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Abstract:Objective To analyze the DNA methylations between two chemical types of Pogostemon cablin using MSAP technique.
Methods Methylation sensitive amplification polymorphism (MSAP) technique was used to detect the DNA methylation degree of
two chemical type and a total of 197 P. cablin samples. Results The highest or higher values of the Shannon polymorphism index of
the four types of MSAP locus information were produced in the five areas of Yangchun, Deqing, Gaozhou Datong, Lubu, and
Guangning. It formed two branches with P. cablin Shipaiensis (Pogostone-type) and the rest (Patchouliol-type). The percentage of
variation among the populations was 60.66%, which was far greater than that within the population. Atotal of 10 differential fragments
were screened out, sequenced and analyzed, one of those belongs to the serine/threonine protein kinase family. Conclusion The
MSAP technique can be used to identify the different origins of P. cablin. The formation of different chemical types of P. cablinis
closely related to its DNA methylation level, and further research is needed.
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Table1 Sample informations of P. cablin from different origins

g KA G Z354 e KAERT [A]
BS1-20 HETE YD ELBREET R 37— DA 19.39°N 109.30°E 20 2016-11
SX1-20 IR TR B R R A 21.21°N 110.07°E 20 2016-12
GZ1-18 T 4R% 42 T B M T A 21.89°N 110.66°E 18 2017-01
YC1-20 I ARBHYL T FHE T B KSR 2 4 22.03°N 111.59°E 20 2016-11
DQ1-23 ] AR A R B 2R i 23.29°N 112.23°E 23 2016-11
LT1-20 T 7R R v L X S P RS A 22.95°N 112.47°E 20 2016-11
LB1-20 TR PR X D A 22.92°N 112.48°E 20 2016-11
GN1-20 JTHRERT T EEFEE BN 23.39°N 112.78°E 20 2016-11
SH1-21 I AREE R Y 2 B DR BIAY 23.50°N 112.78°E 21 2016-11
SP1-15 JURATT N TR X AR X 23.21°N 113.37°E 15 2017-01

1.2 k5 1.3 {48

3 Fh BRI DIEE Hpa 1l (10 U/ul) « Msp |
(20 U/uL) + EcoR 1 (20 U/uL) . TagDNA E4&
(5U/uL) . ATP (0.01 mol/L) . NEB buffer 4 ¥
H NEB (Jbx0) HIRAF; BSA (20 mg/ul) HH
FHEEWHEHARARAF; Y DNA H2 507
&~ Marker WWHILFEERARAA; By =94l
WIAFIEWH QIAGEN Aw]; @54, k¥
TR EER A 7 & s w2 e 514 t i
KW A F A . DTT %7, PCR tubes. 1.5
mL B0 E Axygen HBRRA .

DL-600C ZY fyk A (b3 AR K B B A= Pt
HAERAT) ; BG-subMIDI B /K Hi ok il (b
HHBEEDHEARERAF) ; Tocan-4100 4>
Hh R g 240 (LSRR AR A IR A
H]) ; K5500Plus AL il & 43 e b i (el
BER K BAERARD ; 3K15 8 & X m s A%
B0l (EE Sigma A ; MI-54A AU k7%
ERE (EEEEYREFERAR) ;
3730XL A E 40 % ¥k 4 BT 40 C Applied
Biosystems A @)
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R BT HEEL DNA M. WRES4E. iz
J5, FFEE 20 nglul, —20 CHR7F.

Wi Guevara 25U 7 ik ATREY) . EHEAN
PCR 14, Wb BEEy 34 =Mk AT B4 E BER
VKK, FTERZ 2 AEEY). YIS, BT #EE
FEMFERIZH DNA 1] MSAP 7 /545 21 fsa S0
PAK S eAil B o 22 A — 41D SRy 1S
AR S A T LA = AR S 4T 1) MSAP B
NS B AT b . o, AR Bk KA
VI a0 2 Fiizs
22 HURALIE
221 ARFEP 7% MSAP A S5 R % H Schulz
2141 Mix Scoring2 #fF3RHL MSAP 7 1545 K.

