
JPREHERE D. cultrata
KERIEHE D. dyeriana
D. entadoides

D. hupeana

JQ582850~1Q582876
AF068140

AF189023. EF451079. KM276184~KM276204. KX057860. KM521407~KM521409.

AB828659. MH465104~MH465105

MG920556~MG920558., JX856441~JX856443, KM276112~KM276126. MH465107.

KM521381. AB828646. MN099442
KM276105~KM276111, KM676496, KM521379, AB828645, JX856439. JX506484
KM276151~KM276164
KM276127~KM276150, AB828650. MN076253. MN114132, MH465108
MH465102~MH465103, AB828660
AB828628. EF451071~EF451072, KM521373~KMS521374
KY213796~KY213801. MN153525, FR854138~FR854142, MN121058, MN117711
EF451078. AB828631~AB828632, MN076252
EF451077. MH465106
EF451076
EF451074~EF451075. MH465097~MH465098
EF451073, KM521384~KM521385, AB828651
EF451068
EF451066
EF451065
EF451064
MN114131
KM276212~KM276225
KM276205~KM276211
KM276165~KM276183
KM276096~KM276104, AB828638

KM276089~KM276095. KM521361~KM521362, KM521359. AB828620~AB828621

MK418451

KM521377, KM521388~KM521389

KM676489, KM521410~KM521413. AB828661. HG004827
KM521417~KM521420

KM521415~KM521416. AB828662

KM521414

KM521406, AB828658

KM521402~KM521404

KMS521376, AB828655

KM521401, KM521399, AB828654, KP092714~KP092715, HG004794
KM521398

KM521392~KM521397, KM521390. KP719021, AB828652. FR854133~FR854137
KM521386, FR854128~FR854132

KM521368~KM521370, AB828626, MW04435352

KM521372, MH710796

KMS521375, HG313773

KM521378, MNO076254, MN496335
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1D
Wb T 4 BxT
D. hupeana MH711574. MH710919. KP338139

ZHEFEE D. cochinchinensis
D. cana

3 D. assamica

D. thorelii

D. revoluta

D. lateriflora

D. inundata

FEMFENE D. cearensis
D. sakanensis

D. rostrata

D. parviflora

D. melanocardium

D. martinii

D. maritima

D. lactea

D. junghuhnii

D. kurzii

D. humbertii

D. hostilis

D. havilii

I D. hancei
Lk nEneEtd D. greveana
D. godefroyi

D. glomerata

D. falcata

D. floribunda

D. dongnaiensis

D. capuronii

D. canescens

D. bracteolata

D. bojeri

D. boehmii

D. bintuluensis

D. bignonae

(&% D. benthamii

D. baronii
MIATERE D. balansae

aurea
armata

. arbutifolia
. afzeliana
adamii

. acariiantha
. abrahamii

SESESASESESESRS

. abbreviata

. dialoides

B 3§R D. obtusifolia
EEWER D. yunnanensis
D. microphylla

o

D. obovata

WIMEERE D. retusa
VRN D. kingiana
D. hupeana

KM521363~KM521367. KP719022. AB828624~AB828625. FR854123~FR854127
KMS521357~KM521358
KMS521354~KM521356, AB828610, FR854118~FR854122
AB828668

AB828667

AB828665

AB828664

AB828663

AB828657

AB828656

AB828653

AB828649

AB828648

AB828647

AB828643

AB828641

AB828642

AB828640

AB828639

AB828637

AB828636, HG313774
AB828635

AB828634

AB828633

AB828629

AB828630

AB828627

AB828623

AB828622

AB828619, MN264657. MN264656
AB828618

AB828617

AB828616

AB828615

AB828614

AB828613

AB828612, KP092712~KP092713
AB828611

AB828609

AB828608

AB828607

AB828606

AB828605

AB828604

AB828603

HG313775
MW044355, MW044354
MHS808442~MH808443
MN264658

MH465110
MH465099~MH465101
HG004883

KP338139
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I PR BSULAC (best close matc, BCM) ZhEERTHE ITS
T T 1 P S ) D R
22 ETERGLZEWNNRERIH ITS F55Hh

D RGERE SRR E K5 P 5 2% 7
RV E TR OR R o AR TR NI i
KANSRTE (maximum likelihood, ML) I UL HirffE
Wiy (bayesian inference, BI) X 4= #f# €& ITS v
IR RGO B WREAT RIS

