NGUON TU LIEU DI TRUYEN HO TIEU
NGAN HANG KIEN THUC
(BUI CHI BUU b6 sung ngay 5-8-2020)
|. PA DANG DI TRUYEN HO TIEU

P. nigrum hién nay thich nghi twong ddi rong, tréng dugc trén ving dét c6 nhimng cao trinh khac
nhau. Pic diém sinh thai canh tic hd tiéu da dang dd din dén tinh da dang di truyén cua nod
(Howard, 1973). Ho tiéu da duoc sir dung nhu thudc thao mdc, chéng 6 xi héa (antioxidant),
chéng viém nhidm (anti-inflammatory), va chéng ung budu (anticancer) (Liu et al., 2010;
Nishimura et al., 2011). Hang nam, nong déan phai trong ddm nhimg cy da mat do bénh foot rot.
Bénh nay rit quan trong cho canh tac ho tiéu tai nhidu quéc gia (Anandaraj, 2000). Mot vai loai
tiéu hoang dai nhu Piper colubrinum va Piper hainanense duoc xem nhu ngudn cho gen khang
sy xdm nhiém ciia nam Phytophthora capsici (Fan et al., 2015). Ngan hang gen hd tiéu da duoc
hinh thanh, bao gdm mau gidng hd tiéu trong va loai hoang dai c6 ngudn gbc & chau A va chau
My. Ngudi ta gap phai mot vai khé khin khi nghién ctru da dang di truyén hd tiéu, néu chi dwa
trén co s& hinh thai hoc. Trén co sé chi thi phan tir ISSR, 56 miu gidng hd tiéu cua chau A va
chau My dugc chia thanh 3 nhom di truyén tuong Gng véi phan bd dia 1y cta chang (Fan et al.,
2014). Bay cip mdi ctia chi thi SSR méi da duogc tao ra dé tham gia nghién ctru da dang di truyén
hé tiéu ctia 40 gidng trong chu luc ciia An Do va bon loai hoang dai mién Nam An Do (Joy et al.,
2011).

Dbi voi chi Piper, chi thi phan tor EST-SSR t0 ra rat hiéu qua va r& hon chi thi SSR. Theo hé
transcriptome ciia ho tiéu (NCBI accession No. SRX119532), chi thi EST-SSR da dugc phat
trién thanh cong va dugc ap dung cho hé gen hd tiéu (Wu et al., 2015).

Trong nghién ciru nay, ngudi ta thuc hién phan tich da dang di truyén ho tiéu véi 148 mau giong,
bao gom loai hoang dai va giéng trong trot tai chdu A va chau My, thong qua chi thi phan tir
transcriptome EST-SSR. Hiéu biét vé quy gen cay ho tiéu 1a diéu rat quan trong trong chuong
trinh cai tién gidng tiéu va ghép canh gidng, ciing nhu hoat dong bao ton quy gen cay tiéu. ngudi
ta khai thac 13 chi thi phan tir dugc chon, c6 kha ning khuéch dai thanh cong nhing loci dich
trong tap doan quy gen cay trong ho tiéu. Tat ca chi thi phan tir EST-SSR biéu thi tinh da hinh
cao voi gid trj trung binh PIC (polymorphism information content) 1a 0,93. Chi s6 twong dong di
truyén bién thién 0,724 dén 1,000, trung binh 1 0,867. Két qua chi ra rang quy gen cay ho tiéu
biéu hién nan tang di truyén rat phirc tap va rat da dang. Theo két qua phan tich nhém di truyén,
148 mau giong nay dugc chia thanh hai clades chu yéu: d6 1a Neotropics va Asian tropics.
Peperomia pellucida dugc xép vao nhom riéng biét, c6 khoang cach di truyén xa véi nhitng mau
gidng khac. Két qué cho thay c6 sy thong nhat khoang cach di truyén va khoéng cach dia ly. Tuy
nhién, nhom di truyen Asian tropics khong tao nén cluster theo ngudn goc dia ly cua chung Hon
nita, so véi miu gidng ho tiéu chau My, mau loai hoang dai A chau Va mau glong trong trot A
chau tap hop trong ciing mot nhom di truyén, cho thdy twong quan rat gan vé huyét théng (Wu et
al. 2016).



Table 1. Primer sequences and characterization for 13 EST-SSR loci from black pepper germplasms.

Locus | Primer sequence Repeat Target | Ta ("C) Origin of Homologues of gene name E-value
motifs size {bp) izolated libraries

PE15 | F: GTGTTACCTTTGGGGCATTCA (GTya 130 33 PN - -
R: TGTGTCAGGGCATCAMAACC

PEOZ | F: AGGGATGCTTGCATTGAGTATAG AG2*10) 147 99 PN, PF Uncharacterized protein [Mycobacterium tubercutosis] 0.007
R: TGAATGGTGAACTCTCGTATGTG

PNO1 | F:CATAGCTACGGGGTAAAACACCAA GT(29) 154 99 PN Ribonuclease E/G-like protein, chloroplastic isoform X1 7E-31
R:CCGGCATCTCTATTTGACTAGATT [Melumbe nueifera]

PE12 | F: CCGGCATCTCTATTTGACTAGATT TG(2*10) 155 99 PN Arginine decarboxylase [Malus domestica) 1]
R: TCTTCCTCCTGCTTCTTITGAG

PEOT | F: GTTGGAGATTTCATTTGTCTTGC TA2T) 140 55 PF - -
R: TATCGGAATTTGTTTGTCGACTC

PEDS | F: ATAGAGTGACCGAAAMGACTCGG CTT(3*5) 160 55 PN, FF Thioredoxin z, B, TRX z isoform 1 [Theobroma cacao) 4]
R: CATTTCCATTGAAGGTAGAAGGA

