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Screening of DNA barcoding sequences for molecular identification of Uncaria genus
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Abstract: Objective In order to establish a rapid, accurate, and convenient approach for identifying species in the Uncaria genus,
DNA barcoding analysis and molecular biology techniques were performed to screen the best DNA barcode sequences for Uncaria
species authentication. Methods Genomic DNA was extracted from a total of 44 leaf and stem specimens collected from different
regions throughout China. The barcodes for ITS, matK, psbA-trnH, rbcl, and trnL-trnF were amplified, sequenced, assembled, and
refined. The sequences were aligned and analyzed using MEGA 7.0. Intraspecific and interspecific genetic distances were calculated
to analyze barcoding gaps using TaxonDNA software. The ability of the DNA barcodes to identify species was evaluated using the
“Best Match” and “Best Close Match” functions in TaxonDNA. MEGA 7.0 and Phylosuite were used to design phylogenetic trees
from single and combinations of barcodes based on Maximum Parsimony (MP), Maximum Likelihood (ML), and Bayesian Inference
(BI) methods. Results The ITS, matK, psbA-trnH, rbcL, and trnL-trnF sequences were successfully amplified and had a high
sequencing success rate. The psbA-trnH sequence had the highest number of variation sites, followed by ITS and rbcL, which had the
lowest number of variation sites. Best Match, Best Close Match, and Barcoding gap analysis showed that ITS had the most
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prominent species discriminatory effect among the five single barcodes, while the combination of ITS + rbcL with even better

discriminatory performance than any single barcodes. Based on the phylogenetic tree constructed using all of the single barcodes,

ITS accurately identified eight Uncaria species and had the highest identification success rate when compared to the other barcodes.

The combination of ITS + rbcL had the highest average bootstrap support rate based on the phylogenetic tree. All the 11 Uncaria

species clustered separately into monophyletic clades. Conclusion The combination barcodes of ITS + rbcL achieve the accurate

identification of Uncaria species when the DNA barcoding technology is applied to identify Uncaria species.

Key words: Uncaria; DNA barcoding; species identification; ITS; rbcL; TaxonDNA; phylogenetic analysis
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Table 1 Experimental sample information

FE SEIES FEMEA R K EUES FEMEA CRAEH

41 U. rhynchophylloides  GT-1 M RS | IR U. sinensis GT-6  KF [ FEkEM
GT-16 i+ JTHREE PR GT-7 B S

GT-35 ey JTHREERR GT-34 M/ =ML

£ U. rhynchophylla GT-8 T J7ZRTTM | AbiBkEa Bk U. homomalla GT-M MR TR

GT-17 i JTRETE GT-I [ Sy Y

GT-18 iy JUHRESS | BAIEE U. hirsuta GT-2 MR TR

GT-19 Y S BERH GT-12 MR T PHAEIN

GT-20 A T ZR A GT-13 BT T HREK

GT-21 A TUZRIEE | TSR RE U, sessilifructus GT-10  IHA TR

GT-22 Ly ] PEAE GT-15 M+ J T

GT-24 iy ] PEAE GT-23 mhH JHMT

GT-25 iy JURTIN GT-30 M hH JHMT

GT-26 ey I ARKEM GT-B MR R T

GT-27 ey SN RAE GT-K4 M =HEH

GT-28 ey S RRYT GT-KB mhH =R

GT-31 A BMITEA | K49 U. macrophylla GT-3 MR TTREER

GT-32 Y ]I R T GT-11  mF JHMT

GT-H Y R4 GT-14 BT T HRERXK

GT-Hunan ey e TR GT-29  mhH T HIM

GT-GZY ey TR GT-33 M/ JET

GT-Mzh ey I ARAEM GT-A R = R

HE£H B U. sinensis GT-4 Lo EREM | IR U. laevigata GT-K6 MFH =HEY

=2 PCRi#EK&

Table 2 PCR amplification procedures

KIHY PCR #" 4 J i 241 PCR #" 1 R Nifk &

ITS 95 ‘C. 3min; 95 C. 1min, 56 ‘C. 505, 72 C. 555, 30 f&¥%: 72 ‘C. 10min 0.2 pL HiFi DNA E&H (5U 4L

atk 95 C. 4min; 92 C. 30s, 55 C. 305, 0.4 L IEF51(10 pmol L72)
psbAtmH72 “C. 1min, 357&¥; 72 C. 10 min 04 L 514 (10 pmol L71)

rcL 72 'C. 1min, 357F¥; 72 C. 10 min 1.6 L dNTPs (2.5 mmol L9 2.0 i 10>Buffer |

trnL-trnF 94 C. 5min; 94 ‘C. 45s, 50 C. 45s, 72 C. 90s, 30 7E¥; 72 'C. 5min 2.0 pL DNA Bt 15.4 L ddH.0

