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SEQUENCING AND CHARACTERIZING THE CHLOROPLAST GENOME OF
Calophyllum inophyllumM L. DISTRIBUTED AT TRA VINH PROVINCE, VIETNAM
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Tém tit — Vi gid tri thdo dugc cao, nhiéu
sdn phdm dwgc phdt trién tic cdy mi u nhw ddu
mit u va cdc loai nguyén liéu mi pham. Tai tinh
Tra Vinh, mé hinh khai thdc va phdt trién nguon
gen cdy mit u tai xd My Long Nam, huyén Cdu
Ngang dang duoc trién khai thuc hién va cho
thdy tiém ndng phdt trién kinh té. Thong tin
hé gen thuc vdt, ddc biét hé gen luc lap, la
co s6 phdt trién cdc ung dung trong linh vic
nong nghiép nhu lai tao giong, cdc nghién ciiu
di truyén, va phdt trién chi thi phdn ti. Trong
nghién citu nay, ki thudt gidi trinh tw thé hé
mdi duogc thuc hién dé gidi md trinh tu, thanh
phan gen va ddc diém cdu triic ciia bo gen luc
lap cdy mit u. Két qud cho thdy, hé gen luc lap
cdy mu u (Calophyllum inophyllum L.) co kich
thudc la 161.169 bp. Hé gen luc lap bao gom
79 gen md hoa protein, 30 vung md hoa tRNA
va bén ving md héa rRNA. Két qud nay cung
cdp théong tin co bdn cho cdc nghién citu bdo
ton, nghién ciu da dang sinh hoc va cdc vng
dung co sé di truyén cia cdy mi u ciing nhu
cdc loai lién quan.
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hé mdi, hé gen luc lap.

Abstract — Due to its high content of medic-
inal value, many products have been developed
from the tamanu tree, such as tamanu oil and
various cosmetic raw materials. In Tra Vinh
Province, a model for exploiting and conserv-
ing genetic resources of tamanu was conducted
at My Long Nam Ward, Cau Ngang District,
and showed potential for economic develop-
ment. The Chloroplast genome is one of three
genomes of plants that exhibit an important role
in agriculture, such as breeding, genetic stud-
ies, and molecular marker development. In this
study, next-generation sequencing technology was
used to decode the sequence, gene composition,
and structural characteristics of the chloroplast
genome of the tamanu tree. Consequently, the
complete chloroplast genome of the tamanu tree
was 161,169 bp in length. This genome included
79 protein-coding genes, 30 tRNA genes, and four
rRNA genes. The results of this study provide
essential information for further studies about
conservation, biodiversity, and application of ge-
nomic data of mastwood and related species.

Keywords: Chloroplast genome, genetic diver-
sity, next-generation sequencing method.
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I. GIOI THIEU

Cay mu u (Calophyllum inophyllum L.), con
dudc goi 1a hd dong hay cong, thuoc ho Ming
cut/Bita (Clusiaceae) [1]. Tai Viét Nam, cay mu
u moc hoang hoic dudc trong phd bién, phan
bd tap trung & cdc tinh phia Nam, trong d6 c6
Tra Vinh. Tu lau, cdy mu u dudc biét dén la
mot trong nhiing cdy c6 gia tri dugc liéu rat
cao. Hau hét ciac bd phan cla cay déu dugc
st dung d€ 1am thudc chita bénh nhu phan ré,
14, nhua md, hat hoic dau ép tir hat [2]. Mu u
chifa nhiéu hoat chit c6 gid tri dudc liéu cao,
trong nhan hat chiia 50,2-73% dau, vo hat chiia
leucocyanidin, vo cdy chia 11,9% tannin, acid
hitu co, saponin triterpene, phytosterol, tinh dau,
coumarin. M1 cta qua cé céac glycerid, tinh dau,
nhua va cic phtic hop laction (d4n xut coumarin)
nhu calophylloid, mophyllolid, acid calophyllic
[3, 4]. Ngoai ra, mét lugng 16n acid béo trong
diu mu u nhu stearic, palmitic, myristic, lauric,
margaric, arachidic, eicosenoic, linoleic [5, 6].
Céc hoat chit trong mi u dudc chiing minh ¢6 tac
dung trong phong chdng ung thu, khdi u, khang
viém, khang khuén, chéng két tap ti€u cau, loan
than, chdng dong mau va giam dau [4, 7, 8]. C6
thé thy mu u 12 loai thuc vat c6 gia tri cao vé
kinh t& va 1a dudc liéu quy cin c6 cic nghién
cliu vé ting dung va bao ton.

