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Pyrularia is a small parasitic genus of the Cervantesiaceae with two
to five species exhibiting in a well-known classical intercontinental
disjunct distribution between Eastern Asia and Eastern North
America. The present study was based on comprehensive taxon
sampling of Pyrularia and five DNA regions including three
chloroplasts (matK, rbcL, trnLF) and two nuclear ones ((small subunit
ribosomal DNA (SSU rDNA), large subunit ribosomal DNA (LSU
rDNA)) to clarify the phylogeny and historical biogeography of
Pyrularia. Results of the study supported that Pyrularia in Eastern
Asia (including P. edulis, P. sinensis, P. bullata and P. inermis) may
best be treated as a single species, P. edulis. The genus Pyrularia
includes two speices P. pubera in Eastern North America and P.
edulis in Eastern Asia. Results of molecular dating and historical
biogeography indicated that Pyrularia was originated in Africa and
then dispersed to Asia, and subsequently to North America via the
Bering land bridge, resulting in the current intercontinental Eastern
Asia and Eastern North America distribution of Pyrularia.
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Pyrularia 12 mét chi nho trong ho Cervantesiaceae, bao gom tir hai
dén nam loai va c¢6 sy phan bd khong lién tuc & lién luc dia gitra
Pong A va Pong Bic My. Nghién ctu dya trén viéc ldy mau tdi uu
cho Pyrularia va st dung 5 gen bao gém: 3 gen luc lap (matK, rbcL,
trnLF) va 2 gen nhan (small subunit ribosomal DNA (SSU rDNA),
large subunit ribosomal DNA (LSU rDNA)) nham tién hanh danh gia
mbi quan hé phét sinh cia cdc mau Pyrularia, ciing nhu phan tich
lich st dia ly sinh vat caa chi nay. Két qua cua nghién ctu ung ho dé
Xuit hop nhat tat ca céc loai & Pong A cua Pyrularia bao géom P.
edulis, P. sinensis, P. bullata va P. inermis thanh mot loai duy nhat 1a
P. edulis. Chi Pyrularia bao gém hai loai 12 P. pubera phan b4 &
Poéng Bic My va P. edulis phan bé ¢ Pong A. Ngoai ra, két qua phan
tich vé thoi gian phat sinh, lich s dia Iy sinh vat, sy phan b cua
Pyrularia di dua ra gia thuyét rang, t6 tién cua Pyrularia duoc hinh
thanh & chau Phi, sau d6 da phat tan dén chau A va tiép tuc dén Béc
My théng qua “cau dat” trén bién Bering va hinh thanh nén sy phéan
bé lién luc dia Dong A - Pong Bic My nhu hién nay cua Pyrularia.
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1. Mé dau

Ho Pan huong (Santalaceae) la mot thanh vién 1on trong bo Pan huong (Santalales). Hién
nay, ho Pan huong c6 khoang 44 chi véi 900 loai tap trung phan bé ¢ ving 6n doéi va nhiét doi
trén toan thé gioi [1]-[3]. Mot s6 loai trong ho Pan huong c6 gia tri kinh té, vi du nhu: Santalum
album duoc st dung dé chiét xuat tinh dau trong san xuat nude hoa; cu caa mét s6 loai Arjona
dugc dung 1am thie dn d6i véi nguoi dan & mién Nam Chile [3].

MG4i quan hé phat sinh bén trong ho Pan huong duoc tién hanh nghién ctu boi Le [2], Le va
cong su [3], Der va Nickrent [4], Nickrent va cong su [5], Su va cong su [6]. Nickrent va cong su
[5] dd cong bd mot sap xép phan loai cho bd Pan huong “a revised classification of Santalales”,
trong do6 cac tic gia da thanh 1ap bdn ho méi tir cac thanh vién truéc day cua ho Pan huong la
Amphorogynaceae, Cervantesiaceae, Comandraceae va Nanodeaceae.

