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KET QUA SU DUNG MOT SO CHUOI GEN LUC LAP TRONG NGHIEN CUU PA DANG
DI TRUYEN VA XUAT XU CAY LAM NGHIEP

Nguyén Pirc Thanh, Nguyén Thiy Hanh, Trin Quéc Trgng

Vién Cong nghé Sinh hoc

TOM TAT

Céc thong tin v& mirc d6 da dang va ngudn gbc di truyén (xuét x{r) rét quan trong cho céc chuong
trinh bao tén ngudn gen, chon tao giéng va phat trién cic loai cay ndi chung va cdy ldm nghiép ndi riéng.
Viée sir dung céc chi thi phan tir, dic biét 13 cdc chi thi DNA trong nghién cifu da dang di truyén da khic
phuc duge cdc han ché cua cac chi thj hinh thdi va enzyme v& mat sb lugng céc locus duge nghién ctru,
tan s& bién dbi thap va chi thé hién ¢ mirc do protein. Do DNA luc lap (cpDNA) ¢ tinh béo thii cao, nén
cac chi thi gen luc lap dang dugc sir dung nhi€u trong cdc nghién ciru tlBI'I héa, xuét xir va phét sinh loai.
Trong bai nay, chiing t6i gidi thiéu ve ket qua nghién ciru sir dung mot sé chudi gen luc lap trong nghién
ciru da dang di truyén va xudt xir mot s lodi cay lam nghiép, trong do c6 mét so lodi bi de doa. Nhing
két qua nhan duge cho thiy: ddi véi chc lodi cay ho DAu thi che cap mdi ruD-trnT, traH-traK va psbC-
trnS nhin céc chudi cpDNA nidm gilta céc gen tuong ung la phu hop hon ca. Enzyme han ché Tagl cit
duge san pham PCR cua nhiéu cip mdi lyc lap. Viée sir dung céc cip mdi luc lap va enzyme phi hop ¢
thé nhan biét mat s6 loai nhu cip mdi pshC - 1S va enzyme Haelll ¢6 thé nhén biét dugc loi Diu
nuée (Dipterocarpus costatus Gaertn), cdn vdi cip mbi frnH- trnK va enzyme Rsal c6 thé nhan biét
duge lodi Dau mit (Dipterocarpus alatus Roxb). Céc két qua nhdn dugc con cho thiy loai Sao 14 hinh tim
thugc chi Hopea thu'tlr 3 dja diém khac nhau déu c6 ciing ngudn gde. PSi v&i cay Tram, hai ciip mdi
irnH-trnK va irnM-rbcL va hai enzyme Taql va Hinfl cho mic d$ da hinh cao. Cac két qud nghién ciru
ndy chi ra ring céc chi thi gen luc lap 14 ¢ong cu hiru hidu trong nghién ciru da dang di truyén va xudt sir
céc loai cdy lam nghiép va vige nghién clru st dung cée chudi gen luc lap phi hgp cho timg loai cay 1a
cén thiét.

Tir khéa: Cdc loai cdy ho Déu, cdy ldm nghiép, cay Tram, chubi gen luc lap, da dang di truyén, xudt xir

MO BAU

Rimg la nguon tai nguyén vé cing quan trong
46i véi mdi quoc gla Ring cung cép ngudn lam san
cho con ngudi, didu tiét va bao vé ngudn nudc, cén
bing khong khi, cai tao dit va 12 mdi truomg sbng
cia dong thue vat. Trén thé gidi ndi chung va & Viét
Nam noéi riéng dang phai d6i mat véi nguy co giam
thidu dién tich ring do khai thac bira bai va nan chay
rimg. O Viét Nam, theo théng ké, tir 1943 dén 1995
da bi mét di hon 5 triéu ha rimg tu nhién. Kéo theo 12
tinh da dang sinh hoc ciing bi giam. Nhiéu loai cy
quy hiém nhe cac loai cdy ho Diu —
Dipterocarpaceae (Kim giao, Vén vén, Dau cat, Sao
14 hinh tim, ...) va ho Pdu - Leguninosaeae (G dd,
Lim xanh, Cim lai, $én mit...) di va dang cé nguy
co tuyét ching.