K MEGA v 7.0 X§ s 18 & 402 5% ITS Fr31ik
AT ZN LS, o A g e R AL SRR AR B R 17 204 o
o B RAVR B : Rl MEGA /] Find Best
DNA/Protein Models (ML) D EEXT T 5153 H1 FF A4
R EE A EEAR, FEERES R, 52
4=MIBR (complete deletion) 257/ K% 5 (gaps/
missing data) FFEFEIE 1000 RFFUEF K B W -
My i KR 29M: 1%+ Subtree-Pruning-Regrafting
(SPR) HEMAY, 564k 2 for /R e Hidf R4 1
000 K AT AEAE B2 7 BT aa e K B

K H Phylosuite Xt 1f] Mrbayes B g DL
Wik, H ModelFinder 737 H Bl & AU @MY,
MCMC Z## Generations (fRED) SEHUE N 5X
106, HABSHERIN, TFaaHE DU i
2.3 ETHRFINRERIF ITS F5574h

K BLOG X i 5 S fBJm ¥ i ITS e 51147 5
213 e AR T B 8 5 Rl LR (1 18 AR R T
FH . K WEKA H1 1) 4 AN FH 4> 2548 Naive
Bayes. SMO. JRip 1 J48 %G 18 )& ITS £ 4
AT 2100, Ea it EH SR %

3 FHRESH
3.1 HERYMITS FIFHEMEEITE

TRTEIRAS I AR ITS P H13ETt 402 5%, i
96 MIFT, b fRAFALECA 306 1, HE 33.08%;
BRALEA 6154, ALl 66.49%: fRIZIME BALACN
4214, I 44.51%; FEEETEEDY 0~14.50%,
HAFLFR ] BE BN 3.04%; Fhla]EE S yE RN 0~
42.50%, HPERhlEEE RN 12.96%.

PRARH) DNA Z5TEAD A A R 8 82 S /)N T Fofr ]
PEES, WH AR E R 2R, 24 “Barcoding
gap” 1, TaxonDNA ] “Extreme Pairwise” D REHff
S B3 5% 17 1 1 g /N P ) B 0 R B KRR BE S, AN
Ty € B K P N BE B I ##E (B No matching
conspecific sequence) MF5, Tl 4= FIEE 2 B
ML B PR ERURE BRI 111 R

16

14

12

10

BRI P PR /%

0 2 4 6 8 10 12 14 16
e KR P P /%

1 E#EJR ITS 55 barcoding gap 5375
Fig. 1 Barcoding gap distribution of ITS sequences of
Dalbergia

HEAT5rRE, MR4E “Barcoding gap” 44T, TETERIZR
LRSS 2B “Barcoding gap”, i HEA 43.25%.
f£1E “Barcoding gap” 1] 2 27 ¥ &M & HAE
TaxonDNA 73 A7 %) 58 57 1) RIEL N A AEAERH N R B
LR EE RS E S, W a5 A [F— P Fhe), 2
& TASFEYIRh . A FAL P HI AL T 86 55
B BRI B AR PR, 1K 51 DU A K]
73| “Barcoding gap” .

FEEET TaxonDNA 2 Fii% BM Al BCM 70T
1, BT BM BIAREAEE YRR ITS SRS IR 4T
N 7537%; T BCM FEMIE#H 4 ICHE N
72.88%. FIFH BM HIEFI BCM SR i DRl i)
VIRhE I B JPIREEE . D. hupeana Benth. i
FAEAE . ARAEBBE. WM 3. D. frutescens var.
tomentosa Tndl.. K&NIEHE, EIREETE. T h ANt
TR, VEETE ., PR, SCREEE. KR
T R, PO T, BT, SRR D
trichocarpa L. 2%, D. nigrescens L. 2340187
M. FEMFEME. D ocana L.. B MILEE. D.
tamarindifolia L.~ 5583588 D. horrida L. D. miscolobium
haplotype L. D. entadoides L.. D. ecastaphyllum L. D.
frutescens var. fiutescens L., 1135 Fii,
32 ETRGLZENMRERYHM ITS 94

FIHTHIEAF R0 402 S5 RE BRI ITS 7514
ALY ML A . NI BERT BI RS 7001 DL 2~4. AHIE 5
PL BI B R4 T =204, ML AT NI B4 Bh 23
T, TERFRR UL B ST 38 SRR % BUML/NT 1)
i AR B o

7E BI M, EF5EBEIE . D. cenatensis L. R
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Fig. 2 ML tree based on barcode ITS of Dalbergia

Opean, A = o : pvolubilis
D.balansge
D.nigrescens

D.lanceolaria

D,
lanceolaria subsp panicutarg

D,,nwf‘

il
i
I

3 ETEER ITS FIMERN NI &
Fig. 3 NJ tree based on barcode ITS of Dalbergia
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D.latifolia

