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Development of HRM Markers Based on Identification of SNPs from Next—Generation
Sequencing of Sanguisorba officinalis, Sanguisorba tenuifolia f. alba (Trautv. & Mey.)

Kitam and Sanguisorba tenuifolia Fisch, ex Link
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ABSTRACT

Objective : To establish a reliable tool between for the distinction of original plants of Sanguisorbae Radix, we analyzed
the complete chloroplast genome sequence of Sanguisorbae Radix and identified single nucleotide polymorphisms
(SNPs),

Materials and methods : The chloroplast genome sequence of Sanguisorba officinalis, Sanguisorba tenuifolia f, alba
(Trautv., & Mey.) Kitam and Sanguisorba tenuifolia Fisch., ex Link obtained using next—generation sequencing
technology were described and compared with those of other species to develop specific markers, Candidate genetic
markers were identified to distinguish species from the chloroplast sequences of each species using Modified Phred
Phrap Consed and CLC Genomics Workbench programs,

Results : The structure of the chloroplast genome of each sample that had been assembled and verified was circular,
and the length was about 155 kbp. Through comparative analysis of the chloroplast sequences, we found 220
nucleotides, 158 SNPs, and 62 Indel (insertion and/or deletion), to distinguish Sanguisorba officinalis, Sanguisorba
tenuifolia f. alba (Trautv. & Mey.) Kitam and Sanguisorba tenuifolia Fisch. ex Link, Finally, 15 specific SNP genetic
markers were selected for the verification at positions, Avaliable primers for the dried herb, which is used as medicine,
were used to develop the PCR amplification product of Sanguisorbae Radix to assess the applicability of PCR analysis,

Conclusion : In this study, we found that Fendel-qPCR analysis based on the chloroplast DNA sequences can be an
efficient tool for discrimination of Sanguisorba officinalis, Sanguisorba tenuifolia f, alba (Trautv. & Mey.) Kitam and
Sanguisorba tenuifolia Fisch, ex Link,

Key words : Sanguisorbae Radix, Genetic Marker, Chloroplast Genome, Single Nucleotide Polymorphism(SNP)

I /\‘] = &o &3t ool Eoln, 2olE &£ Syt
Qol&, 71Q0]F, eolE, TLo|E, AeolE T ¥ 5F
L o|&(Sanguisorba officinalis Linne)< A0} Qo|& o] Bxslw ot SojEe AR, XFZE FEA,

*Corresponding author : Hyun—Woo Cho, Korean Medicinal Herbs Research Team, National Development Institute of Korean Medicine,
288 Woodland load, Jangheung, Jeonnam, 59338, Korea,

- Tel : +82—-61-860—2814 - Fax : +82—-61-864—8706 - E—mail : johw7@nikom, or, kr

# First author : Mi—Ok Sim, Korean Medicinal Herbs Research Team, National Development Institute of Korean Medicine, 288
Woodland load, Jangheung, Jeonnam, 59338, Korea,

- Tel : +82—61-860—2814 - Fax : +82—61-864—8706 - E—mail : smo0208@nikom,or, kr

- Received : 17 October 2019 - Revised : 14 November 2019 - Accepted : 30 November 2019



92 K # A BB € 3 — Vol. 34 No. 6, 2019

ot 9 FFgo AGEE FE AEZA G AR
e 719 ot djaulzobA et FA ol
8 A9 7194=2LE T (Rosaceae)oll &3t= 201E
(Sanguisorba officinalis Linne) Ex XK Wzl
aetet,

dvtdoz dH FHZ f5H= O AEY S44 ¢
FHQ EALRZ 7|9AEE FESH717F W% o1H7] "ol
S EL & 27to] 8 AV olutm et o2 2
517] fl8f Bk AAZH ol BEFA Q] FUE 7|E0] fEL
Rem, ol 7t et B2 DNA fEoflA & A8%
= S ERAE &85t Aot