Cac thong tin vé mirc 46 da dang di truyen 1a

yéu cdu quan trong cho cdc chuong trinh bao ton,
chon tao va phat trién céc loai cly rimg. Su bién déi

di truyén & cac loai duoc danh gia bing cac dic diém
hinh thai vd do dém thuc té hodc bing nghién ciru
phén tir trong phong thi nghiém. Nhitng nghién ctru
phén tir buéc dau chi yéu tip chung vao x4c dinh
mic d6 da dang di truyén va cac thong s vé giao
phdi voi vige st dung cac enzyme ddng phan
(isozyme). Tuy viéc sir dung enzyme dong phan Ia
don gian va it tén kém nhung cé mot sé han che vé
sb lugng locus, mirc do thay di thip & mdt sb loai,
ngoai ra cic enzyme ddng phén chi cho thiy nhimng
thay dbi ddi voi cac gen ma hda protein. Sy phat
trién, cdc chi thi DNA nhu RAPD (Random
Amplified Polymorphic DNA), RFLP (Restriction
Fragment Length Polymorphism), AFLP (Amplified
Fragment Length Polymorphism), microsatellite ...
dg khéc phuc duge cac nhuge diém trén. Cdc chi thi
DNA khéng han ché vé sb lwong locus 1a cong cu
hiru hiéu dé nghién ciru nhiing thay déi trong vung
mé hoa, viing khong mé va cdc ving cé mirc thay doi
cao & hé gen nhén va gen té bao chit.

Nhitng thay déi & DNA luc lap (cpDNA) di va
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dang duoc sir dung cho cdc nghién ciru vé tién héa,
sinh thai va phat sinh ching loai & thyc vat. cpDNA
¢6 mirc dd bao thi trong viéc thay thé cac
nucleotide. Pifu nay tao diéu kién cho su so sénh
nhitng thay di & pham vi réng trong hé phén loai
thuc vat. M6t sé chi thi cpDNA nhur microsatetlite
luc lap (Provan et al, 1997; Navascues, Emerson,
2005), mdt sb gen nhu matK, rbcl (Graham,
Olmstead, 2000; Kajita et af, 1998), mot sb ving
khong m3 (Kajita ef al., 1998), mdt s6 phan doan cua
chudi don lém (¢rnC-trnD, trnD-tinT, psaA-trnS,
petB-petD, trnH-psbA, trnS-trnG, Magni et al,
2005) va mdt sb ving dém giita cac gen (traL-trnF,
Kajita et al, 1998; Pardo et ai., 2004; Plumkett et
al, 2004) d4 dugc sir dung trong cic nghién ciru vé
da dang di truyén va phét sinh loai & thuc vit.

Trong bai nay ching t6i gi¢i thiéu mot sé két
qua vé s dung cac chudi traH-trnK, traD-trnT,
psbC-trnS va trnM-rbcL (cac chudi nim gifra cac
gen tuong ung: traH, va trnK, trnD va irnT, psbC v
truS, trnM va rbcl) trong nghlen ciru da dang di
truyen va xudt xtr ciia mot sb loai cay 1am nghiép &
Viét Nam, trong dé cdé ca loai bj de doa.

VAT LIEU VA PHUGNG PHAP
Vit li¢u

Cac loai cdy sir dung trong nghién ciru bao gém
17 loai thudc ho Ddu (Dipterocarpaceae), dic biét 1a
loai Sao 14 hinh tim (Hopea cordata Vidal) thube
chi Hopea, ngodi ra, loai Tram (Melaleuca cajuputi
Powel) thudc ho Sim Myrtaceae ciing duoc nghién
ctru. Cac mAu cy nay do vién Khoa hoc Lam nghigp
Viét Nam cung cap.

Phén tich phén tir

DNA genome dugc tich theo phuong phép
CTAB cuia Maroof va dong tac gia (1984) c6 cai tién
cho phi hop véi mét s6 cdy lam nghigp. Cy thé 1a
dém chiét CTAB tang lén 2 hoic 4%, ngoai ra bd
sung thém 2% polyvinyl pyrollidine (PVP) va 5 mM
ascorbic acid.