%3 PCRI #3514
Table 3 PCR amplification primers

ESI2E) EIE/EZ S M5 (5°-3) ik

ITS ITS5(F) GGAAGTAAAAGTCGTAACAAGG 17
ITS4(R) TCCTCCGCTTATTGATATGC 18

matK matK_F CGTACAGTACTTTTGTGTTTACGAG 18
matkK_R ACCCAGTCCATCTGGAAATCTTGGTTC

psbA-trnH psbA_F GTTATGCATGAACGTAATGCTC 19
trH_R CGCGCATGGTGGATTCACAATCC 20

rbcL rbcLa_F ATGTCACCACAAACAGAGACTAAAGC 21
rbcLa_R GTAAAATCAAGTCCACCYCG

trnL-trF e (F) GGTTCAAGTCCCTCTATCCC 22

f(R) ATTTGAACTGGTGACACGAG
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Table 4 Uncaria barcodes sequences downloaded from GenBank

AL L ETED TG

ITS U. hirsuta KMO057049-51. GU937110. HW521823. HWS521850-52
U. homomalla KF881250-6. KM057053. HW521822, HW521849
U. laevigata KF881266. KF881269-70. HW521826. HWS521862-3
U. lancifolia KF881262-4. KM057052. HW521824, HWS521853-5
U. macrophylla KF881257-61. KM057045-7. HW521827. HW521864-8
U. rhynchophylla KF881265. KM057043. AJ346900. HW521818. HWS521829-38
U. scandens KF881274. KF881276-80. HW521821. HWS521845-8
U. sessilifructus KF881249. KMO057048. HW521825. HW521856-61
U. sinensis KF881271-73. FJ980386. HW521819. HW521839-42
U. yunnanensis KF881281-4. HW521828. HWS521869

matK U. hirsuta KM057059-60
U. homomalla KMO057062
U. laevigata KX911093
U. macrophylla KMO057055-7
U. rhynchophylla KM057054. KP093879-80
U. sessilifructus KMO057058
U. tomentosa KJ594075-7

psbA-trnH  U. hirsuta KMO057038-40
U. homomalla KF881163-9. KM057042
U. laevigata KF881179-82
U. macrophylla KF881170-5. KM057033-5. GQ435234-5
U. rhynchophylla KMO057031-2, KX346922. KX346980
U. scandens KF881185-9. KF881160-2. KM057036-7
U. sinensis KF881183-4. GQ435236
U. yunnanensis KF881191. KF881193-4

rbcL U. appendiculata JF738676. JF738785. JF739007
U. elliptica MG816978. MG816980
U. hirsuta KMO057026-8
U. homomalla KF881129-33. KM057030. KC737739
U. laevigata KF881142, KF881144. KX910917. KF181471
U. lancifolia KF881140-1. KC737740. KF181540
U. lanosa KC737741. KU853145
U. macrophylla KF881134-9. KM057021-3. GQ436558-9
U. rhynchophylla KMO057019-20. KP094819-20
U. scandens KF881149-55. KC737742
U. sessilifructus KF881122-8. KM057024
U. sinensis KF881146-8. GQ436560
U. tomentosa GQ852363. KJ594549-52
U. yunnanensis KF881156-9

trnL-trnF U. homomalla KC737835

U. lanosa
U. rhynchophylla
U. tomentosa

KC737837. KU853207
AB178636. KT218954. AJ346959
GQ852564. AF152690

2.3 ET TaxonDNA WIEEE T EFYMEE
Al =Gl I S T O v I S e e g
TaxonDNA #£TF Kimura-2-Parameter (K2P) X

B PAERI R, 8] TaxonDNA [ “extreme
pairwise” BT E RN YIF BT A 3 5 1) B /N b 8]
SRR 5 L N BN 7 N D5 71 £ ) =X =S
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AR FK ] TaxonDNA #AFH] “Best Match
(BM)” “Best Closed Match (BCM)” Zhgg1H A 44
JE& &SRR S T Z, FFLAE N DNA 0%
Y EE I $aFr 2 —. BM J@id &6 B bR P55
BT A [RR 7 5 B A /MR RS, DA HE S e B
bRF41): BCM UAE BM SRRl BB T 5%H)
BB CRE BT Fh N PR 1 95%) 123, it ix AN BI{E
HIE W) TR 5 BCN “ without any match”, Bl “no
match”,

