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Mechanism of Segregation of Growth Traits in Cunninghamia lanceolata Cross Combination
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Abstract: Using the latest second-generation Cunninghamia lanceolate hybrids (Long 15 x 1339), HF1(3 super-parent hybrids), LF2( 3 low-parent
hybrids) and parents (P1 and P2),all sample groups were compared by transcriptome sequencing. The result demonstrated that in a total of 12 samples,
5.8E+08 Clean reads were generated by transcriptome sequencing, and the total length was 49 803 726nt. BLASTX analysis was performed on Clean
reads in six databases (Nr, Swiss-prot, KOG, KEGG, Pfam, GO), through sequence alignment which resulted in 80 171 unigenes. Analysis indicated
that the productivity of C.lanceolata hyhybrids associated to the following factors, growth of progenies in cross combination ssegregated, growth of
HF1 faster than that of LF2, which was due to the uneven and unbalanced distribution of expression unigeneattwo-level: among GO and KEGG terms
and within GO and KEGG terms. The differential genes of GO and KEEG terms in high parental generation were not evenly distributed and balanced;

The distribution of the difference genes of GO terms and KEEG terms in the low parental generation tends to be uniform and balanced.
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2B FHEAZA Cunninghamia lanceolata it %E K B9 F 2R, FEA AR BRI, A=K PRIRE) Jsfb
MG EAIGED, (H PR . BT ER BB/ TR T B4R D . A AT S A Tk F
PRl , R T MR ESR, B TSN, BN 8 AR RN RN T H A,
PR B R SRS R BB =, AR . 1A CWEEREIAZ A S ARl 1) o AR AR K HH I
Sy, XHEBARI TR T AR . AZARTENE R A EAR TR BAMG SR AR A hh 1R A Mg iR
B, AR TR R ST A ERES R, HAFAE “C7 00 (BIAERSSON AINLE RO ) o« AR R FRA AR
i, (H R AR B A3 A A TR BT i SE R b o i B rEAR BAMO T B SR AR T il 2 2e
AWM, WTLLEE AR TR RSAHEIN 288 .

VEAESR, PRI X —4F AR A% Rh 92 A i 43 BAR B B B 53 i3 278250 Prunus salicina, Ah™/Citrus maxima,
#PIziziphus jujuba, SR Malus pumila FIFLIPyrus spp. ZEFd ZAEY) |, B 2AE 1 ~ 3 AL ER AR,
EARGEMN SRR T E, SR, AT R EHREEEREE R e BN B
Fro TERIMARIESY I, EA s % Bl E k% Eucalyptus grandis 5 A AR EQLBD HLpi K2 HoAE ML,
{HAZAR AT A 1) TR BRI 2 iR 5 e R TR . ARG P Bl RNA-seq HAR
SR FEAZ AR LF Sk % B T ML R A i 2 36 3h B pLzt -3

HET, MAREZIA N RHEERAT AR AR R AU N AERMER S B0 FOLE . A0 AEFTH
S NIRRT IR A K B AR I A R SERE F, R KSR FHAR, 1ER K B0 r It
fih I, DIFERZERRESIT VNG, DR MER A SIS ESERANAEFREHEA ST,
JEFEZA - RAEAR W) LT, SRS ARG KPR B0 0 T, AR R 2381 &
AP T JERIAL