&2 [EE MSAP S5 ¥iHEE A a3 14K F5
Table 2 Sequence of primers and adaptors used in
selection of MSAP analysis primers of P. cablin

k7] J751

EcoRl-adapter 1 (43%) 5-CTCGTAGACTGCGTACC-3'
EcoRl-adapter 2 (43%) 5"-AATTGGTACGCAGTC-3’
Hpall/Mspl-adapter 1 (#:%) 5"-GACGATGAGTCTCGAT-3’
Hpall/Mspl-adapter 2 (#:%) 5"-CGATCGAGACTCAT-3'
EcoRI+1 (g s#514) 5-GACTGCGTACCAATTCA-3'
HpalliMspl+1 (Fy #4514 5"-GATGAGTCTCGATCGGC-3’
EcoRIH+AA-FAM GEBHET#54))  5-GACTGCGTACCAATTCAA-3
ECoRI+AG-HEX™ (Lt 14514)  5-GACTGCGTACCAATTCAG-3'
EcoRI+AC-ROX**® GEFFMES #5141 5-GACTGCGTACCAATTCAC-3’
Hpall/Mspl +CAA GEFFIES#5/4))  5-GATGAGTCTCGATCGGCAA-3’
Hpall/Mspl +-CAT" G #5141)  5-GATGAGTCTCGATCGGCAT-3
Hpall/Mspl+CTA® GEFYES15141)  5-GATGAGTCTCGATCGGCTA-3’
HpalliMspl+CTT® GEEY 154D 5-GATGAGTCTCGATCGGCTT-3'

R R R TR B 1 R o 0 |

The same number in the superscript indicates a pair of primer

combinations in the selective amplification reaction

222 UPGMA EZ#1 & PCoA AR HT Al
F NTSYS-2.10e #A4E%F MSAP {7 45 B E i k4T
UPGMA FZ40HT1 & PCoA EAkkrsr#T, w153
197 AN E B MERIBDIR RS E ) PCoA 73 HT Kl
223  AMOVA 7 T 75 2 % 7t i H
Arlequin-ver3.5 HEXT MSAP 7 45 S 8 #E 47
AMOVA 73#7, i#it MSAP fi7 fifs Bt E 5 # &
FHZH DNA HIEAAT SR 78 A Y Mh st 45 48 53 1)
FePF LA K A MSAP A7 5 (48245 Lo
224 ZESRH BB 2T R UPGMA &
SINTEIEE R, TRk E RIS, K AT
FTA3 2 MSAP 7 315 B 5 AR 78 & i ot
PFFHIHAT AN Blast thxt, DA Z5R H BOaTfe
AEAEPFE DRI, R b ) 2 A e sl ) 1 X 6 368 B A
Ko TEHIEITE A, ZEMEAL A LLFIF Shannon £
SHREEOTE AL T
LASTERL S L] = 2 S VERT A% MSAP {7 4
Shannon £ 2P 4=3pilog2 p;
Hr pife MSAP fRic s “17 [bsid b iZfh
BN T bR HI E L.
3 H#R59H
3.1 #E5h DNA B MZ5 5
FE[FIZH DNA F 2 2 N, TidbAT e 4k
. BB, R DNA LBME LRI e eE
TR Aol Ango HLABEZE 1.7~1.9; #5—, 4 1% /5
W R F IR I 45 R A I — 25 WS i 4y, G
o R AMEILS, W 1R, A EER
— A DNA FEAS 75 23 SR EUR I
32 EMERREBIKDSMER
BANE IR RN 2 Fur. BMEREE 2 4G
VI, 6 XHEY 51 E, A 12 %95k PCR il
B, ARSIeBkiE 2 5559 s el B E AUl
8. %6 PCR Rl Bl AR 251 MSAP A7 55
bp 18, NFIFRNZAL ST HIT DNA WE, Wil 2-B
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M-Marker  1~20-AN[A {1 i 55 (1 41 DNA
M-Marker  1~20-genomic DNA from different samples