Cervantesiaceae dugc Nickrent va cong su thanh Iap véi tam chi, trong d6 bao gom Pyrularia
Michx [5]. Tam [7] ghi nhan 04 loai cho chi Pyrularia, bao gom P. edulis (Wall.) A. DC., P.
sinensis Y.C.Wu., P. inermis S.S.Chien, P. bullata P.C.Tam & Trung Quédc va chau A, va chi 01
loai P. pubera Michx. cho Péng Bic My. Tuy nhién, Xia va Gilbert [8]chi ghi nhan 01 loai P.
edulis cho hé thuc vat Trung Quédc va chau A; va 01 loai P. pubera cho hé thyc vat Bong Bic My.

Lé Chi Toan va cong sy tai xay dung cay phat sinh loai cho ho Ban huong Santalaceae [3].
Két qua cua nghién ctiru ndy chi ra riang mol quan hé phat sinh gitra cac loai trong chi Pyrularia la
chua rd rang, dac biét la viée xac dinh sb lwong loai cua chi nay ¢ chau A. Téac gia cling dé xuét
rang, nghién ctru trong tuong lai bang viéc tap trung ldy mau nhiéu cho chi nay c6 thé gidp l1am
sang to sé lwong loai cua chi nay. Hon nita, mot phan tich chuyén sau vé ngudn gdc phat sinh s&
gilp 1am séang to lich sir tién hoa cua chi Pyrularia trén toan thé giéi. Hon nita, s& lam 13 “con
duong” phan bd dé hinh thanh su phan bé cac loai cua Pyrularia nhu hién nay.

Nghién ctu nay, dua trén su nang cao dang ké vé mau vat nghién ciu cia Pyrularia, nham:
(1) x4c dinh rd sb lwong loai cua Pyrularia trén thé gii dua trén dit liéu phan tir va hinh thai; (2)
tai hién lich sir tién hoa, phan bé cua chi Pyrularia.

2. Vat li¢u, phwong phap nghién ciru
2.1. Vat ligu nghién ciru

Nghién ctiu sir dung 81 loai (106 mau) thuc vat cua Santalales két hop véi 05 gen bao gom:
03 gen luc lap (matK, rbcL, trnLF) va 02 gen nhan (small subunit ribosomal DNA (SSU rDNA),
large subunit ribosomal DNA (LSU rDNA)) cho viéc xay dung dit liéu phan tir. Cac gen va moi
trong nghién ciru nay duoc thiét ké theo cac nghién ciru trude day [2]-[4]. Trong 106 mau nghién
ciu, ¢ 26 mau cua chi Pyrularia, 14 mau cua Opiliaceae, Loranthaceae va Misodendraceae
duoc st dung lam ddi chung.

Chat luong cua céc trinh tu gen duoc kiém tra bang sir dung cong cu BLAST trén Genbank
(NCBI). Viéc sap xép va xtr ly giong hang (alignment) cho khéi dit liéu phan tir duoc tién hanh
trén phan mém Geneious 8.0.5 [9].

2.2. Phan tich xay dung céy phét sinh loai phan ti

Hai phuong phap xay dung cdy phat sinh c6 do tin cay cao va phé bién hién nay 1a maximum
likelihood (ML) va Bayesian inference (BI) déu duoc sir dung dé xay dung cay phat sinh cho ho
Pan huong va chi Pyrularia. Phan tich ML dugc thuc hién s dung chuong trinh RAXML 8.2.10
[10], [11] véi md hinh chay tét nhat 1a GTR + | + G model cho khéi dit liéu phan tir duoc xac
dinh tir phan mém jModelTest 2.1.6 [12]. Chuong trinh dwgc chay truc tuyén tai “Céng thdng tin
CIPRES” thudc dy an nghién ciru phat sinh loai do Quy Khoa hoc ty nhién Hoa Ky tai trg. Chi s6
ung ho (bootstrap) cta phan tich ML duoc thyc hién vai 1000 1an lap lai. Trong khi d6, phuong
phap Bayesian inference duoc tién hanh trong phan mém MrBayses 3.1.2 [13] voi mé hinh chay
tt nhét giéng véi phuong phap ML 1a GTR + I + G model. Thuét todn MCMC (Markov chain
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Monte Carlo) cua phan tich BI duoc cai dit dé chay trong 10.000.000 thé hé va mdi mét cay phat
sinh duoc chon sau 1000 thé h¢ khac nhau. Phan mém Tracer 1.6 [14], s& duoc sir dung dé kiém
tra mac d6 anh huong va chat luong cua cay phéat sinh sau khi phan tich két thic véi tat ca cac
thong s6 can phai 16n hon 200. Trong s6 10.000 cay phét sinh dugc tao ra sau phan tich, 2500 cay
dau tién tuong ung 25% s& duoc loai bo [2], [3], [15]-[17]. Cudi cung, cay phét sinh phi hop
nhat cung véi chi s6 ung ho (posterior probabilities (PP)) dugc xac dinh va duoc doc bing
Figtree 1.4.