1 AR5 E

1.1 R

WRTEAPEHECE W48 2% B B & KR B ARG FARORERAR, 1996 AEHE filFh, 1997 4EEHH, 1998
SEREEIREAR, i e aRELX A, 19 M, 8 IREE , It 5 BN, BNER 40 Sk
B, WEMBRITEE A 2 mx 2 mo 2005 4F 11 H#HTAER SRS, 2017 4F 6 HSEmon R BcHE, AR A AR T
MR EY, FEF R HsHR AR S i b, SRR — 2838 (8 15 x 1339 ) i 58
TR (EKETRIGEARN R, HF1) AR CERIET Y B8, LF2) |, FIEEXGE (8 15
1339) o 3MMEYFEE, 12 MER, Z50F0T.
12 MRAE
1.2.1 B|EZRIAKERGSEFART ARG TS EAE R ARKSEMHRE 8. DUk
R/ 15 x 1339 BAF=07, Hl L 5P R Rk, S TR0,
122 cDNA XUE ¥4 K% RNA-seq M7 SOFEWE . KBSHEFANF, LIMRE)SH unigene SHHETRE . reads &
B 50 AL N IR F NI AT 715 WCHR[16-20]
123 JFFI bt B AR I H 5 2 Fk & 77 7 1B 8 % & 247 il lumina Hiseq 4000 M7 3845005 R4 7
g, TR EYE RIS, R R SR B TR SR BRI T S
A, BRI AT (BE GO BHES 7. KEGG WS EEm T ) ZFEAUMB A ARy AR 2 )
SE. TEMEELRE b, SHERERIEEA, GO fl KEGG terms & FE4EH:, HAE terms [H)Hl terms PP B FHRIRES,
FHBERILANEE KEGG terms P, PUAS LA ZH I RE R RS T JaREE, DEG/RAM A= 000 @ P A= i J5 A .
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unigene 1k E FPKM ( Fragments per kb per Million fragments ) , 8 /AR
FPKM = 10°C/[(NL)/10°]
Fr, FPKM AR (A) MFEE, C&M—hxt R A B, N EME— X 2T unigene A5
FrBE, LM unigene A BYBRFEEL .
FEAR LA ZHAY) GO-term 5 KEGG-term [H)5E A Ab TP EF AP IRZSTEEL k = sum (55 14N T term 5%
RS |4 BV term BOZERIEL) /n, B BT ~n, AR RIIATE. Uk E TR T 1 B, AR
ZHIa) i) 22 R RN EE AL T PERIR S, RZ NS TAFRIRS

2 GRG0

21 HRMBHNEKERUEMERTBRR
X} 9 AEAEIHRIRMRA AR 8 (A8 et AT AT, 4RI 1
#1 WRBARMGRARAS (OF15X1330) 0 F4MEKIRAN S BER

Table 1  Growth traits and segregation of C. lanceolata in a 9-year cross hybrid stand and cross combination 15x 1339 in Suichang

miH M/ dm? W /m M4 /ecm
FATH A ¥ 15%1339 EH)fE 19.69 5.75 8.35
AS YU (HE%HE ) 0~ 44.86 0~7.0 0~12.00
£ PCV/% 58.38 36.76 38.93
R ZIN HEARPIE 17.54 5.23 8.03
AR SVu R (4aXHE ) 0~68.11 0~9.1 0~13.30
R PCV/% 62.69 20.20 24.43

F: PCV AR R

2 BT 5 I ol vk = R R 250 1S € ¥y N o NS T B 3 N L S0 O W v s R e o N R N S
MR RIS N T 2RI AR, XS5 SIAAREAREIN 2 D% (H SRR 2R REERE=36/602 ) ; FRAIERRY
RIS W, BHAOKTIE T T AR A Ah, FERNE . Mie B3R AT 15 x 1339 R #3978 KT,
BRI TP P R ZH AT 15 x 1339 HrF-ARAN 4 A8 SRl A i)

F4h, HF1 BERN02R LF2 Mi20 134.81% ~ 138.32%; HF1 “FXRE & LF2 () 134.60% ~ 150%, ke
B FAAERR . BT 15 F 1339 tE KA B HIER .
2.2 NFHEREMEERRERR

AR 4 AL 12 MRS, IS B4 )F 5] (Raw reads ) /v (4.3E+07 ) ~ (5.2E+07 ) nt; 12 MEARKY
Clean reads 73 5T (4.3E+07 ) ~ (5.2E+07 ) nt. Clean reads A 2EHE 5 45 Raw reads HIELBIHE 98% L) F, —
R, A — A 22— MR A R AR, XA R A S PR R . Q20 RBEEIREN 1%;
Q30 FREEEIREN 0.1%. MFH Q20 5 Q30 MIFE/RFE(E =20 5% 30 BIBEEIT HE . 12 MEARN Phred
BB R T Q20 Al Q30 AYBHZL i MAKTHILA) E 20, Q20 Fll Q30 AU E 43 EL 73T 98.20% ~ 98.84%Fl 95.07% ~
96.4% . AR FFIH , Bi2E G AL C B9 E: S SIZEER A 43 ( GC% )T 44.20% ~ 45.08%2 18]