Hién tai, ngoai cac nghién cdu ung dung dua
trén gid tri dudc liéu cdy mu u, cdc dé tai bao
ton gidng ciy nay ciing dudc quan tam thuc hién
[9-11]. Tuy nhién, cdc nghién cdu chii yéu tap
trung vao vin dé thu thip cdc dic tinh moi trudng
séng, dinh danh phan tif cAy mu u dua trén bd sdu
chi thi SSR (simple sequence repeats) [11]. Mot
ndi dung quan trong trong bio tdn ngudn gen la
co s6 dif liéu hé gen bao gdm céc trinh ty ma héa
protein, RNA ribosome, va RNA van chuyén clia
cay mu u chua dudc quan tdm thuc hién. Trudc
day, trinh ty b6 gen luc lap chua hoan chinh cda
cdy mi u phan bd tai Indonesia da dudc cong
bd [12]. Tuy nhién, di liéu bd gen luc lap chua
hoan chinh nén chua cung cép thong tin day di
va chinh xdc vé dic diém cda bd gen luc lap clia
cdy mu u. Bén canh d6, cdc nguy co vé suy thoai
mdi trudng va tac dong sinh hoc, vi sinh hoc dan
dén viéc x6i mon ngudn gen thuc vat 1a rat cao.
Do dé, viéc xdy dung co sé dit liéu ngudn gen
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tu nhién cla cdc giébng cdy c6 gid tri kinh t& —
xa hoi, y hoc nham phuc vu cong tic nghién cifu
b4o ton, phuc hodi va tdi tao ngudn 1gi gibng ciy
trong 1a cp thiét, da va dang dugc quan tim thuc
hién tai nhiéu don vi nghién ctiu & Viét Nam va
trén thé gidi.

II. TONG QUAN NGHIEN CUU

Mot trong nhiing ngudn gen quan trong c6 thé
cung cp thong tin di truyén cda thuc vat 1a hé
gen luc lap [13, 14]. Luc lap va ti th€ la nhiing
bao quan c6 bd gen riéng biét so véi bd gen trong
nhén té bao. Bo gen luc lap cung cip thong tin
nghién cifu vé mdi quan hé tién héa clia cic loai,
x4c dinh loai mot cich chinh xdc, cung cép chi
thi ing dung trong chuyén gen, nhan gidng [13].
Luc lap dudc xem la trung tAm trao ddi chét clia
thuc vat. N6 déng vai tro thiét yéu trong sinh 1i
hoc, su phat trién va tién hoéa cta thuc vat. Bo
gen plastid cda thuc vat bac cao la mot phan tix
DNA sgi kép dang vong, cé kich thuée tuw 120
dén 180 kb va chita khoang 130 gen, tlly thudc
vao loai thuc vat, chi yéu ma héa céc enzyme
tham gia vao qud trinh quang hgp [14]. Vai tro
quan trong nhét cda luc lap la thyc hién co ché
quang hdp. Ngoai ra, nd c6 vai tro chinh trong
viéc san xuit tinh bot, lipid, protein thiét yéu,
vitamin, khodng va tong hop mot sb sic to tao
mau cho hoa. N6 c6 céu triic bdn phan véi hai
phan lip dio (IRa va IRb, dai 20-28 kb) dudc
phan tich bang hai ving trinh tu don 16n (LSC,
dai 80-90 kb) va trinh tu don nho (SSC, 16-27
kb). Cac vung nay dudc st dung lam ‘si€u ma
vach’ trong cac nghién cttu phat sinh loai, lich st
tién hoéa vi ching cung cip tinh da hinh dya trén
trinh tu [15] va c6 céc dic tinh di truyén doc dio
(di truyén don dong, su sap xép gen dudc bao ton
tot, kich thuée nho, don bdi, va ban chit thudng
khong téi t6 hop) [16, 17]. Hé gen luc lap c6 mot
hé thong di truyén ddc 1ap v6i nhan, cho phép tu
sao chép va phién ma. Hé théng di truyén luc
lap dudgc di truyén doc 1ap va dudc bao ton trong
sudt qué trinh tién héa. Cac gen ctia hé gen luc
lap déng vai trd quan trong trong céc t& chiic nhu
rRNA, tRNA, RNA polymerase.