24 RGREON

AR F B R BARVE - (maximum likelihood,
ML). H K175 (maximum parsimony, MP). Il
I HEWTYE (bayesian inference, BI) #4 %7 71 5 #
ERGRKEM . [ MEGA7.0 BfFHE ML R4
KEW, HEBAE MEGA7.0 [ “Find best
DNA/Protein model” TREIHSRE, BE 1000 (X
WRAGTICH MRS AL (Gap) BLERKEAE (Missing
data). [FFEEH MEGA M8 MP RGK B, X
F Subtree-Pruning-Regrafting( SPR) &%, W & 1000

UOP KA MR 47 (gap) BLERKEEHE (missing
data).

JE T ULnt By J B 45 5 Phylosuite 3% 4 14
Mrbayes 54t & B 4 , 16 £ WorkFlow” Selete best-fit
model then build BI tree”; Modelfinder J7*%128%! ik
# “DNA”, Mrbayes it f MCMC Z#: %k
(generations) =35 000 000. HUFEAIZE (sampling
freq) =100+ ¥ %4 (number of chains) =4. Burnin
Fraction=0.25. ia 8 45 R IRAF A *tre 4% o
3 FRESH
3.1 #3E. MFERS DNA FRALFFIHHE

A SIS B A RE dh ) 25 25 ITS . matK
psbA-trnH. rbcL. trnL-trnF /74317 PCR ¥ 155
WY, 15 2AHR Y34 W7 DD 207 S REEAS
BHITER 5. LI 44 3 FER T RIUT 213 567
Hlo ¥ SLERTS EIIF 415 GenBank T #(1) 248 2% /7
FIBEE AT H R ECH 461 BIBIEER, BR G
I 19 NP o matK P A EE K B K, O 841
bp. psbA-trnH /74 A RAL iR, 1TS 751
AR S P BUALIK T psbA-trnH. rbel 75 %
M, BRSO A RIZE AT HoAl 4

e ViZ 2P

RS5 FHMHHE
Table 5 Sequence characteristic
i H ITS matK psbA-trnH rbcL trnL-trnF

P BRIN 2% 100.00 100 100 100 100
TP D2/ % 97.73 86.36 100 100 100
YRR 15 10 11 19 14
L& /bp 687 842 356 553 403

A% A A 90 47 141 15 30
[EAREESSA=E ¢ 63 38 90 11 20

Tl PE 0~2.48 0~1.33 0~7.92 0~0.79 0~0.81
o) 2 B8 0~5.38 0~3.18 2.32~9.25 0~1.63 0~4.32

3.2 ET TaxonDNA f955%5 Barcoding gap 73470
YL E BE T

FHAE ) DNA SRTEAEFh pA i 2 87 B S /)N T Foft ]
FEES, I Z [AfFAESE B 208, BI2A“Barcoding
gap” P, ARH5 iz A TaxonDNA ] “extreme
pairwise” bR BT B )PP IR B HHE, DA Fh s Kl
P EE BN X, DA/ INFR AT EE BSOR Y il 2 i s 1
WE 1 R BUSE ERZ—4 1 01 B, TEER
2z FREHE 2L Barcoding gap. 555 FEAE Hh 4

2 PP FUR I B8 5 K Aol P PR B U /N T I e /N )
E B ECE B B LB AR Z AR TS Y
Barcoding gap MW ERELEL, FOAEBR N Z %A
Barcoding gap % %. AL H ITS (67.3%)

ff] Barcoding gap W%, BH/GIKIKE tmL-trmF
(37.3%) >matK (23.6%) >psbA-trmH (17.6%) >
rbeL (6.03%). A& 5FIEIS ITS+rbeL (74.6%) >
ITS+ psbA-trnH (69.9%) >ITS-+psbA-trnH-+rbcL
(63.4%) >matK+rbcL (44.2%) >psbA-trnH+rbcL
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S N
4 N
" w4
==y ol
E 3 =
= = 3
< 2 z .
I . X 2% 5
1, 15 %,
LAY,
Y& , 0v
0 1 2 3 4 5 6 o 1 2 3 4 5 6 7
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Fig. 1 Distribution of barcoding gaps
(38.3%)- (consistency index) F1 RI (retention index) 4374