4 ETHEER ITS F5HaE a9 DI Hik
Fig. 4 BI tree based on barcode ITS of Dalbergia

T D. tamarindifolia FMEEN—3L, IFFFEN
56.8%; TMii#E ML B A1 NJ 48, 1% 4 DMFhIEFE S
MERN—3L, STHFRII NN 41%H0 53%. s
M D. tamarindifolia & BI W H 5 N—3, M{E ML
REAT NI B e B R Oy — 32, TR SRR AR T
90%. D. adamii~ D. monetaria 1 D. ecastaphyllum
BRN—3, SCRREII RN 100%. 64%. 97.9%.
D. monetaria 1 D. ecastaphyllum NUGEDIFH, 4
g0 N N section Ecastaphyllum® . D. miscolobium
haplotype « D. miscolobium~ D. spruceana 1 D.
Joliolosa FN—3L, IFFFED NN 100%- 83%-
97.9%. FIFEM, 76 BI. ML FINJ W, FEid e
ER PPN B3 PN N—3, KRN
100%- 94%- 97.7%; TS SR AR A3 51 AR Oy
3, EA RCPFEISCREREAR, N 51.4%. 55%.
27.4%, FIAEEERUIK. mI0s B Rl DA SRR IGIE 1 FR
AR I B[R O R M. BB SRR, D.
nigrescens FALP{ME . SCHETEIE. BRICHEIE. PREr
MR, P EERE. JPREBEM. D. horridas F
JEE SR8 73 i) BRI R O — 32, SRR IR T 90%.

R B S PR R R O — 3, U BH B R AR
FHMENELG X R B . PRI — 203
JEHIE 3 BRI 8 S AR AR SR SR O — 3, HSCHF
FIgE, AN 90.1%. 94%. 100%, JHMZERF
FInlRe TR SRR, SEOTRAKEN
BiZFHER RIEEFAEE. B, T2 HRE E
A (n<<3) BIHFh LT ik ol ARS8 R AE AN R
WS BEE 5055, HXRFRSEAF. 45
AT, T BUMLNT BiEH =R G A B WAL
SR X AR I 96 MR LT 27 4.
IR ITS 7078 F A7 7 Bk 2] 66.49%,
DAL S LA B0 R S Sl e 0, FERIE R B
i 52 AT @ N R R AR R X 40 0 AHIE T4t Jadk
—BRY, SR MR ZEREIE RGRK
BRI S B R R, DEI M T
TR, TOELES IR X 5 o 5 R AT RE A
MNMIFERIEE R EEE, FEOESHIT
IEEFE A 2R IR R, BEE DNA %&JE
ARG, M T “REA—" 1fEN; BT
AT 1R I TT DR MBI R e Ak i, A
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A& R T 3RE S B FLT M) DNA %00, &
FF DNA & IEM T o5 ER D>, RFZIR.
33 ETHHRIZFINHERYF ITS 7

BT BLOG Hik, BT YIMNL N T 142
FINGEEFFIR 259 X EWETH, HIIGEME
WG RS E 2. GET ER>IETFHE
PR, N 36.36%, [ RIE R & — 27 FIl A
WGP NN o TR T R AR T SRR TG
BTG FH B AR R0, BRI AN B AR A JEA T 23 28T
RN KT H), HIE#2 KT H &b A
95.75%. BLOG R #ERH IR IEE 96 Fid 42 A
Yk, ¥R T N 43.75%, HoH D,
melanoxylon 13t 22 25751, 12 2544 N IEHA 528
FFH (i 54.55%), 10 28R SR H
45.55%); D. latifolia H3E 20 2751, 19 267514
R IERD S (5 95%), 1 %&HH AR BR
FI (il 5%) . HAth 2 268 EL B 51 B FR 34 1
M.