PNO2 | F: GTCGTCATGTGCGATGTCTC CCG(3*5) 160 53 PN Signal peptide peptidase-like 2 isoform 1 [Theobroma [1]
R: AGGTGATGTAGTGGTTCTTIGCG cacan]

PNO3 | F: CCTTGATGCAAAACCTCATAGAA CAT(3'T) 152 53 PN - -
R: TGAAAATTAAAAGCGTGATAGGA

PNO4 | F: GAATATGCGTATCGGAGATCAAA CTC{3'7) 148 53 PN - -
R: AAGTGGAGAAGAAATCTGAAGCA

PE13 | F: GAACCTCTCACCACCACTCAAC GCT{3'6) 147 53 PM, PF Membrane protein-like protein [Glyecing max] 1E-B0
R: ATCATCAAAGGACGAGGAATTG

PLOA F: TIGTTGCATCTGGATTTGTAGTG GGT(I'T) 145 53 PF Putative clathrin assembly protein [Glycine soja] 0
R: TACAAGAAMACCCAGGAAGATGA

PLOZ | F: AMGATCAAACCAGTGAAGGTGAA ATC(3'6) 135 53 PF - -
R: TTAAATGCATGCTCTTGCCTAAT

PE14 | F: GATCAAGAGAATCGTAGCAGCAG ATG(3*T) 157 53 PN, PF Cyelin-L1, putative [Ricinus eommunis] 7.00E-92
R: GTCGGAATCATGTCTTCTAATCG

PN = Piper nigrum; PF = Piper flaviflorumn.

Table 2. Characterization of polymorphic EST-SSR loci in black pepper germplasms.

Locus FIC Central American accessions Asian wild accessions | Cultivated accessions | Mumber of alleles detected
PE15 0.93 3 1 4 1
PEQ2 0.93 6 9 6 1"
PNO1 0.94 7 12 4 14
FE12 0.93 5 10 6 12
PEO?7 0.93 2 1 8 1
PEOB 0.91 3 8 2 10
PN02 0.93 4 12 6 12
PNO03 0.91 4 9 3 10
PN04 0.95 8 17 6 19
PE13 0.92 4 1 4 1
PLO1 0.92 4 14 6 14
FLOZ2 0.94 12 12 4 15
FE14 0.94 2 10 4 10
Total 64 146 63 160
Mean 0.93 4.82 11.23 4.85 1231
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Figure 2. Dendrogram of 148 black pepper germplasms resulting from an UPGMA analysis based on Nei's genetic
distance.

I1. GIAI TRINH TU HE GEN CAY HO TIEU

Ho tiéu (Piper nigrum L.) 1a loai cay gia vi ndi tiéng cua thé gidi. Nang suét ho tidu bi that thoat
nhiéu do bénh: root rot (bénh chét cham) do sy x4m nhiém ctua nAm Fusarium solani va foot rot
(bénh chét nhanh) do sy xdm nhiém ciia ndm Phytophtora capsici. Nguoi ta can phai hiéu biét
twong tac hét stic rd rang gitta ky sinh va ky chu tai ving ré cta cay ho tiéu, ting gidng cu thé
thong qua sy hd trg cia cong nghé sinh hoc vé tinh khang bénh. S6 liu di truyén va phan tir ciia
loai ho tiéu trong van con rat han ché. Nguoi ta sir dung k¥ thuat RNA-Seq 1an dau tién dé mo ta
hé transcriptome r& cay ho tiéu (Gordo et al. 2012). Két qua duoc ghi nhan 1a hé transcriptome ré
cdy ho tiéu duogc giai trinh ty theo nén tang NGS SOLID (phuong phap giai trinh tu thé hé méi)
16i duogc téng hop theo phuong phap Multiple-k. Nguoi ta giai thich chi tiét chudi trinh tu nay
bang bing phuong phap Blast2Go va orthoMCL véi tit ca 10.338 unigenes. Co tit ca 4472
proteins dugc du doan, biéu thi khoang 52% ban chat dong dang (homology) so vé&i hé proteome
cia cay Arabidopsis thaliana. Hai proteomes cua ré duoc xac dinh v&i 615 proteins, chung



dudng nhu phan anh duoc ban chét cia r& cay ho tiéu. Chi thi phan tir SSRS t6 ra vo cung hitu
hiéu trong nghién ctru da dang di truyén cay hd tiéu, duoc ap dung trong cong nghé sinh hoc va
sinh moi hoc. Co so dir liéu cua 10338 unigenes nay vo cung quan trong cho chuong trinh cai
tién gidng tiéu bang cong nghé sinh hoc ciing nhu cho nghién ciru ecogenomics (Gordo et al.
2012).

