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Table 1. List of tested leguminous and gramineous species
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Table 1.List of tested leguminous and gramineous species (continued)
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Note: § Kindly provided by Dr. Nicholas A. Tinker and Ms. Charlene P. Wight, Agriculture and Agri-Food

Canada, Ottawa Research and Development Centre.
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% - ~ =& Adhl/Adh2 # t5(A)% Adh DNA %45 (B)2 51 % 7] 4
Table 2. List of primers used for the amplification of Adhl and Adh2 of adzuki bean (A)

and Adh DNA barcodes (B)
(A) Primers used to amplify the Adhl and Adh2 genes in 9 adzuki bean varieties
Target gene Primer Sequence (5' — 3) G/C (%) Tm(C)
WIF  TGTACTCTCTTCTTCAAGGTCAC 43 54
WIR  GTGAAACCTTATTGAATGTCTTGG 38 53
W2F  TCTGGGAAGCCAAGGTAAGA 50 56
Adht W2R  CTACAAGCACAGATGAGAATGA 41 53
W3F  ACCATTTTGTCGGTACTTCT 40 52
W3R  GCATTAAATAGAGCAAGCAAGG 41 53
W4F  GAGATGTGAATGTTGGCTTCC 48 55
W4R  CTCATCCACAAAACGGCATT 45 55
T1 CCATGTCTGCTACTGCTGGT 55 57
4LB-1 ACTTCACCTTTCCCAGGTGGTG 55 58
E7F TTCTCACTTTTGAAGTTGATTCTGA 32 54
E4R  GGTATGTCCTACTTTTCACTCCG 48 56
DIF  AATCCCAAAACCAGCTTCTC 45 54
Adh2 D2R  TGTAACATCATACCCTGAAGC 43 53
BIF  GCTTTTCAGGGTCAGAATCC 50 54
C2R  GGTTCCACAAAACACAAAA 37 50
C3F CACATCAAATTCCGCATAG 42 50
C4R  TACCTTTAGTGCCACATCTC 45 52
CSF AGAGCACAACAAACCAGT 44 52
C6R  CAGGAAGATGACCAAGAAAG 45 51
(B) Adh DNA barcodes
Target gene Region  Primer Sequence (5' — 3") aic Fgm
(%) (C)
Adh1 of Leguminosae Exon Dex2F-11 TACTTCTGGGAAGCCAAGGT 50 56
2-4 Dex4R  TCACCTACACTCTCCACAATC 48 54
Adh2 of Leguminosac Exon EXSF TTGGTGCTACTGTAAATGTTGC 41 55
5-7 EX7R  TGGTTTGTTGTGCTCTTTGGG 48 57
Adh1 of Gramineac Exon Mex2F ATCCTCTTCACCTCGCTCTG 55 57
2-4 Mex4R  GCAGATCACACATGTTGCTCTC 50 57
Adh1 of Gramineae Exon Mex6F GCAGAAGGTGCAAGGATTGC 55 58

6-8 Mex8R  GCGTTGATGTTGCCAGTGCA 55 60
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(A) Adhl of adzuki bean
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Fig. 1. Locations of primers used to amplify full length Adhl and Adh2 genes of adzuki
bean. Shaded boxes represent exons and solid lines represent introns. Slash boxes
at both ends of gene respectively represent 5’ and 3’ UTR. Dotted lines below the
genes represent the regions amplified with primers used to confirm the Adhl/2

sequences.
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Bl= ~ Adhl & Adh2 & F15 72 ¢ 2 - (A)Adhl 22 Adh2 7L %]2. exon DNA & 71| 4p
& (B)Adhl & Adh2 2L F]1p intron & R 2. £ B -

Fig. 2. Comparative analysis of Adhl and Adh2 DNA sequences. (A) Similarity of exons
between Adhl and Adh2 genes. (B) Intron length difference between Adhl and
Adh2 genes.
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(A) Adzuki  Mung Common
bean bean  bean Soybean Pigeon pea Pea Peanut

KS5 KS9 KS10 TN5 TC3TC5 HL1KS9TN3 TT1TT2TT3 TC11TC13TC15 TNS

«— 1000 bp

«— 500 bp

(B) Adzuki Mung Common
bean bean  bean Soybean Pigeon pea Pea Peanut

KS5 KS9 KS10 TN5 TC3TC5 HL1KS9TN3 TT1TT2TT3 TC11TC137C15 TN9

«— 1000 bp

500 bp

Bl= ~ 2 #4 48 Adh DNA i% 78 2. & X~ 47§ o
Fig. 3. Electrophoresis patterns of Adh barcodes for leguminous species.