1 YC1-20 J"EEB T mEVEELH DNA HNE
Fig.1 Genomic DNA detection map of YC1-20 of P. cablin
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Fig.2 Capillary electrophoresis of two pairs of selective amplification primers

r 205 bp ALAALEIE 924 15 000 rfu AL A
33 BUEELHR
331 A[FF=HLTE A FE K DNA 1) MSAP £ rifE
B EARSEIGH, {F T 6 STk PRy 1 51 4%t 10
AL 197 AN E SR T T MSAP 43#,
—3A5F] 2 427 > MSAP i fi, g | 4
33.83%, KAl 5 33.25%, KA1l & 32.92% (%
BRI hrAEN R 3). H) 1053 M2 EMALEN
— LG E T 78 297 4 MSAP 47117, HEX 514 &
For i 2] 1) 22 A PR AR VE & 137~210. K%
B AR B R R 1 2 A AL i 280 Mix Scoring2
VAT 7 i Ja # 2 FpER BL I MSAP 5%s, /b4
G —FRM . fERARBINZ SN ST, 821
MR H AL DNA B, 807 /> DNA H B &
A HHALASN HMECG-8K MECG- (el “M”
B BRI, 799 > DNA FECEH HEALET N
HMECCG (idh “H” &) 147 s

ANEFA AN MSAP BARAT S5 B IL#E
4, “H” B “M” BUFEHEAL AL S B
# 5. H, ZRMMEEEDAE 2 B2, A
SRERED CRERBH =2) 1h A, g ik
FEPE A DA AR S, T A R A
EELA

MFE 4. 5 HETLLEH, &AM L. 28
PEAL S EL. Shannon £ S MEHRE0X 3 AN
EE R R E IR PG, m MR, b
JUFX 5 AR, M IR EHIX 3N
Hif¥) Shannon 2 2P F8 503 N EARME, JENIATREAR

3 Hpall E8F1 Mspl BExf 5°-CCGG i A E AL 2R
HOBRREE

Table 3 Sensitivity of Hpa Il and Msp | enzymes to
different methylation types at 5’-CCGG sites
FAAEAIRAS Hpall Mspl K&
JEF AL + + I
A I e i 4 PR A - + I
PR R I 2 R R - + Il
AN e i 2 B AL + - i
A8 B E 4 A, - - v
PR Rz I Fr 4 PR A - - v
PRI B 1 2 F A - - v

7 FORREWIEY), “—7 FORANREREY)
"+" means that it can be digested, "—" means that it cannot be digested

I B A% 5] Rh S8 5 AN ) 8 A AR R
&L, TMJE 3 A HI S 2 MR .

AR LIRS, BRI H R, B
AT B E A “H” RS B AL T
AT, M M7 BRI S ECE =N E
FEHRE S R, A, HARH B O A
H AR AR o AT K= HRE S 45 Shannon 22 251
FREEA A 2R B R A T AR K, X U0 B
PR — T BEEROR
332 UPGMA EEpHr Fra/=th) E&MHEMS
UPGMA EREWE 3 frr, Hion3 1 Mg A
W= TG R R 703 2 MR B
PR, EE. DL T S TAEHVGRE S R
B 33 3 AR HUTARE R 2 4 WA
= MU T A RE S R . WIEAR B, AR HRE
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Table 4 Informations of MSAP totalsites of P. cablin from different origins
sl PSR  MSAP A% ZAMM A ZEMAAEIe AT s%  Shannon ZAEMETEEL
A= Ry BS1-20 625 465 20.03 112 0.12
pe ST SX1-20 337 337 13.89 40 0.07
K I GZ1-18 956 809 34.84 56 0.21
FHA& YC1-20 755 651 28.04 203 0.18
TR DQ1-23 833 764 32.90 87 0.17
TEYE LT1-20 359 359 14.79 63 0.08
(7 LB1-20 942 775 33.38 57 0.22
T GN1-20 921 850 36.61 122 0.21
WP SH1-21 439 438 18.86 73 0.09
TN SP1-15 541 376 16.19 124 0.11

x5 AFESHr#EF “H” 8/ “M” B/EREUUSER
Table5 '"H'" type/""M" type/non-methylation site information of different origins P. cablin