Di truyén tinh khang v&i bénh do ndm Phytophtora capsici va Fusarium solani f. sp. piperis,
chua thanh cong trong chuong trinh cai tién gidng tiéu, day 14 thach thic rit 16n can dugc sy hd
tro cua cong nghé sinh hoc (Nair 2011). Despite the agricultural and economic importance of
black pepper, knowledge of its genetics is presently very limited (Dias va Ortiz 2011). Hd tiéu
khong phai 1a cdy mé hinh, do vay co s& dir liéu vé chi thi phan tor, giai trinh ty thé hé méi
(NGS) 1a co hoi rat 16n dé cac nha khoa hoc tié1p can nhanh hon céac thong tin di truyén hién dai
(Hawkin et al. 2010; Lister et al. 2009, Morozova et al. 2009; Wang et al. 2009). Trong sinh hoc
thuc vat, do kich c& ciia genomes 16n va mic do da boi thé cao, viéc dinh tinh hé transcriptomes
can phai dugc xem 1a mot cong cu rit quyén lyc dé phan 1ap nhimng proteins mong muén. RNA-
seq co thé chay trinh ty, c6 tinh chat hidu qua ky thuat rat t6t (extremely high-throughput) va
phan anh duoc sb lugng cta hé transcriptome mot sinh vat nao d6 hay mot mo nao d6 (Wang et
al. 2009). Cong nghé NGS phat sinh ra s6 lugng v6 cling 16n s6 1an doc trinh ty (reads) véi muc
do léy mau rit cao cia thu vién cDNA, do do, két qud lam cho ching ta c6 cach nhin sau hon va
toan dién hon hé transcriptomes (Morozova et al. 2009). Chay trinh ty theo phuong phap
transcriptome-wide description xac dinh duoc trinh ty mang mat ma di truyén, chi thi SNPs,
nhimg da hinh khéc, bién thé ctia ndi dung splicing (ndi exon va cit roi intron), mic do biéu
hién twong d6i do k¥ thuat dém sb lan doc (counting reads) - phuong phap mang tinh chét biéu
hién gen duoc s6 hoa (digital gene expression: DGE) (Wang et al. 2009; Nagalakhsmi et al.
2010). Phan tich RNA-seq hé transcriptome ctia hd tiéu c6 thé tac dong 10n trong hiéu biét cua
chung ta vé loai cay trong nay. HO tiéu thudc ho Piperaceae, 16p phu Magnoliid, 1a thyc vat basal
angiosperms (hat kin dién hinh), nhung co s¢ dit liéu genomic it dugc cong bd. Co so dit liéu
transcriptomic tir khai thac su tién hoa ctia ho Piperaceae, ngudi ta c6 thé phét trién chi thi phan
tir microsatellites vo cting hitu ich cho cac chuong trinh céi tién gidng ho tiéu.

Gordo et al. (2012) da st dung k¥ thuat RNA-seq dé phén tich hé transcriptome cua cay ho tiéu.
C6 khoang 71 triéu reads phat sinh va 22363 phén tir transcript de novo duoc tong hop tir mo ctia
ré tiéu va than tiéu. Nhiing phan tir transcripts nay c6 chic ding dugc xac dinh bang phan mém
annotation; day 1a 1an chay trinh ty dau tién tir hé transcriptome caa P. nigrum. Ngudi ta mé ta
dugc khoang 257 chi thi SSRs méi. Pay 1a co s¢ dit lieu dau tién vé trinh ty cta 16p phu
Magnoliid. Két qua mo ra nhiing trién vong méi dé nghién ctru da dang di truyén va sinh méi
hoc. N6 s& rat c¢6 ich cho chuong trinh céi tién gidng va nghién cru hé gen cdy ho tiéu dé hiéu rd
hon tuong tac gitra ky sinh va ky chu tai r& ho tiéu, noi bi tin céng boi ndm F. solani va P.
capsici (Gordo et al. 2012).



Table 1 Overview of sequencing and assembly

Raw data
Total number of reads 71878419
Number of unique high-quality reads 13300000
Number of contigs obtained with Velvet/Oases/STM 22363
Unigenes dataset
Unigenes number 10338
Total size (bp) 1787600
Largest transcript length (bp) 1314
N50 length (bp) 168
No ATGC characters 18
Average coverage per base 62

Predicted proteins

Predicted CDS (partial/complete) 4472
Gene expression

Reads mapped in transcripts 71148200

Most expressed transcript (rpkm) 68250

bp: base pair; rpkm: read coverage normalized per million mapped nucleotides
and the length of unigene.



Table 2 Percent of predicted proteins with homology to
protein sequences from databases of other species

Protein databases % with homology
Arabidopsis thaliana 5157
Glycine max 5323
Vitis vinifera 5393
Oryza sativa 5087
Populus trichocarpa 5438
Sorghum bicolor 5143
Aristolochia fimbrata 5402

Predicted protein sequences were obtained used FrameD tool and BLASTP
was performed with e-value of 1e”™.

Phan tram protein cua ho tiéu tuong dong véi protein cua genome cay trong khac



Table 4 SSR statistics

Dinucleotide repeat number %
AC 21 29
AG a4 60
AT 5 7
CG 3 4
Total 73 100
Trinucleotide repeat number %
AAC 7 7
AAG 7 7
AAT 8 9
ACC 1 1
ACG 15 16
ACT 15 16
AGC 18 19
AGG 6 &
AGT 10 10
CCG 7 7
Total 94 100
Tetranuclectide repeat number

AAAT/ATTT 1

I11. DI TRUYEN TiNH KHANG BENH CHET NHANH DO NAM Phytophthora capsici

Piper nigrum L. bi de doa nghiém trong bai nim Phytophthora capsici. Cai tién di truyén tinh
khang bénh foot rot ndy 1a muc tiéu quan trong cho churong trinh chon gidng ho tiéu. Tuy nhién,
nguoi ta biét qua it vé co ché khang cua ndm P. capsici ddi véi cdy chu Piper nigrum. Co ché
phan tir phan (ng nhiém bénh foot rot d duoc nghién ctru thong qua phan tich hé transcriptome
giita loai tiéu khang (Piper flaviflorum) va gidng tiéu nhiém (Piper nigrum cv. Reyin-1) (Hao et
al. 2016). C6 tat ca 116.432 unigenes duoc tim thiy tir sau thu vién cDNA (ba replicates mang