3. Két qua va thao luan
3.1. Méi quan h¢ phét sinh va sé lreng loai ciia Pyrularia

Cay phét sinh loai ciia ho Pan huong va Pyrularia dugc trinh bay & Hinh 1, két qua tir phan
tich phat sinh loai ML va BI cho két qua turong dong cao, cac nhanh trén cdy déu nhan duoc su
ung ho tét tir dix liéu phan tur.

Bay ho bao gom Thesiaceae, Comandraceae, Cervantesiaceae, Nanodeaceae, Santalaceae,
Viscaceae, Amphorogynaceae dugc ghi nhan trén cay phat sinh (Hinh 1). Tat ca bay ho trén déu
dugc ghi nhan la don phat sinh (monophyletic) véi chi so ung h¢ cao (ML BS = 100%, PP = 1.0).
Két qua nay 1a phi hop va twong dong cac két qua cua cac nghién ciru trude day nhu [3], [5], [6].

Ho Cervantesiaceae dugc thanh Iap boi Nickrent va cong su [3] véi tam chi 1a Acanthosyris
(ba loai), Cervantesia (bon loai), Jodina (maot loai), Okoubaka (hai loai), Pilgerina (mot loai),
Pyrularia (ba loai, mot loai ¢ Pong Nam Hoa Ky va hai loai & Trung Qubc va chau A),
Scleropyrum (sau loai), Staufferia (mot loai). Két qua phan tich cua ching toi ung ho manh mé
Pyrularia 13 nhom don phat sinh véi hai nhanh phat sinh trong tng véi P. pubera tir Bong Bic
My va Pyrularia tr Pong A. Pyrularia c6 thé duoc phan biét véi cac chi khéc trong
Cervantesiaceae boi dic diém hinh thai dic trung nhu cay bui hodc gd nho cao tir 3 - 5m, 14 béc
som rung, qua hach gia va co6 dia 16m ¢ dinh qua.

Pyrularia dugc ghi nhan bao gom hai dén nam lodi tiy theo cac quan diém sap xép phan loai
[1], [5], [71, [8], [18]. Céc loai cua Pyrularia bao gébm P. pubera loai dac hiru cua hé thuc vat
bong Bic My va mot dén bdn loai dic hiru cua hé thue vat Dong A [1], [5], [7], [8].

Két qua phan tich dir lieu phan tir cia chiing toi tng ho loai P. pubera tir Bong Bic My c6
quan hé rat gan giii va nam trén mot nhanh khac biét rd rang so véi cac miu cua Pong A (Hinh
1). Loai P. pubera c6 su khac biét so v6i ddi tac cua né & Pong A nhu ciy bui nho hon 3 m (so
V6i cdy thuong cao hon 3 m) [1], [8], phién 14 hep hon nhung dai hon, qua nhé va ngén hon so
v6i qua cua cac thanh vién ¢ Dong A, ca hai mat cua 1a c6 16ng khi truong thanh (so véi chi co
mat dudi ¢6 16ng va mat trén nhin o cac loai Dong A).