N “H” B “M” B 2T “H” Y ZAME H” B M7 I “H” B “M7 “H7 RY ‘M7 B
e JEFFAAL L “M” B ARAL R RARP AR LE] RUAR R AT 5 A Shannon £ R4
bEYeaN=by 174/211/240 149/173/143 19.89/22.04/18.15 32/36/44 0.13/0.13/0.12
Bi% 152/87/98 152/87/98 19.02/10.78/11.94 26/5/9 0.09/0.05/0.06
N K 238/281/437 238/281/290 31.78/35.80/36.80 18/25/13 0.18/0.21/0.24
{RES 23712741244 211/258/182 28.17/32.87/23.10 79/68/56 0.19/0.20/0.14
Tl ER 232/298/303 232/298/234 30.97/37.96/29.70 35/34/18 0.15/0.20/0.17
W 134/109/116 134/109/116 16.77/13.51/14.13 21/18/24 0.08/0.07/0.08
(%2 253/228/461 253/228/294 33.78/29.04/37.31 19/19/19 0.25/0.16/0.24
IO 277/269/375 277/268/305 36.98/34.14/38.71 52/21/49 0.17/0.23/0.23
LB 158/140/141 158/140/140 21.09/17.83/17.77 25/30/18 0.10/0.08/0.10
I HA R 180/257/104 141/166/69 18.83/21.15/8.76 42/71/11 0.13/0.14/0.06

WSS, HHA 9 ANPEHUTIRE RTERGE 1
Iy s AEFLARFEHLIIRE A I 4y S, PR H
(IRE ST ST 5 3, 5 FIAR 8 A= HU IR i’ ik
52 03 TEFIAR 8 NP AR R K 23 3 H
GN13 (EER 7° 13) FEmEHRFEMIEREE 3 4
s 5 A SN AV e SR R A 5 A
7= R i 3 R SR A ) — S 2

MEER EF, AT MSAP 7T 10 4N~
HORE S, SUREE Y. FRES T MR 3 AN
TERMAL 730, THA 7 AP AR, AP
HUFRIRE S HARAE X, JEBEZ RBONIREL (B 4
MHEEA B FE, FRERIE T RE= X 9 A=
HORE T 5 R VD 7R M R A R R A
X, FFERE T REERTIER. 5. T
T OMEYE 4 A HRE SRR A3, YA

WL MSAP T3 RIS R & R E RS
BN BRI R MRS 2R T B2
KKE, BT “HMER” BNARAE S SR
FEAMTTEAX 2T, R 5L CE “HiER”
TENIEM 2R SR R SRR 5 35 T i
EE, AT R R AR B TR ORI, B
A MFCAb = 51, I A AR A 7
VEAIAE, TR R R SRS, A SRR
L, FESCRBOGREE, X RILE R AR
FLHYJR IR 22— AASTRAEEZL X T AN A7 Hu b i O 4L
SRR ME R EE, HKT CEE 1A R
JTEARSHRPHTER DT RS HIAK
TR S )R A IR S )
ERER 3 XEY], DNA FEMNGZ
I FL AR SR 22—
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Fig.3 UPGMA cluster map of P. cablin samples from different origins
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LTS5 SH-PU% DT-m/H K GN-J" 7 LB-fib  SX-ZIR

0.94

DQ-#E R
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Fig.4 Cluster diagram of partial samples of seven P. cablin populations that appear chaotic within population

3.3.3 PCoA 7t AE“HuE] PCoA Zr#rinE 5
fir, BRI E S UPGMA B34E Bk, 7
XPPE A Ay F B A7%5200 R K ) Dim-1 5l |, A
PR S R R T DA R X 3T T
TEX =R 7y AT 29% 52 M (Rl K 14 Dim-2 il |-, 56
AR PR R X s — AN R R, RE R AT
FEHLORE SR N AR, Ho BAR BS1T A G
AV 17 5L N B A — e R,
AT AT AR A A — AN R s e R AR 1
(RIRE S B ) Ja 4, 1T LU s B 2 TA) R TR
i, BEXSIF. PCoA st RIFAIFEHE R T
AR A 3 A RE B MSAP 2045 H HL L PR 4
DNA F A 100 1 235 X 51

