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XAC DINH TRINH T U DOAN GEN tRNA - LEU CHO HAI LOAI CAY GO S U A 
(DALBERGIA TONKINENs'lS) VA CAY GO TRAC D O (DALBERGIA 
COCHINCHINENSIS) PHUC VU VIEC PHAN LOAI M A U VAT TAI BAO TANG THIEN 
NHIEN VIET N A M 

Vii Thi Thu Hign, Lmi Dam Cu, Dinh Thi Phdng 

Bdo tdng Thiin nhiin Viet Nam 

TOM TAT 

Cay gd Sua (Dalbergia tonkinensis) va cay gd Trae do (Dalbergia cochinchinensis) thupc chi Dalbergia la 
hai loai cay gd quy hiem cd gia tri sir dung va kinh te cao ciia Viet Nam. He gen luc lap dupc nghien ciiu kha 
nhieu do tinh bao thu cao va tan sd dot bien thap hon so vdi DNA nhan. De lam co sd cho viec phan loai mau 
vat, nghien cim nay tap tmng vao viec tach ddng va xac dinh trinh tu doan gen tRNA-Leu (tmL) ma hda cho 
tRNA van chuyen leucine d luc lap. Cap mdi Dal2 dupc thiet ke de nhan doan gen tmL dua tren loai D. 
foliolosa cd ma sd EF451106 trong Ngan hang Genbank. Ket qua cho thay, da nhan dupc doan gen cd kich 
thudc la 476 bp va 423 bp cho hai loai D. tonkinensis va D. cochinchinensis, tuong img va cd mite dp tuong 
ddng nucleotide la 99,8%. Miic dp tuong ddng vdi 13 loai thupc chi Dalbergia tren Ngan hang GenBank dao 
dpng trong khoang tir 94,6% den 100%. Hai loai D. tonkinensis va D. cochinchinensis chi sai khac d doan gen 
tren duy nhat 1 nucleotide tai vi tri thir 56 (T) va khi so sanh trinh tu nucleotide ciia hai loai nay vdi 13 loai 
khac thupc chi Dalbergia cho thay cd su khac nhau d 9 vi tri: 3 nucleotide GGA dugc chen vao vi tri 255 -
257; 5 nucleotide AACTG bi mat di d vi tri 392 - 396 va tai vj tri 332 (G) dugc thay blng (T). 

Tit khoa: D. cochinchinensis, D. tonkinensis, gen tRNA - Leu, he gen luc Igp, trinh tu nucleotide, tuang dong 
di truyen 

MODAU 

Viet Nam la mdt trong 16 qudc gia cd tinh da 
dang sinh hgc cao tren thl gidi (WWF, lUCN, 2000). 
Gan day, do anh hudng ciia thien tai va khai thae gd 
ngay cang bua bai, dac biet la cac loai cay gd quy. Vi 
vay, dien tich ning tu nhien bi thu hep tir 43%) do che 
phu (nam 1945) xudng cdn 7,8% (nam 2006). Chi 
frac {Dalbergia) gdm nhieu loai cay than gd cd kich 
thudc tit nhd den trung binh, thudc cay hg dau 
(Fabaceae). Day la chi dien hinh cua rimg nhiet ddi, 
theo thdng ke phan loai thuc vat chi Dalbergia cd 
khoang 300 loai. O Viet Nam cd khoang 27 loai, 
phan bd rdng khap d cac vimg rung kin tir Nam ra 
Bac. Hien nay, chi Dalbergia dang bi khai thae can 
kiet do cd gia tri kinh te va thuong mai cao. Trong 
dd hai loai D. tonkinensis (cay gd Sua) va D. 
cochinchinensis (cay gd Trae dd) dugc ghi nhan 
frong Danh luc dd Viet Nam (Dang Ngge Thanh, 
Nguyen Tien Ban, 2007), va dugc Chinh phu Viet 
Nam quy dinh trong nhdm IA va IIA cua Nghi dinh 
32/2006/ND-CP la loai dac biet quy hilm, cd nguy 
CO de dga tuyet chiing. 

