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HE . 2 %45+ ( Hamamelidaceae ) 42 2445 /% ( Parrotia C. A. Mey. ) I 8L4-5 %45 ( Parrotia subaequalis (H. T. Chang ) R.
M. Hao & H. T. Wei ) foi #4% K ( Parrotia persica(DC. ) C. A. Mey. ) Bk % ot i vt fo K, 2 P 4R 264 2 4R B 42 R W R4 4
| RS AR P, B A B =2 F R4 5 SR b dk Ay BT EA R W Ja) B oA T4 PRG3R, B b =2 F S B, K
R B KA AR X AR Fe K-mer 547 7 ik 33 4% 2 A% P b 3k FF 69 2K B 28 K it AT T 8, @ S A4 T Y I ( Raphanus
sativus L. ‘Saxa’ ) 1 M 4%, WPB ( Woody plant buffer ) 7 48 JeLAz f# & i 6 B3 Fh AL 454K L B 4169 DNA 4% (DNA C14 ) &
KM E6GE TR G, §E A S BAAREA B D 0 2R B a0 5 K RAFHR AR TR LA AR FIRE FR
AERT B I B A 5 B BP L5 ) A AR i B AP ey IR 8 K B R, R R RAER T (1) @i K 2 4%
AR AR N A 971.45 % 13.91 Mb, sk Mrek KL B 28 K /0 29 4 890.52 +24.69 Mb;( 2 ) K-mer 47 4 i 48 2 A Ak B 48 K /s
# 95170 Mb, 7 &5 4 1.740% , & /731 el A 77.50%; A4k AR B 28 K> A 858.50 Mb, # &4 0.695%, € L /77 &
7430%;(3 ) 4B T kb T A A WA IR NG THEef i T ARE, RFRNERGREHREMN G
45T DNA =R ZHE 20 FH ARG 2R B AN G5 AERFTRLEE THRET TR0 BELF,
RBIR] AR ok BT A B K ) A X LK Kemer 947 ; A B 205 T4

Estimation of Genome Size of Parrotia C. A. Mey.
by Flow Cytometry and K-mer Analysis
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Abstract: The genus Parrotia C. A. Meyer ( Hamamelidaceae ) contains just two extant deciduous broad-
leaved trees, Parrotia subaequalis ( H. T. Chang ) R. M. Hao & H. T. Wei and P. persica( DC.)C. A. Mey. P.
subaequalis, classified as ‘Grade I Key Protected Wild Plant’ , is native to eastern China and belongs to East
Asian Tertiary relics. Its sibling species, P. persica, is a member of Arctic tertiary relict plant group and disjunct
distributed in northern Iran. In this study, we firstly estimated the genome size of two sister species of Parrotia
using flow cytometry and K-mer analysis, as well as established and optimized a suitable system for flow
cytometric determination of DNA C value of these two plants selecting Raphanus sativus L. ‘Saxa’ as internal

standard and WPB ( Woody plant buffer ) as nuclear dissociation solution. Our present research aims to provide
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a fundamental guidance for whole genome sequencing, genomics research, germplasm resource development
and utilization, and species conservation of Parrotia in Witch Hazel family and set an important example for the
estimation of the genome size of other genera and species of Hamamelidaceae. The main findings are as follows:
(1) measurement results of the flow cytometry showed that the estimated genome size of P. subaequalis and
P. persica was 971.45 + 13.91 Mb and 890.52 + 24.69 Mb, respectively. ( 2 ) K-mer analysis estimated that the
genome size of P. subaequalis was about 951.70 Mb, the hybridity rate was about 1.740%, and the proportion of
repeated sequences was about 77.50%, while for P. persica, the genome size, hybridity rate and the percentage
of repeated sequences was 858.50 Mb, 0.695% and 74.30%, respectively. ( 3 ) The genome of P. subaequalis is
classified as a highly heterozygous and highly repeated genome, while Ppersica genome is a slightly heterozygous
and highly repeated genome. Accordingly, the results of this study provide an important database reference for the
follow-up work of whole-genome sequencing, assembly and de-redundancy processing of Parrotia based on DNA

third-generation high-throughput sequencing technology.

