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Hoya verticillata var. verticillata is a valuable ornamental and medicinal plant
containing many biologically active substances. In traditional medicine, H.
verticillata var verticillate has been used as a galactagogue to treat wounds and
broken bones. H. verticillata var verticillata has a similar morphology to some
species of the Hoya genus, so it is difficult to identify. When the roots, stems,
and leaves have changed shape or are in powder form due to mechanical
impact, it is even more difficult to distinguish. This study aims to identify
DNA markers to support the identification of H. verticillata var verticillata
species. Using molecular evolutionary analysis methods, based on the
sequence of the space region of the chloroplast genome with high nucleotide
diversity, the phylogenetic tree showing the genetic relationship between H.
verticillata var verticillata and species of the Hoya genus was established.
Analysis based on the psbZ-rpsl4 sequence showed that H. verticilata var
verticillata was distributed in the same group as Hoya carnosa (NC_045868.1)
and Hoya meliflua (NC_069571.1), but the bootstrap coefficients were low
(76% and 51%, respectively). For the rbcL-accD sequence, H. verticilata var
verticillata was very closely related to Hoya carnosa (NC_045868.1) and
Hoya ovalifolia (NC_069563.1) with bootstrap coefficients of 96% and 94%,
respectively. The rbcL-accD marker in the chloroplast genome is a potential
DNA barcode candidate to aid in distinguishing H. verticilata var verticillata
from other species in the Hoya genus.
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Lan tai cao (Hoya verticillata var. verticillata) la cdy hoa canh va cay dugc liéu
quy, chtra nhidu duoc chit cd hoat tinh sinh hoc. Trong y hoc truyén thong, Lan tai
c&o duoc sir dung 1am thudc loi sita, chira tri vét thuong, gdy xuong. Lan tai cio
¢6 hinh thai tuong tyr mot sb loai thude chi Hoya, nén khé nhan dién. Khi ré, than,
14 thay d6i hinh dang hoac & dang bét do tac dong co hoc lai cang khé phéan biét.
Muc tiéu ciia nghién ciru nay 1a x4c dinh chi thi DNA dé hd tro dinh danh loai Lan
tai c40. Sir dung phuong phap phan tich tién hoa phan tir, dya trén trinh ty vang
dém cua hé gene luc lap c6 gia tri da dang nucleotide cao, cay phat sinh chung loai
thé hién méi quan hé di truyén gitra Lan tai cao véi céc loai thuoc chi Hoya da
duoc thiét 1ap. Phan tich dya trén trinh ty pshZ-rps14 cho thiy Lan tai c4o phan bd
cting nhom véi Hoya carnosa (NC_045868.1) va Hoya meliflua (NC_069571.1),
nhung hé s6 bootstrap thap (76% va 51%. Ddi vai trinh tu rbcL-accD, Lan tai cdo
c6 quan hé rit gin véi Hoya carnosa (NC_045868.1) va Hoya ovalifolia
(NC_069563.1) véi hé sb bootstrap lan luot 1a 96% va 94%. Chi thi rbcL-accD
trong hé gene lyc lap la tng cir vién ma vach DNA tiém ning hd trg phan biét loai
Lan tai cdo (H. verticilata var verticillata) véi cac loai khéac trong chi Hoya.
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1. Giéi thiéu

Nghién ctu phat sinh ching loai dya trén phan tich hé gene nhan cung cap cac mol quan hé
duoc giai quyét tét giira cac ho va bo thuc vat hat kin, cung cap nhitng hiéu biét sdu sic vé qua
trinh tién hoa va da dang hoa cua ching [1]. Cac gene nhan tién hoa nhanh hon cac gene luc lap,
va gene ty thé [2]. Tuy nhién, h¢ gene nhan chira mot lugng I6n cac ving khéng ma héa, cac
trinh ty lap di 1ap lai va céc intron, khién n6 phtic tap hon cac hé gene ty thé va hé gene luc lap.
Kich thudc cia hé gene nhan rat khac nhau giita cac loai, trong d6 mot s6 hé gene thyc vat va
dong vat dic biét 1on. Céc sinh vat ludng boi ¢ hai bo nhiém sic thé, dan dén di hop tir, trong d6
hai alen khac nhau ton tai & mot locus. Diéu nay tao thém mot 16p phuc tap khac cho viéc lap rap
va phan tich bo gene. Cac sinh vat da boi (c6 nhiéu hon hai bo nhidm sac thé) con dit ra nhiing
thach thirc 16n hon do c6 nhiéu ban sao caa mdi gene. Vi vay, viéc tich hop ca phuong phap tiép
can dua trén luc lap va DNA nhan c6 thé mang lai sy hiéu biét toan dién hon vé phan loai thyuc
vat va lich st tién hoa [3].