AV EIUASI R B PN ERR, B68H 12 Oy e i A s, RECRIE S SEF 0 Rl 2 5 S50 ATl
2.3 MFBIEMPHEFERIFRER

M FPEARR PR L, T GC%Ik 40.78%; MiSAKHEGE 50%H0Y, ZIERMKEN 1 214nt. ZEEHED
BYZESR, o] LIS I A A 3 0 2 SR AR T

%t Clean reads ZE/NMEGRESEST BLASTX 047, B3R E 0 3E K 43 HIHE Swiss-prot, Nr, Pfam, KEGG, KOG
Al GO R, Z5AZAEARAFRILERA 80 171 R

EAKTESM)T, ISR EEEES KA blastX FHIHNT, S8R ENTERERZER LR R T 100%, XF
WA B SE A (RIS IR B R A5 21 T B TR
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WP e . D RIBIT | ZH AP A AR SR o R A I 2 WSCRR[15]
24 ERFTIEEEM GO EESHENMMEMFRIE~S
ZRRTTIERE 4 AMFEARZL, HF1 VS P1 (HF1 58 15 A6k ) , HF1 VS P2 (HF1 45 1339 4Lk ) , LF2 VS P1
(LF2 5J¢ 15 Mk ) , LF2 VS P2 (LF2 5 1339 /I ) , XA ) DEGs ( differentially expressed genes ) 47
GO WIfE S ESHT, MWhHkik BN A8 B GO terms PHIT GO 43240 /EE . GO THRESRIE R P ES:
Eyid e (BP) | #iMzisr (CC) LIRSy F3hRE (MF) 3 KK, 43 845 /N, HFL VS PLHY, GO
HIIREEEE, 0 10 AIEHRE: PHERN. (k=3) >HEZE G (k=9/0) >FREREN-FIVE Tl (k=2) >ZIRiHEM
(k=20 ) >PifiE SN (k=2 ) >BEmRIEME (k=5 ) >3 1 288/ 0 2R IREET T (k=9/0 ) >HEsRiATEX i DNA
458 (k=9/0) >V fe (k=1) > bmliintE (k=0.33) . X 10 4> GO terms P, FERFEPIARIE
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Figurel GO classification of differentially expressed genes in HF1 VS P1

FWESZH LF2 VS P1 ) GO MIhie s SE45, 0 10 ZHEFWBF . AMHEEEZHZN (k=0.127 7) >ZHMESMXIS,
(k=0.1452) >AnJelEAYIR (k=1.213 7) >ZR36 M (k=2.387 1) >EAEAEHEN: (k=2) >S40 it 2
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(k=0.142 9 ) >LF4ERBHETE (k=0.142 9) >BoKALGWRELI TR (k=0.347 8 ) >EEFoRGRTE . ARG
SILTIL (k=0.428 6 ) >LFE YA M (k=0.2) .
2 7= LF2 VS P1 H) GO BHES R MrasR, 5B 1 —, {hLJE 15 (P1) 2, LF2 VS P1 A
[ GO terms "' S5HFRRIHIE I E E AF; HxKk 24 GO terms, B A EJAA BN
TEA N GO terms FAATERZEMY VLA, LF2 VS P1 1 GO terms ISR R T-394) . P4,
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Figure2 GO classification of differentially expressed genes in LF2 VS P1

A 1 518 2 %81, HF1 VS P1 I LF2 VS P1 BIATLE RA 5L, H—FBIFE GO terms J2T, B &M
HI 10 241 GO terms W, {CATEIRZE—A GO term #[F], H'E terms Y¥JAHHIE]; H —FIFE GO terms N FifH
FLRAF VAR NS E A |, HFL VS P1 BOAFATSER, o LF2 VS P1 ERESZHIZE SR B E: . ¥E HF1 VS P1
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H, ZERFRENLEAFE GO terms EAAALT A E) . AP, i LF2 VS P1 1, 34 R 4000122 5 R IAHFE A
BHZEARKR, FHEREEEET 1.0 A H, HF AR T LR2 IR HF1 RN RS TIEY ) APk
A5 M LF2 A8 W T LF2 BYEER REkEm T395) . SPERIRAS . IXORAZAR AR5 8 B N FE L B At