O Viét Nam, nim 2020, bdo cdo diu tién vé
trinh tu luc lap cia mot loai lan hai (Paphiope-
dilum delenatii Guillaumin) dudc cong bd [17].
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T d6, cac nghién ctiu khiac nhau vé bd gen
luc lap ctia cdc loai phan bé & Viét Nam da
dudc thuc hién nhu Ludisia discolor, Adinandra
megaphylla, va Bruguiera hainesii [18-20]. Tuy
nhién, cic nghién ctiu vé trinh ty luc lap clia cay
mu u phan bd & tinh Tra Vinh, Viét Nam chua
dudc quan tdm thyc hién. Do do6, trong nghién
cliu nay, trinh tu hoan chinh bd gen luc lap cia
cdy mu u thu nhan tai tinh Tra Vinh dugc giai
trinh tu bang cong nghé gidi trinh ty thé hé méi.
Bén canh d6, cic thong tin co ban vé ciu triic
va thanh phan gen cta bd gen luc lap ciy mu u
ciing dudc khao sat va ghi nhan.

III. PHUONG PHAP NGHIEN CUU

A. Thu thdp mdu, tdch chiét ADN va gidi trinh
w

Maiu 14 tuci khong bi sdu bénh clia cay
mu u moc tu nhién tai vuon cdy an trai
cia ngusi dan thu thdp tai tinh Tra Vinh
(9°58'10.8”"N106°19'01.6”E, Hinh 1(A)). Sau
d6, mau 14 duge 1am kho biang cach d€ trong tii
kin chiia céc hat silica hit 4am & nhiét do phong.
Mau 14 sau d6 dugc dung d€ tach ADN tdng
s6 bing quy trinh CTAB [20]. Mau ADN sau
khi tach chiét sé dugc ki€m tra chit luong bing
phuong phép dién di gel-agarose 1% va do nong
dd bang may NanoDrop OneC (Thermo Fisher
Scientific, USA). Cac mau ADN c6 béng 1o trén
gel dién di va khong c6 vét kéo dai ciing véi ndng
do it nhat 100 ng//muL véi céc chi s6 A260/280
trong khoang 1,8-2,0 va chi s6 A260/230 trong
khodng 2,0-2,2 dudc st dung d€ thuc hién qua
trinh gidi trinh tu bang hé thdng mdy Miniseq
(Illumina, USA) tai Cong ty KTEST (Thanh phd
Ho Chi Minh, Viét Nam) vé6i dit liéu trinh tu hai
chiéu véi kich thuée 151 bp.

B. Ldp rdp va phdn tich hé gen luc lap cdy mit
u

Dit liéu trinh ty tho tit hé théng Illumina dudgc
ki€ém tra chit luong (Q-score > 20, khong chifa
ki tu N va chiéu dai 16n hon 100 bp) va loai bd
cdc trinh tu khong dat chat lugng bang chuong
trinh fastp v6i cdc thiét 1ap mic dinh [22]. Céc
trinh tu dat chit luong sau khi loc dudc st dung
dé 1ap rap trinh tu bd gen luc lap bang chuong
trinh NOVOPlasty theo quy trinh dé xuét ctia
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tac gia vdi trinh ty tham chiéu 12 bo gen luc
lap cta Calophyllum soulattri (md s6 GenBank
OP573228) [23]. Sau d6, thanh phan gen trong
bd gen luc lap cta cdy mu u dugc chu giai béi
chuong trinh Geseq [24]. Céc thanh phan gen
dugc kiém tra lai bang chuong trinh Geneious
Prime v2023.2.

IV. KET QUA VA THAO LUAN

Két qua dién di cho thAy miu ADN c6 bing
ro trén gel agarose, khong cé vét kéo dai va kich
thu6c 16n hon 10 kb (Hinh 1(B)). Ngoai ra, két
qua do ndng do cho thdy miu ADN c6 nong dd 1a
253 ng/uL va du tiéu chudn d€ st dung cho qua
trinh gidi trinh ty. Két qua giai trinh tu cho thiy
tdng cong c6 3.444.342 trinh tu véi kich thude
151 bp dudgc tao ra. Qua trinh kiém tra chét lugng
cho thily céc trinh tu déu dat chit lugng (Q-score
> 20; khong c6 chua ki ty N va kich thuéc 16n
hon 100 bp). Do dé, céc trinh tu dugc st dung dé
1ap rap trinh tu bo gen luc lap ctia cdy mu u. Két
qua ldp rap cho thiy c6 mét trinh tv ADN hoan
chinh véi céu tric tron va kich thuée 161.169 bp.
Bo6 gen niy c6 bbén viing bao gdm mdt trinh tu
don 16n (kich thudc 84.049 bp), mdt trinh ty don
nho (kich thuée 17.430 bp) va hai trinh tu 1dp dédo
véi kich thudc 27.345 bp cho mdi ving (Hinh 2).
Thanh phan GC cla bd gen nay 1a 36,4%. Trong
d6, thanh phan GC cta trinh ty don 16n, trinh tu
don nhd, va trinh ty 1ip dao lan lugt 1a 33,9%,
30,6% va 42,2%.