Key words: Parrotia subaequalis ; Parrotia persica; genome size; flow cytometry ; K-mer analysis; genome

de-redundancy

251§ )E ( Parrotia C. A. Meyer ) &3R8 T 8
H-E H ( Saxifragales ) 4 2§ #§#} ( Hamamelidaceae )
[ 9w e i TR oK 3208 A AL 5 R 2k g ( Parrotia
subaequalis (H. T. Chang ) R. M. Hao & H. T. Wei )
13 W 8k K ( Parrotia persica(DC. ) C. A. Mey. )2
At HrP R R IR E R 155 — 20 F i
Y1, w8 NI 1 i f s PR B AR A, O
[ Br 3 SRR Y B S (TUCN, international union for
conservation of nature ) 51 A7 “#% f&” ( CR, critically
endangered ) PR 5 AT AR Sfe ORI S AE TR [ A /)
e (B S8 20 A1) O 47 9 b %4 4 )22 b (ISCREP,
information system of Chinese rare and endangered
plants ), H AR 2 Mg BY A= P BE 2 AL o0 A T IR L
BCTLTR VRN e S 0 5 TR ST R AR I 434 T
PR AE S K BV e 2 B9 8 < JE JE ( Hyrcanian ) £k
MIZFMA T T 20 =42 ( Arcto-Tertiary )
LTI ) F SR A R BN R R B
1) B 400 ) B 7 R bR A BE A A 4R
2% g J R L 0 LR )R] BRI A1 S Sy XoF T B 9 RO b
DXt At BB AR AL, LG R IX R B9 AR i
G EA EENFPHIMNME. AN AN 2R
HEERE MR B L — WEZR R G LT M AeE
R AT A T AR R A S e R R
FR R AR, BARHE R, 4 i BBk AR S,
BRAE TG AL 22 T e an “HR 222827 I F AN 8, &
VA Bl AR S AR R, IS A0 R %) e R A 5 e 0k
KBS IZ AR T A O RAR S >, ek
Mg FITE R AR O A SO, IR A S, R AR
FE I T 5 H R Mg 25 e hid S A7 405

K RICEE 2 HIAL 22 B, A TEAE R 25 I
[F I R M AT R AR R 38, 24K T4 s
TAREE S 11 b VA A B L, 1 S T A2 PR R, SR A
SR A B AR 25 R e AR AR 7 FL R
FRZEMGE 2 A F B R 5T 22 4 o AE i BT TR
B OGAEMAES BE Y MR 2R T
27O X AR 2 TR A R R 2 R M AR 5
5T ILAGE .

FERZH K/ ( SLFR DNA C 1) 38— Fh
% 4% ) DNA & &, — i H it & ( pg, pictogram )
s AR FEXT £ H ( Mb, million base pair ) K47~ , 1 pg
FH2Y T 978 Mb 1 K 2 /N W ol e i
1 3 PR Z2 BEPERRAE S 800, X T4 4 TR AL )
it A% R R AR A H DL B & G i Ak A A5 M A
TR A EES MG BRTEEA
KNI 7 Ty 3 A 4 DR 21 9 A 72 ( GSS,
genomic survey sequencing ). H-AHUE 5% ( Feulgen
microdensitometry ) DA A& i 3 4 fid R (FCM, flow
cytometry ) 214,

it 4F >k DNA & i & il /¥ ( High-throughput
sequencing ) 3 AN B PR 2 R i A5 R AR AR R AR
¥, ICIHAE ( Amborella trichopoda Baill. )" "* ' f
M ( Salix suchowensis Cheng ) o) AL ( Ginkgo
biloba L.) """ F1 %8 2 #k ( Liriodendron chinensis
(Hemsl. ) Sarg ) "™ 45 {1 42 3 5 20 I % T 445 AT
J&&, Forp 3 F k-mer J3 A7 B9 L DR 41 0 A D O 1k 2
R FE T i 4 55 DR 2 e T A 22 i, 6 H A A A
FEH RN Z 5 B R A SRR BT T
DU APEAR 328 07 5 S DU 5 128 25 2 1k 6 Aty £
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Py i 55 R AR /INECHE , B AT DNA T A K /MK
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Hemsl. ) Diels ) 0.57 pg'**'. 4t 2 4 245 ( Hamamelis
virginiana L. ) 0.59 pg'?" g M i B ( Distylium
myricoides Hemsl. ) 1.06 pg. Corylopsis gotoana
Makino 1.97 pg F1 W 3¢ 1€ ( Corylopsis sinensis
Hemsl. )2.31 pg ™, ASHFFE & v F Fm X 4 AN
K-mer 5341 77 1 X AR 2 Mg ATtz BTk A 1) PR 2 R
HEATINE , $0 J5 2255 T DNA = AR 538 & 0y 32
AR R A S AT ) 4 S DR AL 7 | A 2 B A Ttk
PRAE TARIR BB 275  [R) i G 2R H At |
o S DR 2 R/ NI B LS LR
1 #REFE
1.1 R