Nghien cim phan loai va dinh loai mlu vat cua 
Bao tang Thien nhien Viet Nam la mdt nhiem vu cip 

bach, vdi phuong phap hinh thai truyen thdng khdng 
the dinh loai dugc het cac loai mau thu thap dugc va 
cd the cho ket qua thieu chinh xac frong mdt sd 
trudng hgp nhat la khi mau khdng cdn nguyen ven. 
Han nua, tir lau tren the gidi da nghien ciiu va dua 
phuang phap hien dai vao viec phan loai va giam 
dinh mau vat. Trong do, phuang phap phan loai hgc 
phan tu dugc xem la phuang phap cho hieu qua va 
do chinh xac cao ma khdng le thudc vao tinh frang 
cua mau (Rout et al, 2003; Favreau et al, 2006; 
Andrianoeline et al, 2006; Subhash et al, 2004; 
Juchum et al, 2007). Cho den nay, da cd kha nhilu 
nghien cuu phan tu ddi vdi chi Dalbergia tap trung 
vao hai ndi dung chinh la danh gia da dang di truyin 
loai va xac dinh frinh tu cac doan gen dac trung, 
trong do doan gen ma hda cho tRNA van chuyin 
leucine d luc lap (tRNA - Leu) dugc dl cap nghien 
cim kha nhieu do cd tinh bao thu cao va dac trung 
cho loai (Ribeiro et al, 2007). Day la ngudn dii lieu 
cd gia fri de chung ta cd the khai thae img dung cho 
nghien ciiu chi nay cua Viet Nam. 

Xuat phat tit cac co sd tren, nghien ciiu nay dl 
cap den ket qua xac dinh trinh tu doan gen tmL cho 
hai loai D. tonkinensis va D. cochinchinensis lam co 
sd cho nghien ciiu dinh loai mlu vat phuc vu viec 
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tnmg bay, giao due, frao ddi nghien ciiu mau vat... 
tai Bao tang Thien nhien Viet Nam va gdp phan bao 
tdn ngudn gen quy cua Viet Nam. 

VAT LIEU VA PHUONG PHAP 

Vat lieu 

Mau la va mau gd ciia hai loai D. tonkinensis va 
D. cochinchinensis cua Viet Nam da dugc xac dinh 
hinh thai do Phdng Sinh hgc, Bao tang Thien nhien 
Viet Nam cung cap. Chimg vi khuan tach ddng E. 
coli DH5a va vector tach ddng pBT do Phdng Cdng 
nghe te bao thuc vat, Vien Cdng nghe sinh hgc cung 
cap (Phan Trgng Hoang et al, 2005). Cap mdi Dall 
dugc thiet ke dya fren frinh tu nucleotide cua doan 
gen tRNA - Leu (tmL) cua loai Dalbergia foliolosa, 
ma sd EF451106 trong Ngan hang GenBank cd kich 
thudc 510 bp. 

PhiroTig phap 

DNA tdng sd dugc tach chiet theo cdng bd cua 
Doyle va Doyle (1990), tinh sach DNA bSng bd Kit 
DNAeasy Mini Plant Kit (QIAGEN) (Asif MJ, 
Cannon CH, 2005; Ribeiro RA, Lovato MB, 2007). 
Cap mdi Dall dugc thiet ke trong phan mem 
DNAstar. 

Thanh phan phan ung PCR 25 |il gdm: 12,4 |il 
H2O khu ion; 2,5 |al dung dich dem buffer lOX; 2,5 |j.l 

MgClj 25 mM; 2,5 |il dNTPs 2,5 mM; 1,25 |.il mdi 
xudi (10 pmol); 1,25 |il mdi ngugc (10 pmol); 0,6 \A 
Taq polymerase (5 U/^l); 2 nl DNA. Chu tiinh nhiet 
cua phan iing la: 94°C ti-ong 2 phiit; 35 chu ky (94°C 
frong 1 phut; 51°C frong 1 phut; 72"C ti-ong 1 phiit); 
72°C froiig 10 phiit; giii san pham d 4°C. Kit qua dien 
di san phim PCR tren gel agarose 0,9%o. 