Trong khi d6 cac mau caa Pong A bao gdm bén loai P. edulis, P. sinensis, P. inermis va P.
bullata nam trén hai nhanh con lai trong Pyrularia. Tuy nhién két qua bat ngo va tha vi nhat do 1a
ca bon loai trén déu khong dwoc ung ho 1a don phat sinh va chiing nam 1an vao nhau (Hinh 1).
Céc phan tich ddc diém hinh thai cua ca bdn loai trén chi ra rang ching rat gidng nhau va chi ton
tai mot s6 it ddc diém khac biét nhu P. bullata va P. inermis duong nhu 1a mot vi: (1) ca hai loai
nam trén nhanh khéc nhau va déu khong phai 1a phat sinh don nganh; (2) trinh tu gen cua ca hai
loai la rat glong nhau; (3) cac dic diém hinh thai c6 sy khac biét nho va cac dic diém nay la
khéng chéc chan dé sir dung nham phan biét hai loai nay ngoai ty nhién. Trong khi dé, cac dic
diém dé xac dinh P. sinensis 1a chéi nhin, khong 16ng, 14 hinh elip, qua gan nhu hinh cAu. Choi
cua P. sinensis kha 1a min so véi cac loai & Dong A khac, nhung cac canh cia vay chdi van vang
va ¢6 16ng nhung. Ngoai ra, P. sinensis c6 |4 ngén hon va cudng qué lai dai hon so voi P. edulis [3],
tuy vay, khoang dao dong chiéu dai I4 thuc té caa P. edulis 1a rat rong (5,8 - 17 .cm) [7], [8]; do do
kich thudc 14 cua ca hai loai 1a tuong dong. Hon nira, chleu dai cuong qua gitra hai loai chi khac
biét trong khoang 2 mm, diéu nay chi quan sat dugc khi tién hanh phan tich trong phong tiéu ban,
va khong co su khac bi¢t & ngoai thuc dia. Cac sy khac biét trinh bay ¢ trén thé hién rang kich
thuéc 14 hay chiéu dai cudng qua 1a khong dang tin cay dé phan dinh loai cua Pyrularia.
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Hinh 1. Cay phat sinh loai cia ho Ban hwong va Pyrularia ti phwong phdp Bayesian inference sur dung
diz ligu phan tur ket hop cua 05 gen. Chi s6 ung hg cua ML va Bl duoc trinh bay trén cac nhanh cua cay,
cac chi so nhé hon 50% dwoc thé hién bang “—

Xét veé vi tri phan bd cac loai & Pong A, ching c6 sy phan bd rat gan va chong chéo nhau
trong d6 P. edulis phan b rong ¢ Dong A nhu Trung Quéc, Nepal, Bhutan, Sikkim va India; ba
loai con lai tap trung phan bé ¢ Trung Quéc gdm P. sinensis (Tu Xuyén, Van Nam, Quang Tay,
H6 Nam, Giang Tay va Quang Déng), P. bullata (Quang T4y, Quang Péng va Van Nam), P.
inermis (Trang Khanh) [7], [8].

Vi vay, xem xét vé su bién d6i hinh thai, sy phan b chong chéo va bang chtng phén ti thi
sap xép tot nhét cho tét ca cac loai & Pong A d6 1a ching nén dugc hop nhat thanh mot loai duy
nhét. Hon nita, quan diém nay ciing phu hop va tuong dong véi Xia [19], Xia va Gilbert [8].
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3.2. Nguén géc phat sinh ciia Pyrularia

Zhou va cong su dd ude luong thoi gian hinh thanh t6 tién gan nhat cua chi Pyrularia la
khoang 22,17 triéu nim trudc (Ma) trong dau thé Trung Tan (Miocene)[20] (Hinh 2). Theo két
qua cua phan tich lich sir dja ly sinh vat thi to tién cua chi duoc hinh thanh tai chau Phi vao
khoang dau thé Trung Tén, sau d6 Pyrularia phét tan lién tiép dén chau A va Bac My khoang
5,58 Ma, dan dén viéc phan bd gidng nhu ngay nay cua Pyrularia (Hinh 2).