FH T2 P20 K/ it 2000 2 1 K-mer 43 A1 19
R AR (YLM ) SR B L9544 B 2% 3% 4 0
A5 X (31°18.0581' N, 119°40.0364" E ) 5 I 7 2k
AR AZ AR (BSTM ) >k H il 17 = 1L AE ) [
(31°05.0334' N, 121°10.3072' E ), & FEUE b5 A
BIFE A B o R bR AR =, B UE S 53 0 8
YLMZYY20190408 , BSTMZYY20190410. F i
M NARFEY B 25 S - A e I R A B
FE I FE T 1Y) Jaroslav Dolezel Z4% 24 , I [
R I AE Y R BB R PP OOT R, LR R
N AR CBRZEME : 2n = 2x = 24; % F: 2n = 2x =
18 )2 HJR £ Se b RIS 1 BUHHT B4 o
1.2 RXEEARRE S E
121 (HEREMEZEERSEHITEER A
ARAT A A 206 A R I8 B A gt N S Y e o A
i A% At B 9L, 43 % — 2% 3K Galbraith's buffer' |
GPB'*’( General purpose buffer ) , LBO1 buffer ™'
MgSO, buffer'**’ Otto’s buffers **’ | Tris-MgCl,

buffer'*”’, WPB'* '( Woody plant buffer ) %5 £ fi i 2
W o SR AR T T SO YRR 2R RS W
250 pg/mL FIRAETIRE ( P1, propidium iodide ) I& ¥,
BCHil e 5w IR A T 4 CUKAR
122 HEMEBEZERS DNAFRELRE XL
TR 32 12 1) AR 2 AR R I R AR AR, 43 BB 3 4>
BEEL O L B2 1 g, R TN 1.5 mL i
PR B BE R L IF R T 7 iR it
VI, WS 37 ML P A9 A 25 W 2 ALAR 2 37 pm 1Y
JERE AT 8 S B T 1 mL EP &, I f Hoi B
TEVK B 5 min, B0 5 min( 1000 r/min ) Ji5 7
P LI W DTUE R AH ML, PRI 150 pL $5¥2 1)
i ST, IR TR A I ) A M B, BT UK A
FHo WZHL 150 pL | A 26 Jf A% i o W TR 5 TR
2319 1 mL EP &, FIA 100 puL (250 pg/mL )
PL Z¢SGY ), (o L 7E 4 M AZ TR & AR DU (BB
250 pL ) H Ay 2k BE 3K 31 100 pg/mL; B A A
1 pL (10 pg/mL ) 60 CHUARM L RN ( RNase );
RAJGET 4 CUKFERDEYL A 15 min J5 LT
2 X RS N R A BET R R, B
T 114 A0 A AR VR TR o5 AR SRR it
LR AW
123 ERAXMMIBRANESITHE KRiER
FH N R 75 PR AT 1 DU A i 356 PR A /0N 1 9 = 2
5 [T, 4% 3 77 30 min 7 #4 BD Influx™ ( Becton
Dickinson & Company, New Jersey, USA ) i =\ 4ff
Ao 0 B, S0 SR b ATLAGH I B b AR 2 A
T TR A 1% 240 B A B, 9020 B BT 14% B R
S EEVE R ; SR 488 nm WS G A&, AR FL2 18
1 (670730 ) [5G, Kl PI A& S W58 6 B . il
T PLZEOG YL KL RE 98 24 ) 4fi A 2] DNA BUEE i, H
WA S A% DNA & sGE He, B nT @ i B
TN 75 1) 2 I 38 B Sl 26 78 DNA AR X &5 2 K
b R v R A TR A B4R % 2 10000 4
fii 7 BD Influx™ 3 =X 40 g A A 45 B9 4% 1
FACS™ Sortware 1.0.0.650 X}l & 25 it 7150Hr .48
TR, BEASFE ST E 3 Wk, AR R REL(CV,
coefficient of variation ) ¥ 7HI7E 5% LApy 3 At
9 FTAE () BRI SR PG, R 4 R G Sl P2 1
FR AP 1C ALK/ (Mb )= AR FR 1C 5
AR/ x (FRIRD Gy/G, WIEZEHREE / AR
YIFh Gy/G, IS IGHREE ) Hirk , BTN AR
P N 1C FERZH AR/ NN 543 Mb,