7128 BAUAE o] 8% 4

%

t A& DNA HlZ9 9 F¢ 45
A SAA A o7t Wtz &elA rbel, matK, trnH-
GUG-pabA$}t Z2 B4 $AAY $-AAE-$(intergenic
region) A ge] RS diifoz AwEo] gt eyt
ol A9E FE] YA AREEE BHAI viayg zet
o] (universal barcoding primer)E 4]& Fof wz} PCR
FE ago] YoAAY FFo] HA Y= EAM] e,
FZo] Hutk A HE F7IAEY g o] EAA F
3 9l BAEe] gt EF o]5 THo] (gL A= o
A TS T E Hol7t AR FL7t 9ol T4
FL R Fo2 R 5 Y& ML WEstn Y,
AA7HA] DNA oA g2 de] AHEE I Sl A
9 719ES o R o TEH2 By v glon, o],
2 AFAE GEA FAAY g5 N Fo] ofd GEA AH
FRAA HES E481e] Lol & 8 337+ vy oA
Ho} A=g 4= gle Hol A9E S5t 7| 4ES FHse
EAHAE ek, & o A8 AR 7]9E W V)

WS stz skt

¢

e

I Az g
L AE A=

NGSE o|-&3sto] G54 F-34 E7148s £4317] 9%
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f. alba) 7+ 234 =R T U s, vt
ASES % AR = 201F 68-ANF F5 AL L0]E oA
404, F=4t Lo)E oA 153, Fh=grojorzlsd AR /Al
1274, Aokx BEEE 14), 71 20lF 18HFFTord e
A/ 17", AA 2#E2F 13), FLolE 11- (&=t
ORI Z- A A /A 117)E o] &3ttt

2. Al DNA %% 9 sequencing

Zr AA 2] Als DNAE NucleoSpin Plant [I(MACHEREY—

NAGEL GmbH & Co. KG)& o|&3te] &34t &8
A= DNAQ] 92 Qubit dsDNA BR Assay Kit (Invitrogen,
Carlshad, USA)E& AMgsld EA3tct NGSE AA <
DNAE & 200ng ©l4, 1tA A5E A& 4 0.5 ng/ul
N Evetlnh, JFAHABAA(NGS)E +33t7] Hsi NEB
Next Ultra II DNA Library Prep Kit for Illumina (New
England Biolabs, Massachusetts, USA)S ©o]-&3to] Z+ 3
AEE NGS £4 o2& A& sttt NGS 24 iy
AAEE FEE= A2 oAHEE AHESHAIL, AlRA QL 2ol
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2= TapStation HSD5000 (Agilent, Santa Clara,
USA)E o] &3ste] AHlE 245k NGS 4 A4S 24
sttt NGSE o83 e 44 A71AE dolg 4k
Illumina platform< °|&3stE1 24 = FEHof Zdoj=
Pair—end, 101 Y4 e2 BEA3tgct A g 1 Gbe Hl¢]
S 35t
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6. TWES AT A 25 9 H A5 dE
L=

Ak A

7 39 924 @/INGS 4E vaste] T 9 7)Y HES
FEE 5 Y TR GAA oA LB 92A FHA
A7) 84 MPPC(Modified Phred Phrap Consed) 213
(GenoTech, Daejeon, Korea)Z ©]-&3to] SNP 52| Hol&
Bastgon® 2 7hwlo] 248 CLC Genomics Workbench
9] ‘Resequencing Analysis’ 7]%5< o] &3} t},

NGS 7[5 H]2 §RAE &3 =2 LolF 4 55 429
F 907193 78 2AvA) 79 A% 292 85 99
olgd & e AE FF LIt BAIx=E 2 FenDEL-
qPCR? & #g43t9th. FenDEL-qPCR W< 2-43}7]
18141 FenDEL Zatolu]/Zmu tzel 7158 A5ttt
FenDEL—qPCR ¥H-&-& $]8 SNP w7 H& oo} 2
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3t tH(Table 1).
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Table 1. Reaction preparation and conditions for PCR

