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Abstract

This study was based on an investigation and collection of Championella sarcorrhiza C. Ling from
Taizhou and Wenzhou in Zhejiang Province, the primary resource area of this species in China. The
aim was to analyze the genetic structure and phylogenetic relationships of the collected materials,
clarify the main types, and identify stress-resistant, high-quality resources to facilitate germplasm
innovation. Phylogenetic analysis was performed on 13 collected accessions using ddRAD simpli-
fied genome sequencing. The sequencing produced 19.71 Gb of clean data, with an average Q30 score
0f 92.13% and an average GC content of 38.71%. A total of 1,996,340 SNPs were identified, of which
836,840 high-confidence SNPs were used for subsequent analysis. The assembled sequences had an
average depth of 19.2, with an average heterozygosity of 0.1808 and an average homozygosity of
0.81392. The population’s average expected homozygosity was 0.74287, and the expected hetero-
zygosity was 0.2571. The average nucleotide diversity (7r) was 0.27257, and the average inbreeding
coefficient was 0.29036. Genetic distances among accessions ranged from 0.095 to 1.974, divided into
four categories, visualized using a phylogenetic tree. Combined with morphological identification,
the collected materials were classified into three main types: female plants, hermaphroditic plants,
and male plants, with vegetative female lines being the most common. The discovery of rare male
and hermaphroditic germplasm indicates that breeding superior parental plants holds significant
potential for stress-resistant breeding.
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1. 518

3k (Championella sarcorrhiza C. Ling) X #f LK%, REURFI S IEJE 2 FAERAR DM 5122
TIhREFAIREY, WRIEA “LHE3” 28, A —@MANESER, R U EREWR. i I A B8
)« WRIRAZE[L] AR AL A ST kT E 1960 FANIE KRB X . B2 TR £ (BLmig
RGO« IR T BRI DX LU X — 1 AR K DA HRIE R . 1975 F MR IR MAED 73 522 W i A e 383k B 4
—/NMEIF[3], 1999 AEFK/KFISE A B HHMTHLUEA S E . WA KI, H 2010 FFLSRTEHTLA &
b, HHER., BE SAEZ A, PR A M 5B P ARG AN [F) T2 1) 2% B B AR A B AR
FUFEIRAS 8L o 8 7 b= DR A 5E 4 40it, 2010 4ELUE, SEkEMAERKERCERAE TR
SR, FREEAR XECBARR, EEO RN T 1) N AT IR Rl s s Ll A 4k 0 [5] [6]. 2020 4 LA
Jei NG M TP R M T R fE, AR . HAT, Sk R AR K T AR M R ATT S N &
Hi T AR R R PREDIRAS, R B A I USRI AE Y 300 2 hm?, 55— ML IN{EIE 15 /4o 4l .
Sk B R AE PR ROR MR P SR IR AR AR T AT BN A, AL LR R, KER KT 4 R
MOrH @AM R BN T IR ELM A S, WEER L 60 £ hm? SLAT3L B N E &M, IERES
T 80 hm?, AT A NI B K PR fe s =4 R, P MR RE RS DAL 25, Al
I DIREAG & BN TRk B2 Sk fe, FEULRRE + B E S 7 Ry Kl sag ). (Rt bE G il
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AR R, PRI S ARG Bl BORRIERERCVEAAAEE BN, B ERIUV AR 2R 2
I SRGRAAY (AR, SFECEMRERT . 5 ORIES SN B H HOE ™ 5 3Tk, SR Ayt
177 ZERIEREDETC, RSN, TR AEMCER A 19 M[5], LEFAER 16 M2 i 3 fl. JWIRA
WEFRG R AR, AW TUR ddRAD fa b3 AL 7 SR TR E R R M, B F I TP re T
PRy, DAMGHAT PO LB 0E , BRI 1 I (DOARZE IR BT R, 55 70 T SREMR B AT HA N
) 2 A R

2. 5 HZE
2.1. RS

LU SR & AR BB
NI 3 4R ZAEWTTAE A5 M L B SR BE 2 L A SRR 13 0 (TR T A IRER R A5 k], IR A AR
SARIRIEAT AR BOYRHE R ARG (5 1),

Table 1. Summary of experimental materials

F= 1 i Rgit R

MEHE R R KA R fET
K15 Y1 Tk #E B NG
K25 Y2 i S -22" KA
K35 Y3 S -=2" gzl
K545 Y4 KEEE =i
FiELS 15 SRIE T KL, PR, (H5E5
K25 16 SRIE T P, PPREE. 55N
KiE3 S 17 SRIE T KL, PR . (55
RiG 45 18 SRIETH NHRZE, PERE . (H5 R
WAEL1S H9 BMTTHE X BWAF, R
WhH25 H10 BMTTHE X WAF, i, i — AR R
WAE3T H11 BT EE X iK™
a4 H12 BMTTEE X BERA, PR
WAL H13 AMTTHE X 273