Cac chudi trnH-trnK, traD-trnT, psbC-trnS va
trnM-rbcL duoc nhéan bing cac cap mdi tuong ng
theo Nicolosi va ddng tic gia (2000). Phan tng PCR
voi cac mbi luc lap dugce thuc hién voi thé tich 25 pl
bao gdm: 50 ng DNA genome, 10 ng mdi luc, 2 mM
dNTP, 50 mM MgCl, va 0,5 don vi Tag polymerase.
Céc phan tng chay trén may PCR PTC-100 (MI
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Research Inc, M$) vé&i chu ky nhiét gdm cac budc:
95°C 5 phat, 94°C 1 phat; 55 - 62°C 30 giay; 72°C 1
phiit 45 gidly; lip lai 40 chu ky tir budc 2 dén budc 4;
72°C 7 phit; va cudi cung gitr & 4°C. San phdm PCR
dugce chay trén gel agarose 1% sau 46 nhugm bing
Ethidium bromide, cic phén doan DNA dugc quan
st durdi dén soi cuc tim va chup anh bing hé théng
chyp anh Polaroid GelCam.

KET QUA VA THAO LUAN

Két qua khio sit trén mjt sb lodi ciy thude ho
Diu

Bén cap mbi prrH-trnK, trnD-trnT, psbC-trnS
va trnM-rbcL., duge diing dé nhan cac chudi cpDNA
tuong tmg & 17 loai thudc 6 chi ho Diu: chi
Anisoptera (1 loai), chi Dipterocarpus (4 loai), chi
Hopea (4 loai), chi Parashorea (1 loat) chi Shorea (3
loai) va chi Vatica (4 loai). Véi 4 cap mdi ndy céac
chudi DNA nim giira cac gen tuong ung trén chudi
don 16m cda cpDNA duge nhédn véi d6 dai tuong Ung
khoang 1830, 1212, 1610, va 3000 bp (theo tinh toan
dva trén trinh tr cpDNA cua thube 14 — Nicotiana
tabacum L.). Két qua chung t8i nhin dugc cac phan
doan lan lugt la: 1750, 1600, 1650, va 2700 bp,
teong tu nhu Nicolosi va dong tac gia (2004) da
cong bd Kkhi sir dung cdc cdp moi nay trong nghién
ctru ngudn gbc va phat sinh loai & cac loai Citrus.
M3i mbi déu cho cac phin doan c6 do dai tuong tur
nhau & 17 loai ho DAu nghién ctru. Nhu vay, vé dé
dai san phim PCR cia cac mdi luc lap khong cho
thay sy da hinh giita cédc loai. Ching tdi di sir dung
mbt sb enzyme han ché (Taql, Hinfl, Haelll, Rsal va
Hhal) dé cit cac san pham PCR nhan dugc sau khi
nhan ban cac viing cpDNA bing cac mbi twong img.
Néu & cac loai ¢é sur khac nhau vé trinh tur nucleotide
s& dan dén thay ddi vi tri cit cia cic enzyme. Bing
phuong phép nay cé thé nhan duge sy da hinh cic
ving cpDNA & céc loai nghién ciru. Phuong phap
ndy da dugc nhiéu tic gia sir dung trong nghién ctru
da dang di truyén va phat sinh loai dya vao cac chudi
cpDNA luc lap (Mason-Gamer ef al., 1995; Nicolosi
et al.,, 2000; Mohanty et al., 2001, Devos et al.,
2003, McMillan, Sun, 2004). Két qua sau khi cét
bang 3 enzyme Tagl, Hinfl va Haelll, tong thé da
cho 344 phan doan, trong d6 cdé 234 phén doan da
hinh (chiém 68,02%) giita cac loai nghién ciru (Bang
1). Ty 1¢ da hinh cua cac cip mdi véi cac enzyme
dao dong tir 42,86% (psbC - trn S/Hinfl) dén 91,84%
(trnD- trnT/Tagl). Cic enzyme Rsal va Hhal cling
cit san pham cia cic cap méi nhung khéng cho da
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hinh. Nhu vay, véi viée sir dung enzyme han ché phu
hop c6 thé phat hién sy da hinh & mdt sé chudi
cpDNA. Trong 4 ciip mdi va 5 enzyme su dung, cép
fraD-rnT 14 cip phi hop hon ca cho viée nghién ciru
cic cdy ho Diu. San pham PCR clia cip moi niy ¢6
thé cit duge bling 3 enzyme Taql, Hinfl va Haelll va
cho ty 1 bang da hinh cao (73,17 dén 91,84%). Cac
mdi ¢on lai chi nhin dwge da hinh khi cit véi t

enzyme. Trong cic enzyme cho san phim cét thi
Hinfl ¢6 thé cit san phim cia 3 cip mbi (truH-trnK,
trnD-traT, psbC-trnS), Tagl it san phdm cia 2 cdp
mbdi #rnD-trnT va trnM-rbcL, hinh 1 13 san pham
PCR DNA genome 17 loai cdy ho Diu véi clip moi
traD-trnT cit bang enzyme Taql. Enzyme Haelll chi
cit san phdm cua cip mdi #nD-rrnT. Nhu viy la
enzyme Hinfl cho hiéu qua hon ca.