Nghién ctiu hé gene luc lap cho thay, trinh ty DNA luc lap (chloroplast DNA-cpDNA) 1a cong
cu ¢ gia trj dé nghién ctru phét sinh loai thuc vat va xac dinh loai. Cac ving khdng ma héa cua
DNA lyc lap, chang han nhu intron va cac ving dém giira céc thé hé, tién hoa nhanh hon cac
ving ma hoa nhu rbcL, khién chiing phu hop hon dé giai quyét méi quan hé giita cac don vi phan
loai c6 lién quan chat ch& [4]. Gene matK da cho thay tiém ning phén tich phat sinh loai trén cp
d6 ho, véi ving 3' cua né dac biét mang lai nhiéu thong tin [5]. Céc chi thi DNA luc lap c6 do
bién thién cao, bao gom ycf1?, trnK, rpl32-trnL va trnH-psbA, di duoc xac dinh 1a ang cir vién
tiém nang cho cac nghién ctru phan loai cip do thap va ma vach DNA [6]. Nhirng tién b gan day
trong ky thuat gidi trinh tw DNA da cho phép so sanh toan b hé gene, gop phan to 16n vao su
hiéu biét vé méi quan hé tién hoa thuc vat [7]. Nhimg phuong phap tiép can phan tir nay bo sung
cho cac phuong phap hinh thai va hoa thach truyén thong, mang lai cai nhin chinh xac va toan
dién hon vé phét sinh chung loai thuc vat.

Cay Lan tai cao (Hoya verticillata var. verticillata) 12 mét loai cdy biéu sinh, vira la cay hoa
canh vira Ia céy thudc quy. Trong tu nhién, loai nay phan bd ¢ ving nii dé, song bo trén da hoac
leo trén than cay g6 [8]. Tai tinh Thai Nguyén, loai nay dugc tim thiy & ving nai da cua cac
huyén mién ndi trong tinh, cha yéu ¢ cac huyén V4 Nhai, Dong Hy, Pha Luong, Dinh Hoa. Tai
khu vyc Hang Trai, huyén Bong Hy, loai thuc vat nay phat trién rat tét, c6 thé thu thap duoc cac
mau vé than, rg, 14, hoa, qua, hat dé dang (Hinh .

Hinh 1. Cay Hoya verticillata var verticillata moc trong méi truong tw nhién tai khu viec Hang Trai, xa8
Tan Long, huyén Pong Hy, tinh Thai Nguyén, Viét Nam. A, B: Cay H. verticillata var verticillata leo trén
cay go; C: Cay H. verticillata var verticillata trén véch da; D: Hoa H. verticillata var verticillata; E: Qua

H. verticillata var verticillata (Anh chup cia nhém tac gia)
Lan tai cdo (H. verticillata var verticillata) cé hinh thai tuong tu cc loai khac thugc chi Hoya
va ho Apocynaceae, nén rat kho d& phan biét véi cac lodi khéc trong chi Hoya, trong ho
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Apocynaceae néu chi dua trén co so 1a hinh thai, giai phiu. Ngoai ra, néu Lan tai c4o bi bién
dang hoac & dang bét thi viéc xac dinh s& khéng kha thi.