San pham PCR tinh sach dugc gan vao vector 
pBT (Phan Trgng Hoang et al, 2005) va dugc nhan 
len frong chung vi khuan E. coli DH5a. Cac khuan lac 
trang mang vector tai td hgp dugc chgn lgc tren mdi 
tmdng LB cd bd sung ampicillin (100 mg/l), X-gal 
(30 mg/l) va IPTG (100 |iM). Sau do, chgn ddng 
khuan lac mang plasmid tai td hgp theo phuang phap 
colony-PCR vdi cap moi pUC18-F, pUC18-R dl xac 
dinh khuan lac cd plasmid mang gen quan tam. Tach 
plasmid nhd AccuPrep® Plasmid Exfraction Kit 
(Bioneer). Xac dinh frinh tu doan gen tmL fren may 
dgc tiinh tir ABI PRISM® 3100 Avant Genetic 
Analyzer (Applied Biosystems) tai Phdng thi nghiem 
trgng diem Cdng nghe gen, Vien Cdng nghe sinh hgc. 

Xir ly sd lieu: Cac sd lieu thu dugc frong nghien 
ciiu dugc xir ly bang cac chuang frinh phan mem 
chuyen dung nhu DNAstar, BioEdit va ClustalW. So 
sanh vdi cac trinh tu gen tmL fren Ngan hang 
GenBank vdi nhau. Cay phat sinh chiing loai dugc 
xay dung theo phuang phap tdi da MP (Maximum 
Parsimony) va phuang phap NJ (Neighbor Joining). 

Bang 1. Trinh tu nucleotide cua cap mdi nghien cipu. 

Gen Ky hieu Trinh tu> nucleotide Kich thu'O'C ly thuyet (bp) 

tRNA - Leu (trnL) Da/2-F 5- GTGATAAOTTTOAAATTOAGAG -3' 

Da/2-R 5- OTOACGATTTOTTAAGTOGA -3' 
510 

KET QUA VA THAO LUAN 

Ket qua phan tich PCR va tach ddng gen tRNA - Leu 

DNA sau khi tinh sach dugc dimg lam khudn 
cho phan iing PCR de nhan doan gen tRNA - Leu 
(tmL) vdi cap mdi Dall. 

Ket qua phan tich san pham PCR tren gel 
agarose 0,9%) (Hinh 1) cho thay, da nhan dugc doan 
DNA dac hieu cd kich thudc khoang 510 bp. Kit qua 
nay ciing phii hgp vdi kich thudc ly thuyet cua gen 
tmL d cac loai da cdng bd frong Ngan hang 
GenBank. Do vay, san pham PCR tiep tuc dugc dung 
de tach ddng gen. 

Hinh 1. San pham PCR ciia hai loai Dalbergia phan tich 
vdi cap mdi Da/2 tren gel agarose 0,9%. M: marker phan tip 
1 kb; 1: D. Tonkinensis; 2: D. cochinchinensis. 

Theo ly thuyet, tat ca cac khuan lac trSng diu la 
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cac khuan lac cd chua doan gen cin chen. Tuy vay, 
frong thuc te khdng phai khuan lac trang nao ciing 
chira doan gen nay. Vi thl, mgt so khuan lac trang 
dugc chay kiem tra bang phan iing colony-PCR va 
tach plasmid nhd AccuPrep® Plasmid Exfraction Kit 
(Bioneer). Ciing theo ly thuyet, neu khuan lac chiia 
plasmid mang gen quan tam, thi san pham PCR cd 
kich thudc ldn han doan DNA tuang iing khoang 
100 bp. Ket qua colony-PCR thu dugc cd kich thudc 
khoang 610 bp (Hinh 2) xap xi vdi kich thudc du 
doan. Plasmid thu dugc cat kiem tra bang enzyme 
ban che BamHl. Ket qua cho thay, cac phan doan 
DNA cd dimg kich thudc nhu du doan khoang 510 
bp (Hinh 3). Tir ket qua nay chimg tdi khang dinh 
cac ddng khuan lac trang chgn dugc da mang 
plasmid chiia doan gen quan tam. 

bp M 

500 

Hinh 2. Ket qua colony-PCR phan tich vdi cap mdi pU018-
F va pUC18-R. IVI: Marker phan tir; 1: Khuan lac trang chira 
vector tai to hgp cua mau D. tonkinensis: 3: Khuan lac trang 
chda vector tai to hgp ciia miu D. cochinchinensis: 2: 
Khuan lac xanh khdng chira vector tai tohgp. 

bp M 1 2 3 

Hinh 3. Kiem tra plasmid tai to hgp mang gen trnL. M: 
marker; 1 va 2: Plasmid tai to hgp chua xii ly vdi enzyme; 
3: Plasmid chira gen trnL ciia miu D. Tonkinensis: 4: 
Plasmid chira gen trnL cua miu D. cochinchinensis cat 
bang enzyme ban che BamHl. 