0.29
T

0.19
N
£ 0.09
a

—0.02,

—0.121s3

-0.47-0.33 -0.19 -0.05 -0.08
Dim-1

5 A[EIF=H-EE PCoA 24
Fig.5 PCoA analysis of P. cablin from different places

334 AMOVA 71 254508 JEHEE AMOVA
Oy FIT A NTEE UK 6 Fior. AT LLE H R R IR
(78 55 BT o B 0 bl KT R B 9 AR B o L
45t 5 PCoA LUK UPGMA 73Hrés s—a.,
4, ¥ Mix Scoring2 V173 J7 V5 415 31 B B AL A
HHATAL S Z A ) AMOVA 438t Clocus by locus)
SRR, 2 427 Mg, 58.90% 67 s EA
FMZER (P<0.05%) , 3Ll 14294,

% 6 AREF=HIEEHS MSAP L SE2H AMOVA 4
FHEFHNER
Table 6 Results of AMOVA of MSAP site information of
P. cablin samples from different origins
BRKE  HBHE P AN RS BTEIY%
JE RN 9 21917465 12039921  60.66
JEHEN 186  14521.081 78.07033 39.34

P BL R F G e SR BOT EE 0y 0.61
The average value of F statistical fixed index for all sites is 0.61

3.35 5 BRI R o A AR 4 LA B2 b
MIEs A, AT DUREIAT R 3 R i 5 A 3t o A
AAFERCR ZE 57 . NI BES A 2 5% v Bt DNA
FEAIRIThRE R, R R s 2 Al D)-1k 9 5 1
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2Rt 3 S A= MR EEA TR L, R O R
HER, HAPHA S A REY %, —3E 10 %.
WXL AT T fa , DAASURE AP AR %
FEHSRH IV RBARE, AT AL Blast xS,
EERME 7 Fion. HH5IY4E EcoRl+
AG-HEX/Hpall/Mspl 4+ CTA &3 15 2 i) 5 51 K A
252 bp K461, %745 ¢387882.graph_c0 /541 ik
THULHES, HFEsry 127, E N 3X107%, W%

gl 5z BT A FIRYE RS, ZBUP Sl e T 4R
RITFRAREABMRIER, XEHEES5EAMR
B AE R, HBER LR CPOESE S 5 3
Jo. mEh. WMER. TREGESEIEET, B
b, L2 RIS R R R 1 e 2k DR R ) BT &
o g 4 A PO R SR A Bk B %
2 ey BOsAT I e S b, DI )
I A QB B P ) O B 2 [ B O e il

®T ABTHESHMBMESR R ERNFER

Table 7 Sequencing results of different fragments between Shipai origin and other origins

Fris oy E {8 DTG ) ) e 2 DM Bk A P 41
387 882.graph_c0 125 1x107% YRR R R
343 486.graph_c0 60 5X10°° /NEERR A
258 136.graph_c0 44 3x10™* KRR T 8 A B
389 114.graph_c2 36 0.079 SR SR A S AR
394 311.graph_c1 36 0.079 W51 W3- Y i R P
388 970.graph_c1 36 0.079 INBETH Y
€338 980.graph_c0 36 0.079 KIR Ty 5 il
388 518.graph_c0 34 0.31 SNW/SKI-AH HAEFH & A
€395 411.graph_c0 34 0.31 FRERN

4 g

AT AT FE B AR AR, 8 MSAP £
AR B FE 10 NASFE = i % A L [ 41 DNA 1 H
FAbtEW, FHAEH UPGMA. AMOVA. PCoA %)
P BE AT AL B, o LA AT R A
Mritoe, ARFFA LRI (D 2 Hr A
BEK. BH10/MAFEF=HE 197 MEA,  Refigi
AWM R EFREHEE: (O H - RKMEHTE
5 SRR NGB EcoR - MEY 1514, I
S FH BANE R VEAE T DA A8 A (A M B TR S Tk
[ B B KIE AT T R A SR A, CEXG N T Re ki 2
(R4 3G St B (RN, 6 40 1 {5 FH BOR AR MLZE & N T
PRI RZE . (3) BT — VO A i Hi
FE ff -5 A= M (AR Sl e B 1SS AR 2 5
ST AT 1 BSCI FPo i, DN JE SR T R R
AL RN AL B e T 2t

FEXEAN AP~ HiL 1) MSAP 7 5545 S RSN K % EL
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