Céc nghién cau gan day da kham pha viéc sir dung trinh ty hé gene luc lap dé phan biét cac
loai trong chi Hoya. Hai chi thi rbcL va matK duoc sir dung trong phén tich sy phét sinh loai cho
thiy matK cung cap d6 phan giai tt hon rbcL [9]. Trong hé gene luc lap hoan chinh ciia Hoya c6
vung sao chép don nho (SSC) giam, con cac doan dao nguoc (IR) lai mo rong [10], [11] va mot
s6 mé vach DNA tiém ning da duoc xac dinh nhu trnT-trnL-trnF, psbA-trnH va ycfl [10]. Nhiing
ving DNA c6 gié tri da dang nucleotide cao ton tai & ving sao chép 16n (LSC), SSC va IR dugc
st dung trong phan tich tién hoa phén tir. Cac nghién ctru v& su phét sinh loai sir dung cac ving
DNA Iluc lap nay khdng nhitng 1am rd méi quan hé tién hoa gitra cac loai trong chi Hoya ma con
dé xuat tng vién ma vach tiém ning hd trg dinh danh loai [11]-[13]. Trong nghién ctru trudc, bon
vung dém lién gene (trnK-rps16, rps16-trnQ, psbl-atpA, ndhC-trnV) da dugc st dung lam dir liéu
dé phan tich su phét sinh chiing loai, két qua cho thdy Lan tai c4o c6 quan hé ho hang rat gan va
phan bb trong cting nhém véi Hoya carnosa véi hé sb Bootstrap la 99-100% [13]. Trong nghién
ciru nay, hai ving dém psbZ-rpsl4 va rbcL-accD nam trong vung LSC c6 gia tri da dang
nucleotide cao (Hinh 2) dugc st dung trong phan tich tién hoa phan tr nhim tim kiém tng vién
ma vach DNA tiém nang hd tro phan biét loai Lan tai c4o véi cac loai khac nhau trong chi Hoya.
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Hinh 2. Trinh tw viing dém psbZ-rpsl4 va rbcL-accD cua hé generluc lgp Lan tai cao c6 gia trj da dang
nucleotide cao sir dung trong phan tich tien hoa phan ti

2. Phuong phap nghién ciru

D@ liéu hé gene luc lap cua loai Lan tai cao (H. verticillata var verticillata) luu gitr trén
GenBank mang ma s6 OR475244 [14]. Trinh tu nucleotide ctia hai ving dém psbZ-rps14 va
rbcL-accD cua phan tir cpDNA dugc nhan dién va tai tir dir liéu hé gene luc lap cua Lan tai cao
trén GenBank.

Str dung BLAST d¢é phan tich sy twong dong dbi véi mdi trinh ty ving dém ctia H. verticilata
var verticillata voi cac loai khac trén GenBank. Chon cac trinh ty c6 tong diém va do che phu
cao lam dir liéu cho phan tich phat sinh chung loai.

Phan tich sy phét sinh chung loai dya trén trinh ty ving dém psbZ-rps14 va rbcL-aceD bang
MEGAL1 [15], theo phuong phap Maximum Likelihood (ML) va md hinh Tamura-Nei [16], véi
hé s bootstrap duoc suy ra tir 1000 lan lap lai [17].

3. Két qua va thao luan
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3.1. Trinh tw viing dém psbZ-rps14 va rbcL-accD

Trong hé gene lyc lap cua loai Lan tai cdo (H. verticilata var verticillata), gene psbZ thugc
nhom gene ma héa tiéu don vi protein thuoc photosystem 11, con rpsl4 1a gene ma hoa protein
tiéu don vi nho va trinh tu giita hai gene nay duoc goi la vung dém psbZ-rps14. Gene rbcl ma
hoa tiéu don vi protein rubisco lién quan dén quang hop, gene accD m4 hoa tiéu don vi enzyme
Acetyl-CoA-carboxylase, tham gia tong hop acid béo va rbcL-accD 1a ving dém giita hai gene
nay. Trinh tu nucleotide cia hai ving dém duoc tai tir trinh tu cpDNA trén GenBank (ma s6
OR475244), trong d6 psbZ-rps14 ¢6 kich thudce 885 bp, con rbeL-aceD la 907 bp (Bang 1).

Bang 1. Trinh ty nucleotide cia viing dém psbZ-rps14 va rbcL-accD trong phan tiz cpDNA luc lgp cua H.

verticilata var verticillata ¢di tir GenBank

Pic diém Vung dém psbZ-rpsl4 Vung dém rbclL-accD
S6 luong 885 bp 907 bp
nucleotide
Trinh ty ACCTATCGTCCCAGATCCAAAACCGAAAG TTACTTTTTGTTATCTTAGTTGAATTGTAA
nucleotide GACCCCCCGAATTTTTCTCGGTTGTAAGA  TTAAACTCGGCCCAATCTTTTCCTAAAAGG