tinh khang va tinh nhidm), chiung duoc hop nhit vao v6i nhau nhd ap dung BLAST similarity
va tra ctru bo dir liéu Kyoto Encyclopaedia of Genes and Gene Ontology (GO) genome
orthology. Hé transcriptome tham chiéu duoc 1ap thanh ban d6 véi hai co s dit 1iéu vé biéu hién
gen duoc sb hoa (digital gene expression data). Thong qua phan tich mitc d6 phong phu GO dbi
v6i nhitng gen biéu hién ra bén ngoai rat khac nhau, da phan gen nay két hop vé6i chu trinh sinh
téng hop phenyl propanoid duoc tim thiy trong loai tiéu hoang dai P. flaviflorum. Hon nita, su
biéu hién cua nhimng gen 4y duoc quan sat sau khi ching nam P. capsici trén cdy nhidm va ciy
khang. Pa sb gen tham dy vao chu trinh bién dudng phenyl propanoid. Ching diéu tiét theo kiéu
up trong ca hai loai tiéu dang nghién ctru. So sdnh nhiing nghiém thirc xtr 1y va co quan dugc xu
ly, tit ca gen diéu tiét theo kiéu up voi ty 1¢ biéu hién cao & loai tiéu khang. Hoat tinh men
phenylalanlne ammonia lyase va peroxidase tang trong loai khang va nhiém bénh sau khi chung
nam P. capsici, nhu:ng loai tiéu khang ting nhanh hon rit nhiéu. Céy tiéu khang duy tri dugc cdu
tric mach din truyén trong bo lignin, theo két qua phan tich mé hoc. Pay la thong tin quan trong
lién quan dén nhiig gen dich va co s& k¥ thuat cho nghién ciru ctia twong lai vé cai tién di
truyén tinh khang bénh chét nhanh cta ho tiéu, ké ca chon giéng bang con duong chuyén nap
gen (Hao et al. 2016).

Bénh chét nhanh (tén tiéng Anh 1a foot rot) do nam Phytophthora capsici Leonian gay ra, xam
nhiém tai ré tiéu roi vao than va 14 tiéu, can thiép tiéu cuc dén qua trinh ting trudng cta ho tiéu.
Hién twong nay dugc tim thdy ¢ hau hét cdc vuon tiéu trén toan thé gidi (Suseela et al. 2007,
Tiong- Kheng 1990). Dich bénh phat trién véi triéu ching foot rot, thuong do k¥ thuat canh tac
khong twong thich, am do dat, do phi dat, diéu kién ngoai canh va su thoat thiy (Suseela et al.
2007). Moi nd lyc cai tién tinh khang bénh chét nhanh do P. capsici théng qua phuong phap
chon gidng truyén thong déu chua thanh cong cho dén nay (Zeng et al. 2005). Sheila et al. (2012)
lan dau tién x4y dung nén co so dir lidu cta chudi trinh tu hé gen cay P.nigrum. Tuy nhién, c6
rat it nghién ctru co ché phén tir cia bénh chét nhanh trén cay tiéu do nam P. capsici gay ra. Phat
trién méi day vé tin sinh hoc va sinh hoc phan tir da va dang lam thuan tién hon su hiéu biét vé
co ché phan tir ctia bénh foot rot, cai tién tinh khang bénh chét nhanh bang k¥ thuét di truyén
hién dai. Thong qua sy di truyén tinh trang v cing phic tap, nhan biét va thay doi tin hiéu,
ngudi ta tim thay nhiéu co ché ty vé cia cay chu da tranh dugc su tan cong cua ky sinh (Yang et
al. 1997; Paszkiewicz va Studholme 2010). St dung phwong phap giai trinh ty thé nhé mai
(NGS), ngudi ta chay trinh ty hé transcriptome thu dugc nhiéu dit liéu phu trén ving hét stc
rong, nhiéu trinh ty c¢6 chiéu sau. K§ thuat RNA-Seq gitip nguoi ta hiéu tot hon nhiing bién thé
di truyén trong tién trinh bién dudng, day 1a két qua tot cho sy tim ra gen dich (gene discovery),
cho noi dung so sanh transcriptomics va ndi dung hé gen c6 tinh chét tién hoa (Wang et al. 2010;
Mizrachi et al. 2010). Hién nay, tim va phan lap gen dich bang k¥ thuat RNA-Seq trd nén phd
cap bao gdm sinh tong hop cac san pham bién dudng tht cip (secondary metabolites), bao gom
cellulose va lignin trong bong vai (Shi et al. 2011); carotenoid trong cdy Momordica
cochinchinensis (Huang et al. 2012); flavonoid, theanine va caffeine (Li et al. 2012); flavonoid in
safflower (Hua et al. 2011); chat ting hoat trong Salvia miltiorrhiza (liu et al. 2013); va
capsaicinoid trong cay 6t (Capsicum annuum) (Ferrer et al. 2008). Nhiéu phuong phap tiép can
sy truyén tin hiéu dé bao vé cdy trong ddi v6i xAm nhidm cia pathogen, thong qua sy thay doi tin
hiéu cua ching (Verhage et al. 2010). Nhitng chat bién dudng thyc vat co tir chu trinh



phenylpropanoid c6 vai trd cuc ky quan trong trong sinh tong hop lignin, hoat déng tao ngudn
cho san pham khac nhu lignans, coumarins va flavonoids. Phenylpropanoids xuat phat tir cau
nbi phenylalanine carbon thudc nhém bién dudng da dang. Chiing gép phan vao viéc duy tri kién
trac, tiy theo mirc do sdng sot bao nhiéu ngay (Vogt 2010). Trude diy, nguoi ta di dé nghi rang:
Trong truong hop khang ctia ré ca chua, viéc san sinh ra hydrogen peroxide da duoc ting thém,
hoat tinh cua men phenylalanineammonia lyase (PAL) va men peroxidase (POD) ciling tham gia
tich cuc vao tong hop lignin (Gayoso et al. 2010). Nghién ctru hoat tinh ctia enzyme POD ddi v6i
nhiéu giéng khang cua cdy 6t, dua leo va thudc 14 da ching minh riang: gia ting hoat tinh ciia
POD xay ra cao hon trong giéng khang sau khi bi nhiém bénh so véi gidng nhiém (Alcazar et al.
1995; Piyada et al. 1995). Pho biéu hién gen cua cay trong giai doan ty vé dwoc nghién ciru bang
ky thuat deep sequencing. Pic diém cua hé transcriptome & hd tiéu cua cdy khang (P.
flaviflorum) va cdy nhiém (P. nigrum cv. Reyin-1) duoc tién hanh phén tich theo cong nghé
Ilumina HiSeq™ 2000, nham x4c dinh cac gen dich va chu trinh truyén tin hiéu cé trong cay
khang bénh (Hao et al. 2016).
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Hinh 8: Chu trinh phenylpropanoid cua ciy Piper gia dinh va phd thé hién gen c6 trong chu
trinh nay (Bey et al. 2004). Hop d6 chita cac enzymes can thiét cho chu trinh. Con dudng mau
vang biéu thi noi dung san sinh ra monolignols. Enzymes biéu thi mau d6 va xanh green 13 noi
dung kich hoat gen biéu hién hoic e ché gen, theo thu tu. Enzymes biéu thi mau den lam tang
hodc giam s phén tir transcripts.