Component, Volume Conditions
(10 pmol/ul) F primer 1w
(10 pmol/uf) R primer 1w
SNP#
(10 pmol/ul) FenDEL Probe 1wl
(10 pmol/ul) Combo Probe 1w
IC F primer 1 ul ® 95T — 5min
m 35 cycles for :
IC IC R primer 1wl
95T — 30sec
IC Probe L ub 55C — 40sec
2x FenDEL—qPCR Master Mix 15 wl
(0.5 ng/ut) gDNA 2 ul
PCR Grade water 6 ul
Total 30 wl
I 2
1. NGSE ol 48 A% U 54 A% 424 § 2. FVUL A u BF PY 2 AF G
AA 4 A0 A9

29 o AZo] FRH 20|F 2, 7120]F 27, Ao
E 2709 AEA /AA AEY Zole 155,393bpellA
155,415bpo]™ (Table 2), FAAEY wAe BF 5ol F
Zhe]) v & BEE o] 9l ISt NGS g =(reads)
ZollA G8A A7IXEY FE= 394 ~ 8,99 % HEFoH,
49" AEA FAA 71489 AHA = 189 ~ 365 x
olltt, 2olE & AEY AEAl A= TEH LR 82719
g S gte 947 52709 tRNA SAZ, @ 479
rRNA §3A2 FAAHY &S s, F244e=
1709 LSC(large single copy region), 17§12 SSC(small
single copy region), ¥ 27]9] IR(inverted repeat region)=
7HA AL 92 FIsHAT

L0|EL ZTUT F& AE 3%, 67/ ARY FEA F+HA
A7IMEE vl £A% A3t 3% AR &8 7hed ¥

% 179702 uUebygth SNP @l wol: 1017,

InDel &E]2] Holt 787]0|H, InDel WOl 1~77] 7]

RO1E &= 0@1 Fol &EA S17] o o|BFHom
Z79 SNP atAE B43tH BE $& 72T 4 ok
ety B 475 53 g2 1790 FRE 2% A5 g4t
o2 3 gdaL ¢gitd, FenDEL—qPCR 'S F-8317] 98|
A zEto|w A|Zo] goldjof SERE o|F Htgdte] HF
g mtAE A9 sHAH (Table 3).

Table 2. Total sequence reads (101—bp paired end) obtained from high—throughput sequencing and percentage of the sequence reads
mapped to the reference genome of Sanguisorba officinalis, Sanguisorba longifolia, and Sanguisorba tenuifolia f. alba

Sample Total reads A:eiili:d ;If:;zu; C(()Z; . Tota(lbls)ngt h
Sanguisorba officinalis, 6,222,080 239,662 8.99 364 155,393
Sanguisorba tenuifolia f, alba (Trautv. & Mey.) Kitam 7,404,878 166,728 3.94 189 155,415
Sanguisorba tenuifolia Fisch, ex Link 8,410,896 188,944 4,10 224 155,385

Acov; Approximate Genome—wide Depth of Aligned coverage
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Sanguisorba species
155,393 bp ~ 155,415 bp

Fig. 1. Circular gene map of the Sanguisorba officinalis, Sanguisorba longifolia, and Sanguisorba tenuifolia f. alba chloroplast (cp) genome.
Genes shown inside and outside the circle are transcribed clockwise and counterclockwise, respectively.