CACATTAGAATTTAATATAAGTCCCCCAA
AGAGAATAGAAAATGCAAATAAAGAAAAC
AAAAAATTTGAGGGGGGTCAAACTTCTTC
CAAACTTATTAAAAAAATACAATTAATAT
TTATAATATTTAATAAAATAAAAATAATT
GGAATCGAGTCGAGGAGAGTCTTTGGTCT
GGGACTGCACAAAAATGATCGAGGTGTAT
ATTTATATATGAGGTATAGAGGTTTATAT
TTATATATAAATTTTATATATAAATAAAT
ATATTAATATTGTGTGGACATATTATGTA
TCAAGAACGAAAAAAAGCGGATATGGTTG
AATGGTAAAATTTCTCTTTGCCAAGGAGA
AGATGTGGGTTCGATTCCCGCTATCCGCC
CACGATAAAATTTATTATTAAATATAAAA
AAATATTAAATAAAATTAGGTTAGGTTTT
ATTAAATATAATTTGGTATAGTTGTCTGT
GATCGTGTAGTCATTCTATCCCCCCTCTT
TTTCCCTTTCCTATAGCCTCCCCCAAAGT
GGTAATTAATTACTAGTTAACTTAACAAA
GTAAAATCTAAAATTTTTTGACAAACAAG
ATGTTGCGGAGACGGGATTTGAACCCGTG
ACCTCAAGGTTATGAGCCTTGCGAGCTAC
CAAACTGCTCTACTCCGCGATGAAGAGAA
GAACTGAAAACTAATAGATAACCAGGGGT
TGAGTTCGCCCCTCTACCATATCTGTACA
AATAGGATAGCCCATTTATACAGAATGGT
AAAGGGTTATACAGAATGGCAAGGGGGAC
CTCTACGATCACCGACCCTAGAATAGAAA
TCTAGAGTTAATCC

ATTGAGCCGAATACAAAGATTCTTTTTTTT
TTTTTATTTAATTATTTTTAAAGTATTTAA
TATTAATACATACTTATATAGATATAAGAT
TTGAAATAAAAAAAAAATCAAAAAAATCTA
AGGCTCAAATCTTTCTATTGTTGTCTTGGA
CCTACAATTAATCTACGGATCCTTGGGATT
GGGCTATTCTTTTATATCCTGCAGTTTTCC
TGAATCAAGCCAAGTATCACAATTCTTTCT
ATCCATCCCGTATATTGTCCTTTTCTTTCC
ATATTGGTGAAATAGAACCTGAAATTTTTA
CGTTCTTGGGCGAAATTTTACGAAAAAAAG
GATTTATAAAATATTTTTTTTCGATGCGAA
TTTGATACGACATAAGAAAAGGCGCTCTTT
ATCATTGTATTTATAATGACAAGAGATTCC
CTGATATCATATTAATATATTGACAATATT
CAAAAAAAAATGTATAAAAAAAATGACAAG
GGATTCTCTGATATCATATTAATATATTGA
CATTATTCAAAAAATAATGTATAATGTATA
AAAACAATGACAAGAGATTCCCTGATATGA
TATATATATATAGTGTATAGTCATATATAT
CGTATAGTGAAGTATTACTCCGGATTTTCA
AAAAAAGAGCATTTTTTTCAATAATCACAC
CTAATACCTTCTTATTGTTTCTTATTGGTT
AACTTATTAGTTAATAAAAAATGCTAGCGA
TTGGTTTAGTCTAATAGGAAAGAAGATATT
CAAATAAATAATTTTTGATCGAATGACTAT
TCATCTATTGTTTTTATATTTTCTTACAAA
ACAAAAAAACAAAAAAAAGGGGGACAAAAT
AACTCT

3.2. Thiét lap cay phat sinh chaing logi dwa trén viing dém psbZ-rps14

Trinh ty ving dém pshbZ-rps14 trong hé gene luc lap cua loai Lan tai cao (H. verticilata var
verticillata) duoc sir dung trong phan tich BLAST tryc tuyén trén NCBI da thu dwoc 100 trinh ty,
trong d6 ¢ 33 trinh tw duoc lya chon dé phan tich su phat sinh ching loai véi tong s6 diém tir
1282 - 1663 (ddi véi nhém Hoya) va tir 1062 - 1304 (nhém ngoai Hoya), d6 che phi 1a 100%. Do
tuong dong 93,72 - 100% (Nhém Hoya) va 89,48 - 94% (nhém ngoai Hoya) (Bang 2).
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Bang 2. Danh s&ch trinh tw psbZ-rps14 tir GenBank diroc Stk dung trong phan tich sy phat sinh chung logi