Fig. 10 Histochemical analysis of lignin in stem cross-sections of control and P. capsici-inoculated black pepper plants. Stem were stained with
Wiesner reagents for detecting lignin. Pink staining with the Wiesner reagent indicates the presence of p-hydroxycinnamyl aldehyde end groups
in lignin. a, b, e, f Sections from control and P. capsici —inoculated P. flaviflorum (resistant) stems. ¢, d, g, h Sections from control and P. capsici
-inoculated P. nigrum (susceptible) stems. a, b, ¢, d Sections from control plants 10 d after treatment. e, f, g, h Sections from inoculated
plants 10 d after treatment. Adjustments to magnification and illumination were made to allow optimal viewing of individual sections. a, ¢, e, g: 40x;
b, d, f, h: 100x; Blue arrow showed xylem and numbers of lignified xylem bundles, vessels, and interfascicular fibres. Red arrow showed the screens
and vessels in phloem

Hinh: Phan tich m6 hoc ham luong lignin (Hao et al. 2016)
IV. HE GEN THAM CHIEU POI VOI SINH TONG HQP PIPERINE

Ho tiéu (Piper nigrum) dugc nghién ciru véi hé gen tham chiéu trong trudng hop mi hoa
piperine, boi tich hgp dugc cong nghé PacBio, 10x Chromium, BioNano DLS optical
mapping, va Hi-C mapping (Hu et al. 2019). Trinh tu hé gen chay dugc 761,2 Mb (bao gdm 45
scaffolds v&i d6 16n N50 1a 29,8 Mb); ngudi ta téng hop cac trinh tu doc dugc thanh 26
pseudochromosomes (nhiém sic thé gia). Phan tich di truyén huyét théng cua nhiing genomes
dic trung thudce 16p phu Magnoliids nhu dong sister d6i véi clade c6 tinh chdt monocots-
eudicots cho thay rang: ho tiéu c6 ngudn goc tién hoa tir Laurales-Magnoliales lineage khoang
180 triéu nam trude day. Phan tich genome c6 tinh chit so sanh cho thiy su lan rong anh huéng
cua nhitng ho gen didc biét ma hoa cac men glycosyltransferase, cytochrome P450, shikimate
hydroxycinnamoyl transferase, lysine decarboxylase, va acyltransferase. Phan tich transcriptome
c6 tinh chét so sanh chi ra 16 rang hon cach biéu hién didc sic ciia diéu tiét kiéu up trong nhiing
gen nhu vay thudc cac ho gen co lién quan. Co sé dit liéu nay cung cip mot ndi dung cé tinh chat
tién hoa va lam sang to cac tién trinh bién dudng & mirc d6 phan tr vé sinh tong hop chit
piperine rat chuyén biét theo loai (species-specific) (Hu et al. 2019).

Piper nigrum, 2n = 52: cdy gia vi dugc ménh danh 13 vang den cta thé gisi (Black Gold). Hb
tiéu thudc ho Piperaceae, mot ho 16n trong bo Piperales. Bo Piperales noi tiéng nho san phdm
piperidine alkaloids doc dao cua no. Piperine 1a alkaloid chu yéu twong tng véi mic do cay
ndng (pungency) va mui thom cua hd tiéu. Ho tiéu 1a gia vi niu nudng rat pho bién trén toan thé
gidi, n6 con duoc st dung rong rai nhu thude thao moc, vi du nhu hé thdng y hoc An Do (Indian
Ayurvedic), thubc cd truyén Trung Hoa, thubc dan di cua nguoi chau My La Tinh va nguoi
Pong Nam A (Meghwal va Goswami 2013). Piperine ham chira trong 4y 13 hoat tinh duoc hoc
rit ning dong, lam tiét giam té bao md théng qua hién twong diéu tiét theo kiéu down, trong ma



hoa PPAR (peroxisome proliferator-activated receptor) biéu hién trang thai gamma, din dén viéc
ché tao ra thudc tri bénh dai thio duong, nhu ché phdm PPAR agonist (Kharbanda et al. 2016).
H) tiéu con dugc lam chat antioxidant, antitumour, antimicrobial, antidepressive va anti-
inflammatory (Manayi et al. 2018). Ban chit hoa thao mdc va héa duoc hoc nhu vy caa hd tiéu
da thu hut sy cht y cua nhiéu linh vuc khoa hoc khac nhau. Tuy nhién, nguoi ta chua biét 13 co
ché di truyén cua gen diéu khién chu trinh sinh tong hop chét piperine, ching tich tu nhu thé nao,
ngudn tai nguyén di truyén nao s& dugc khai thac trong ngan hang gen cay tiéu. Nguoi ta tién
hanh nghién ctru hé gen tham chiéu (reference genome) cua cay hd tiéu thong qua bén cong nghé
nén tang. Phén tich sy tién héa (evolutionary analysis) ciia 3 genomes magnoliid tir nhimg b
thuc vat (order) khac nhau, chi ra duoc nhitng chimng c& cua cac diém mang tinh chat di truyén
huyét théng (phylogenetics) cua clade “magnoliids”. Thuc hién phén tich genome c6 tinh chét
so sanh, thuc hién phén tich transcriptome dé xac dinh nhimng thay d6i c6 trong biéu hién gen
nhu thé nao? Biét dugc sy tién hoa va do 16n cua dong ho trong gia dinh gan lién v6i két qua
sinh tong hop piperine. Tai nguyén di truyén hé gen cay ho tiéu s& 1a tai nguyén vo gia phuc vu
nghién ctru sinh hoc va néng hoc dbi véi loai hd tiéu trong trot (Hu et al 2019).
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Fig. 1 Black pepper genomic landscape of diversity and expression data. a Circular representation of the pseudomolecules. b-d The distribution of the GC
density, repeat density and gene density, respectively, with densities calculated in 500 Kb windows. e-1 Expression of berry-specific genes (from outside to
inside tracks: 2 MAP, 4 MAP, 6 MAP, 8 MAP, root, stem, leaf and flower). m Locations of genes mapped to secondary metabolism (green square) and
alkaloid metabolism (red square) pathways. n Syntenic blocks. The band width is proportional to syntenic block size. Source data are provided as a Source
Data file