Ket qua xac d|nh trinh ty nucleotide gen trnL 

Trinh tu cac nucleotide cua hai loai D. 
tonkinensis va D. cochinchinensis dugc ky hieu la D. 

tonkinensis VN va D. cochinchinensis VN sau khi 
phan tich vdi cap mdi Dall va thu dugc frinh tu 
nucleotide cd do dai la 476 bp va 423 bp (tuang 
ling) thudc gen tmL. So sanh trinh hi gen tmL cila 
hai loai phan lap dugc vdi cac trinh ty gen tmL cua 
13 loai thugc chi Dalbergia tren ngan hang GenBank 
cd do tuang ddng tuang ddi cao (tir 94,6 % giira D. 
tonkinensis VN va D. foliolosa; D. cochinchinensis 
VN va D. foliolosa din 100% giiia D. decipularis va 
D. frutescens). Su khac nhau giiia cac vi fri 
nucleotide dugc the hien khi so sanh giiia hai loai D. 
tonkinensis VN va D. cochinchinensis VN thi chi sai 
khac duy nhit 1 nucleotide thii 56 (T) va khi so sanh 
hai loai nghien ciiu vdi 13 loai khac thudc chi 
Dalbergia tren the gidi thi tai vi tri nucleotide thii 
332 (G) dugc thay (T). Trong khi dd, tai vi fri 
nucleotide thii 255, 256 va 257 ca hai loai cua Viet 
Nam da xuat hien chen them ba nucleotide la GGA 
(tuang ling) va tai vi fri nucleotide thit 392, 393, 
394, 395 va 396 thi hai loai da mat doan 5 nucleotide 
AACTG (tuang ung). Tai cac nucleotide cdn lai 
khdng thay cd su thay ddi rd ret. Cac -viing sai khac 
giiia cac nucleotide khi so sanh hai loai nghien cim 
vdi 13 loai thudc chi Dalbergia fren Ngan hang 
Genbank dugc the hien trong hinh 4. 

Mii'c do tuoTig ddng giira cac nucleotide thuoc gen 
trnL ciia hai loai nghien cii'u vdi 13 loai trong 
Ngan hang Genbank 

Cay phat sinh chiing loai dugc xay dung theo 
phuang phap tdi da MP (Maximum Parsimony) va 
phuang phap NJ (Neighbor Joining) khi so sanh 
frinh ty gen tmL cua hai loai D. tonkinensis VN va 
D. cochinchinensis VN vdi 13 loai khac nhau thudc 
chi Dalbergia da cdng bd trong Ngan hang GenBank 
dugc trinh bay d hinh 5. 

Ket qua tren cay phat sinh chiing loai cho thay, 
hai loai nghien ciiu d Viet Nam tao thanh mdt nhdm 
cd miic do tuang ddng di tmyen la 99,8%o va cd quan 
he di trayen gan giii nhat vdi loai D. sissoo (Hdng 
sac An Do) vdi miic do tuang ddng giiia D. 
tonkinensis VN va D. sissoo la 97,1%, giiia D. 
cochinchinensis VN va D. sissoo la 97,4%). Ket qua 
nay cho phep nhan dinh hai loai cua Viet Nam cd 
chung ngudn gdc vdi 13 loai thudc chi Dalbergia 
fren the gidi. 

Ty le phan fram tuang ddng cua tiing cap so 
sanh bang chuang frinh MEGALIGN thdng ke dudi 
dang ma tran tam giac (Bing .2) cho thSy doan gen 
nay tuang ddi bao thu. Miic do tuong ddng giQa cac 
loai tii 94,6 % din 100%. 
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60 70 80 90 100 
D.foliolosa GTTTTflTGAA AGCAAAGAAA AGTTAAGAAA GCGAGAATAA AAAAAGGATA 
D.brasiliensis C 
D.congestiflora C 
D.sissoo C 
D.frutescens C 
D.decipularis C 
D.nigra C A 
D.elegans 
D.ecastaphyllum C 
D.melanoxylon C 
D.monetaria C 
D.pachycarpa C 
D.miscolobium C C 
D.tonkinensis VN T 
D.cochinchinensis VN C 