s M4 trén 2z D) che phit  H@ s twong
TT Tén loai GeneBank Tong diem (%) ddng (%)
1 Hoya verticillata NC_085236.1 1663 100 100
2  Hoya carnosa NC_045868.1 1633 100 100
3 Hoyalyi MW?719055.1 1493 100 97,51
4 Hoya kerrii NC_069570.1 1482 100 97,08
5 Hoya ariadna NC_069568.1 1472 100 96,96
6  Hoya monetteae MW?719053.1 1452 100 96,83
7 Hoya thomsonii NC_067612.1 1454 100 96,72
8  Hoya ovalifolia NC_069563.1 1452 100 96,83
9  Hoya meliflua NC_069571.1 1447 100 96,82
10 Hoya silvatica NC_067963.1 1441 100 96,61
11  Hoya pottsii NC_042246.1 1441 100 96,61
12 Hoya angustifolia NC_069566.1 1441 100 96,61
13 Hoya megalaster MW719063.1 1432 100 96,27
14  Hoya lacunosa NC_069564.1 1430 100 96,38
15 Hoya dimorpha NC_067959.1 1428 100 95,97
16 Hoya lithophytica MW?719058.1 1426 100 96,27
17 Hoya commutata NC_067958.1 1423 100 96,27
18 Hoya caudata NC_069569.1 1421 100 96,05
19 Hoya radicalis NC_067961.1 1417 100 95,86
20  Hoya omlorii MW?719060.1 1413 100 96,04
21 Hoyarigida NC_067962.1 1393 100 95,33
22 Hoya liangii NC_042245.1 1391 100 95,70
23 Hoya pubicalyx NC_069561.1 1371 100 95,36
24 Hoya longifolia NC_069560.1 1365 100 95,25
25  Hoya griffithii NC_069565.1 1365 100 95,25
26  Hoya ignorata MW?719061 1360 100 95,14
27 Hoya lanceolata NC_067960.1 1282 98 93,72
28  Leichhardtia flavescens MW?719052.1 1304 100 94,00
29  Marsdenia tinctoria NC_079597.1 1286 100 92,86
30  Gymnema yunnanense NC_079598.1 1184 100 91,86
31  Stephanotis volubilis OP133576.1 1147 100 90,95
32 Lygisma inflexum NC_079596.1 1118 100 90,61
33 Vincetoxicum shaanxiense NC 046785.1 1062 100 89,48

Cay phat sinh chung loai duoc thiét 1ap dua trén 33 trinh ty ving dém psbZ-rps14 cho thay 27
loai thudc chi Hoya c6 quan hé rat gan véi 6 loai thudc cac chi khac (nhém ngoai) nhu
Leichhardtia, Marsdenia, Vincetoxicum, Lygisma, Gymnema, Stephanotis, hé sé bootstrap la
93%. Trong nhém Hoya, loai Lan tai cdo phan b cung nhém vai lodi Hoya carnosa (ma sé
NC_045868.1), hé sé bootstrap 1a 76%, vai loai Hoya meliflua (NC_069571.1), hé s6 boostrap la
51% (Hinh 3).

3.3. Thiét Igp cay phét sinh chaing logi dewa trén viing dém rbcl-accD

Str dung BLAST phan tich twong dong gitta vang dém rbcL-accD trong hé gene luc lap cua
loai Lan tai céo (H. verticilata var verticillata) véi cac trinh tu trén GenBank két qua da thu duoc
100 trinh ty, trong d6 c6 34 trinh tu duoc lya chon dé phén tich sy phat sinh chung loai véi tong
diém 1a 1274 - 1818 (nhém Hoya) va 716 - 1092 (nhém ngoai Hoya), do che phu 1a 98 - 100%
(nhém Hoya) va 77 - 82% (Bang 3). Cay phat sinh chung loai dwoc thiét lap dya trén 34 trinh ty
vung dém psbZ-rpsl4 cho thdy 26 loai thudc chi Hoya c6 quan hé gan vai 8 loai thudc céc chi
khac (nhém ngoai) nhu Leichhardtia, Marsdenia, Vincetoxicum, Lygisma, Gymnema,
Stephanotis, Dregea, Synanchum v&i hé sb bootstrap 1a 77%. Trong nhém Hoya, loai Lan tai c4o
c6 quan hé rit gan voéi loai Hoya carnosa (ma sé6 NC_045868.1), hé sé bootstrap 1a 96%, vai loai
Hoya ovalifolia (NC_069563.1), hé s6 bootstrap la 94% (Hinh 4).
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Stephanotis volubilis OP133576.1
Gymnema yunnanense NC 079598, 1
L ygisma inflexum NC 079586. 1
Vincetoxicum shaanxiense NC 046785.1
Marsdenia tinctoria NC 079597.1
Leichhardtia flavescens MW719052.1
Hoya lithophytica MW7 18058.1