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131 EFEZADNARESZENF KSR
CTAB 3% 3 B4 HRUSR 26 M 1 39 Bk A 7 f 4 Bk
R 41 DNA, X P2 EH 7Y DNA FEAC 4T
Tt JIE W BB G R K f AR ) G 5 38 M 5 i Nanodrop
Lite Spectrophotometer ( Thermo Fisher Scientific
Incorporation, Waltham, USA ) G il H: v & 4l i
XRS5 45 1) DNA K S #1748 AR BOK B4 51
270 bp FiI 500 bp SR EE, FIH] lumina HiSeq"™
Xten V- & X} [ iR SCPE 47 5 3 & OBUK % ( PE,
paired-end ) Ml J3%, M 7 324 (reads ) 24 150 bp, fiff
Jil SOAPnuke v1.6.5 #fF Xk R HLAY I 46 5
it (Raw data ) AT BFE L8, B B8 750 42k
( Adapter ) {5 4L FIMIE T & reads, f/a 19 2 A9 & i
%40 ( clean data ) F T /52209 K-mer 53#7 .
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B, BIER A A 5 EE H T3 155
252851 K-mer JE A7 IR A RA 7341
STt K-mer B34, 115345 K-mer TR EE AL T
e, FAHA R FERH K/ = Kemer 288/ K-mer ]
BRI RAGTHRR A ) LN RIS THaR 2
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P1: 35 b P2: FRAAD (ARZEMG / PR ). TR
P1: Raphanus sativus L. ‘Saxa’ , P2: Test species ( Parrotia subaequalis ( H. T. Chang ) R. M. Hao &
H. T. Wei / Parrotia persica( DC. ) C. A. Mey. ) .The Same as below
B 1 SREEIRIEASE MAZESERN G/G, BiR N RE
Fig.1 The FCM scatter plots of the mixed cell nucleus suspensions of Parrotia subaequalis ( H. T. Chang ) R. M. Hao & H. T.
Wei, Parrotia persica( DC. ) C. A. Mey. and Raphanus sativus L. ‘Saxa’ in G,/G, phase
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A Raphanus sativus L. ‘Saxa’ , B: Parrotia subaequalis (H. T. Chang ) R. M. Hao & H. T. Wei, C: Parrotia persica( DC. ) C. A. Mey, D-F: 3
repeated estimations of Raphanus sativus L. ‘Saxa’ and Parrotia subaequalis ( H. T. Chang ) R. M. Hao & H. T. Wei, G-1I: 3 repeated estimations of

Raphanus sativus ‘Saxa’ and Parrotia persica( DC. ) C. A. Mey

& 2

2 MNREBSEFHARBBIRESHERN G/G, BRXABIITER

Fig.2 C-value measurements of the simple samples and mixed samples of Parrotia subaequalis ( H. T. Chang ) R. M. Hao & H.
T. Wei, Parrotia. persica( DC. ) C. A. Mey. and Raphanus sativus L. ‘Saxa’ in G,/G, phase
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R4S N DNA 1C FEF KN R 543 Mb, R
PIBRIZEST S N AR R AGTR A A A2 2 PT & 5
YR A TR A /M T - 3 YT T E A £
(YR 2 Mg 5L R AH R /N30 R - YLMIL 2 971.97 Mb,
YLM2 2} 954.16 Mb, YLM3 4 988.21 Mb; IC
DNA & 2 51 4:0.99 pg.0.98 pg F1 1.01 pg( %
1) 5 9 = i 11 43 51 an 1€l 2D E L F fir ., 3