2.2. 7%

2.2.1. EFEENFIH

1. DNA $2E

B2 K8k B Friiss, SR CTAB % (Cetyltrimethylammonium ammonium bromide, /5%
B = WL AL B ) BN DNA. S8 )5 FH 1.0%35 IR Bl ¢ FEL KAl DNA (152 %7, I NanoDrop 43 6B it
ol DNA W5

2. V)T RAE

R 22 PR P LDl X AR PR S Sk B AR DNA 23 3l EA 7 D). SR Readl i Nlalll (Hinlll,
CATGN)F Reads? ¥iii ECORI (GMAATTC) AT WU 52465
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3. R4 dd-RAD MU

ARSI 5 R AR AT AR MR IR A R A1, X DNA 347 ik, R RAD/AARAD & & 7
i, MK G RIZE 300-500 bp 1) pair-end SCFE . #:3E 134T Ilumina HiSeq PE150 M7, A %8s H T
I3 HT SR E SNP ARid.

222 S KERHES IR
AT SEAE N BRI T LR b, 554 BT R A (A C 45 SR BT 25 & HLB i, WIRR LIS AR,
M % BRSSP Ak N P 2R T

3. B/RE S
3.1 ERBRMERTH

3.1.1. BYIFREEEITH
AR J5E R AH F 7 B D) T 45 5, s BRI 1 N DTBE 2 Nlalll (Hinlll, CATGM) Al EcoRI (GMAATTC).
1) 2031 M 99.08%, 1 kA 99.96%. fit/N Ay 86.06%, &5 FLik B E R .

3.1.2. MAEFHESH 514

R ARAEI 5008 2 A, HITIA DTG 2 25 DR 2 0 7 4 A Dy VP A S 36 A P R AE R P . I I 5
FITSRAF M B0E W35 2. Hob y3 SRAG RIS B 50K, N 6,174,039; H12 3R M%EHE &5/, N 4,580,122,
DR B Q30 {H VU 7E 91.36%~92.39%, HME N 92.13%. IFF3k#3 GC & EuFE{E 38.27%~41.03%,
YIE N 38.71%, “FH45 & {H 35.65%, MIFFIEFE] T AN R,

Table 2. Summary of sequencing data for experimental materials

2. MR F IR R R

Samples Read Base GC
ID Number Number AR T G() C(6) N*) (%)

H9 5,637,344 1,623,555,072 30.82 3095 1882 194 0 3822 92.22 97.13 35.66
H10  5,125987 1,476,284,256 30.8 30.93 1887 194 0 38.27  92.27 97.17 35.68
H11 4,627,130 1,332,613,440 30.78 30.92 18.88 19.42 0 38.3 92.11 97.11 35.65
H12 4,580,122 1,319,075,136 29.59 29.37 2047 20.57 0 4103 9221 97.05 35.65
H13 5,552,893 1,599,233,184 30.72 30.87 18.94 1947 0 38.41 92.33 97.19 35.69
15 4,644,248 1,337,543,424 30.73 30.82 1894 1951 0 3845 9191 96.97 35.61
16 4,824,353 1,389,413,664 30.58 30.73 19.07 19.62 0 38.69 92.2 97.13 35.66

0

0

0

0

0

0

Q30 (%) Q20 (%) Average Q

17 5,718,738 1,646,996,544 30.57 30.69 19.08 19.66 38.74 9224 97.14 35.67
18 5,646,361 1,626,151,968 30.64 30.78 19 19.59
yl 4,176,931 1,202,956,128 30.57 30.66 19.11 19.66
y2 5,987,678 1,724,451,264 30.55 30.65 19.11 19.69
y3 6,174,039 1,778,123,232 30.66  30.8 18.98 19.56

y4 5,754,933 1,657,420,704 30.69 30.83 1895 19.53

38,59 92.17 97.1 35.65
38.77 91.36 96.8 35.51
38.8 92.17 97.1 35.65
38.54 92.23 97.13 35.67
3848  92.39 97.23 35.7

3.1.3. SNP S FHricHIEE
SETFEFIHT, M 13 Ao AR LIRS nSNP B 415 A 402,223 4 5 i () SNP 34 $ i 40 5l
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A 237,850, 118,210; # ¥ 5Mi A LU 2.0 (5 3. 7 4); A A28 SNP & . 4520 SNP
BRI /AN 182,131, 97,467; “FIJURME 15.02; FEFIE [ SNP $0E 5 2 H A SNP ZUE51E
39N 953,777, 762,964, ZHE155 7414 ¥ 502647, 41153757 55 SR FE 8,816,020; 41555
FIPEIRFE 19.2, “FHIZGE 01808, “FH4i5 E 0.81392. RFA-T LA AN 0.74287, FHAT-1Y

EENT

e 345 31 836,840 N — I LB SNP H T /5 220 #T .