Bdng 1. S& phan doan nhan dwee sau khi cét sén phdm PCR cla 4 cép mébi luc lap véi DNA genome clia 17

ioai cay ho DAu bang 3 enzyme han ché.

Mbi Enzyme $6 phan doan Sb phén doan da Ty 1& da hinh (%)
nhan dwge hinh
Haelll 50 41 82,00
tmD- tmT Taql 49 45 91,84
Hinfl 41 30 73,17
tmH - trmK Hinfl 48 38 7817
troM - rhel Tagl 86 41 47,67
pshC - tm S Hinfl 70 30 42 86
Téng 344 234 68,02

Két qua khao sat 4 clip mdi truH-rrnK, truD-
triT, psbC-trnS va trnM-rbel v6i 12 loai thude chi
Dipterocarpus (thi nghiém trudc chi 1dm trén 4 loai
} cling nhin duge cac san phim PCR ¢6 d9 dai teong
tr nhu 17 loai thude 6 chi ho Dau. 5 enzyme Tagl,
Hinfl, Haelll, Rsal va Hhal déu cit cac san pham
PCR nhén duge, tuy nhién, tv 1¢ da hinh thap. Tong
s6 phan doan thu duge 1a 169 trong d6 c6 44 phan
doan cho da hinh, chiém 26%. Diéu nay phi hop voi
thye t& 14 12 loai nghién ctru déu thude mot chi. Két
qua nhin duoc ciing cho thy sy khac biét gitra mot
s6 loai trong ciing chi. Khi dung enzyme Haelll cét

san phim PCR cia cip mdi pshC - #rnS dd nhén
dugc 3 phan doan 580, 300 v 250 bp. Trong 12 lodi
nghién ctru chi ¢é duy nhét loai Dau nudc (D. alatus
Roxb) - mGt loai  bi de doa la khéng co phén doan
300 bp (Hinh 2A). San pham PCR ctia ¢ap mdi rrnH-
trnK clt bing enzyme Rsal ciing cho 3 phén doan
450 bp, 350 bp va 280 bp, riéng loai Ddu mit (D.
costatus Gaertn) khc‘mg c6 phan doan 280 (Hinh 2B).
Nhu vy, vl cip mdi psbC - mn § va enzyme

HaeIII co thé nhin bidt duoc loai Déiu nudc, ¢on véi
cap moi trnH- trnK va enzyme Rsal c6 thé nhan bidt
duoce loai Dau mit.

Hinh 1. San phdm PCR DNA genome, 17 loai cay ho Dau véi cdp mdi irnD-trnT cét bang enzyme Tagl. M:
Marker, 1. V&n vén, 2. D&u nuwéc, 3. Dau song nang, 4. Dot tim, 5. Tra beng, 6. Sao 1 hinh tim, 7. Sdng da,
8. Sao den, 9. Sao mang, 10. Trd chi, 11. Ca chit, 12. Sén mu, 13. Cam lién, 14. Tau mat, 15. Tau duyén hai,

16. Tau tréng 17. Tau ngau.
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Hinh 2. 8an pham PCR v&i 2 cap mbi psbC - tm$S ¢t béng enzyme Haell (A) va trmH- K cat bang enzyme
Rsal (B). M. Marker, 1. Dau nuoc, 2. Dau bao, 3. Dau cat, 4. Dau song nang, 5. Dau léng, 6. D4u tra beng, 7.
Dau dong, 8. Dau la béng, 9. Dau Haselt, 10. Cho nau, 11. Dau dot tim, 12. DAu mit.