Hinh: Pa dang di truyén hé gen cay hé tiéu (Hu et al. 2019). (a) Biéu thi cac pseudomolecules.
(b-d) Phan b mat d6 ndi GC, mat d6 1ap lai, mat do gen, mdi window 1 500 kb; (e-1) Biéu hién
gen dic biét ctia hat tiéu (dau vét trong va ngoai: 2 MAP, 4 MAP, 6 MAP, 8 MAP, r&, than, 14 va
hoa). (M) Cac gen dinh vi dugc gin trén ban do di truyén ma hoa san pham bién dudng thir cap
[hinh vudéng xanh green], alkaloid [hinh vudéng d0]; (n) Blocks mang tinh chit déng dang
syntenic. Chiéu rong cua band twong Gng véi kich ¢& syntenic block. Nguén dit liéu 1a hd so
ngudn. (Hu et al. 2019)



V. XAC PINH HE GEN HO TIEU & CHI THI PHAN TU SSR

Kha nang san sang vé chi thi phén tur phén b trén toan bo hé gen cay ho tiéu sé 1a didu kién tién
quyét dé nghién ctru di tmyen cay ho tiéu. Xac dinh nhimg QTL dich, tang cuong két qua nghién
ctru di truyén va cai tién gidng tiéu trong san xuit 12 muc tiéu cua dy an nay (Kumari et al.
2019). Thong tin vé trinh tu hé gen cy ho tiéu tir két qua gan day nhat ddi véi Piper nigrum
genome da va dang dugc su dung, phuc vu viéc xac dinh va dinh tinh nhiing chi thi phan tir SSRs
(Simple Sequence Repeats). Ngudi ta co tat ca 69.126 chi thi SSRs da duoc phén 1ap tir két qua
assembling hé gen cdy tiéu P. nigrum. Tan suit SSR dat 158 trén mdi Mb c6 nghia 1a mot
SSR trén 6,3 kb trong genome cay tiéu. Trong sd cac loai hinh khac nhau cua motif SSR tai
nhitng vi vé tinh, motif ¢6 hai chir lap lai (dinucleotides) chiém nhiéu nhat 48,6%, theo sau la
motif ba chit (trinucleotide) chiém 23,7% va motif con lai (compound repeats) chiém 20,62%. Sir
dung mot bo chi thi bao gdbm 85 SSRs dé minh chimg, ngudi ta thay c6 74 cho ra san pham PCR
khuéch dai véi kich thudéc mong mudn. Pa dang di truyén cta 30 mau gidng hd tiéu thong qua
chay dién di 50 chi thi SSRs cho két qua c6 4 nhom di truyén khac biét nhau. Ben canh d6, cac
lodi giao thoa nhau trong ty nhién c6 thé chuyén dobi chi thi SSRs, diéu nay duoc kiém tra lai
trong 9 loai ho tiéu hoang dai. Trong sé 50 chi thi SSRs nay, ¢6 19 chi thi dugc khuéch dai trong
9 loai Piper va 31 chi thi SSRs dugc khuéch dai trong 7 loai Piper. Nhu vy, chi thi SSRS c6 thé
dugc ap dung cho loai khac thudc chi Piper, ma noi dy trinh ty ctia hé gen chua san sang. Pay
1a nghién ctru dau tién ing dung chi thi SSR trén co sé NGS trong genome cay tiéu (Kumari et
al. 2019).

H)b tiéu (2n = 4x = 52) 1a cay than gb, co tap tinh day leo, da nién thudc ho Piperaceae. Hat tiéu
c6 gia tri kinh té 10n cta néng nghi¢p toan cau, nho vi cay va mui thom dac biét cua gia vi tiéu,
do hop chit alkaloid piperine va dau bay hoi (Nair 2011; Ravindran va Kallupurackal 2012).
Kha nang cua nguon genome dudi dang chi thi phan tir trén co s chudi trinh tw DNA, dugc ky
vong sé& thuc day nghién ctru co ban nha nh hon, vi dy nhu ban d6 di truyén, QTL/gene mapping,
genomics co tinh chat so sanh va chon giéng b%mg k¥ thuat phan tir. V& DNA based markers,
chi thi SSRs dugc da sé nha chon gidng wa thich st dungvi kha ning tai tao (reproducibility),
kha nang multi-allelic, ban chat co-dominant va phu tron genome cay trong (Varshney et al.
2005). Microsatellites hay SSRs 1a nhitng tandem repeats cua 1 dén 6 nucleotide c6 rai rac trong
genome (tai ving mat ma di truyén hodc khong c6 mat ma di truyén) (Tautz va Renz 1984).
Trong hé gen cdy ho tiéu, co vai bao cdo noi vé thiét ké chi thi SSRs (Menezes et al. 2009; Wu et
al. 2016). Géan day, ngudi ta tiép can phuong phap nghién ctru transcriptome dé tmg dung tao ra
b chi thi phan tir SSRs cho hé tiéu (Gordo et al. 2012; Hu et al. 2015).