ZRWFSCAFSY T HF1 VS P2 il LF2 VS P2 A4 GO H'E B 502t 45 5%, HF1 VS P2 f1 LF2 VS P2 )
SrMT4ESRS HF1 VS P1 AT LF2 VS P1 B —5, RESHIZAE T, {H HF1 il LF2 H RGN ZRRIRH I AL
H TR IR A AS . HFL Al LF2 ZERPTAREIRES . P BN Se T g SR T3 2.

R2 MAERAENERERRETLEHESERRSIN
Table 2 Differentially expressed genes in different group

Mo %ﬁ%é’é GO ?ﬁ%)ﬁ B’:J%li%iiﬂﬁ'f%‘ﬁ ZRHHZ KEGG ?%.?%I/EAI'ﬂ(J%iE%‘{R
13 GO terms 8] FH#i S5 k {H 255 4~ KEGG terms [8) F#72%5 k (&
HF1 VS P1 6.450 8+4.179 5 1.208 2+£1.270 5
LF2 VS P1 0.832 6+1.636 6 1.011 9+1.401 1
HF1 VS P2 3.764 1+£3.563 4 1.244 4+1.146 6
LF2 VS P2 2.422 8+4.460 8 0.930 5+1.369 3

MFE 2 PTLUE I, HF B 225 R B MM A TAEA) . A PERIRE, LF2 ERFRERO G T
¥)5) . PHRRZS. Bt KEGG terms HYE SE45 R, AT T L8 KEGG terms (_FiA/ FEER ) %08, MRS
IR, T T 2HTERY KEGG terms MY E AR SA0E KRR ERIF SRR, HEHPHEREL, 4558740
FIF 2. M 2 050, 2554 KEGG terms W', FHXRERE A, HF1 09 RE k>1.2; M LF2 0P 1%L k
TR T 1.0.

25 EFRFEEFAY Pathway BEMEEN TS FREVEKMRE

W KEGG i F b i) Pathway B 82404T, #iE DEGs 250 FEELRSHRRAGS 94 58105, 458
BIR, FREER 4 MY, Z5 R0 FE S AGTE 74 ~ 130 5% Pathway 1. & 3 AbPRELES4H HF1 VS P,
HF1 VS P2, LF2 VS P1 il LF2 VS P2 E L i AR 10 2% Pathway. B3 3 I UL, HF1 VS P1 #1 HF1 VS P2
WAL, LF2 VS P1 A LF2 VS P2 S B4R 840 . (HAEAHNIZ Y T, HF1 5 LF2 B KEGG & 845
WERMA: LF2 VSPI 5 HF1 VS P1 {UH M4 KEGG terms ( ZEP5 22 AL IR AHRs 8 ) MHIE), HE
J\A~ KEGG terms AMHIE]; [FBAHIFE]N) KEGG term P, _EyEEERECS FIRERECANFE . LF2 VS P2 5 HF1 VS P2
B ELESAE R . WA KEGG terms (RN R & RAZENZER RS M, HE/\14 KEGG terms ASHH
5], [RIEHZEAHIR]E) KEGG terms P, R YASENES T U B RIS ]

F 3 4ANLLRAM KEGG EE&ARFHT 10 MR (= p<0.01)
Table 3 KEGG enrichment and top 10 metabolic pathways of four group samples of parents and cross seedlings

LF2 VS P1 k & HF1 VS P1 k & LF2 VS P2 k & HF1 VS P2 k &
TERYFIRERE B R 77/163 BRI ALY 46/33  HgERM 21/74  ZEEBEMS 63/55
TN ENED & R 74/137  PUBEKPRRAEAE  36/47  TERYFIREREAYFCE 74/166 BRI 46/33
e Rt 25/70  BifEE 29/37 %ﬂ:ﬁﬁ; 2B 40/31 FNRNWEDER  82/129