Trong thi nghiém v&i 50 mdu cua loai Sao 14
hinh tim (Hopea cordata Vidal - chi Hopea), mét
loai cdy qui hiém va dang bi de doa & muc rit nguy
chp, 4 cap mdi trnH-trnK, trnD-trnT, psbC-trnS, va
trnM-rbcL cfing cho cic san phim cé kich thudc
tuong tng 1a 1750, 1600, 1650 va 2700 bp va ciing
khéng cho da hinh & ca 50 miu duge thu ar 3 dia
diém khéc nhau. Sau khi cit cdc san phdm PCR bing
5 enzyme Tagql, Hinfl, Haelll, Rsal, va Hhal khong
nhin dugc da hinh gitta cdc mau nghién ciru. Hinh 3
12 két qua cit san phdm PCR cua cip mbi trnD -
rnT bing enzyme Haell & mot s& miu cdy Sao la
hinh tim. Diéu nay ching to 50 miu Sao 14 hinh tim
¢6 cling mét ngudn gbc.

Nhitng két qua nhan dugc tir cdc thi nghiém

bp M1

600 _
500—¢

100

khao sat mdt sé chudi cpDNA trén mét 6 loai cay
ho DAu cho thdy: cac cap mdi cho san phdm PCR én
dinh & cac loai cay ho Dau nghién ciru; viéce dung
enzyme han ché cit céc san phiam PCR cua cac cip
mdi ¢6 thé nhan dugc sy da hinh vé chudi cpDNA &
céc loai khac nhau; cap mdi frnD- tr#T va enzyme
Tagl cho ty 18 cac phan doan da hinh cao nhét; va cd
thé sir dung céc ciip mdi luc lap va enzyme phu hop
dé nhan biét mot sd loai nhu cap moi psbC - trnS va
enzyme Haelll c6 thé nhan biét duge loai Ddu nude,
con voi cap mdi rrrH- trnK va enzyme Rsal c6 thé
nhin biét duge loai DAu mit. Cac két qua nhan duoc
con chi ra ring cac miu Sao 14 hinh tim thudc chi
Hopea thu tir 3 dia diém khac nhau ddu co cing
ngudn gbe.

23 4567 8 910 11 121314 1516 1718 19 20 2122 2324 25

Hinh 3. San pham PCR DNA genome ctia 25 m&u Sao 4 hinh tim v&i cap mdi tmD - tmT cét bang enzyme
Haell: M: Marker; 1 - 9. Cac mau thu tir Thiy chiéu 1, Cam Hai Déng; 10 - 17. Cac mau thu tir Thdy chiéu 2,
Cam Hai Dong; 18 - 25. Cac mau thu tr Tan X4, Cam Hai Tay. Céc dia danh nay thudc Cam Ranh, Khanh

Hoba.
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bp M 1 2 3 4 5 6
500 __ 59
400

100

7 8 9 10

11 12

Hinh 4. San phdm PCR DNA genome 12 xudt xir Tram véi cap méi tmH-tmK cét bang enzyme Hinfl: M:
Marker; 1. Ddng Héi, 2. Hué, 3. Pa Lat. 1. Viing Tau, 3. Phu Quéc, 6. Long An, 7, 8. Quang Trj, 9. U Minh

Thuong, 10. Ha Tinh, 11. Bai Lai, 12. Thai Nguyén.

Két qua khio sat trén loai Tram (ho Sim)

Trong céc thi nghiém ndy, ching téi s dung 4
cap méi, truD-truT, psbC-trnS vd trnM-rbcL dé
nghién ciry 12 xuft X cua loai Tram cé & Viét Nam.
Két qua nhdn duge cho thiy, trong sé 4 ciap mébi chi
¢d hai cip #nH - trnK (Hinh 4) va #nM - rbcL cho
c4c phan doan cpDNA da hinh sau khi cit san phim

PCR cua cac cip mdi nay véi hai enzyme Tagl va
Hinfl (Bang 2). Cip mdi trnH - 1K cho ty 1& da
hinh rat cao (88,23 - 100%). Nhur vdy, dé nghién ciru
loai Tram thi viéc sir dung 2 cip mdi trnH-1rnK,
trnM - rbcL va 2 enzyme Tagl va Hinfl s& rit cé
higu qua. Két qua phan tich buéc ddu véi 4 chudi
gen luc lap cho thiy 12 xuit sir Tram cia Viét Nam
c6 murc dd da dang kha cao.