D. foliolosa 
D.brasiliensis 
D.congestiflora 
D.sissoo 
D.frutescens 
D.decipularis 
D.nigra 
D.elegans 
D.ecastaphyllum 
D.melanoxylon 
D.monetaria 
D.pachycarpa 
D.miscolobium 
D.tonkinensis VN 
D.cochinchinensis VN 

D. foliolosa 
D.brasiliensis 
D.congestiflora 
D. sissoo 
D. frutescens 
D.decipularis 
D.nigra 
D.elegans 
D.ecastaphyllum 
D.melanoxylon 
D.monetaria 
D.pachycarpa 
D.miscolobium 
D.tonkinensis VN 
D.cochinchinensis VN 

260 270 280 290 300 
AAGA CTC CAAATTTCTA TTTGTAAATC GTTATATCAC AATTGAAAGA 
G.. G 
G.. G 
G.. G 
G.. G 
G.. G 

G 
A G 

G 
G C 
G 
G 

.G G 
C.GGA G 
G..GGA G 

310 320 330 340 350 
TGTGAATCAA ATCAATTCCA AGTTGAAGAA AGAATTTAAT ATTCACTGAT 

A G. 
A . . . . . .P, 

A 
A 

G 
. .a. . . . . . . . 

G 

G 

N 
G 

360 370 380 390 400 
CAAATCATTC ACTCCATCAT AGTCTGATAT ATCTTTTGAA GAACTGATTA 

G 
D.foliolosa 
D.brasiliensis 
D.congestiflora 
D. sissoo 
D. frutescens 
D.decipularis 
D.nigra 
D.elegans 
D.ecastaphyllum 
D.melanoxylon 
D.monetaria 
D.pachycarpa 
D.miscolobium 
D.tonkinensis VN 
D . cochinchinensis VN G 

*********************.* t T t * * * * * * * * 

Hinh 4. So sanh trinh tu gen trnL cua hai loai nghien ciru vdi 13 loai thudc chi Dalbergia da cdng bo trong Ngan hang 
GenBank (Oac trinh tg dugc sir dung de so sanh cd ma hieu trong Ngan hang GenBank nhu sau: D, brasiliensis 
(EF451115); D. congestiflora (AF208924); D. decipularis (E'F451116); D. ecastaphyllum (EF451111); D. elegans 
(EF451105); D. loliolosa (EF451106); D. frutescens (EF451117); D. melanoxylon (AF208921); D. miscolobium (EF451109); 
D. monetaria (EF451112); D. nigra (EF451114); D. pachycarpa (AF208919); D. s/ssoo(EF451118)). 

474 



Tgp chi Cdng nghe Sinh hgc 7(4): 471-477, 2009 

^ 

Dalbergia decipular is 
Dalbergia frutescens 
Dalbergia brasi l iensis 
Dalbergia congestif lora 
Dalbergia s issoo 
Dalbergia tonkinensis V N 
Dalbergia cochinchinensis V N 
Dalbergia melanoxylon 
Dalberg ia nigra 
Dalberg ia monetaria 
Dalberg ia ecastaphyllum 
Dalbergia pachycarpa 
Dalbergia miscolobium 
Dalbergia elegans 
Dalbergia fol iolosa 

Hmh 5. Cay phat sinh chung loai cua hai loai D. tonkinensis VN va D. cochinchinensis VN phan tfch cap moi Dal2 vai 13 
loai thupc chi Dalbergia da cong bo trong Ngan hang GenBank. 

Bang 2. MLPC dp tuong dong nucleotide phan tfch voi cap moi Dal2 cua loai D. tonkinensis VN va D. cochinchinensis VN voi 
trinh ty cua 13 loai thupc chi Dalbergia da cong bo trong Ngan hang GenBank. 
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15 

972 

974 
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972 
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959 

959 
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908 

nensi,. 

D. decipularis 

D. brasiliensis 

D. congestiflora 

D. ecastaphyitum 

D. elegans 

D. foliolosa 

D. frutescens 

D. melanoxylon 

D. miscolobium 

D. monetaria 

D. nigra 

D. pachycarpa 

D. sissoo 

D. tonkinensis VN 

D. cochinctiinensis VN 

' V N va D. 