AR
Ho 25 mMATR AR 2843 MAPK {5l 57/51  RNFRNADEK 84/127  FENEAMR AR 67/81
FEFLmR 5 24/54  KEFAEMIER 66/52  ZWIE MERAEWAK 18/25 A A R 8/13
TN R 6/16 AEIMERA RIS 4/0 FA- S5 13/7 %Pﬁ/]ﬁ@ﬁ@lﬁ]ﬁ%ﬂ’ai 2/1
ZRU A 13/5 FRNATR R 2/4  —ANHH RS 5/5 MM o AR 12
MV HER A A R g 9/2 NFAEH 50 NIRRT 4/24 IR AR A Rl 2/1
B FRAEMA 9/0 P RRER AR 40  FEFERRIH 2/15 B RERE R 02
%ﬁ{?%%*’ﬂ%@%ﬁﬂ@ o ov12 LFUpER 30 EARE 8/9 AVRRIR AR5 22

LAV L Pathway EESWEIRITLILI, HF1 FI LF2 WAL ER, RIEHRNZH L. H—&
KEGG-term [JBIAE s H =& KEGG-term N, b/ T IHBIRERIAE . X5 GO BE B4 REA—EL,
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XIER HF1 AR T LF2 )RR . (HEBRIEZARASH S A KR & NTEDLE], SIUF7E HF1 A LF2 FhA
2Hn), ‘%Tﬁﬁﬂﬁ’a? BERFEN terms, ARG FHLAEL terms NEERR BRGS0 TR,
FRNOX — B, FAT 1A T LF2 VS P1 5 HF1 VS P1, HF1 VS P2 5 LF2 VS P2 JLMHEFE KEGG terms &
KBTS, 5T 4.
* 4 HHE terms TEENERRILFER

Table 4 Differential expression of genes within same terms

KEGG terms HF1 VS P1 LF2 VS P1 KEGG terms HF1 VSP1LF2 VSP1 | KEGG terms HF1VSP1 LF2VSPI
R EEN  BENSRGE FERI IR FRNARRRE  ENRE EREE | RNERRE BEREER BRI
comp46528 ¢c0 LA T comp52987 c0 ki L comp55452 ¢0 i L
comp59067_c0 A T comp62983 c0 LA LA comp69809 c0 T =SSN
comp359067 cl i T comp61444 c0 A FERTTTER

comp52479 c0 LA T comp71354 c2 TiA T

KEGG terms HF1 VS P2 1.F2 VS P2 KEGG terms HF1 VS P2 1.LF2 VS P2|| KEGG terms HF1 VSP2 T1.F2VSP2
ERFEEY G HERFEE  EREE ERFEYEE  BEEEEL BENER | RREREDSR EREE  ERES
comp71734 ¢c2 LA i comp60891 c0 T FEHPLE | comp71175 c0 Tl e HIE N
comp61444_¢c0 A il comp73490 c0 i FEHPIE | comp62983 c0 LA LA
comp52987_c0 il LA comp68751_c0 T T comp61921_c0 T e SSHIEN
comp62494_c0 il FEETLER comp27611_c0 T4 FEHEDIEK | comp60891 ¢l T = SSHIE N

HHEE 4 o150, 78 LF2 H, FER AR08 TERESIE, Wife HF1 b Bk, HAWhERRE,
TE LF2 H AR, 78 HFL b BRI, XA R EN RN Z —, (HERT terms (B2 R

3 HwEit®

AR ZE R AL P2 T S R N ARSI RGP B R A A 5) . AP IRIR . I ARIER AR K
2B  HF 1 AR K LF2 AE Kbk, 2T HF1 GO terms Fll KEGG terms J2HAEAF, L& GO terms il KEGG
terms PN FEE ZFik%0E, LA EIR/ N ERZEE AL T AR S  ASFEERIRZS ; LF2 GO terms Fll KEGG terms
By ZE SRR B, DU B TR EE R A T3 5) . PERIRAS (B 1 R 2) o AARAEF A= 010
AT AREREE RIS . PR R, BERR, BREE, £ itmeE.

EARSFERMIRTFAE B BS, FHAF . GO fl KEGG &&EMT, A RENENSE TAK

TR bRICHIBIERE MAS BHE TAERR K, A, BARE . RIS FAEDSHEAR, WEMEHER G ES
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