N R 30T A ) TR 00 O A Y 2 = 4 A3

R1 REBMEHSKANERAXNMRRXNESR

JE JE AR BN AP TR 3 UOFAT I 1) 56 R 4R/
4% %1 24 BSTM1 Jy 895.95 Mb, BSTM2 4 917.67
Mb, BSTM3 & 857.94 Mb; 1C DNA & & 43 5l M.
0.92 pg.0.94 pg F10.88 pg (£ 1); i X W & 1
U 43 A an i 2G VH LT s 28 b, St F o A
JH A At 000 1 R 2% g L PR A K/ 971.45 +13.91
Mb, ¢ 7 2k A B A 2H K/ Oy 890.52 £ 24.69 Mb
(F£1)

Table 1 Estimation results of genome size of Parrotia subaequalis ( H. T. Chang ) R. M. Hao & H. T. Wei and P. persica ( DC. )

C. A. Mey. by flow cytometry

L N WHAUUN  ICDNAGR BRADOMIN = bR
Sample codes of  Peak value  Peak value of Raphanus Ratio (Mb) (pg) (Mb)

test species of samples sativus L. ‘Saxa’ Genome size 1C DNA content Mean value + SD of genome size
YLMI1 15444 8651 1.79 971.97 0.99 971.45 £13.91

YLM2 14641 8332 1.76 954.16 0.98

YLM3 15371 8446 1.82 988.21 1.01

BSTM1 14618 8859 1.65 895.95 0.92 890.52 +24.69

BSTM2 15203 8996 1.69 917.67 0.94

BSTM3 14119 8936 1.58 857.94 0.88

YLMI~YLM3 535 82 3 YRR S 5 AR il 45 ;s BSTMI~BSTM3 43 il AR 3 YR ol 52 R i
YLM1-YLM3 represent the sample codes for 3 repeated estimations of genome size of Parrotia subaequalis ( H. T. Chang )R. M. Hao & H. T. Wei

respectively, BSTM1-BSTM3 represent the sample codes for 3 repeated estimations of genome size of P. persica ( DC. ) C. A. Mey. respectively

2.3 K-mer SFNEEAXNIRE R

L F DNA = Q& il & W )5 °F & Hllumina
HiSeq™ Xten 43 1] X £ 2 A 1 {5 37 AT ), 4R
2 g AU BT R OR B9 SRR TR MLECHE o i 2 R
176.43 Gb Fll 142.37 Gb, 2 JFi ¥ 38 5 1Y B 5 1
4354 148.38 Gb Fi1 119.93 Gb (£ 2), FIJH jellyfish
v2.1.4 1 GenomeScope X AF43 5lXT L3k 2 AW Fh Y
o R I s AT Kemer 200 (K {HHX 17 ), 18
i 2 AR 17-mer SR A (& 3) ARk
2 n] DALEE 3| o AR 2 A 2 K1 17-mer 1122

®2 REGIIRISEAEE AN RN F RS IT

TR (FE p g ) 7 BI7E 139 1125 fffir. Seit—
A1 17-mer BB 3), kM A SR KD =
K-mer S50 / K-mer B A 53450 AR 254
I BT BR AR Y B DR 28 K/ 1 2928 951.70 Mbj; Al
858.50 Mb., 1H 2 AWy FiAmi it &1 (Y F= I8 i 1A 1/2 4k
YA /NG, I A SR A S AF R AR A I Ol s R0
Je AR G PR UL 8 S A e i i
(ISR TR T il Al AR 4 B F Y
H1.740% , I FHN L5 77.50% ; WA 4
LR 0.695% , HIZFHNL i 74.30% (£ 3 ),

Table 2 Next-generation sequencing data statistics of Parrotia subaequalis ( H. T. Chang )R. M. Hao & H. T. Wei and P.

persica( DC. ) C. A. Mey. genome

- AR B HIEEERIS DR UG E RS A SR JEBUR/ IR iEi
BRZA

) (bp) (bp) (Gb) (Gb) (Gb) (Gb)
Test species .

Insert size Read length Raw data Clean data Total raw data Total clean data

LA 270 150 76.41 64.80 176.43 148.38
P subaequalis 500 150 100.02 83.58
WA 270 150 57.58 48.62 14237 119.93
F persica 500 150 84.79 71.31
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Fig.3 Distribution of 17-mer depth in the genome of Parrotia subaequalis ( H. T. Chang )
R. M. Hao & H. T. Wei and P, persica( DC. ) C. A. Mey.
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Table 3 The 17-mer analysis statistics of Parrotia subaequalis ( H. T. Chang )R. M. Hao & H. T. Wei and P. persica( DC. )

C. A. Mey. genome
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