Tinh wu viét ciia cong nghé NGS (next generation sequencing) da va dang thiic day viéc thiét ké
ra nhimg chi thi phan tir méi, mang hiéu qua rat tot (Mardis 2008, Yang et al. 2012).

Kumari et al. (2019) vira chay trinh ty ban thao hé gen cay ho tiéu (P. nigrum) théng qua
Illumina, PacBio (NCBI GenBank: PRINA412127) va IRYS sequencing dé co dugc mot ban
phéc thao genome bao gdm 916 scaffolds, phu trén genome la 80X, roi s dung thong tin cua
sequence ay thuc hién genome wide mlnlng (tim kiém mo gen trén h¢ gen), dinh tinh chi thi
SSR trong cdy ho tiéu. bay 1a bao cao dau tién vé sang tao ra sO lugng 16n chi thi SSR trén co s¢
trinh ty genomic cay ho tiéu. Chi thi SSR phat trién tir Piper nigrum da duoc xét nghiém ddi véi
cross amplification trong chin loai tiéu hoang dai. Nhirng chi thi SSR da hinh cao dugc xac dinh
trong bao céo nay cé thé dugc st dung tric tiép cho cac loai thudc chi Peper dé phén tich da
dang di truyén va di truyén tién hoa (Kumari et al. 2019).
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(Ngudn: Kumari et al. 2019).
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Fig 6. Genetic relationship of germplasm accessions as revealed by SSR markers in black pepper. Dendrogram was
constructed using SSR profiles for 30 black pepper (Piper nigrum) accessions. The pairwise Jaccard's similarity
coefficients was used for construction of phylogenetic tree.
Hinh: Méi quan hé di truyén huyét thong ctia cac mau gidng tiéu qua phan tich bang chi thi SSR
(Ngudn: Kumari et al. 2019).
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HE TRANSCRIPTOME TRONG HAT TIEU



Day 1a nghién ctru dau tién vé hé transcriptome cta hat tiéu (fruit transcriptome) thdng qua chay
trinh tu Illumina HiSeq 2000 (Hu et al. 2015). Két qua tong cong 56.281.710 reads chwa sang
loc (raw reads) dugc thu thap va thao tic tong hop (assembled). Tir nhimg két qua raw reads
nhu vay, ngudi ta ghi nhan 44.061 unigenes, trung binh moi gen ¢6 do 16n phan tir 1a 1.345 nt.
Thuyc hién k¥ thuat chi thich chi tiét di truyén (functional annotation), c6 40.537 unigenes dugc
chu thich theo Gene Ontology categories, Kyoto Encyclopedia of Genes and Genomes
pgthways, Swiss-Prot database, va o' SO dir liéu Nucleotide Collection’(NR/NT). Bén canh do,
sO chi thi phan tir SSRs dugc tim thay la 8.196 markers. Phan tich chi tiét hé transcriptome ngay,
ngudi ta xac nhan dugc nhitng gen mang tinh chat housekeeping (gen khong c6 chic nang) phuc
vu chay PCR dé kiém tra, nhitng chi thi SSRs da hinh cao, va nhiing gen lién quan dén bién
dudng lysine/ornithine. Két qua nay minh chung kha nang khai thac co so dir liéu cia Hu va ctv.
(2015) rat tt. Dac biét 1a nghién ctiru qua trinh tong hop nén chat piperine cua hd tiéu (Hu et al.
2015).

Gia tri ¢ y nghia bac nhat cta ho tiéu 1a san pham piperidine alkaloids. Piperine c6 cong thirc
héa hoc 1a 1-piperoylpiperidine; quyét dinh do cay (pungent), chira nitrogen, va 1a alkaloid chu
luc cua hat tiéu (Srinivasan 2007). Piperine, duoc stt dung nhu mot phan tir enhancer co tinh
chat vi giac (gustatory), 1a chét kich thich hiéu qua (agonist) tai kén van chuyén cation c6 tinh
chat transient receptor day tiém ning, thudc receptor, subfamily V member 1, tao nén cam
gidc sung nong cua dong vat (McNamara et al. 2005; Okumura et al. 2009). Trai lai, gia vi ho
tiéu voi ham luong peperine sé kich thich hoat dong cua nhitng enzymes tiéu hoa tir tuyén tuy va
rudt non. Theo d6, kha ning tiéu hoa duogc ting cudng va thoi gian chuyén hoa thirc an thanh
chit bd dudng xdm nhdp vao co thé s& nhanh hon (Mehmood va Gilani 2010; Platel va
Srinivasan 2000). Véi pham chat va mui vi doc ddo, kha niang tiéu hoa tot ciia piperine, hd tiéu
da tro thanh thuc pham phd bién bac nhit cua dan cu toan thé gidi. V& y hoc, piperine dugc minh
chimg trong nhitng thi nghiém in vitro rang: n6 c6 kha ning ngin ngira hodc chdng lai ton
thuwong do 6 xi hoa, thong qua kha nang dap tit duoc ROS (reactive oxygen species: gbc 6 xi tur
do) va tc ché sy peroxy hoa chét béo (Zarai et al. 2013; Prasad et al. 2004). Tam quan trong vé
thyc pham va y hoc ciia piperine cao nhu vy, nhung ngudi ta chua hiéu biét nhiéu vé co ché
phan tir ctia bién dudng piperine. Nghién ctru trude ddy cho thdy piperine 1a dan xuét ciia nhiing
san phdm bién dudng bac mot (primary metabolism) thudc vé lysine/ornithine. san pham nay
duogc nghién cuu kha nhiéu trong loai thyc vat mo hinh (Geisler va Gross 1990; Szdke et al.
2013). Tuy nhién, nghién ctru sau vé sinh tong hop piperine trong cdy ho tiéu, khong phai ciy
mé hinh, van con rat han ché, vi nguoi ta rat thiéu thong tin vé co s¢ dit lidu phan tir. La mdt cay
khong phai mo hinh (non-model plant), ho tiéu khong duoc nghién ctru nhidu vé thong tin hé gen
ctia n6 (genomic information). Khi thiéu thong tin vé trinh ty genome, ngudi ta phai tiép can véi
phuong phap rat ton kém 1a de novo assembly of RNA-Seq dé nghién ctru co6 hé thong
transcriptomes, dbi v6i hau hét sinh vat c6 hoan canh twong ty (Grabherr et al. 2011; Jain 2010).
Hang triéu phan tir short tags da duogc tao ra tr ky thuat nén RAN-Seq, vi du nhu k¥ thuat
Roche 454, Illumina Genome Analyzer, va Applied Biosystems SOLID. Sau khi c6 dugc
phan tir short tags, ngudi ta tong hop ching lai (assembled) bang nhitng cong cu dic biét va
bang thuat toan twong thich; trinh ty ciia genome va trinh ty cta transcriptome s& duoc giai mat
ma. Nén tang trinh ty iy, cong thém cong cu assembly, va phan tich tin sinh hoc tuong thich,
nguoi ta co thé duge van dung dé hinh thanh nén mot hé thdng céng nghé phuc tap dé chay
RNA-Seq; két qua s€ xac dinh dugc tinh chét da hinh cua trinh tu phéan tur transcript, xac dinh