R 2 43R s B 5 (A)Dex2F-11+Dex4R » #53 % # 5 & 44 Adhl 2 exon2-4; (B)
EXS5F +EX7R > ## % % 5 2 #£ Adh2 2_ exon 5-7 - & $F SR EBF SR E 1A -
Note: (A) Adhl exon 2-4 of leguminous species (amplified with Dex2F-11+Dex4R); (B) Adh2

exon 5-7 of leguminous species (amplified with EXSF+EX7R). The full names of

leguminous varieties are listed in table 1A.
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(A)

Rice Sorghum Maize Millet Oat

TNI13TN16TGN1Ind e28 F7XBTx  B73494Su 445446 Gehl Vao TX NTU1

« 2000 bp

«— 1000 bp

« 500 bp

(B)
Rice Sorghum Maize Millet Oat

TN13TN16 TGN1Ind e28 F7XBTx B73494Su 445446 GehlVao TX NTU1

— 1000 bp

Bz ~ £ ~§4 48 Adh DNA %75 2 % 7~ 17 B ©

Fig. 4. Electrophoresis patterns of Adh DNA barcodes for gramineous species.

o 243 HEREA WG (A)Mex2F+Mex4R 0 3 F 3 5 £ A 4L exon 2-4
(B)Mex6F+Mex8R » #3# %3 5 & * L exon 6-8 « & FF S B 5B L 1B -
Note: (A) Adhl exon 2-4 of gramineous species (amplified with Mex2F+Mex4R); (B)
Adhl exon 6-8 of gramineous species (amplified with Mex6F+Mex8R). The full names

of gramineous varieties are listed in table 1B.
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(A)
93, Common bean-TC3
75 { Common bean-TC5
&4 L Adzuki bean-K510
Phaseoleae 3% @ ¥ L soybean-ks9
Pigeon pea-TT1
Vicieae 3 7 #% Pea-TC11
100 — Pea-TC13
—
01
(B)
Andropogoneae ¥ % % 100| Sorghum-e28
Paniciodeae Z 25 #} L Sorghum-F7X
Andropogoneae ¥ & 3% )
Maize-B73

52b——— Mellit-445
Paniceae & #%

Oryzoideae # 22 4 | Rice-TN16
100L Rice-indica

s |
0.2

Bl ~ &5 Adh DNA i iz = 2 2 4 2 £ AL fa g B T
(A) M2 #14f Adh2 intron 5 I intron 6 2. DNA A 7|38 {7 3.5 4 45
(B) 14+ »4*4 48 Adhlintron 2 % intron3 2 DNA R 7[i& {7 M5 & 47

Fig. 5. Phylogenetic trees of leguminous and gramineous species based on the DNA
sequences amplified with Adh DNA barcodes.
(A) Adh2 intron 5-6 DNA sequences of leguminous species (amplified with
EXS5F + EX7R)
(B) Adhl intron 2-3 DNA sequences of gramineous species (amplified with
Mex2F+Mex4R)
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Summary: DNA barcodes have been widely applied in phylogeny
analysis and species identification. However, chloroplast and nuclear
ribosomal gene sequences, which are commonly used as plant DNA barcodes,
usually couldn’t distinguish closely related species. To solve this problem,
sequences of a nuclear gene, Adh, of several adzuki bean varieties,
leguminous and other gramineous species were obtained. Adhl and Adh2
genes of nine adzuki bean varieties developed in Taiwan were sequenced and
aligned. Among nine adzuki bean varieties, no sequence difference was
found in the Adhl gene and 15 polymorphic sites were detected in the Adh2
gene. It suggested that the Adh2 gene showed higher potential to distinguish
closely related species. Based on the variations of Adh DNA sequences, we
developed four Adh DNA barcodes including two for Adhl and Adh2 genes
of leguminous species and additional two Adh DNA barcodes forAdhl genes
of gramineous species. These Adh DNA barcodes were successfully used to
reconstruct phylogenetic tree and identify plants at inter-species and intra-
species levels.
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