#*x2 HIF/FES BLOG FIIGEMETINEER 5T

Table 2 Statistics of trainfile and testfile information in

machine learning BLOG

izt e L
7515 143.00 259.00
1R 257 515 52.00 248.00
TR K750 5 /% 36.36 95.75
R KT 5 70.00 0
BRI R & % 48.95 0
R HIHL 21.00 11.00
R 7 HNEL & % 14.69 4.25

WEKA ] 4 Dopdsdr, HT SMO. Naive
Bayes. JRip. J48 [)532R48 33k 15 1 79.10%-
58.71%- 72.64%- 76.37%HIIEH /P51 b .
Hrr, SMO 734K A lf; T Naive Bayes &
I f 22 o He S5 ROVTE o 2 181 J 12E 47 %5 31 43 B DA 2%
0 i S (2200 6 T R R U T AT ) 40 BT IS A
R I Naive Bayes ZIWAE, A fE 2 F ¥ Naive Bayes
BE R — BRI ARG Rl T o Rk EE, H
2 HE DLy R AR 8 — R MEAE X 45 28 IR 52 T
ST HARRPERIE, BRI R R T S
G IR 23, T T S AR T A B A — Bl
13 SR IE R B 22 1T sl J B 28, 8145 7 2Kt
W T,

S BILAS 2% S RH )P 2 70 1 D 26 1) 2 B T PR 2

HAREH SMT & T I EE. FIHE TS
SJEIERT DNA SRR HEAT 2 2] /3 RN E %A 2
— RIE —BRENSHE LIRS, WM 2D
T ANTFIIRER U EE LS B E, B
Pl 75 G BT A R IR 2 M (B R
Arpi) U801, RGN 28T 2 S %
JE A g 2 H IR G BE A 2 BRADLA it FE PR R 04
AT FAE T IV EEART 4 4, R 5
FF A 5 LB LA R = 2R T ORI AR R 22 o b 4h,
TE 5 FLas 22 SISk, P dant i 22 DA K 3 7 2
IREHIN, LT 0.1, R B2 S b
VIR Y SN BAE S TR AT I R0 AT, S5 R EoR
REf8 S AIWIRR (0 TE8f 73 2R 5 41 o b LR 2 211X
SR T AT . HR R o] RE R YR T AR 1)
B, ¥R T EREEMMT AN AR, FAENE
2 ) RE B AT 2 2] S TR B 5 A% R 2 A 1
RS A7 250D FF TN RI M, AT A5 210 58 ik
FFG P38 T e SR o
34 HSFBFINESEBERZGZABRENLE
SR

PLSTERY ITS BN ThRic, 23 Lg% 2]
LSRR A R E WL E R 402 4 1TS |7
FIHAT L BT o WL SRR B T ML 38 5 21 10
BLOG #E I I H % 01 s B 26 f =y (43.75%), REfS
HERR R R SRR R W Fh =ik 42 B WEKA (1) 4 A4
Iy R BRI 34 B, KA INE N 35.42%.
M5 T R GRG0 450 T 2B (28.13%), X
REBS AR R 27 Fhs JET P BV RE 68 I Th HERf I
W) 35 B, MRIRIHER N 36.46%. TEHLAS - >1VHY
5 PO KA EES B B YR ITS 7573 Hr ot B
H1, BLOG SHE ) IER 73 K7 41 7 b i =i (95.75% ),
SMO 72528 HEAT T55 2(79.10%), 1fj Naive Bayes
FEEAK (58.71%). WL 1L EE/ RGEK
B A2 TR ) e K B 4 LA 0 B AR AE 4
e

(1) PEEGE BARFER UK, Bei%id T KB4
WA, 10T A EDM IR IR A2, B
(BRI P B B A B S T R X W, He 2 AT
ARG Y S X228, RN ZH, MHEEE
TR RN ITS P45 Hrrh,  IEHE 7 A 21 45 2 7
R FH B TR, AH AN RE 5 th v (1 2R 4 2
P SRR AT et s R, Rl 75 FeAth oA 5 v
Z 54 .
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(2) RGUKE W7 IEES AR S R
GuR B RESRA BT A R R 200 R P2, iZ 5k
FOZ Re S LA EOW B s RN R 4y 3L BE
B AR A T, B AT i v . AR TR R,
T 24K G MM DNA B 54T, JLHZ 4
FhERA SR L B, R A A
B TR e N RIREL B, T RS
KB W5 92 e W A LV M R S R AL
Bl {EREZM, RAKEWHTFHEHT 2
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WA, FENRACEREE R T IR, %A
H RGP RRAC, A2 B R R
I, A SRR R, 2 F BRI
o WAMEL R G, RN THZ PR
T AN RS2 Rl iz.
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HAR A S RN, B RN AT 2%
TR 7 31 DL IR A IR AR R0, B BLOG %™ H
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T B A B AR T s, LA SR A i R A
REIR/D I 82 N R B A28 R 1 2 WA
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AT A R LL G . B Fe 4 R BANLAS 24 21k S
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T JE A =135 25 0 A D B B 23 SR A A

AW FER ML F ) T E N — R AT 5E. A
R e )E DNA KB4 TR, X% %4 DNA
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