KH TaxonDNA % f41#) BM. BCM IhRg 54
R B S AR (P SR R D % . S5 EoR, BM HER
TN ITS %800 LN 28 8 751 (97.19% ), psbA-trnH
(94.44%). matK (89.09%) XX, rbeL (21.55%)
FKUIRZE, SRR 21.55%; {E BCM 1 ITS.
matK %5 DNA S5 i D 22 5 76 BM HH 5 3 (1) 25
BEA 3. {H psbA-trmH KIS REREE 77.7%,
HIF KR psbA-tmH 7E BCM 20, #4048
I 5% 094 “no match”; BM. BCM ik
HA IR ITS +1bel(98.73%) ITS +psbA-trnH
(97.26%)+ matK+rbcL (96.15%) ¥ BA K4
W, Ho ITSHrbel F Bl H 78 o5 4 8 fh i
Z (1M, BRI IS 98.73%. WA 2.
33 DFRGAENH

F| H# 4 MEGA7.0. Phylosuite #J%& ITS.
matK. psbA-trnH. rbcL. trnL-trnF 5 /> DNA 257
fidh J2 He 4l & 26 TR ) ML MP. BI 3 KRS KB
RGRE T EMNERVENR 6.1TS JFHITE 5 A5
KRB, KT REEEM ITS 7
HIkE MP. BI I Hr 5 RS 2 ML B E, e
SR ML MR RS R G MR, WK 3; ML
BN T92+G B ERER; MP K CI

0.780 1 0.980; ML. MP. BI 3 KRZKHE 5
SN SRR AN 79.94%. 59.8%. 0.932. fE
ITS MEMNARFEKEW U. sinensis+ U. hirsuta U.
sessilifructus~ U. macrophylla 4 FhZ F £ 35 sk 5
= T ITS AR RGRK B MRS TE 11
ANERE B YA RUHERG X 2 8 MR, (E R REHERH
SR A M) 5 R IR, T IZERI ITS 5
e TSR ARRE TR rbel AL S5 TEAS ITS +rbel 75
3HRRGKEMNTHTIET (ML MP. BD 5 FiZijH]
PRI SIS —3C, H ITS+rbel J5 41 fT 7 i 1)
11 b i A 25 B SR Oy — 3. [RIFERE MP, BI
RGKEMIEH AT RBEEH ML W I, RAL
REL ML ZEMER RS EMRER, WK 4. ML
L T92+G BRI KGR B MP i CT il
RI 737)1/9 0.892 F1 0.988; ML. MP. BI3 K HR%K
BT HIF 75 SRR R 20 86.0% - 78.1%-
0.98. U. rhynchophylla 5 U. sinensis % h—3 (H
T REE>90%), U. scandens U. homomalla. U.
hirsuta % HIEN—J5H5 U. rhynchophylla 1 U.
sinensis N — KX (ARLFHER>90%). U
sessilifructus 5 U. laevigata TN —3, BHM U
macrophyllay~ U. yunnanensis & 9— K3,
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Best Match
0 10%  20% 30% 40% 50% 60% 70% 80% 90%  100%
trnL-trnF
ITS+pabA-trnH
ITS+rbcL
matK+rbcL
psbA-trnH+rbcL
ITS+psbA-trnH+rbcL
m Correct = Ambiguous Incorrect
Best Closed Match
0 10% 20% 30%  40% 50% 60% 70% 80% 90%  100%
ITS+pabA-trnH
ITS+rbcL
matK+rbcL
psbA-tmH-+rbcL
ITS+psbA-trnH+rbcL
m correct mambiguous incorrect no match
El2 & DNA £BYMLEER
Fig.2 Species identification rates of cotnsidered barcoding
®6 RBELBENMEANGER
Table 6 Results of identification based on phylogenetic analysis
2 EEXT 5 /bp CERIE S SN EINE 2% SN2 R R

ITS 687 11 72.73 4

matK 842 9 22.22 1

psbA-trnH 356 10 10.00 1

rbcL 553 15 6.67 0

trnL-trnF 403 9 55.56 2

ITS+rbcL 1257 11 100.00 5

ITS+psbA-trnH 1044 10 90.00 5

matK+rbcL 1399 8 50.00 2

psbA-trnH+rbcL 898 10 50.00 3

ITS+psbA-trnH-+rbcL 1596 10 90.00 5

1-BBALE — 26 PSR RD E A BRI A A 25 8 2- REUR T W h S SRR — SRR S B s M0 B B

1-Number of species was gotten by deleting the species that only have one single sequence 2-success rate is the ratio of the number of species clustered

into a single branch in a phylogenetic tree to the number of species
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Fig. 3 Phylogenetic tree inferred from ITS sequences of Uncaria
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Fig. 4 Phylogenetic tree inferred from ITS + rbcL sequences of Uncaria
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