Sy phat tan lién lyc dia gitra chau A va chau Phi cuaa thuc vat thuong c6 ba gia thuyét chinh
khac nhau dugc str dung dé giai thich sy phat tan dua trén thoi gian phat sinh trong céc thoi ky
dija chat khac nhau cua trai dat [16], [21]-[23]. (1) Gia thuyét vé su di cu nhiét d6i “the
Borneotropical migration hypothesis” [16], [24]: Gia thuyét nay cho rang pham vi ciia ring nhiét
d6i dugc mé rong tir chau Au dén Nam A va dat cuc dai vao thoi diém khi hau tdi vu trén trai dat
khoang 50-52 Ma [25]. Cac cudc di cu nhiét doi tao didu kién cho su trao ddi sinh hoc giira cac
quan thé sinh vat nhiét doi thugc ving nam trong vi d6 trung binh & Bic Béan ciu va cac siéu
ring nhiét doi ¢ viing xich dao dc biét 1a chau Phi va chau A theo ca hai chiéu nho cac ving dét
ndi cac manh cua siéu luc dia Laurasian. Gia thuyét nay da duoc sir dung dé giai thich sy phat tan
gitta chau A va chau Phi cho mét sb ho thuc vét hat kin [26], [27]. Tuy nhién thoi diém mo rong
cua ring nhiét dgi 1a khong tring vai thoi gian phét tan tir chau Phi toi chau A cua Purularia
khoang 22,17 Ma. (2) Gia thuyét thir hai 1a di cu trén dat lién qua dai A Rép trong giai doan
Miocene “The Miocene overland migration via land bridges Arabia” [16], [21]: Gia thuyét nay
cho rang su phét tan tir chau Phi dén chau A qua ban dao A Réap c6 thé kha thi ddi voi thyc vat
nhiét doi trong thoi ki dau dén gitra Miocene khoang 20 Ma, dira vao su va cham cia mang chau
Phi - A Rap véi chau A va mot giai doan am Ién trong khi hau t6i wu khoang 17-15 Ma [21],
[25]. (3) Gia thuyét cudi cung, su phat tan duong dai xuyén dai duong nho dong vat, gi6 hodc
dong chay dai duong [16]. Tuy nhién giai thuyét nay thuong st dung cho céc trudng hop co thoi
diém phat sinh gan day [20].

Két qua phan tich thoi gian phét sinh udc tinh rang su phat tan tir chau Phi sang chau A cua
Purularia 1a 22,17 Ma va c6 su dao dong trong khoang 12,81 - 33,44 Ma (Hinh 2). Gia thuyét thir
nhat vé sy di cu nhiét d6i va gia thuyét thir 3 vé su phat tan duong dai xuyén dai duong duong
nhu khong hop Iy khi ap dung cho truong hop cua Pyrularia do khdng trung khop ve thoi gian.
Gia thuyet thr 2 di cu trén dét lién qua dai A Rap trong giai doan Miocene duong nhu 1a kha thi
hon ca ddi vai Pyrularia. Khoang 20 Ma, su va cham giira mang chau Phi - A Rap véi mang Iran
va Anatolia cung vai su thu hep va bién méat dan cua bién Tethys (Tethys sea) dd cho phép két
ndi dat lién va hinh thanh cau ndi giira chau Phi va Tay Nam A. Nhiing su kién dia chét nay triing
hop vai thoi ky 4m 1én dinh diém trong giai doan khi hau t6i uu gitra Miocene, da tao diéu kién
cho su trao d6i sinh vat rong réi giira chau Phi va chau A trén ban dao A Rap [21].

Két qua phan tich chi ra rang, t6 tién cua Pyrularia dugc hinh thanh & chau Phi sau d6 phat
tan dén chau A va tir day phat tan sang Bic My khoang 5,58 Ma.
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Hinh 2. (A). Cay thoi gian phét sinh va lich sir dia ly sinh vdt cua Pyrularia;
(B). Gia thuyét lich sir tién héa va con dwong phéat tan cia Pyrularia

C6 thé noi rang, su cach biét vé dia ly & thuc vat ky sinh 1a cd lién hé véi lich sir dia ly sinh
vat caa vat chu ky sinh cua ching. Pyrularia thuong duoc quan sat thdy ky sinh trén cac thanh
vién cua ho D¢ (Fagaceae) dac biét trén Cyclobalanopsis Oerst, Castanopsis (D.Don) Spach,
Quercus L., va mét sé chi cua cac ho khac nhu Carpinus L., Liriodendron L., Magnolia L [28].
Rat nhiéu loai trong sb cac chi ké trén dugc tim thay ¢ Pong A va Pong Bic My [29]. Hon nita,
cac cdy chu ky sinh nay nhu Tsuga (Endl.) Carriére c6 thoi gian phat sinh va biing né da dang
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som hon thoi gian cua Pyrularia khoang 31,43 Ma [30]. Nguoc lai cac loai khac co6 thoi gian
phat sinh va da dang tuwong tu véi Pyrularia nhu Liriodendron khoang 14,15 Ma [31], Sassafras
13,8 Ma [32], Rytidospermum Spach 10,57 Ma [31].