2, FWES T A A5 ¥ 2 25 U EAA A

SolE2S T T AE 3F, 67 AR GEA A
H7IMES vla EAT 23 A% vAR &8 7t W
ol ¥ 1792 uYeEbgth SNP Fee] ®Hol: 1017,
InDel F&j&] Wol= 7870, InDel ¥ol= 1~770 d719
A9l 24 FE AT

L0|E Hofl= 209 Fo] EHA 7] Y&l olEFem=
5F 72 SNP uAE B4 2E T5 8% = U+ o
g B A7E S8 d2H 1797 FRE BF A5 gez
3 Z9LE Qith, FenDEL—qPCR W& 24317 Ysia=
zZetolw Azto] goldfjof stEE o]F HtYsta] HF i
A E A skt (Table 3).
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Table 3. Oligonucleotide sequence of primers

A a5

2 A A71AE AlEA o2 gAE SNP 78 HRM B4 ] 7t

95

e sample No. o1 g0 s3 sS4 S5 For, Primer Rev. Primer

7498 C G C C G GGGCTCAAAAGATCACCATA TCCGTTACGTATCTTGGTGT
12493 C ¢ C T C CCICTGTATCGCATATGGGT TTCTATCATAACTCGTTCCAGC
12542 A A G A A TGATACAGGGCTCAATGGA CCATTTCGTCGAGATAAACA
48190 A C A A C AAAGAAATAGAGCATGTTGATTA  GAGGGTATTCGCACTGTTC
50046 T ¢ T T C CIGCTCAAGACATTATTTTACCAC  ACGATATCCACGATTCCTC

52133 G G A G G TCCATTTTAGCTTCGGAGAAT TTGCTACAAATATGGATTATTGAA
55268 T T € T T TIGAGCCCGCTCTGAA ATATCGAAGAATTGGTGCTG
73028 T ¢ T T C TCCTCCAGACGTAGAGCG ATTTATTGCTTATGTAGCTTACCC
80097 T T T C T CGTTTCTTTTGCCTGTTTTATATAC —ATTGATATGGGTCGACATACA
83789 T ¢ T T C TIGTGGTCAGGAACATTGAT GTAGGAGAGATGGCCGAG

88252 C T C C T AAGGAGCGACCCCATTT GCTAAATGATGGTGTGCAATA
91436 A G A A G TCCCTGTGATGGTCCG CATAATGTGATGTGCTTCCA
111910 G A A A A AACACAATGGCGTCTTGATAC TTCATATATGATTACGGGTCG
122067 G A A A A ACAAAGGCTAAGAGAAAAAAGAA  ATTCCAGTAGTTTTTTCATCGC
127958 T T G T T CGACCGTGGAAATGGAAAT GGTGAATACTCAGTTGATCAAC

3. FenDEL—qPCR W& Z43l9 ulA A5 A¥
NGS B4 AHEHAE 3% A8E A2 E SyberGreen + FenDEL—qPCRE A3t 23} 7+ wp# 9] o] J&kstA &
Q= At (Fig. 2).

Fig. 2. Results of PCR analysis.

SHP#1 SHNP#2 SHP#4 SHNP#6 SNP#7 SNP#9 SMNP#12 SMP#14
=}
0]
= - = .
2l
—
Q
0]
Ol ) o =
- N e 1+ [+ ]
3|
{ Wi
Q
0] 8
- [+ | o+ ] o+ T



96 PN N .

seplel et A9NEY F
Sl e Fad aom AAHT Ytk Tk 7
=& We7PEa olgke B4

48 5T %%‘301 Aoz A8

o ot
oy
,ﬂﬂ

o|g}st B2 Aufjz] E= VM«I B4 5 o 7HA] agle
o3 FFS ol Fg 7|EE AANI7L o dHS
AR T JeH, ol g Besly] 9] Haos A
Zrawo] FalA AxHm oY, 1 % DNA HlEE B
Mg B3 dop 3 FEnel olgET glon), o YAE
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et 7Y AE AsY sequencing HlolE 7L S3 o
o, olF rjHtoz E£S T 4 &= DNA marker
Mt A7} SarelAl A9 Ha ok, o2 NGS 71&9)
g 4714 4E S1% 71go] ZHER I Bl-Eo] -S| R HA
A7l ¥ HRE wgoz 3= FddG7ItdF A (single
nucleotide polymorphism, SNP AR E &3t EXEX|7}
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HEE o] g3 EAuAE ARGt ©]§ o]4ste] PCR
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