Hoya ariadna NC 069568. 1

Hoya lanceolata NC 06 7960.1

Hoya dimorpha NC 067859.1

Hoya omlorii MW 719060.1

Hoya megalaster MW719063.1

Hoya ignorata MW7 190611
Hoya rigida NC 0679621
Hoya thomsonii NC 0676121
Hoya radicalis NC 06 7961.1
Hoya longifolia NC 069560.1
Hoya griffithii NC 069565. 1
Hoya liangii NG 0422451
Hoya kerrii NC 069570. 1
Hoya lyi MW7 19055.1

Hoya ovalifolia NG 069563.1
Hoya meliflua NC 06957 1.1

® Hoya verticiflala OR475244. 1
Hoya carnosa NC 045868.1
Hoya pubicalyx NG 0695611
Hoya monetteae MW719053.1

Hoya co. lata NC 067958.1
Hoya silvatica NC 067963.1
Hoya potlsii NC 042246.1
Hoya angustifolia NC 069566.1
—— Hoya lacunosa NC 069564.1

76 —— Hoya caudata NC 0695691

]

Nhém
ngoai

Hoya
|

Apocynaceae

Hinh 2. So do cay phat sinh chung logi dua trén trinh ti viing dém psbZ-rps14. Timg nhanh cia so do cay
thé hi¢n tén loai va ma so cua trinh tw viing dém psbZ-rpsl4trén GenBanK.
(https://www.ncbi.nlm.nih.gov/nuccore) [18]. CAc so Canh cdc nhanh trong so dé cay la hé so bootstrap

véi 1000 lan lgp lgi

Bang 3. Danh sach trinh tw rbcL-accD tir GenBank diroc sir dung trong phan tich si phat sinh chung loai

A roas Ma trén Téng D§ che phi Hé s6 twong
T Ten loai GeneBank diém (%) ddng (%)

1. Hoya verticilata NC_085236.1 1671 100 100

2. Hoya monetteae MW?719053.1 1658 100 97,28
3. Hoya lyi MW719055.1 1643 100 96,96
4. Hoya carnosa OK_539590.1 1640 100 99,23
5. Hoya omlorii MW?719060.1 1586 100 92,63
6. Hoya ovalifolia NC_069563.1 1583 100 98,04
7. Hoya radicalis NC_067961.1 1573 100 96,13
8. Hoya rigida NC_067962.1 1573 100 96,10
9. Hoya pubicalyx NC_069561.1 1555 100 95,53
10. Hoya griffithii NC_069565.1 1551 100 95,71
11. Hoya longifolia NC_069560.1 1551 100 95,71
12. Hoya liangii OL_826865.1 1522 100 95,01
13. Hoya kerrii NC_069570.1 1518 100 95,19
14. Hoya dimorpha NC_067959.1 1514 100 93,85
15. Hoya meliflua NC_069571.1 1513 100 96,65
16. Hoya angustifolia NC_069566.1 1501 100 95,16
17. Hoya silvatica NC_067963.1 1501 100 95,16
18. Hoya pottsii OL_754664.1 1501 100 95,16
19. Hoya lithophytica MW719058.1 1496 100 92,25
20. Hoya caudata NC_069569.1 1472 100 95,86
21. Hoya lacunosa NC_069564.1 1344 100 92,86
22. Hoya exilis MW?719054.1 1274 100 90,09
23. Hoya pandurata NC_069562.1 1453 99 97,74
24, Hoya commutata NC_067958.1 1353 99 94,36
25. Hoya ariadna NC_069568.1 1343 98 93,60
26. Hoya megalaster MW?719063.1 1818 98 92,75
27. Leichhardtia flavescens MW?719052.1 1091 85 91,83
28. Lygisma inflexum NC_079596.1 1036 82 94,04
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https://www.ncbi.nlm.nih.gov/nucleotide/MW719052.1?report=genbank&log$=nucltop&blast_rank=56&RID=YY1FVBBG013
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A s M3 trén Téong Do chephi  HE so twong
T Tén loai GeneBank diém (%) dbng (%)
29. Stephanotis volubilis OP133576.1 995 82 92,94
30. Dregea sinensis var. corrugata OP133575.1 979 82 91,94
31. Marsdenia tinctoria NC_079597.1 907 78 90,24
32. Vincetoxicum shaanxiense NC_046785.1 891 82 90,36
33. Gymnema yunnanense NC_079598.1 879 78 90,15
34. Cynanchum sibiricum 0Q390041.2 716 77 87,38