Table 3. Summary of original variant information

# 3. RIEEREEHRITR

24 0.2571. JAARIETERERL > 0.8, X EAFALHE K 4A (MAF) > 0.05, F£3k45 & snp 1,996,340 4,

ID nSNP nTs nTv Ts/Tv nHet nHom AD nMiss nRef
H10 302,117 202,077 100,040 2.02 182,563 119,554 15.07 848,302 845,921
H11 280,476 186,931 93,545 2 192,760 87,716 13.67 929,041 786,823
H12 52,176 33,904 18,272 1.86 51,827 349 2317 1,943,598 566
H13 308,955 205,543 103,412 1.99 215,896 93,059 14.28 857,865 829,520
H9 300,877 200,562 100,315 2 190,040 110,837 16.44 847,602 847,861

15 289,122 191,804 97,318 1.97 204,802 84,320 13.6 914,742 792,476

16 288,948 193,306 95,642 2.02 186,214 102,734 14.56 908,010 799,382

17 297,234 198,415 98,819 2.01 185,868 111,366 16.73 851,162 847,944

18 296,023 198,250 97,773 2.03 188,481 107,542 16.24 862,561 837,756
pop 1,996,340 903,642 446,419 2.02 - - 2.18 - -

yl 278,312 185,684 92,628 2 177,940 100,372 13.69 938,933 779,095
y2 318,475 213,784 104,691 2.04 197,929 120,546 17.49 820,628 857,237
y3 314,294 210,035 104,259 2.01 199,549 114,745 16.76 821,389 860,657
\Z 307,769 205,964 101,805 2.02 193,836 113,933 16.35 855,272 833,299

X 402,223 237,850 118,210 2.00 182,131 97,467 15.02 953,777 762,964

7¥: pop: Population; nSNP: SNP #(&; nTs: #H#M M) SNP im; nTv: WA SNP $E; Ts/Tvs s
nHom: Zli&2570) SNP $ 8 AD: “FHIRE; nMiss: R H G

R B AT LB nHet:

Ju A TR

R mﬁjﬁﬂ"] SNP #(%,

) SNP #5; nRef: 55 FEMEI SNP H& .

Table 4. Average depth of assembled sequences

=4 HRFIFINRE

1D
H9
H10
H11
H12
H13
15
16

otal_tags
465,115
461,971
437,055
457,742
502,647
438,149
433,111

total_depth

9,600,914
8,559,419
7,647,678
7,340,768
9,185,509
7,730,193
8,096,969

average_dept

20.6
185
17.5
16.0
18.3
17.6
18.7

Y4
e

otal_tags
454,828
452,582
414,423
489,007
491,143
459,147
502,647

total_depth
9,767,094
9,536,795
6,805,119
10,202,703
10,324,729
9,810,374
8,816,020

average_dept

215
211
16.4
20.9
21.0
214
19.2

7E: otal_tags ZLAETR B HI4%L; total_depth, ZHAE153IF 578 55 MR,

average_dept, ZH¥:45 355 HIRFE o
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3.1.4. BEABREEHMEEXRIN

HH A& ) SNP 43 Fhric AR H5 Y ZL 3L (K 745 % (Minor allele frequency, MAF) > 0.05. 2% > 0.8 #H1T
ik, FEFIUEE R E SNP, RIS 444 Admixture, MEGAS Fll Eigensoft 2 B HEATHER S5 1) . %
GRZRKERT (R 5)o BHAES SNP A7 8. ZAMEN s 33 836840; JE#FL A MEN i H /b
1] 100%; B RN US54 % 9.18703; A8 & 2.72683 FlbRifE iR 0.00181: At &AM A
IRETT ERBRHE R ZE 2.72683, 0.00181; A AN m_E 32 EARALEL N (1)~ 341 % 0.82609;  FEAAK M
SB[ 4 6 % 0.18608, FEMRIN4E4 5 0.81392; FEIRM-F-I I I A 0.2571, BEAZAIA 5 0.74287;