dugc su kién trans-splicing méi, va su kién splice isoforms (Robinson va Oshlack 2010;
Robertson et al. 2010; Wang et al. 2009). So véi phuong phép truyén thong, cong nghé RNA-
Seq nay cho ra két qua do luong c6 tinh chat ddc biét rat cao va tinh chét sb lwong chinh xac.
Theo nghién ctru cia Hu et al. (2015), transcriptome cua hat tiéu dugc phan tich thong qua
lllumina HiSeq 2000. Uéc khoang 56 triéu clean reads duoc thu thap va sd unigenes 1a 44.061
gen duoc tong hop lai de novo. Gen mang tinh chat housekeeping, gen c6 lién quan dén
lysine/ornithine, cip mdi cua chi thi phan tir SSRs da hinh di dugc xac dinh. Cong trinh nghién
ctru Ay 1a co s¢ dir liéu dau tién duoc thyc hién trén hat tiéu. Cong trinh nay cung cip mot thu
vién gen (gene library) vo cung hitu ich phuc vu nghién ctru di truyén phan tir cay hd tiéu (Hu et
al. 2015).

Table 1. Summary of transcriptome data for black pepper fruits.

Number Percentage
Raw reads 56,281,710
Clean reads 52,098,738
Contigs 179,075
Total unigenes 44,061
Total sizes (nt) 59,262,045
Unigenes (300-500 nt) 10,678 24.23%
Unigenes (500—1000 nt) 10,298 23.38%
Unigenes (1000-2000 nt) 13,316 30.22%
Unigenes (2000-5000 nt) 9,409 21.35%
Unigenes (>5000 nt) 360 0.82%
Mean length (nt) 1,345
GC content N50 length 1,757 46.60%
Unigenes in NR database 32,697 74.20%
Unigenes in NT database 25,366 57.57
Unigenes in SwissProt database 23,080 52.38%
Unigenes in GO database 28,827 65.43%
Unigenes in COG database 16,195 36.76%
Unigenes in KEGG database 24,836 56.37%

doi:10.1371/journal.pone.0129822.1001



Table 2. The list of lysine mechanism-related genes in transcriptome.

Gene ID Length KO_id ko_definition

CL3230.Contig3_F0463-PN 1711 K01581 ornithine decarboxylase [EC:4.1.1.17]
CL1221.Contig2_F0463-PN 1806 K01586 diaminopimelate decarboxylase [EC:4.1.1.20]
CL16778.Contig2_F0463-PN 1610 K01581 ornithine decarboxylase [EC:4.1.1.17]
CL44.Contig2_F0463-PN 2878 K00276 primary-amine oxidase [EC:1.4.3.21]
CL9334.Contig1_F0463-PN 2082 K13367 non-specific polyamine oxidase [EC:1.5.3.17]
Unigene14041_F0463-PN 2504 K00276 primary-amine oxidase [EC:1.4.3.21]
CL13005.Contig1_F0463-PN 1978 Koo818 acetylornithine aminotransferase [EC:2.6.1.11]
Unigene14591_F0463-PN 2315 K00276 primary-amine oxidase [EC:1.4.3.21]
Unigene7223_F0463-PN 2206 K00276 primary-amine oxidase [EC:1.4.3.21]
CL9890.Contig2_F0463-PN 1293 K01778 diaminopimelate epimerase [EC:5.1.1.7]
CL3253.Contigd_F0463-PN 1552 K13065 shikimate O-hydroxycinnamoyltransferase [EC:2.3.1.133]
CL3823.Contig1_F0463-PN 1696 K01438 acetylornithine deacetylase [EC:3.5.1.16]
CL3485.Contig1_F0463-PN 2233 K00928 aspartate kinase [EC:2.7.2.4]
CL13479.Contig1_F0463-PN 6480 K11446 histone lysine-demethylase JARID1 [EC:1.14.11.-]
CL5146.Contig2_F0463-PN 3370 K15601 lysine-specific demethylase 3 [EC:1.14.11.-]
CL14382.Contig2_F0463-PN 1349 K00215 dihydrodipicolinate reductase [EC:1.3.1.26]
CL1221.Contig2_F0463-PN 1806 K01586 diaminopimelate decarboxylase [EC:4.1.1.20]

doi:10.1371/journal pone. 01298221002
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