45 Lygisma inflexum NC 079596. 1
Leichhardtia flavescens MW719052. 1
Gymnema yunnanense NC 073598.1
Dregea sinensis OP133575.1
Stephanotis volubilis OP133576.1
Marsdenia tinctoria NC 0795971
Vincetoxicum shaanxiense NC 046785.1
Cynanchum sibiricum 0Q380041.2
Hoya lithophytica MW713058.1

Hoya omlorii MW713060.1

Hoya ariadna NC 069568.1

Hoya pandurata NC 069562.1

Hoya megalaster MW719063. 1

a8 Hoya dimorpha NC 0679593.1

30 |: Hoya lacunosa NC 069564.1
Hoya caudata NC 069569.1

52 Hoya kerrif NC 069570.1
Hoya commutata NC 067958.1
a4 Hoya poltsii OL754664.1
a8 Hoya silvatica NC 067963.7
3 Hoya angustifolia NC 069566. 1

3
Hoya exilis MW718054.1
Hoya radicalis NC 067961.1

82 Hoya pubicalyx NC 063561.1
25 Hoya lyi MW719055.1
E Hoya monettoae MW 719053.7
Hova melifiua NC 069571.7
42 ” Hoya ovalifolia NC 069563. 1
0q @ Hova verticiltata OR475244.1
96 Hoya carnosa OK539590.1
— Hoya rigida NC 067962, 1
= Hoya liangii OL826865. 1
ﬁ'_,—— Hoya longifolia NC 069560.1
96 —— Hoya grifiithii NC 069565.1 —

Nhém
ngoai

Hoya
Apocynaceae

Hinh 4. So @6 cay phét sinh chuing logi dira trén trinh ty viing dém rbcL-acceD. Ting nhanh cia so do cay
thé hién tén lodi va ma s¢ cua trinh tu viing dém rbcL-accD trén GenBanK.
(https://www.ncbi.nlm.nih.gov/nuccore) [18]. Céc sé canh c&c nhanh trong so dé cay 1a hé sé bootstrap
véi 1000 lan lgp lgi

4. Két luan

Trong nghién ciu ndy, hai viing dém psbZ-rps14 va rbcL-accD cd gid tri da dang nucleotide
cao tir hé gene luc lap cua loai Lan tai cdo mang mé s6 OR475244 trén GenBank duoc sir dung
phan tich tién ho& phan tir va thiét 1ap cly phat sinh chang loai. So d6 cay thiét lap dua trén trinh
ty ving dém psbZ-rpsi4 cho thdy Lan tai céo phan bd cung nhém véi Hoya carnosa
(NC_045868.1), hé s6 bootstrap 1a 76%, vai loai Hoya meliflua (NC_069571.1), hé sé boostrap
1a 51%. Trén so dd cay thiét lap duya trén trinh tu ving dém rbcL-accD, Lan tai céo c6 quan hé rat
gan voi Hoya carnosa (NC_045868.1), hé sb bootstrap 1a 96%, véi lodi Hoya ovalifolia
(NC_069563.1), hé s6 bootstrap 1a 94%. Vung dém rbcL-accD trén LSC cua hé gene luc lap la
mg cir vién mA vach DNA tiém ning hd tro phan biét loai Lan tai céo (H. verticilata var
verticillata) voi cac loai khac trong chi Hoya.
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