Ladder

Hinh 1: (A) Hinh anh cdy mu u dugc chon thu
nhin miu, (B) Két qua dién di DNA tdng sb da
tinh sach trén gel agarose, Ladder (Bioline, 1kb)

Két qua chi giai thanh phan gen cho thiy c6
79 gen ma hoéa protein, 30 gen ma héa ARN
van chuyén va bén gen ma héa ARN ribosome
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Hinh 2: B4n dd bd gen luc lap ctia cdy mu u

Ghi chu: Cdc mau khdc nhau thé hién cdc
nhom gen — LSC: Vung trinh tw don lon; SSC:
Viing trinh ty don nhd, IRA
va IRB: Ving trinh tu ldp.

(Bang 1). Trong s céc gen c6 17 gen mang intron
bao gdm trnA-UGC, trnG-UCC, trnl-GAU, trnK-
UUU, trnV-UAC, pafl, petB, petD, atpF, ndhA,
ndhB, clpP, rpl2, rpll6 va rpoCl. Ngoai ra,
cdc gen c6 hai ban sao do nim trong ving
trinh tu ldp dao bao gSm rrn4.5, rrnS, rrnl6,
rrn23, trnG-GCC, trnl-CAU, trnl-GAU, trnL-
CAA, trnN-GUU, trnR-ACG, trnV-GAC, ndhB,
rpl2, rpl23, ycfl, yef2, rps7 va rpsl2.

Bo gen luc lap ctia cAy mu u phan bd & Viét
Nam da dugc giai trinh ty hoan chinh so véi cong
bd mot phan trinh tu clia cAy mu u phan bd tai
Indonesia [22]. Trinh ty bd gen luc lap hoan chinh
clia cdy mu u da cho thiy su tuong dong vé ciu
triic bon viing, s6 lugng va thanh phan c4c gen ma
héa (79 gen ma hoa protein, 4 gen ma héa rRNA
va 30 gen ma hoa rRNA) khi so sanh véi cac loai
khéc trong chi Calophyllum va ho Calophyllaceae
[25, 26]. Két qua nay cho thiy y nghia quan trong
cua trinh tu bd gen luc lap hoan chinh trong cac
nghién ctiu so sanh tién héa giita cac loai trong
chi Calophyllum va trong ho Calophyllaceae.

Céac phuong phap va ki thuét sinh hoc phéan ti
trong nhiing nim gan day cung cip cdc thong tin
trong cong tic gibng va phat trién nong nghiép
bao gém thong tin vé cac loai cdy trong va trinh
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Bang 1: Thanh phan cic nhém gen
trong hé gen luc lap cdy mu u

Nhém gen

Tén gen

ARN ribosome

nd. 32, rrnd(2x), rrnlo(2x), rn23(2x)

ARN van chu}’én

nAd-UGC, tmA-UGC*  tnC-GCA,
nD-GUC, tmE-UUC, rnF-GAA, trmfM-
CAU, mG-GCC (2x), trnG-UCC*, trnl-
GUG, tral-CAU (2x), tml-GAU* (2x),
trnK-UUU*, trnL-AUU*, trnL-CAA (2x),
nl-UAG, tmM-CAU, oaN-GUU (2x),
mP-UGG, trnQ-UUG, trnR-ACG (2x),
tmR-UCU, trnS-GCU, nS-GG4, trnS-
UGA, tmT-GGU, trnT-UGU, trnV-GAC
(2x), trnV-UAC*=, trnW-CCA, trn¥-GUA

Hé théng quang I

psad, psaB, psaC, psal, psal, pafl* pafll

Hé théng quang II

psbd, psbB, psbC, psbD, psbE, psbF,
psbH, psbl, pshJ, psbK, psbL, psbM
psbZ, pbfl, psbT, psbZ

Cytochrome

petd, petB* petD* petG, petl, petN

Enzyme ATP synthases

atpA, atpB, atpE, atpF*, atpH, atpl

Enzyme Rubisco rbcl
Enzyme NADH ndhd* ndhB(2x)* ndhC, ndhD, ndhE,
dehydrogenase ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK

Enzyme ATP-dependent
protease subunit P

clpP*

Protein mang

cemd

BPon vi 16n cua ribosome

rpi2(2x) % rplld, rpll6* rpl20, rpi22,
rpl23¢(2x), ¥pi32, ¥pi33, rpi36

Pon vi nho cua ribosome

rps3,  rpsd,  rps7(2x), rps8, rpsil,
rpsl2(2x)* rpsld, rpsls, rpsl6™ psiS,
rpsl9(2x)

Enzyme RNA polymerase

rpod, rpeB, rpoCi* rpoC2

Yéu td khéd ddu

infd

Cic loai protein khac

aceD, cesA, matk

Ving mi héa tiém ning

vefl (2x), yef2(2x)

Ghi chu: *: gen co intron;2x: gen thudc
vung trinh ty ldp ddo.

tu bd gen hoan chinh cda thuc vat, 1a nén tang co
s& dit liéu quan trong va chién lugc trong cong tic
nhan gidng ciy trong [27-29]. Thong tin dif liéu
ngudn gen dang din dén mot cudc cich mang
méi trong nhan giéng cdy trong, vi chiing tao
diéu kién thuan 1gi cho viéc nghién ctiu kiéu gen
va mdi quan hé ctia né véi kiéu hinh, dic biét 1a
ddi véi céac tinh trang phic tap [30].

Cong nghé giai trinh tu thé hé méi cho phép
gidi trinh tu hang loat bd gen va cung cip mot
lugng 16n thong tin vé bd gen [31]. Viéc phan
tich dit liéu trong cdng nghé gidi trinh tu thé hé
mdéi bang cac phuong phap phat trién tin sinh
hoc cho phép kham phd cac gen mdi va trinh tu
diéu hoa ciing nhu vi tri clia chiing, dong thai hd
trg phat trién cic diu phan tif cho cic gibng cay
trong. Viéc sap xép lai trinh ty bd gen rét hitu ich
cho viéc kham pha cdc diu hiéu trén toan bo bo
gen c6 thé tuan theo cdc nén tang kiéu gen thong
lugng cao, nhu SSR va SNP, hodc xdy dung ban
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dd di truyén mat do cao. Tat ci cdc cong cu va
ngudn luc nay tao diéu kién thuin 1gi cho viéc
nghién ctu tinh da dang di truyén, diéu nay rat
quan trong dbi v6i viéc quan li, ning cao va si
dung ngudn gen gidng ciy trong. Nhiing tién bo
trong linh vuc gen hoc dang cung cip cho céic
nha tao giébng nhiing cong cu va phuong phap
méi cho phép dat dudc bude tién vudt bac trong
nhin gidng cdy trong, bao gom ca ‘siéu thuin
héa’ cdy trong ciing nhu phan tich di truyén va
nhan gidng cédc tinh trang phifc tap. Mot nghién
clfu trudc day vé bo gen luc lap cta ho Bia da
cho thly mot s6 bién d6i nhu ddo doan, mit viing
intron clia gen va cdc mbi lién hé phat sinh xay
dung ti cac vung gen ma hda protein cua luc
lap [25]. La mot thanh vién ctia ho Bua, cdy mu
u tuy khong phai 1a cidy néng nghiép hay cong
nghiép quan trong nhung gia tri dugc li€u ma cay
mu u mang lai rat hitu ich [8]. Do d6, cic tng
dung ctia hé gen luc lap vé lai tao va chon gidng
khong thé ap dung & thoi diém hién tai cho cay
mu u. Tuy nhién, cic nghién ciiu vé da dang di
truyén, tién héa thich nghi va phat trién chi thi
phéan ti dinh danh cho cdy mu u dua trén hé gen
luc lap c6 thé thuc hién dudc.

V. KETLUAN

Trong nghién ctu nay, bo gen luc lap cda ciy
mu u phan b tai tinh Tra Vinh da dugc gidi trinh
tu thanh cong va dugc mo ta chi tiét vé cu triic
va thanh phan gen. Cac thong tin nay rét can thiét
dé thuc hién cac nghién ciu tiép theo vé da dang
di truyén ctia cdy mi u phan bd & Viét Nam. Bén
canh d6, cic nghién ciu tiép theo vé so sanh bo
gen luc lap sé cung cip thong tin hitu ich vé qua
trinh tién héa va thich nghi ctia cdy mu u véi céac
loai than thudc trong ho Bua.

LOI CAM ON

Két qua nghién ctiu dugc tai trg bdi Trudng
Pai hoc Tra Vinh thong qua Hop dong sb
150/2023/HD.HDKH&DT-DHTYV.
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