Bang 2. 56 phan doan nhan dugc sau khi cdt san pham PCR cta 4 cap mdi luc lap véi DNA genome clia 12

xuAt xt» Tram béing 2 loai enzyme cét han ché.

Mbi Enzyme $é phén doan nhan $é phan doan da Ty 1& da hinh (%)
duwore hinh
tmH - tmK Tag! 15 15 100
Hinfl 34 30 88,23
tmD - imT Taql 24 0 0
Hinfl 36 0 0
psbC - tm S Taql 36 0 0
Hinfl 24 0 0
tmM - rbcl Tagql 24 0 0
Hinfl 20 14 70
Téng 213 59 27,70
KET LUAN nhiéu cip mdi hon ca. Chinh vi vy, cip mdi #rnD-

Tir nhimg két qua nhan dugc vé nghién ciru khao
sat mot sd chu01 gen lyc lap trong nghién ciru da
dang di truyén va nguon gbc mot s6 cdy lam nghiép
chilng o1 rit ra mét 56 két luén sau:

O cay ho Dau, san phdm PCR cia cap mdi
trnD-trnT cét bang enzyme Tagl cho ty 1§ da hinh
cao nhat; enzyme Hinfl cé thé ciit san pham PCR cia

frnT va hai enzyme Tagl va Hinfl phu hop cho
nghién ciru da dang di truyén & céc loai ciy hg Dau.

Str dung mét sé chudi gen luc lap va enzyme
gioi han phi hop cé thé nhéan biét duge mot sb loai
cdy: v6i cip moi pshC - trn S va enzyme Haelll co
thé nhan biét dugc loai Dau nude, con véi cap mdi
trnH- trnK va enzyme Rsal c6 thé nhan biét duoc
loai Dau mit.
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Lodi Sao la hinh‘ tim thuéc chi Hopea thu tir 3
dia diém khac nhau déu cé ciing nguén gbc.

Péi voi loai Tram, hai cip mdi trnH-trnK va
trnM-rbel va hai enzyme Taql va Hinfl cho mic d
da hinh cao.

L¥i cdm on: Céng trinh dwoc hodn thanh voi tro
gitip kinh phi tir ¢ tai 6.106.06 thudc Chicong trinkh
nghién ciru co ban trong khoa hoc tw nhién giai doan
2006 - 2008,
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STUDY OF GENETIC DIVERSITY AND PROVENANCE OF FOREST TREES BY USING
CHLOROPLAST GENE SEQUENCE ANALYSIS

Nguyen Duc Thanh®, Nguyen Thuy Hanh, Tran Quoc Trong

Institute of Biotechnology

SUMMARY

The information on level of genetic diversity and origin is very important for the conservation of
gene source and varietal production, selection and development of the plant species in general and forest
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trees in particular. The use of molecular markers, especially, DNA markers in the study of genetic
diversity has overcome the limitations of morphology and enzyme markers in term of number of
investigated loci, low rate of variation, and the expression at protein level. As chloroplast DNA (cpDNA)
is highly conserved, the chloroptast gene markers are widely using in the studies of evolution, origin and
phylogeny of plant. In this paper, we present the results on the use of chloroplast gene sequences in the
study of genetic diversity and origin of some forest trees, including endangered species. The obtained
results showed that, for the Dipterocarp species, primer pairs freD-trnT, treH-trnK and psbC-rrnS
amplified cpDNA sequences between respective genes are the most suitable. Restriction enzyme Tagl
proved to be the most effective for cutting the PCR products of investigated primer pairs. It’s possible to
recognize some species by the use of suitable chloroplast primers and restriction znzymes: with primer
pairs psbC-trnS and enzyme Haelll, the Dipterocarpus alatus Roxb can be recognized and the
Dipterocarpus costatus Gaertn can be recognized by using primer pairs tranH-trnK and enzyme Rsal. The
investigated results also indicated that the Hopea cordata collected from three different locations have
the same origin. For the Melaleuca cajuputi, primer pairs sruH-trnK and traM-rbecl and the enzyme
Hinfl gave higher polymorphic level. The results of this study indicated that the chloroplast markers are
an effective tool for the study of genetic diversity and origin of forest tree species and the study of the
suitable chioroplast sequences for each species are very important.

Keywords: Chloroplast gene sequence, Dipterocarp species, forest trees, genetic diversity, Melaleuca
cajuputi Powel, provenance
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