BRI T SR% IR 2 451 n 8 0.27257, BEAAMSF-2412 22 5% 0.29036 -

3.1.5. BB

TEPRE 13 3k BMEHRIRISRE K R G, Bk it —2E SNP #xid, FIFH MEGAS #AfH1)
Neighbor-joining SV E L ¢ RIBEE (L 5. % 6. 1K 1. K 2), b Al DA HE I e &5 3R (a1
PEE T RECAT i K2 4 NS, Hrp SRRk, BB B BOn R BN ZR SRR H12, e 5 HE 12
WMRL R E 2SR, ATMSL AR B RSN MR, 4 /NSRRI HI2; H13; H10. H11; %54
INECHIE 9 KL, BEATEARIE RO, X OAHEER A FORAT LR A T R K ) 2 i

3.1.6. X7

B TR ) SNP, FIH] EIGENSOFT %} ik i A4 8L 3E4T 32 573 73 #r (Principal components analysis,
PCA), 33 13 13283k BRI B R (18 3)o B & BFEAR TR T iR R PCL IfRRE N
47.20%:; ERLST PC2 [fRFEN 8.37%: ERLsr PC3 MR N 5.81%. MIE 3 RAITTLUEH, 13 fdtkl

Table 5. Population genetic distance statistics

5. B EfEEESR

species Distance species Distance  species  Distance  species  Distance species Distance
H10, H11 0.095 H9, 15 0.138 H10, 18 0.233 16, y1 0.184 H11,y3 0.188
H10, H12 —21,474,8364 H10, 16 0.163 H11, 18 0.19 17,y1 0.193 H12,y3 —214,748,364
H11, H12 —214,748,364 H11,16 0.129 H12, 18 2.034 18, y1 0.184 H13, y3 0.177
H10, H13 0.108 H12, 16 1.974 H13, 18 0.176 H10, y2 0.24 H9, y3 0.178
H11, H13 0.076 H13, 16 0.119 H9, 18 0.158 H11,y2 0.193 15,y3 0.14
H12, H13  -214,748,364 H9, 16 0.201 15, 18 0.138 H12,y2 —214,748,364 16,y3 0.202
H10, H9 0.232 15, 16 0.154 16, 18 0.199 H13, y2 0.18 17,y3 0.165
H11, H9 0.19 H10, I7 0.233 17,18 0.179 H9, y2 0.178 18,y3 0.167
H12, H9 —214,748,364 H11, 17 0.19 H10, y1 0.215 15,y2 0.14 yl,y3 0.185
H13, H9 0.18 H12,17 —214,748364 H1l,yl  0.167 16, y2 0.2 y2,y3 0.18
H10, I5 0.188 H13, 17 0.174 H12,yl —214,748,364 17,y2 0.188 H10, y4 0.236
H11, 15 0.147 H9, 17 0.177 H13,y1 0.158 18,y2 0.18 H11, y4 0.192
H12, 15 —214,748,364 15,17 0.142 H9, y1 0.193 yl,y2 0.183 H12,y4 —214,748,364
H13, I5 0.132 16, 17 0.205 15,y1 0.145 H10,y3 0.236 H13, y4 0.178
H9, y4 0.176 16, y4 0.199 18, y4 0.177 y2, y4 0.177
15, y4 0.138 17, y4 0.179 y1,y4 0.181 y3,y4 0.177
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— HI11
H12
Figure 1. Phylogenetic tree
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Figure 2. Genetic distance plot
E 2. iZfREEE
Table 6. Statistics of population genetic relationship detection factors
6. BIRGXARNERGT
- T -
Pop ID Private Sites Var.lant Polymorphlc_ A)Polymorphlc_ Num_Indv  Var StdErr P
_Sites Sites Loci
All 0 836,840 836,840 836,840 100 9.18703 2.72683 0.00181 0.82609
Var StdErr Obs_Het Var StdErr Obs_Hom Var StdErr Exp_Het  Var
0.01511 0.00013  0.18608 0.03215 0.0002 0.81392 0.03215  0.0002 0.25713 0.01697
StdErr  Exp_Hom Var StdErr Pi Var StdErr Fis Var StdErr
0.00014 0.74287  0.01697 0.00014 0.27257 0.01913 0.00015 0.29036 0.21485 0.00181
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Figure 3. PCA analysis plot
[& 3. PCA 5347

10 05

RAE—#, BEAEAXED, PR EE. Bk, RERRBULMMRERAE &, ZRU S8R0
TR, H12). & RERRE R e R RRETRIEAR 2.