Da xac dinh dugc trinh tu nucleotide thugc gen 
tRNA - Leu (tmL) cho hai loai D. tonkinensis VN va D. 
cochinchiensis VN co do dai la 476 bp va 423 bp (tuong 
ling) va CO miic do tuong dong di truyen la 99,8%. Mtic 
do tirang dong di truyen hai loai Dalbergia cua Viet 
Nam vdi 13 loai Dalbergia khac tren the gioi dao dgng 
ttr 94,6 % (giiia D. tonkinensis VN va D. foliolosa; D. 
cochinchinensis VN va D. foliolosa) den 100% (giira D. 
decipularis va D. frutescens). 

cochinchinensis VN chi sai khac duy nhat 1 
nucleotide tai vi tri thii 56 (T) va khi so sanh trinh tu 
nucleotide cua hai loai nay vdi 13 loai khac thugc chi 
Dalbergia cho thay co sir khac nhau 6 9 vi tri: 3 
nucleotide GGA dugc chen vao vi tri 255, 256, 257; 
5 nucleotide AACTG bi mat di a vi tri 392, 393, 394, 
395, 396 va tai vi tri 332 (G) dugc thay bang (T). 
Hai trinh tu nay da dugc dang ky tren Ngan hang 
Genbank va co ma hieu la FN 185726 {D. tonkinensis 
VN) va FN 356228 {D.cochinchinensis VN). 
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Dira vao kSt qua nhan dugc tren day, cap m6i 
Dall-F va Dall-R se dugc sii dung de nhan doan 
DNA CO kich thuoc 510 bp thugc gen tRNA - Leu 
phuc vu viec phan loai va nhan dang mau vat thugc 
chi Dabergia tai Bao tang Thien nhien Viet Nam va 
cac don vi nghien ciiu khac. 

Loi cam on: Cdng trinh dugc hodn thdnh bai kinh 
phi cua de tdi 'Nghien cieu img dung mgt sd phuong 
phdp phdn logi hgc hiin dgi phuc vu yiu cdu dinh 
logi mdu vgt cua Bdo tdng Thiin nhien Viet Nam vd 
gdp phdn ndng cao trinh do phdn logi hgc a -Viet 
Nam " cdp Viin Khoa hgc vd Cdng nghi Viet Nam. 
Cdc tdc gid xin chdn thdnh cdm an su hd trg sir dung 
mgt sd trang thiet bi ciia Phdng Cdng nghe ti bdo 
thuc vdt vd Phdng Thi nghiem trgng diim Cdng nghi 
gen, Viin Cdng nghe sinh hgc. 
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NUCLEOTIDE SEQUENCE OF LEU - tRNA GENE OF TWO SPECIES DALBERGIA 
TONKINENSIS AND DALBERGIA COCHINCHINENSIS FOR SPECIMEN 
IDENTIFICATION IN THE VIETNAM NATIONAL MUSEUM OF NATURE 

Vu Thi Thu Hien, Luu Dam Cu, Dinh Thi Phong' 

Vietnam National Museum of Nature 

SUMMARY 

In Vietnam, Dalbergia tonkinensis and Dalbergia cochinchinensis belonging genus Dalbergia axe rare 
woody plants with high economic and utilization values. Recently, genome of chloroplast has been extensively 
studied due to its high conservation and lower frequency of mutations than nuclear DNA. In order to provide a 
data source at molecular level for identifying specimens, this research was focused on isolating and analysing 
the sequences of Leu - tRNA (trnL) gene in chloroplast genome, encoding tRNA for leucine transport. Primer 
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pairs Dal2 were designed based on tmL gene sequence of D. foliolosa with assession number EF451106. The 
amplification fragments with the size of 473 and 423 bp were obtained for D. tonkinensis and D. 
cochinchinensis, respectively. Sequence analysis of amplified fragments showed that the similarity level 
between the two was 99.8% and there was difference at only one nucleotide position 56 (T). The comparison 
with 13 other species in Dalbergia genus revealed that the similarity level in nucleotide sequence oitrnL gene 
was ranging from 94.6 % to 100% and there were differences at 9 positions: a trinucleotide GGA was inserted 
at 255 to 257 positions; a pentanucleotide AACTG was deleted from 392 to 396 positions and at position 332, 
G was replaced by T. 

Keywords: Chloroplast genome, D. cochinchinensis, D. tonkinensis, genetic homology, nucleotide sequence, 
tRNA gene - Leu 

477 