Pyrularia co6 kha nang ky sinh gan nhu véi moi ré cdy khac 1an can, su phan ly dia ly coa
Pyrularia c6 thé khong lién quan dén mot hoac nhiéu cay chu ky sinh cy thé, nhung co thé la két
qua cua mot phan tng tuong tng véi cac su kién khi hau tir gitra cho dén cudi Miocene va kéo
dai dén Messinian ciing véi nhiéu vat chi c6 thé c6 tir cac khu ring trung sinh.

Sy phat tan lién lyc dia tir chau A sang Bic My trong khoang 5,58 Ma c6 thé dugc giai thich
bang gia thuyét di cu xuyén Thai Binh Duong nhd cac “cau dat” trén bién Bering “The trans-
Pacific migration via the Bering land bridge”. Cac dai dao trén bién Bering xuat hién trong thoi
ky Neogene gilp su trao doi sinh vat xuyén Thai Binh Duong dén khoang 3,5 Ma. Pyrularia rat
c6 thé da di cu vao Bac My qua “cau dat” trén bién Bering. Dac biét, nghién ctru nay loai trir kha
nang phat tan duong dai “Long-distance dispersal” d6i véi Pyrularia dya trén hinh thai va cac
ddc diém khéc trén qua cua no. Qua cua Pyrularia c6 chira mot loai dau chat va mot sé doc to.
Loai qua nay doc ddi voi con nguoi nhung lai duge huou ¢ Bic My ua thich [33], [34]. Theo ghi
nhan & Chau A, chudt 1a dbi twong tiéu thu chinh, con thé va cac lodi gim nhdm khéc ciing c6 thé
an qua cua Pyrularia mot cach an toan. Mdi qua niang khoang 10-20 gram va c6 mét hat tron cé
duong kinh 2 - 3 cm, do d6 né quéa 16n dé cac loai chim théng thuong & chau A co thé tiéu hoa
dugc. Hon nita, c6 vé nhu hau hét cac loai dong vat an quéa cua Pyrularia duoc bao céo ¢ day déu
Ia nhirng loai phéat tan hat hiéu qua cho Pyrularia trong khoang cach xa qua cac dai duong.
Nghién ctru cho thay, hau hét cac dong gidng cuia thuc vat c6 hat gitra Dong A va Bic My déu c6
maot hudng di cu tir chau A sang chau My thong qua “cAu dat” trén bién Bering [29]. Truong hop
cua Pyrularia ciing trung hop véi gia thuyét di cu khoi chéu A “Out of Asia”, cho rang nhiéu
nhom thuc vat cua rimg on doi va can nhiét déi cd nguon goc va da dang ¢ Pong A, sau d6 di
chuyén ra khoi chau A trong sudt 30 triéu nam qua [35].

4. Két luan

Nghién ciru dua trén viéc ldy mau téi uu cho Pyrularia két hop voi cac phan tich hinh thai, dia
ly sinh vat ang ho dé xuat hop nhét tat ca cac loai & Pong A cua Pyrularia bao gom P. edulis, P.
sinensis, P. bullata va P. inermis thanh mét loai duy nhat la P. edulis. Chi Pyrularia bao gom hai
loai 1a P. pubera phan b ¢ Bac My va P. edulis phan b0 ¢ Dong . A. Két qua cac phan tich vé thoi
gian phat sinh, lich st dia ly sinh vat va ching minh vé ngudn gbc, su phan b cua Pyrularia gia
thuyét rang, t6 tién caa Pyrularia duoc hinh thanh & chiu Phi, sau d6 da phat tan dén chau A va
tiép tuc dén Bac My thong qua “cau dat” trén bién Bering va hinh thanh nén sy phan bé lién luc
dia Dong A - Bac My hién nay cua Pyrularia.
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