3.2. FERFLEE KRGS

13 1333 B RS 2 BT AR IR A 2 R S b U . it R LA, & AR FUA MR
BRMEAELE —SE M2 5. M BB AT AT P, A Toh R S A B8 7 A K 7 1 (O 2 25T
FEARRIE B, A R T T ECOR B o DL AROE (0 R 1SR 220 A R M (W P AE) , 40 HA3. 12,
BORETT X 43 g Mebk s bk WERE IR (1) = k2. MBI O ThREMEAE FI AT, A48 K 2 802 IR
ORI RS, SRR R, BRI M R P R P 5 o (Bt M R IR R (i) B 75 5 £
PO . IR, R LR T R S T SR AR o M ) PR ARG S P R R (1) — 7 e
B L I LA 190 HERR KT 99% 1105 35 F A FRIMRIEAT 1 SR BN T S8 2 S0 B SR AW 45 1 . AR iR
ST M 300647 E LT F] 8006LA bs AR M LA L RN FE AR 90%~100%, 1] B3 FHE, (EARIEM
B KT R EE . A TR, 0L B I B I M 22 R 07 3 S R e o 5 0 R
By MR FI MR (SR B0 BN TA2HY) o MERRTE MR AR R B, FCAE B A, Tt B2 I 25
HAEBEEA, PR ST SRR, MR AET B A BRI R 07 34 I 4 7T P T S A Bk
4. VWHig

Sk R TR B 1N . A BT I 2 REVE AT, WML AR ML T R
MR AL B2 BB AT R 7]-[9] *3EK BRI ddRAD U7 e AR HEAT VR IR IO S50, 3TTF 7 46 %
FEPERFSLIOT 3, AR B 5 A G TG A5 A0 R BB N TR SE, B3R AR . T
HEAHIT T E ISR B R RIS, M R U bR(H13). MEBERIBR(H12). MERR(YS. Y4 %)=
FCPEBIZEAL, W e BE B 5 RO P A T 45 SR, I 13 (AT DL LA WA o 4 A DO K2
AT AL XTI MR K. SRR R AR, SRR A . BRI 4 AR Sk SR A
BEEFEE, BT AR, SRR EINS, SR Rk L &t
FRSCHIE 5 I T JEREITELE (6 R0 R R AE R 0 2 A8 65 IR . ASHIF FURE T3 3k 75 R A 5 F

DOI: 10.12677/wijf.2026.152044 369 R H: 5


https://doi.org/10.12677/wjf.2026.152044

P %

HEAEBRF AR VR S T e B SR .

3 B HH IR R M TRk (FE) IR 5T RS BB AN [R5 R I T R A B BB S, TR R R 0
AEN RN AR E, AR AIE R SRR . MEMERIRR I S R BURIPE L, WTE oA AE
PR ENESS, Sk E ML AR RN T R EAAER R A IR . X — R, SRR &
st O 07 148 2 SRR T PR ) MRt 2% 1, 3K 0} % A B U A B R A A 0 2 R 9 5 A 7 AN
HMARE[L0)E I 1% & I 45 G 0 Fheic S e MR I IMEME A DL “ =17 (RIS 955 A LR F
43.6%. 62.9%; [FEIFE, Wi MR R ER D5 R % 83.6%. 71.8%. XANIESAWRMIE, ANEEZE,
A ORI IR 1 3k B AR EA R M S AR LR

AR BRSO 1), T R T A Bl R 2 P i R R R A G A YT,
Pen “ =47 . “AR” %, EY Pl T EESEE TR A SR . X BARTEG R AP S B R —
BB . A, EFRHEAEHIM RS HEENEE CRHIEES RIS . RIS
BRI T HING, IR, (ERERE A PR %, a5 R fi p KA H], A R
TR R PR R PO R R R B, RAGREREHNNE, SEESHEIRN, HREHB™
H, AW ESRGE T, POl RESR B E . AR Rk B [12]-[14]B 2 ik, TEiR R4
SUEE IR0 S R 0 B A R A 3 B SR T —— MR CR) - DR, BRARMSUL S B BLIs Rl ah, i
LS R B RAHEARE R, s REUEE A DD R 2 1 . SR A SRR AR B e R . RLE B E
I 0 E OSSR A K R 45 A 1A RN o R, BRAEZE A I AE S B Hh 2% 5 3k B T (e ) I A B A AR
HIT TAT M AR bRE, 2024 FENILSRAFUTTTL A MR FE i8I, 2025 EFERWTVLA MO EHER AR . IXFE,
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